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ABSTRACT 

This was an investigati on of auditory duration dis 

crimination i n pigeons using a di screte-trial procedure 

de signed to provide a direct analogue to the conventional 

11 yes-no 11 signal-detection t asks with humans . On each trial 

on l y one of two durations ~ T and T ~ 1~a. s presented and t he 
1 2 

pigeon was required to peck one of t w·o keys on T t rials,
1 

and the other key on T t rials. Experiment one tms con
2 

cerned 1:11 th developing a shaping procedure and evalue.ting 

b ehavior at different values of T1 and T • It provided 
2 

evidence that birds could develop and mainta.in a partial 

di s crimination and shmo;ed tha t, as the -separation bebreen 

t he t:tvo stimuli i'las reduced, d 1 1·ms systemat ically d ecreased . 

I n Experiment bro pigeons ivere run for an extended period 

of time wi~h T and T fixed and then the proba bility of re
1 2 

inforcement it.Tas reduced . Reducti on of reinforcement pro

babili ty produced changes in performance simi lar to those 

e xhibited by htunans 11hen pay-off fun ctions are altered • . 

Sequentia l analysis indicat ed the on ly sequentia l effect of 

any size i~as a tendency to repeat responses l n some bi rds. 

Cons iderable ln~ividual differences were noted. 
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I NTRODUCTI O.J 

The purpos e of the present i nvestiga tion wa s to 

· develop a di scr e t e-t r i a l pr ocedure for exami ni ng durat:'t on 

d i s cr i mi nati on in ani mal s , a pr ocedure tha t 11ould provide 

data amenable t o analys i s in t erms of. a deci ston-the oretic 

model of t he t pe exempl t fi ed by· t he p s ychophys ica l t heor y 

of slgw.l de t ection ( th1. s t he or y is developed i n de t a i l i n 

Green and s·ue t s ~ 1966) o ~:he exper1mentul procedure pr e--· 

sented here represents an a l t el"lw.tive to other methods us e d 

to study durat:lon discrimina t ion ( or the r el ated p lenome:aon 

of temporal discri mi nation ) in animal s . I n orcler to i ndi cat e 

t he possible advanta ges of the procedure devel oped here , 

i t s eems best to begin by consideri ng t hese othe r methods 

and the i nterpre t a ti onal difficulties a ss oc i a t ed Hith t hem e 

One procedur e f r equently used t o i nvestiga t e timing 

behavior inanimals i s referred t o a s t he differentia l 

r einforcement of lo'\'1 r a te (DRL). Here the organism i s 

r equired to space responses ( e.g . on a pigeon key , or ba r ) 

t seconds apart . I f he -vra1 t s t seconds t hen responds , he 

is reinforced ; if he r e sponds before t seconds elapse he 

mus t 11a i t another t s econds o The peri cds be t 1-1een responses , 

the inter··respons e t i mes ( IRT~ ) general l y have a un i moda l 
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or bimodal distribution with one of the modes eque.l to 

t. The mode at t is usually interpreted as evidence that 

the animal is exhibiting timing behavior or making a 

temporal discr:Lmination. In other words, 1t is assumed 

tha t the t empo::-al requirement of the schedule has e,cqu1red 

control over the anim~~l' s behavior in the same '\'lay tha t an 

external stimulus, such as a. lights acquires control in 

other d1scrimi~ation situations. 

Hol,rever, it i s very difficult to determine. -vrhether 

the disc:r.imint:ltion is purely temporal ~ since many other 

stimulus variables are confounded l'Ti th time in this schedule. 

For example, one f actor which appears to affect the organ-

i sm's IHT is the occurrence or ncn-occur:rence of reinforce~ 

ment foll mri:ng · ~he preceding r esponsE: . Sev·eral studies 

. which reveal the existence of certa:i.n sequential· dependencies 

in DRL expe:rim£.:nts seem to proY1de empirical evidence of 

this. (Ferraror Schoenfield and Snapper , 1965, a.nd Weiss 

et al., 1966). 

Another difficulty in establishing the purely tem

pora.l basis of the dtscrimina tion is the fact that the 

organism's own r e sponses determine the 11 stimulus value " 

(the IRT), thus t he organism controls the stimulus varls.ble 

of \"lhich his behavi or is said to be a function. This r· · r~ s 

----------------~-------------------------------------
1 

The other mode corresponds to very small I RT8s ~re
duced by occssior~l bursts of responses. 
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it difficult t o interpret sequential dependencies , since 

there j~ s no w y independently to assess the stimulus and 

r esponse events preceding a given IRT 9 or eva luAte their 

separa te contributions. 

Re~10lds (1966) employed a different experimenta l 

procedure to examine tempora l discr imination. A single 

r esponse key l'Vas transi llumina ted by either a red or blue 

light. Hhile the animal was never reinforced f or res

ponses made to the red key, he could change the color to 

blue as soon a he made t l'TO responses during red. The blue 

light came on f or a fixed duration before changing back to 

red.- The cr iti cal utiming" aspect of the schedule was 

that the animal could only obta in reinforcement dur i11g the 

blue period if he had v1a:t ted at least t seconds between 

his first and second re sponses in the preceding red period~ 

If the IRT i n red was t .or more seconds reinf orcement could 

be obta ined during the subsequent 30 second blue period on 
2

the basis of a 1 minute variable fnterval schedule (VI 1). 

If the IRT duri1g the red was less than t seconds no re

inforcement was given during the subsequent 30 second blue 

period. 

2 ' 
A variable i nterval schedul e is one in which the 

firs t response follo1<1ing some va riable interval of time 
is reinforced; the one minute refers to the typical ve.lue 
of t his interval (Ferster and Skinner, 1958). · 
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His analysis can be interpreted as evaluating whether 

t he organism 1 response probabi lities were constant overo 

t i me . Specif ca lly, he cons idered subsets of the observed 


I RT values dur ing the red period consisting of all those 


· I RTs greater han x for va lues of x r anging from 0 to 21 

seeonds. He then calcula ted the propor tion of IRTs i n each 

subset l'rhich exceeded x by an amount less than y ( the so

ca l led 11 IRT per opportuni ties 11 ) .; If the response genera:t;

i ng process 1-re r e similar to a Poisson process ( i.e ., the 

response probabilities were constant over time ) , it can be 

s hov-m tha t these proportions should all be equal 01cG1ll, 

1963) . This, in fact, seemed to be the case , indica ting 

t here w-as no rE.!sponse differentiation in the r ed period. 

How·ever . the r a te of responding in the blue period, r el a tive 

to its maximum, was found to be directly related to the 

dela y between responses during the preceding red period p 

i ncreas ing with increasing duration of t he I RT in redc This 

l ed Reynolds to conclude, 11 the birds discrimina ted the dura

ti on of the IRTs . The duration of IRT successfully con

t rolled the rate of pecking during the succeeding blue-key 

periods •• •• " ( p. 6'7). 

An alternative interpretation would be that these 

results simply demonstra te a r esponse-response correlation , 

that i s , the response rate i n blue uas negatively correlated 

with response rate in. r ed. 'rhe presence of this correlation 
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does not neceBsari ly provide evidence for a ca usal relation 

between the t u o beh.avi ors. It "trould be possible for both 

behaviors to be a function of a third ve.riable. 

In this case , for instance, there is a possibility 

of schedule interactiono The type of schedule w·i th which 

a given schedule is· pa ired is knot~ to affect response r a te; 

· pa iring a VI with other schedules has produced contrast 

effects on the rate in VI (Catania., 1961, and Reynolds, 

1961, a, b) •' npecifica llyl) Bloomfield (1967) has reported 

contrast effeci;s on response rate in VI when pai red t>-ri th 

a DRL on a multiple schedule, i.e. response r a te in VI 

increased linea.rly with increas ing DRL requi rement. This 

·finding \'Tould support an argument that s chedule interaction 

partly accounted. for the response r a te increase in blue 

found i n the Reynolds 1966 study . 

Finally, one might quest:Um whether any interaction 

wa s present be t1-reen the reinfor cement and response r a te. 

While it is not made explicit, it can be deduced from the 

results that re t nforcement was a rare event for the animals 

in this study. Being s o , it might well produce its own 

effects on respcnse r a te, independent of the preceding IRT 

in r ed. The author reports that "observation show·ed that 

occurrence' of the r e inforcing stimulus Nas not a confounding 

discriminative stimulus ." (p.66) .. Causal observations of 

this sort do not seem to provide an adequate analysis of 
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such effects or of the more complj_cat ed sequential con

founding which may be involved. Since the appropriate 

data were not reported by Reynolds, it seems i mpossible to 

resolve the is sue in this case . 

The pr0ceding discussion illustra tes the basic 

problem of eva:.uati:ng DRL or similar t ypes of t emporal 

schedules. A eorrele.ti on be tw·een one vari able and the 

animal's behavjor is insufficient evidence for temporal 

di scrimination unless other variables "lvhich might furnish 

a. basis for the d1.fferenti a l responding are adequately con

t rolled. 

An alte rnative method for studying discrimination 

behavior has be an developed and has seen extensive appl1ca~ 

tion in psychological experiments with humans . This method 

has severa l dis ·inguishing f eatures , i.e., it i s a di screte

trial , non.... correctionf choice procedure& . It allows the 

presentatlon of t 11w or more s t i mulus values, one of which 

occurs on every trial. The experimenter, not the subject, 

controls t he stimulus enabling its presentation on a pre

determined schedule i'li th knmm sta ti s ti cal pr operties 

independent of the observ·er ' s behavi or. The subject must 

make a choice response after each pre sentation and is not 

allowed to correct. The i mportance of these methodological 

features to the analysis of cUscrimi nation behavior can be 

more clearly s een 1n the context. of a brief discussion of 

http:eorrele.ti
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detection theory. (For a mor e detailed account see Green 

and Swets, 1965 ) . 

I n the typical human signa l detection experiment 

a sub j ect is required to i dentify 't'Thich of tHo possible 

s timulus eventn occurs in each of a series of trials. The 

particular stimulus v-alue presented on each trial is usually 

d etermined by l: .n i ndependent trials binomial process. Thus, 

i f t he tw·o stin:.ulus values are denoted by s1 and 8 2 , the 

s timulus schedule can be defined by the parameter y denot

i ng the fixed probability of an 81 stimulus on each t:C'ia l 

{the probability of an 8 stimulus simply equa ls 1 - Y ) • 
2 

If the subject's report tha t an s1 or s 2 .stimulus 

was presented L:> denoted by A1 or A2 respectively his per

f ormance can th(~n be summa.rized by two proportions: the 

proportion of A: responses on trials, denoted by P(A1 i s1 ) e s1 

and the proportton of A responses on s 2 .trials, denoted b;y· 
1 

P {A i82 ) . This notation is employed since these tt'lo proper~ 1 

t ions are normally interpreted as estimates of tt'lo corres

p ending the'oretical probabilities : P (A
1

181 ) and P (A
1

1s 2 ). 

These probabilities are often called 11hits 11 and 11 false 

a l arms ", respectively ( e.g., Green and 81-:e t s , 1966) e Per

f e c t disc:rimlna.tion is represented by a perfonnance 111 which 

P( A1 1 s1 ) equals one \'lhile P (A1 i8 2 ) equals zero, i .e . the 

s ub j ect always responded. A on 8 trials and A2 on 8 2 trials . 
1 1 

No discrimination i s evidenc~d when P {A1 is ) equals P(A1IS2 ) , 
1 
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regardless of their particular value. 

The central assumption of signal detection theory 

is similar to that of Thurstone (1927): each presentation 

of a particular stimulus value (s 1 ) evokes a value of a 

hypothetical sensory variable '\'Ihich can be represented as 

a Gaussian random variable. Thus the distribution of 

sensory values evoked by an Si stimulus event can be charac

terized by the expected value, denoted ~ 1 • and standard 

deviations denoted oi' of the sensory variable associated 

with that stimulus. If the distributions of sensory states 

evoked by t~·To stimulus values are similar the subject will 

have difficulty discriminating the stimuli. He will be un

certain whether the sensory value evoked on a particular 

trial was produced by stimulus s1 or s 2 • It is assumed that 

he determines his re sponse on the basis of a decision cri~ 

terion C» reporting that stimulus value with ~he higher ex

pected sensory value only if the sensory value on that trial 

is greater than c. Specifically , if ~ 1 is greater than ~ 2 • 

the subject makes an A response if the sensory value is
1 

greater than c~ Thus there are t wo separate aspects of the 

discrimination process: the similarity of the distribution 

of sensory values evoked by s and s2 , and the response cri 
1 

terion adopted by the subject. It is usually assumed that 

the di stributions of sensory values are a function of the 

physica l st~mulus values and the subject's 11 s ensitivity11 , 
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which is a fixed feature of his perceptual systen1 . I n con

t rast , the response criterion c i s view·ed as a relatively 

arbitrary feature of the perceptual process, easily modified 

by such things as the subject's ~priori expectation that 

a particular stimulus value will be presented and the costs 

or gains ( 11 pa.y-offs 11) associated with the possible stimulus

r esponse combinations. The similarity of the two sensory 

di stributions is usually chara cterized by t wo measures, d' 

and k , l·there 

d' = (1) 

and k = 0'2 (2) 

a 
1 

(assuming, as l·Tas done previously, that 11 is greater than 
1 

11 2 ) ., Note that d' is the difference bet1·1een the larger ex

pected value, 11 1 and t he sma ller value, 11 2 , expressed 

i n units of the standard deviation of sensory values on s 2 
t rials, ~2 • The measure k i s a ratio of the standard devia

t ion of sensory values on s2 e.nd s
1 

trials . 

I t can be sho~m that the probabilities P (A
1 

is
1 

) and 

P (A1 jS 2) are completely determined by the values of d', k 

and c. How·ever, in many applications of the model 1 t has 

been found that l was approximately the same as cr
2 

( i.e. 

k equalled l ) . Thus the model simplifies to a fonn having 
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only t wo parameters d 1 and c (with k equal to one by assump

tion). In this tl'ro-parameter form of the model, 'ttThich will 

be employed in this paper, the value of P(A11Sz) and P(A1 1s1 ) 

are given by the follow·ing expressions: 

g( x' )dx' ( 3) 

and f g( x') dx' ( 4) 
c 1-d' 

where 
X = X - ~2 (5) 

( 6) 

and g(x 1 ) is a Gaussian normal distribution. Thus the res

ponse probabilities, P(A is ) are completely speclfied by
1 1 

the pa r ame t ers d 1 and c 1 • 

The mos t i mportant feature of the model is that 

it is possible to obtain sepa r ate estimates of d 1 and c' 

from the observed proportions P(A 1s1) and P(A1 1s~). Speci
1 

fically, if Z(A 1Si) denotes tha t value of a no1~al deviate1
which is exceeded tri th pro'habili ty P(A1 1Si) it follows from 

Eqs. 3 and 4 tha t 

( 7) 

and 

c I -- Z(Al I s2) ( 8) 



·1 1 


tha. t va l ue of 11 normal devi ate exceeded -v11 th a proba.bi li t y 


equal to P (A J:\ )• Estimat es of d' and c 1 ca n then be 

1
 

obta i ned by appropri a t e substi tut i on in Eqs. 7 and 8. 


(9) 

(10) 


These equation~: follol'T f rom t he def inition of Z(A
1 

J s ) as
1 

equal to c ' mi r.tus d 0 and z(A
1 

J S2 ) as equal t o c 1 • 

Data i r:. these experiments are often r eport ed i n t he 

' form of ROC curve • To der i ve t hese , r esponse f requencies 

a re entered i n a matri x p i n h i ch r m·;s are poss lble stimulus 

events , and c ol umns possible respons e types , i n t his ca se 

a 2 x 2 ma tri x. \vhen cell entries i n each r ow are n ormalized , 

i .e .. divl ded by r o'i.r t otal s , it i s onl y necessary to ha ve one 

entry for each row i n order to know t he whole ma t r i x , i. e . 

t he t wo conditi ona l probabilities P(A Js1 ) and P(A Js2 ) . If
1 1 

t he s e tl'l'O values are plotted in a 2- d.imensi onal gr a ph , 1 t 

i s possible to r epresent a l l t he i nf ormat i on i n the mat r ix 

with a singl e point. Note t hat a point f a lling in t he ex

t reme upper l eft of the gr aph i ndi cates perfec t discrimi na

ti on , ~n1ile points f a lling on the pos itive dia gonal reflect 

no discrlmination , and intermedi a t e points indica te i nter

media te level s of partia l discr i mina tion . 

As the subject ' s cr iterion i s systemati cally va ri ed, 

the curve tha t r esults i s called an ROC curve ~ the r eceiver
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operating chara cteristic l'ihich, according to detection 

theory, should be symmetric about the negative diagonal 

(under the 11 equal variance" assumption), and pass through 

the points 0, 0 and 1, 1. The area lying 

under the curve can be used as an index of the discrimination. 

(Green and Sl'l'ets , 1966). 

If the normal deviates Z(A is ) and Z(A~ s2) are1 1 

used instead of P(A 1s1 ) and P(A1 is ), the resulting normal
1 2

ized ROC curve should be a straight line l'ri th a slope of 

one. 

Several recent studies have demonstrated the f ruit

fulness of a decision~theoretic approach in discrimination 

studies with animals. Expe riments have been reported in 

which light i ntensity (Nevin, 1964; Morrison , 1967, and 

Keuchlerp 1968), tone (Hack, 1963), and gustatory substances 

(Morr:i.so11 and Norrison, 1966) have been used as stimuli. All 

experiments i nvolved a 11 yes-no" procedure ( see Green and Swets, 

1966 0 for a discussion of yes-no and forced-choice t asks ). 

I n the Nevin experiment, l1hich used r ats , a response t o one 

l ever produced either a brief increment in illumination of 

the chamber or no increment. A press to a second lever l'II!AS 

rel'rarded only if an increment had occurred. Responses in 

the absence of an increment lfere not reinforced . (This type 

of procedure shall be here referred to as a respond/no-res~ 

pond task.) Probability of r einforcemertfor a press during 
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the inC:L"easi ng i llumina tl on t-ra. s 1, •5 or •2. Results 

sh01·1ed a t endency for hits and false-a l arms to vary to

gether and to be pos itively cor r el a t ed wtth reinforcement 

probability. 

In Morri s on 's experiment (1967) a gla ss pla te mounted 

on one 1'1all wae either illuminated or rema ined dark w·hen~ 

ever the subj ects ( r a ts) pres sed a lever mom1ted below 1t. 

Following the stimulus a choice response wa s made to one 

of t wo levers mounted on the opposite wall. If the left 

l ever were pressed when the key sta yed dark, or the right 

lever pressed 11~1e11 the key was illumina t ed, a reinforcement 

l'Tas givene Incorrect r esponses w·ere not reinfor ced and 

simply produced an i n t er-tria l - interval. Stimulus intensity 

and probability of reinfor cement ~;ere both manipula ted. 

V1hen retnforcemm1t probability Na s varied~ response ten

dencies were found to change in an orderly fe.shion. When 

normalized hit and fals e alarm probabilit1es at particula r 

intensities were plotted on an ROC graph the points for 

different pay .•off ( reinforcement ) va lues were reasonably 

well- fit by straight lines, although the slopes tended to 
"---

be l ess than one. 

Keuchler' s (1968) experiment 1-ra s conducted td th 

pigeons and involved an examination of three major inde

pendent variables : signal intensity, a-priori probability 

of signal presenta.tionp e,nd amount of reinforcement . On 



some trials a center key of three keys was incremented a 

sma ll amount j_n brightness; the pi ge on i ndicated by a 

0hoice response whether or not an i ncrement ha d occurred, 

a peck to t he right or left, resp ectively. Five pigeons were 

given 9 differ 3nt schedules of a-priori probability of pre

sentation. Hi ·~ s and f a lse alarms plotted s epara tely for 

each bird tra cnd out a stra i ght line with a slope not 

differing from unity for four of the five birds. Two birds 

were then given five different conditions of pay-off va lues 

fo r correct reEponses. Again the hits and fals e alarms 

generated by the fi ve c onditions tended to fall along a 

straight line with a slope of one. Raislng signa l i ntensi ty 

seemed to di spl 9.ce the performances to a different ROC curve 

consistent with better discrimination. 

Hack (1963) required rats to detect the presence of 

a tone which ap)eared or did not a ppear according to an 

a-priori probab~. lity v1hich varied from .14 to .75 in a 

respond/no respond task . For a given intensity hits and false 

alarms va ried along a straight line. As sound pressure level 

was i ncreased t he points were displaced toward the upper l eft 

of the ROC spa ce, however they were not always fit by a line 

l'ii th a slope of unity. 

Morrison and Norrison (1966) explored t as te discrim

inati on in r a ts sing a choice procedur e in which subj ects were 

required to di scriminate between different strength solutions 
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of either sodi1oo chloride, sucrose, tartaric acid or 

'. 

. quinine and lrTa.1;er. In general, the autho:r.·s found that, 

as solution intensity 1-1as reduced, hits decreased I) 1-rhile 

fal se alarms ir.• creased, and d' systematically decreased . 

Taken t.ogether these experiments are consistent 

with signal detection theory as a model of discrimination 

in animals for a variety of stimuli. Changes in signa l in

t ensity raised or lowered the ROC curve, or estimates of d', 

in ·conformi ty i'll th the model. (Morrison, 1967; K~uchler, 

1968; Hack, 1953; r<Iorrison and Norrison, 1966). Opera

tions clefined by the the ory as having non-sensor y effects, 

such a.s manipulating signa l presentation (Keuchler, 1968; 

Hack, 1963) or ;he probability of reinforcement (Nevin, 1964; 

l\1orr1 son, 1967; Keuchler , 1968) uere shown to generate per 

. forma.nce points that could be reasonably well fi't by stra ight 

lines, although the slopes did not always conform to unity 

(i.e . the "equal variance" assumption did not always seem 

appropriate ).

The first i nvestigation to apply a decision-theoretic 

approach to duration discrimination i'Vas a study by Creelman 

( 1962) with human observers. Creelman t s model l'las based on 

a counting mechanism and was used to account for performance 

in a two-interval, forced-choice procedure i n which brief 

(around one s econd ) auditory dura tions were presented. It 

provided a good fit to the data over a wide r ange of condi
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tions. 

The only attempts to analyze dura tion discr i m:l.nation 

in animals tn E~ form amenable to analysis by this model ( or 

the signal detection model t o which it i s rela ted) i s t hat 

r epresented in this paper and i n another paper by St;ubbs 

(1968 ). StubbE: used a discrete trial procedure in which a 

piegeon was pre sen.ted l';i th one of ten possible durations on 

each t rial e.nd required to make a. choice response , i. e. 

respond to one key color when a short duration tone occurred, 

and another key color given a long duration tone, a method 

similar to the traditional psychophysical method of single 

stimuli (Guilfcrd, 1954) . The cut-off bet1-1een short and 

long durations \>Vas always at the midpoint of the series pre

sentedo Of relevance here is the phase of the experi ment in 

which pay-off value s for both correct and incorrect responses 

were varied. Response frequencies were observed to vary in 

a f ashion consis tent uith the pay- off structure. The inves

tigati on was not carried out as a t est of the signal-detection 

model , neverthless , estima tes of d 1 were r ecovered from the 

data after a method suggested by Triesman (1966) and found 

to remain constant for at l east some of the conditions in 

which the bias changed . This 1-rould seem to provide evidence 

tha t duration discrimination in animals does behave in a 

fashi on similar to that predicted by a deci sion-theory model. 

However, Stubbs employed more than two stimuli in his di scrim
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i nation task which distinguishes 1 t from the moru conven

t ional 2-stimu·.us detection problem. The experiments l'l"e 

shall now cons1.der did employ j ust 2 stimuli and were de

;:;igned to provj de a direcJc analogue to the conventioru:.1l 

detection task. 

http:conventioru:.1l
http:2-stimu�.us


EXPERIMEN'J.lS 

We sha~l consider some experiments in which pi ge ons 

were r equired to discriminate betw·een tNo durations of a 

clea rly audible tone stimulus on ea ch of a series of trials. 

Each t rial beg&.n with the i lluminati on of a 11 set-up 11 l{ey 

which the pi ge cm must peck to i nitiate the presentation of 

the tone stimu1us. The tone remained on with equal probab

ill ty for either T or seconds , followine; 'Nhich , t wo 
1 

T2 

other keys, one on each side of the set-up key, were 

illuminated . In order to obtain food reinforcements the 

pigeon had to peck one of these keys on T tria ls and the 

2 

1 

other on T2 tri a ls. He shall refer to the response ~lhi ch is 

reinforced on T
1 

trials as an R
1 

re sponse , and that on T2 

trials as an R response . The animal's performance on this 

t ask will be swnmarized b y the proportion of R r esp onses
2 

on T1 tria~s and the proportion of R2 responses on T2 trials, 

denoted by ~l and ~2 , r e spectively. (Thi s notation i s em~ . 

ployed since these properties rrill be interpre t ed as esti 

mates of corresponding the or etical probabilities denoted 

by p and p 2 ). Thus ~2 and ~l correspond to the type of1 
11hit" and "false alarm" measures derived i~ signal detection 

analysis and discussed earlier in this paper. Two othe!' 
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estimates shall also be used to characterize performance , 

Pc and PL" 

\ 

where Pc = P( correct ) = ( l-Y )P( R1 !T1 )+YP (R2 !T2} 

and pL = P ( R2 ) = (1- y ) P ( R2 !T1 ) +yP ( R
2

iT 2 ). 

The experimental work consisted of two main experi

ments . Experirr ent one 'N-a.s concerned prima.ri ly with the 

p roblem of shaping the discr i mination , pe.rticularly when 

t he t wo tempora l durations were so similar tha t the discri 

.mination was le ss than perfect. Va lues of rr• and T2 rrere
1 

determi ned l'ihich 1-rould produce a t erminal level of performance 

l-1here the animal was C01'1"cct on about 65 per cent of the tria ls e 

Experiment tHo was desi gned to evahw.te the stability of the 

animals' perfor..nance during extended t raining at th:ts l eve l 

of pa rtial di scrimina ti on and, secondly, to eva lua te the 

effec ts of ~ltering the probability of reinforcement follow-

1-ng a correct response. The l a tter manipula tton could be 

consi dered e.s being analogous to alteri ng the pay-off func

tion in signa l detection experiments and thereby altering 

t he observer's criterion . 

http:evahw.te
http:prima.ri


Experiment One 

This eJ:Deriment involved the gradual shaping of 8 
~ . 

pigeons to perfol"'m the type of temporal discr imination which 

was just descrtbed Since this experiment 't'las designed$ 

primarily to lead to the more extensive second experiment, 

only tts most lmportant fea tures v.rill be discussed here. 3 

The anJ.mals i"Tere tested in a standard p t w·o-key test

ing chamber (Lehigh Valley Electronicsp Model 1519) modified 

by the ad.di tion of a third key, center -mounted 3.5 inches 

above the food hopper. Each key could be illuminated from 

behind by a whtte bulb. The ·sequence of stimulus events in 

the test chambers was contr olled from a room next to that 

containing· the test chamber s. White noise and a 1000Hz 

tone were produced by a Grason-Stadler noise generator and 

Hewlett-Packard audio-osci l lator. These audio stimuli were 

presented in t he experimental chamber by a speaker located 

on t he lower left hand corner of the chamber wall which con

--------------~---------------------~-------
3 
A more deta iled discussion of Experiment 1 is 

presented in Appendix A. 
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t ain.ed the keys and food hopperQ The i ntensity of the tone 

and noise stim 11 measured in a closed chamber by a General 

Radio Type 1551-C sound level meter placed di rectly in front 

of the center cey was 80 db ± 10 dbo 

Accurac~y of the temporal dura tions used tn the study 

were lim1 t ed b:r the relay control equipment but "1-tere accurate 

to ± .5 percent (i. e., to± 25 ms of the f inal T1 and T2 
values used in Experiment 1). 

Tria l c.ata were r ecorded on Sodeco pr i nt-out counters 

and di gita l cot:n t ers They were then punched tnto I BH cardso 

and analyzed by a Control Data Corporati on 6q.oo c omputer . 

Subj ects were ei ght white Carncau:r. p igeons t approxi

mately five years of age and exper1ment a lly naive. All l'mre 

originally thought to be male , but subsequent to the experi 

ment one bi rd, subject No. 3, was found to be f emale . Only 
4

the result~ for the seven male bi rds will be di scussed here . 

Procedure 

The shaping process whereby the animals vrere tra ined 

to operat e the set-up key to produce ·the tone stimulus, and 

4 
Result s of the female are included in Appendix A. 
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then to peck one of the t~w side keys, consisted of five 

steps. 

Step one - termina l link of the chain. Magazine 

t raining l'Tas follm~ed by ftrst shaping a key approach to a 

l ighted key, then a key peck to the lighted key. On each 

t rial either the right or left key could be transillurninated 

with a white l .L ght according to a random schedule in which each 

key had an a2r1ori probability of .5 of being selected. 

A peck to the .1ghted key darkened the key and produced food 

f or 4 seconds. A peck to an unlighted key had no effect. 

The inter-tria l interva l ( ITI ) '"as 5 seconds • 

Step t~.; o - link t wo of the chain . After ·terrnination 

of the ITI the trial began with a one second tone follov-Ted 

by either right or left key light. A single peck to the 

l ighted key darkened 1 t ancl produced reinforcement. A peck 

to an unlighted key, including lrey pecks · while the t one was 

on, had no effect. Reinforcement was decreased to 3 sec . 

a ccess to grain and the ITI was increased t o 15 seconds ( in 

Experiment 2 1 t was increased to an i nterval -vrhich varied 

r andomly in half-second int~rvals from 10 t o 20 seconds ) . 

A response during the I TI delayed t he start of the next t rial 

for 15 secondso 

Step three - link one of the chain . The center key 

was transillum1nated wtth a white light at the beginning of 

the trial. A single peck 1·ras required t o turn the light off 
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and produce link 2, the tone, for 1 second, at the termina·· 

tion of "''rhich e ither right or left key light came on. The 

same key peck contingencies as before were in effect in 

link s 2 and J. Pecks to the unlighted side keys in link 1 

had no effect. 

Step four - differentiating T and T • The time
1 2

during l'rhich the tone was on in the 2nd link 't'las differen

tiated into tl-;o durations, a short duration, T , equa l to
1 

1 sec.·, and a long duration, T
2

, 1hich l<Vas gradua.lly increased 

to 5 sec. over the session. Presentation of T1 and T2 v:as 

according to a random schedule in which each had an .a prio_;ri 

proba bility of occurrence of .5. 

Dur~Lng th:ts phas e of the experiment T was ahm.ys
1 

follo ·wd. by the left. key light, T2 Has followed ~y the right 

key light. (In Experiment 2, the above contingency was ln 

effect for a · rand om half of the subjects; for the other half 

it lias reversed •. ) Pecks to the appropriate key following a 

and T2 were designated R1 a d R2 respectively. Only anT1 

following a T1 , or an following a T2 , were reinforced.R1 R2 

An R1 given a T2 , or anH 2 given a T1 , had no effect. 

Step five - brightness f ading . At the termination 

of the tone, i.e., 1'1 or T2 , b oth right and left key lights 

i'Tere t ransilluminated. However, bri ghtness on the incorrect 

key was initially very dim. It was graduBlly i ncreased to 

full brightness over five sessions~c This technique was adapted 
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f ollowing results obta i.ned tn the studie s by Terrace (1966 ) 

on tre formation of errorle s s cliscrimina tion. 

Incorrect responses. i.e., R or T2 , n o11 ha d 2 T1 R1 

t he effect of t erminating the trial and producing the ITI. 

Correct responses I'J'ere reinforced as before. 

After thls step key light brightness no longer 

f unctioned as a cue for the correct response and shaping was 

completed. The only stimulus cor related with a reinforced 

outcome was the auditory duration. A choice response was 

now required in the t ermi nal link . 

Following t his shaping procedure the animals were 

presented \'l' i th the following sequence of events during each 

discrim~l.£1.1 _!rial: (1) the trial began ~'l'i th the center 

of the three response keys being lighted and the other t w·o 

dark ; ( 2) a single pe ck on the ·center key turned it off 

and turned on a 1000 Hz tone which stayed on for either T1 

or T2 seconds; ( 3 ) when the tone "\'Tent off bot h of the t111o 

side response ke ys were lighted simultaneously; ( 4 ) a single 

peck on either key turned the key lights off ; (5) if the 

animal had pecked the Ri key and the t one duration was Ti 

( i = 1, 2) it received a food reinforcement f ollowed by an 

i nter trial interval ( I'l'I ) , othen;ise on l y the ITI occurred . 

The R and R2 respons e keys were a l ways the l eft and
1 

r ight keys, re spectively, in this experiment (although this 

was va ried in Experiment Two ) . Reinforcement was 3 seconds 
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access to grain ~<'il th the food hopper light; on during that 

time. Hhi te noise tias on continuously except during the tone 

period. The ITI as 20 seconds during ~'lhi ch the chamber ''ras 

illuminated by a "house light 11 • If. the animal peclced the 

key during the rrr it dela yed the onset of the next trial 

by 20 seconds. 

The sequence of T values was determined in blocks 

of 20 t rials to approximate an independent trials Bernoulli 

process '1-'li th T and T2 occurring \·ti th equal probability on
1 

.each t rial (both T values occurred equally often in each 

block of 20 trials but in a randomly determined sequence). 

Experimental sessions Nere given da ily, with each 

session l asting until 90 reinforcements had been obtained • 

.Animals 'I'Tere ke t at 80 percent normal ( ad libldum feeding) 

body weight. If an animal was overt•ieight prior to an exper:l 

mental session he 1ms not run that day, and if he was under·· 

'\'Ieight he was feel upon return to his cage. 

Follow-ing the shaping process the animals 1'Tere given 

several sessions in l'Thich they were required to discrimina te 

a equal 2 s econd and T equal 5 second pa ir of tone duraT1 2 

tions. They were then required to · make a more difficult 


discrimination by successively increasing the value of T
1 

from 2 to 4 s econds in gradual stages while T2 was fixed at 

5 seconds. The nmnber of sessions spent at each particular 

pair of T va lues is s~~arized in Table 1 . Note tha t one 
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Procedure for Experiment One. 




--- -

'. 

TABLE 1 

EXPERH~ENT ONE 

GROUP 1 GROUP 2 
TOTAL NO. TOTAL NO. 

PROCEDURE SESSIONS SESSIONS SESSIONS SESSIONS 

1. Shaping 1 - 15 15 1 - 15 15 

2. = 2 Sec. 16 - 30 15 16 - 30 15T1 
3. Trans ition to T1 = 3 Sec. 31 - 33 3 31 - 33 3 
4. = 3 Sec. 34 - 53 20 34 - 38 5T1 
5. Fading 54 - 56 3 
6. = 3 Sec. 57 - 66 10T1 
7. Transition and Fading 67 - 69 3 39 - 41 3 
8. = 4 Sec. 70 - 79 10 42 - 51 10T1 
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group of animals , Group 1, l<J"as :run for 79 sessions, while 

another group, Group 2, 1'Tas only run for 51. 'rhe basic . 

difference betueen these two groups was the extended train

ing of Group 1 with T1 equ~l to 3 seconds (30 sessions) 

before moving to the T1 equa l to l.f- seconds condition, as 

compared to the fe1-'1 sessions (5) "''rith 'r1 equal to 3 seconds 

for Group 2.• 

The per-iods of t raining -identified as "fading" in 

Table 1 involved "brightness fading", that is, lighting only 

the correct response key, or "temporal fading", that is, pro

ducing e;radual increments in T1 ; These fadine; techniques 

·Nere used to fa ~ili tate adjustment to the shifts .in T values 

and were admini a tered in random f ashion to t he birds in ea ch 

group. Since the tw·o types of fading procedure produced 

essent ially equivalent behe.vior they will not be fur ther 

dealt with in this section.5 

Results 

The observed values of :P1 and :P 2 for each animal 

at each value of T1 (2, 3 and 4 sec) are presented graphic

ally in Fig.· 1.· Figure lA presents these pa irs of propor

tions for the T1 equal 2 second condition with each animal's 

5 
The reader is referred to Appendix A for further 

details of thi s "fading" procedure.· 
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FIGURE 1 


Estima t e s of p and Pz based on five sessions with
1 


equa l to 5 s e conds a n d TT2 equa l to: A, 2 sec.; B, 3
1 

sec.; and C, 4 sec. 
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performance defining a poin t (p2 , i31 ) in a t lvo-di mensiona.l 

coo~inate system. Similar graphs of the data for the T1 

equa l 3 and 4 second condi t ions are presented in Figures lB 

and lC, respectively.. Each point :re,presents the pooled data 

from 5 sessions a t ea ch T1 value, which corresponds to more 

than 450 t :rj.als for each data point.· Data f or the l a st 5 

se ssions are shm·m except for the equa l 3 sec. condition,T1 

where data from the fi rst 5 sessions of each group are shovm• 

It is clear f r om simple visual i nspection tha t t h e· perfor

,mance points I<Te r e successively displaced awa y f rom the upper 

left hand corner of the gra ph tm-;ard the line p equal p21 

as wn s made more similar to T2 v i.e;,, di scrimination beT1 

came poorer ..· This successive drop i n p r oportion of correct 

responses \•i-a s c onsistent for all 7 e.nima ls and is thus stat:ts~· 

· ti cally sienlfi cant, p < • 01 ( see Ta ble J. in Appendix A) • 

Another representation of these data is presented 

in Fig.· 2 w'here }5 and :P 2 , based on consecutive blocks of 5
1 

sess1. ons f or each anima ], are plotted for the entire exper:t 

ment. The points i'There T1 i1as l 1 educed are i ndicated by 

verti cal dashed lines . Again it is clea r tha t the difference 

between p2 and :P l'Tas progresslvel y diminished as T wa s 
1 1 

increased.· 

'l'o some extent t he convergence of these t wo functions 

i mmedia tely after a change in T Has t emporary and further
1 

sessions tended to i mprove performance, e.-g., the data for 
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\ T equal to 2 sec. and for Group 1, T equal to 3 sec. 

1 1 

When T was increased to its final value of 4 sec. 
1 

there ,,ras only a difference of 1 second bet11een. T and T2 •
1 

A group difference appears in this part of Fig. 2, as well 

as i n Fig. lC. Group 1 appeared to be discriminating better 

than Group 2. The mean Pc for the 2nd block of sessions was 

.644 for Group 1 and .562 for Group 2. 

Discussion 

The results in Fig. ·lA, B and C suggest that the 

pi geons behaved in a fa shj.on similar to humans in analogous 

psychophysical t asks . The shift in performance points toward 

the positive diagonal in Fig. 1 is consistent 1·ri th an experi

menta l manipulat ion decreasing the stimulus difference (mak

ing discrimination more dtfflcult) in a conventional signal 

detection t ask. Furthermore , the su.bstantial individua l 

differences that existed among the birds i'lithin a group, 

make the use of group data hi ghly questionable. 
. . 

It is of special interest to note tha t the birds 

~ able to maintain a partial discrimination over an ex

tended series of trials instead of fixating on one response 

and accepting a simple random ratio reinforcement schedule 
A 

of .5. For exampl~s the overall mean Pc a~ T1 equal to 

4 seconds and T2 equal to 5 seconds was .599. Some of the 

birds lirere performing on ly sli ghtly better than chance, 

http:fashj.on


31 

\ 


FI GURE 2 

Estj.mates of p and p 2 in consecutive blocks of
1 

five sessions thro~ghout Experiment One for Group 1 and 

Group 2. 

I ' 
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Experiment Two 

On the ba sis of the results obta ined in Experiment 


One, a second experiment was conducted to further explore 


· the chara cteristics of the duration discrimina tion t a ske 

This experiment consisted of prelimina ry shaping of the 

temporal discrimi nation followed by four pha se s: pha se one 

involved shap i ng and development of a. pa rtial discrimina tion ; 

phase two i nvolved extended tra ining with fixed T va lues to 

dete rmine 'Nhether the per formance approx imated a sta tionary 

stochastic pr ocess; pha se three invo ved altering the re 

inforcement schedule s (intr oducing a partial reinforcement 

schedule for some birds); and fina lly, pha se four involved 

sever a l sessions of extinction training. 

Apna ratus 

The apparatus ~-va s t he , s ame as that employed in 

Experiment One except that t wo chambers and their associated 

control equipment were employed~ 

Sub.J.ects . 

The subjects were 16 males, w·hi te Carneaux: pigeons, 

experimentally naive, ranging from 5 to 9 years of age at 

the start of the experiment, and varying in weight from 438 

33 
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to 4-96 grams. 

Procedure 

The trial structure of this experiment was basically 

the same as in Experiment One except for a few minor modific

ations. The ITI varied r andomly from trial to trial between 

the range of 10 to 20 seconds and t-Tas reset to 15 seconds 

whenever a response was made before it ha d elapsed. The 

birds w·ere maintained at 80 per cent ad 11bidn.m l'leight through

out the experiment. All food was obtained in da ily experi

menta l sessions during 5 da ys of the Heek, providing body 
10 

weight w-as 80 per cent ±Igrams ad 112 feedi ng l·Teight. Sub

jects l'Tere fed in their home cages dur ing the 1-1eekends . 

Prelimi nary shaping. The sarae shaping procedure em

ployed in Experiment One was again utilized to develop the 

original temporal discrimination . The five steps of shaping 

1-1ere in effect for the follm1ing peri ods : step one, 90 

reinforcements after the fi rst peck; step t wo, 45 reinforce 
6

ments; step 4, 90 r e inforcements; step 5, fiv·e sessions . 

Phase one. During thi s phase the difference ' between 

T1 and T2 t'fa.s gradually reduced to a l evel where the animals 

6 
An auto shaping procedure l:Tas used for some of the 

subjects in Experiment 2 duri ng step 1 of shaping. See 
Appendix B for details . 
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would maintain a steady pa rtial disbrimina tion with about 

65 per cent cor rect respons es. The results of Experiment 

One indicated t hat this type of performance could be expected 

if T1 was 4 seconds and T2 was 5 seconds. Accordingly, dur

ing Phase 1 of this experiment 'r2 was fixed at 5 seconds 

·Nhile ·r1 l'ias successively increased from an initial value of 

1 second to a fina l value of 4 seconds. While each animal 

went through precisely the same sequence of va lues, theT1 

nu.m.ber of sessions it spent at each value depended on how 

qui ckly discrimination stabi lized follm>Ting each change. 

This wa s dete rmined subjectively by visua l inspection of the 

bi r d 's pe rformance. The object of this proc edur~ 1·.ra s to give 

the birds so:ne oppor tunity to adjus t to each n ew- value of 

T before further increa sing the difficulty of the discr i mi 
1 

nation. The sequence of 'r1 values for all bi r ds Nas as 

foll m-rs: 1, 2, 2.5, J, 3.25, 3.5 a nd 4 seconds. The spe

cific number of s e s s 1.on s at ea ch value for ea ch animal begin

ning at T1 equa l to 2 sec. is indica ted in Figure J. After 

T1 had assumed its final value of 4 sec. for 10 to 12 sesslons 

the reinforcement W3. S decrea sed to 2 seconds access to gra.1n 

to prevent the Height gain w-hich had begun to occur with 90 

daily 3 second reinforcements . 

Phase two. Session s t>Ti th T1 equa l to 4 sec. and ·with 

reinforcement equal to 2 sec. continued untll behavior satis

fi ed a criterion of stocha.sttc sta tionarity. This Has assess ed 
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\ f o:c each bi1 by a Ch~. ·-Square test for sta.ti onari ty over the 

l ast 12 sessi ons (Suppes and AtJcinson, 1960, p.56 ) . Under 

t he null hypothesis, P(R2i T1 ) for the first 6 sessions is 

assumed not to differ from P (R21T1 ) for the last 6 sessions; 

t husp the best predicted value of these probabilities is 

t a1cen to be t he mean P( R21T1 ) over all 12 sessions. A x 2 

with P >• 01 '\'Ta S definecl as indicating no difference and was 

c onsidered to indicate stationa.ri ty bet1>1een the first and 

l ast half. Since nstationarity" was behavior- dependent the 

'number of sessions each subj.ect wa s given during this phase 

varied, rangi ng betwe en 18 and 41 sessions. 

Phase three. In this pha se the probability of rein~ 

f orcement wa s altered. It will be convenient to designa te 

the probability of r e inforcement for correct response R1! T1 

as n1 , w·here i can take t wo valt'ies, either 1 or 2 . The prob

ability of r e infor cement for an incorrect response l'tas ahm ys 

zero. 

The 16 birds were randomly divided i nto f our groups 

of f our birds each, wlth the f ollowing values of 1T :
i 

Group 1 Til 1T2 

1 .7 .7 

2 .7 1.0 

3 1.0 .7 

4 1.0 1.0 

Binomial sequences i n -vrhich n was .7 determined t he presenta

http:stationa.ri
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t1on schedule of reinforcement. 

Note that the condition in Group 4 constituted no 

change from the prevai ling condition in phase 2. For Group 

1, the probabi lity of reinforcement was equally reduced for 

both types of correct response. For both these groups the 

reinforcement probability was symmetrical over the possible 

correct responses. For Groups 2 and 3, how·ever, 7f i was 

asymmetrically distributed over response outcomes. 

The birds were given a minimum of 21~ sessions; addi

tional sessions were presented -until response frequencies 

over the final 12 sessions satisfied the stationarity cri

terion used for phase 2. The number of sessions required 

for sta tionarity varied from 24 to 44. 

Phase four. After achieving sta tionarity in phase 

3, subjects were given 5 one~hour extinction sessions on 

consecutive days. 

Results 

Figure 3 shows the estimates p and p for single
1 2 

sessions throughout Experiment Two.7 Solid vertica l lines 

demarcate the separate phases and dotted vertical lines 

7 
These estimates of p1 and p2 are given in Appendix 

C along with estimates of Pc and pL. 
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indicate the point at which T increased for each bird.
1 

The results are discussed separately for each phase 

of the experi ment. Unless .indicated . all other statistics 

reported for phases 2 and 3 vrere obtained by pooling all 

trials of the fi nal 12 sessions of each phase. 

Phase one. The ma jor feature of the phase one data 

in Fig. 3 is obvious by inspection: the accuracy of discrim

1nation gradually diminished as T 1-m s i ncreased, r,ri th some 1 

evidence of i mprovement l'li th practice following each change. 

· Further comments on these data "VTill be made later in the 

discussion section. 

Phase t wo. After the sta tiona rity criterion had been 

met, 1-11 th T equal to 4 s e c. and T2 equal to 5 sec. the 
1 

probability estimates, pl ' P2' Pc and PL' 1-rere derived for 

8 
each bird. A general picture of the \'lid e range in perform

ance that ·Nas obser-ved in this sample of birds can be obtained 

from Figure 4 which show-s i> and :P2 of each of the bi rds in
1 

an ROC graph. The mean Pc OYer all birds was .659 and the 

mean f>L was .519, h01•1ever, in view of the clear individual 

differences these means should be interpreted with caution . 

Phase t wo: sequent ial analysis. A particular 

interest of the present experiment ''~"as to obtain detailed 

8 
A J1eans for the fina l 12 sessions of phase 2 are shovm 

for p1 , Pz• Pc and pL in Appendix D. 
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Fieyre 1 

Estimates of p
1 

and p
2 

for single sess1oi'1S through

out Experiment Two. 
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FIGURE 4 

ROC graph showing estimates of p and p for all
1 2 

16 birds in phase 2. 
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information of trial-by-trial change s in performance. One 

way of evaluating such fluctuations in performance as may 

occur ls to derive estimates of the two probabilities: 

T . E ) (11)P(R2 I T R ,n 2,n j ,n-1 i,n-1 k,n-1 
and 

P(R I Tl R T (12)· 2,n ,n j ,n-1 i,n-1 Ek,n-1) 

where R designates the response variable, T the stimulus 

variable and E the reinforcement variable, as previously 

defined, for i, j equal to 1 or 2, and k equal to 1, 2 or 

0. Estimates of these probabilities (since they are con

ditional on events occurring only one trial earlier) are 

denoted 

P(R21T2 	Rj Ti Ek) (13) 

9
P(R21Tl Rj Ti Ek).	 (14) 

Equations 13 and 14 indicate, respectively: the proportion 

on trial n given that response Rj, stimulus Ti, and rep2 

inforcement event Ek occurred on trial n-1; and the propor

tion p1 on trial n given that response Rj' stimulus T1 and 

reinforcement event Ek occurred on trial n-1. Note that in 

phase 2 there "Tere 4 possible Ti Rj Ek sequences on trial 

9 
Note that in eq. 13 and 14 trial subscripts are 

omitted, since the temp oral sequence observed in this paper
will ahrays follow tha t indicated in eq. 11 and 12. 
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n-1. Thus there were four pairs of conditional p2 and p
'· 1 

values. These 1st order conditional probabilities are 

plotted in Fi gure 5. Figure 5A gives a general idea of how 

points are or dered in the total performance space. Fig. 

5B gives a much enlarged view of a subregion of the perform-

a~ce space to indicate how the performances were arrayed, 

although the reader should be careful to notice that the 

scale range is not the same for all graphs in Figure 5B. 10 

In general the open triangle appears to be upper rightmost 

of the points in Fig. 5B. No clear indication of other 

sequential dependencies emerge s in consistent fashion for 

all birds. An order test (Suppes and Atkinson) ~as carried 

out over all response frequencies for individual -birds and 

was significant ( p <. 01) for six of the birds, those marl\:ed 

with an asterisk; the pooled Chi-square was also significant 

(p < .01). The mean associ ative strength .as indicated by the 

~ coeffici ent was .078 (Hays , 1963). 11 Thus, there is an 

indication of a statistica lly significant, but very weak, 

rel ationshi'p between the events on one trial and performance 

on the next trial . 

10 
These 1st order conditional probability estimates 

are presented numerically in Appendix E . 

11 
The Chi-Square values are given in Appendix F, 

along with the ~ coefficients. 

http:1963).11
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\ 

FIGURE 5 

First-order conditional probabi lities. A shows 

the general position of the points in a separate ROC graph 

for each bird; B shm,rs a more detailed view of a subregi on 

of each graph; C presents averages of the conditional 

probabilities over all birds. 
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Finally , in Figure 5C is shoNn the averEge of all 

the individua l graphs shown in Fig. 5B. While the pattern 

of sequential effects in Fig. 5c is consistent with that 

reported for human observers , e.g. Tanner, Haller & Atkinson, 

1967, in some psychophysical tasks, these average sequential 

effects are not representative of the effects observed for 

individua l birds . Particularly since the birds are clearly 

idiosyncratic in terms of other aspects of their perform

ance, such as probability correct and probability of an R •
2

It is of interest to consider to what extent the 

response tendency on trial n is conditioned on the stimulus 

of the preceding trial, vrhich may be evaluated by suppress

ing the response and reinforcement . outcomes on the previous 

tria l. There are two possible stimulus events on trial n-1 

(T1 and T2). In Table 2 the condi t iona l proportions 

P(R2 ,n\Tl,n-l) and P(R2 ,niT2 ,n_1 ) are given for each bird. 

There do not appear to be first-order effects that vrere con

sistent across all birds. 

Similarly, by suppre ssing stimulus and reinforcement 

informati on one may ·derive estimates of conditional probabil

ities P(R2 1R1 ) and P(R2 1R 2). These are also shm~ in Table 2. 

For thirteen of the 16 bi rds P(R2 R1 ) <P (R2 !R2). In a sign

test on the data of Fi gure 7, p equals .022. Probability 

estimate s of R2 ,n condi tional on the Ek event on trial n-1 

1·1ere also derived and are presented in Table 2. Eleven of 
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TABLE 2 

Firs t - or der cond itional probability estimates, 
-

P(R2 1Ti), P(R2 1Rj), P(R2 1Ek), and P(c1 1cm), for ea ch bird 

in phase 2. 



Table 2 

\ 

A A 

BIRD P(R2!T2) P(R2!T1) P(R2!R2) P(R2!R1) 

1. .413 .395 .427 .388 
2. .275 .273 .320 .257 
3. . 431 .486 .451 .465 
4. .867 .878 .898 .697 

5 .. .594 . 641 . 626 .604 

6. .491 .423 .515 .433 
7. .487 .446 .470 .463 
8. .733 . 752 .784 .622 
9. .383 .394 .388 .388 

10. . 731 .761 .762 .699 
11. .207 .250 .. 276 .213 
12. .534 .541 .554 .518 
13. .272 .258 .252 .269 
14. .535 .558 .556 .536 
15. .458 . 507 .519 .449 
16. .804 .799 .823 . 715 

-Ove r a 11 X .513 .524 .539 .482 

A A 

BIRD P(R2!E1) p ( R2! E2) . P(R21Eo) P(CiC 1) P(C!C
0 

) 

1. . 381 . 417 .425 .. 747 .763 
2. .261 .313 .267 .633 .620 

·3. .469 .525 .498 .790 .823 
4. .714 . 892 .878 .513 .521 
5. .636 .609 .616 .585 . .563 
6. . 419 .508 . 492 .676 .649 
7. . 4'38 .476 . 483 . . 602 .636 
8. .646 .774 .746 . 571 .552 
9. .389 . 381 . 396 .761 .750 

10. . 704 .736 . 790 . 711 .636 
11. .237 .248 . 211 .609 .587 
12. .497 .521 .610 .737 .702 
13. .257 .250 .284 .646 .662 
14. . 521 .521 .686 .691 .706 
15. .471 .484 .502 .773 .737 
16. .701 .819 .811 .55) . 551 

-Overa11 X .484 .523 .538 .662 .654 



!,t.6 

the sixteen birds sho'lAred a tendency for P(R 1E )<P(R2 iE 2).2 1
There appeared to be an effect of non-reinfo:ccement on the 

preceding trial for some of the birds as well. However, the 

results were not significant in a sign-test of the data. 

Finally, estimates were obtained of the probability 

of a correct response on trial n, folloHing a correct and 

following an incorrect response on the preceding trial. 
A ' 

This can be denoted as P(c1 Jcm ) ' where m equals 1 or 0. 

I•1 equals 1 represents a correct response and m equal to 0 

denotes an incorrect response. There i·rere no statistically 

significant differences observable betw·een these conditional 

probabilities presented in Table 2. The means over all birds 

for P(c 1c1 ) and P(c1 Jc ) were .662 .and .654 respectively. 12 
1 0

In addition to the events of the directly preceding 

t rial, events over a longer series of previous trials might 

i nfluence the performance in this type of discrimination 

situation. There are a large number of 1'-lays to characterize 

events over a long series of trials. \ve shall only consider 

homogeneous runs of stimuli and responses on the m trials 

preceding trial n, i'Ihere m could equal 1 , 2, 3, L~ or .5 . 

Specifically, estimates of the follOi-Iing conditional pro

12 
These conditional probability estimates, P(R IT), 

P(R2 JRj), P(R2 JEk) and P(C1 Jcm), are given in Appendix2 

G, along with the number of trials, N, on ~·Ihich each estimate 
is based. 

i 

http:respectively.12
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babilities Here obtained: 

P( R2 ,n1 Ti ,n Tl,n-1 	 T2,n-2) 

T T )P( Rz n1Ti n Tl,n-1 l,n-2 2,n-J' ' . 
• 

and 

P(Rz,n l Ti,n T2,n-l Tl,n-2) 


P(R2,n~ Ti,n T2,n-l T2,n-2 Tl,n-J) 

• 

P(R2 
• 
IT 1 1 ••• T2 T ) 

' ' ' ,n ,n- ,n-m l,n-m+l 
for i =1, 2 and m = 1, 2, 3, 4 and 5. 

For obvious reasons these are referred to in the 

present discus sion as "higher order'' conditi onal probabilities. 

In Figure 6 these conditiona l probabilities are 

plotted as a function of the preceding ~mulus run, up to 

run lengths of 5. 1 3 Observa tion of the se probabilities does 

not reveal any consistent sequential effects. However, for 

several birds there did appear to be a tendency for the 

plotted lines to converge as run length increased; c.f., 2, 

4, 5, 6, 7, 8, 14 and 16. The effect, if any, was small 

however . Furthe1~oref since the number observations for the 

longer stimulus runs w-as smal l, the probability estimates 

13 
Numerica l values of t he "higher-order" sequentia l 

probabilities conditional on stimulus runs are given in 
Appendix H, along I'Ti t h the nu.mber of trials, N, on which 
each e stimate is based. 
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FIGURE 6 

Hi gher- order conditional proba bilities as a 

function of the preceding stimulus run, for individua l 

bi r ds in phase 2. 
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for these points are not reliable. 

Fina lly , "higher-order 11 probability estimates con

ditional on preceding resn.onse runs were ca lculated ; i.e., 

the following probabi l ities were estimated: 

P(R2 , nl~2,n-l 
•
• 

Rl,n- 2) 

and 

P( R IR
2,n .l,n-1 

•. . 
P(R2 I R •••R R2 )

,n l,n-1 l,n-m ,n-m+l 

for m equal to 1, 2, 3, 4 and 5. 

7. 14
These are shown graphically in Fi gure For severa l 

bi rds the plots have a positive slope, indi cating t he condi

tional P ( n ) decreases vvi th preceding runs of R and increases
2 1 

with preceding runs of R ; c.f., birds 2, 4, 6, 8, 11, 13, 14 , 
2 

15, 16. For no b ird is a reverse slope i ndicated . Thus t here 

does appear to be a s equential effect as a functi on of res

ponse r un l en8th f or some of the birds . 

Phase h;o : r esponse time analysi s . In many discrim

ination tasks the response time is a feature of the behavi or 

14 
NuJneri ca l values of the "higher- order 11 sequential 

probabili ties conditional on response run s are provided in 
Appendix I, along vli th t he number of t rials, N, on whi ch 
each estimate is based. 
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FIGURE 7 


Hi gher- order conditional probabilities as a function 

of the preceding r esponse run, for individual birds in phase 



4 

BIRD1 5 9 r 13 
·e 

!v- '--./P<R,.n) ·et 
~/\/

/ 
... ~~ J'-JJ·2 

2 5 1410 
·e 

~----J 
·e ~~ PtR,.nl ... ~ ~J 
·2' .,....._...... ~ 

15113 7 
·8 

PtJVl e r .._ /'-- ,......... 
 --------/~~ ~_):r '1 -~ 
l 

12 r 15
.-/ 8 

·5 

·0 ~~ f_/---//~p(R,.nl 
... 
· 2 

5432112345 5-4321123-4~ 54321123-45 

RUNS OF R, RUNS OF R1 RUNS OF R, RUNS OF R1 RUNS OF R, RUNS OF" R1 . RUNS OF R, RUNS OF R1 

FIGURE 7 



51 


t hat may bear an important relation to the performance. I n 

t his experiment the period elapsing from the offset of the 

s timulus to the point t>Then the first response on a side-key 

occurred is the response time (RT) . Response times were 

coll ected into .2 sec. categories and are plotted for each 

bird in normalized distributions in Figure 8. The figure 

provides a picture of the variability betl'Teen subjects in 

making this type of choice response, i .e. , some distribu

t ions are bimodal while others are unimodal; some display 

great variability, others very little. In general, hm·re-11'er, 

t he modal response time for most birds was no greater than 

1 second. 

I n Table 3 the mean response times for each bird con

ditional on the stimulus and response, and on correct and 

i ncorrect trials as well, are given. The mean RT for all 

birds l~as 1.20 sec. w1 th a range of .67 to 2.05. There was 

no significant difference in the RT 1 s for correct and in~ 

correct responses , which t<Tere 1.20 and 1.21 respectively. 

There doesp however, appear to be a response-depen

dent difference in RT. For 10 of the 16 birds mean RT t-Tas 

lower on both types of R2 trials than on R trials. Overa ll
1 

means l·rere 1.40p 1 .40, 1.21 and 1.15 for R1T
1

, R T2, R
1 2T1 

and R2T2 trials respectively. 

Thus there appears to be little information concerning 
0 
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FIGURE 8 

Frequency distributions of response times in 

phase 2 for in<.U vidual bj_ rds. 



0+-'--~----

.6 
BIRD 1 2 3 4~ 

.. lp 
.3 

0 I I - =:::J-0 

.. 5 6 7 8 
p 

.3 

j.. 9 10 11 12p 

.3 

O-f' . ,._ 

.. 13 15 16p 

.3 

Q ' CI 1'1<11 I I 

1 2 3 4 5+ 1 2 3 4 5+ 1 2 3 4 5+ 1 2 3 4 5+ 

SECONDS 

FIGURE 8 



53 

TABLE 3 


Response times : A, phase 2, B, phase 3. 




TABLE 3 

a. MEAN RESPONSE TIME IN PHASE 2 

BIRD RlTl R2Tl R2Tl R2T2 CORRECT INCORRECT ALL TRIALS 

1 
2 
3 
4 

. 76 

.87 

.93 
2.85 

.84 

.85 

.9 2 
2.51 

l. 76 
.60 
.81 

2.0 

l. 65 
.51 
.67 

l. 91 

l. 15 
.76 
.81 

2.04 

l. 14 
.80 
.88 

2.06 

l. 15 
.77 
.82 

2.05 

-
" " 1.35 1.28 l. 29 1.19 l. 19 1.22 1.20 

' 

5 
6 
7 
8 

l. 39 
1.41 
l.ll 
l. 61 

1.35 
l. 27 
l.ll 
l. 61 

.99 
1.43 

.67 
1.64 

.89 
1.34 

.69 
l. 51 

1.08 
1.38 

.91 
l. 54 

1 '12 
1.34 

.91 
1.56 

1.10 
1.37 

.91 
l. 55 

-
X 1.38 1.34 l. 16 l.ll 1.23 1.23 l. 23 

9 
10 
11 
12 

.71 
3. 51 
l. 08 

.57 

.68 
3.63 
1.03 

.64 

.99 
1.08 

.81 
2.24 

.83 
1.09 

. 81 
l. 90 

. 76 
1.87 
1 . 0"1 
l. 27 

.76 
1.35 
1.00 
l. 54 

.76 
l. 71 
1.00 
l. 35 

-
X 1.47 l. 50 l. 28 · l. 16 l. 23 1.16 l. 21 

13 
14 
15 
16 

1.39 
1.00 
l. 58 
l. 53 

1.33 
.96 

2.11 
1.47 

l. 51 
.64 

1.77 
. 57 

l. 71 
.62 

1.83 
.36 

l. 50 
.80 

l. 70 
. 61 

1.36 
.77 

1.96 
. 73 

1.45 
.79 

1.76 
.67 

-
X 1.38 1.47 l. 12 l. 13 l. 15 l. 21 1.17 

OVERALL 
-
X 1.40 1.40 l. 21 l. 15 1.20 l. 21 l. 20 



b. MEAN 

TABLE 

RESPONSE 

3 

TIME IN PHASE 3 

BIRD 

1 
2 
3 

. ·4 

-
X 

R1T1 

.96 

.89 
1.11 
2.66 

1.41 

R1T2 

.94 

.83 
1.07 
2.51 

1.34 

R2T1 

1.19 
.72 
.95 

2.04 

1.23 

R2T2 

1. 23 
.59 
.83 

2.23 

1.22 

CORRECT 

1.07 
. 75 

1.00 
2.24 

1.27 

INCORRECT 

.99 

.78 
1.03 
2.05 

l. 21 

ALL TRIALS 

1.05 
.76 

1. 01 
2.14 

1. 24 

5 
6 
7 
8 

-
X 

1. 55 
2.06 
1.10 
2 . 77 

1.87 

1. 57 
2.12 
1. 01 
2. 77 

1.48 

1. 25 
2.59 

.73 
2.28 

. 1 . 71 

1.14 
2.48 

.69 
2.05 

1. 59 

1. 28 
2.31 

.84 
2.28 

1. 68 

1.33 
2.42 

. 81 
2.39 

1. 74 

1.30 
2.36 

.83 
2 .32 

1. 70 

9 
10 
11 
12 

-
v 

" 

1.05 
1.65 
1.47 

.68 

1. 21 

.92 
1.85 
1. 29 

.67 

1.18 

.78 
1.23 

.82 
1.82 

l. 16 

.72 
1.19 

.79 
2.02 

l. 18 

.93 
1.44 
1. 24 
1.33 

1.24 

.90 
1. 62 
1.19 
1. 21 

l. 23 

.92 
1.48 
1.22 
1.30 

l. 23 

13 
14 
15 
16 

-
X 

l. 37 
1.03 
1. 34 . 
1.68 

1.36 

1.33 
1.02 
1. 55 
1. 61 

1.38 

l. 92 
.89 

2.80 
.58 

1. 55 

1.99 
.85 

3.06 
. 43 

1.58 

1. 58 
.93 

2.10 
.82 

1.36 

1.44 
.94 

1. 95 
.80 

1.28 

1.53 
.93 

2.06 
.81 

1.33 

OVERALL 
-
X 1.46 1.34 1.41 1.39 1.39 1.37 l. 38 
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the perceptual process represented in the RT 's , except for 

a weak tendency to make one response slightly faster than 

the other in so!D.e birds. 

Phase two: quartiles of a session. In order to 

analyze the 1ray in which discrimination might change during 

. the course of a session , each of the fi nal 12 sessions was 

divided into quartiles and estimates of p
1

, p , Pc and PL
2

were obtained for each quartile. 15 The probability estimates 

p and p changed in a variety of ways :for different birds1 2 
as the session progressed, but there did not appear to be a 

characterist ic trend for all birds. Proba bility of a correct 

response (pc) seemed to be relat ively fi xed throughout the 

session for most birds. There 'ltlere no apparent changes in 

pL during the course of a s essi on. 

Phase three. The data from the fina l 12 s essi ons of 

phase 3 ·Here us eel to evaluate the effect .tr:-...a t reduction of 

the probabi lity of reinforcement had in this type of discr i m

inati on situati on. The pr obabilities p
1 

and p2 are plotted 

in 4 ROC graphs in Figure 9, A, B, c, and D, for Groups 1, 

2, 3 and 4, respectively, and reflect the effect of this 

varia ble. Open symbols repr e sent performance over the fina l 

12 sessions of phase 2 and closed symbols the fina l 12 

15
These probability e stimates for successive quartiles 

of a sessi on , based on 12 session~ for each bird, are glven
in Appendix J. 

http:quartile.15
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FIGURE 2 

ROC g r aphs showing p
~ 

and 
~ 

p for individua l birds2 

ln phas e 2 a nd phase J. A, Group 1; B , Group 2; C, 

Group J; D, Group 4. 

1 
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A

sessj_ons of phase .3. The proba bj_li t:tes pc and pL for phases 

16
2 and .3 are provided in Table 4.

For Group 4, Fig. 9D. phase .3 consisted of aminimum 

of 24 sessions after attainment of the stationarity criterion 

in phase 2, during which there ivere no changes in the experi

mental contingencies.1 Consequently, Group 4 can be vie1·Jed 

as providing an indication of the way in which performance 

l'laS modified as a result of extended exposure to this type 

of task. · Birds 1.3 and 14 changed very . little. Bird 15 

appeared to develop a slightly lmrer R response tendency,
1 

and bird 16 improved in discrimination as Hell as shifted in 

resp onse tendency . 

For Group 1 birds, Fig. 9A, both n1 and 1T 
2 

were 

decreased to •7. F or hw birds an improvement in discrim

inati on seemed apparent, Cef., nos. 2 and .3. For ·another bird, 

bird no. 1, hovmvcr, discrimlnation remained about the same, 

although pL decreased, c.f . , Table 4: i'lhile for the final 

bird, bird no. 4, discrimination, which was already 1·1eak, be

came w·eaker, and pL increased . Apparent ly the decrement in 

probability of reinforcement altered performance of the birds 

in group 1, but there was not a systematic effect. 

For Group 2, Til~ P(E jR T ) was reduced to .7, and
1 1 1 

16 
Numerical values of the probability estimates p 

and P2, along l'J'i th Pc and pL, for phase .3 are in Appendix~. 
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TABLE 4 

Estimates of Pc and pL for each bird in pha se 2 and 

phase 3. 



Table 4 

GROU P BIRD Pc PL 
PH ASE 2 PHASE 3 PHASE 2 PHASE 3 

1 l. .750 .747 .411 .360 
2. .627 . 712 .277 .456 
3. . 795 .662 .464 . 377 
4. .519 .502 .868 . 981 

-
X .693 .656 .505 .544 

2 5. .577 .579 .619 .696 
6. .672 .574 .474 .621 
7. .614 .636 .466 .657 
8. .564 .602 .740 .720 

-
X .607 . 59 8 .575 .674 

3 9. .758 .727 .387 .312 
10. .689 .775 .740 .438 
ll. .605 .641 .237 .302 
12. .729 .733 .535 .480 

-
X .695 . 719 .475 . 383 

4 13. .652 .652 .266 .283 
14·. .701 .678 .542 .564 
15. .764 .775 .486 .412 
16. .531 . 607 . 794 .724 

-
X .662 . 678 .522 .496 
-OVERALL X .659 . 663 .519 . 524 
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2 1r remained at 1.0. The effect of this, es can be seen in 

Fig. 9, was to increase p and Pz for all birds except bird
1 

8. Results for Group 3, in 1rhi ch 1r2 , :P (E2 jR2T2), 'Ttle,s reduced 

to . 7 i'1hile 1r 1 remained at 1.0, are sho"Vm in Fig. 9C· The 

estimates for p and Pz decreased for all birds other than1 

bird 11. 

A Chi-Square test for homogeneity betueen phases 2 

and 3 was signif icant for all birds except two of the birds 

in Group 4, nos. 13 and 14. 'rhe Phi-coefficient was low·est 

for group 4 ( .07). For groups 1, 2 and 3 it was .184, J.LI--0 

and .189, respectively. 17 

The mean Pc over al l birds, .663, did not represent 

an increase beyond 1 of its value -in phase 2, i.e., .659; 

and changes in Pc for individual birds were not systematic. 

Hhen pL is compared for phases 2 and 3, it appears that the 

probabi lity of an R2 increased for group 2 birds, with the 

exception of bird 8, was decreased for group 3 birds, with 

the exception of bird 11, and "V.ras not systematical]y altered 

for the other t wo groups . 

Phase three: sequential analysis. The 11 first-order 11 

conditional probabilities for phase 3 shows the same sequen

tial dependency noted for phase 2, i.e., a higher P(R IT ,n)12 

17chi-Squares and ~ coefficients are provided in 
Appendix K. 
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follm,ring an R '1' on trial n-1, for some of the birds. 
2 1 

Reduction of the conditional probability of reinforcement 

did not appear to have produced a consistent sequential 

effect 1'fi thin a given group .18 An order test performed on 

the data of individual birds was significant for only 3 

. ·birds (p <.01) , nos. 6, 11 and 16. The index of associa

tion was not markedly changed for individua l birds, from 

.078 in phase 2 to .064 in phase 3. 19 

The sequential effect of the preceding response 

that v-ras evidenced in phase 2 was maintained in phase 3, 

i.e . , P(R2 n1R2 _1 )>P(R IR1 _1 ) for 15 of the 16 birds ,_ ,n 2 ,n ,n 

( p <. 001, sign test ). There 111as no apparent lnteracti on of 

the reinforcement contingenc ies in groups 1, 2 and 3 with 

this respons e contingent effect. Group means and overall 

means for both phases also reflected the sequential depen

dency. 

Analysis of P(R ) conditional on preceding stimulus
2 ,n 

or preceding reinforcement events failed to yield any aprxtrent 

consis tent dependencies i'ITithin or across groups. Nor did 

condi tional probability of a correct response appear to be 

1~ 
Numeri ca l values of 11 first-order" conditional 

probabilities in phase 3 are given in Appendix E. 

19 
Order Test Results and coefficients for phase 3<I> 

are in Appendix F. 
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correlated with correctness of the previous trial. 

Analysis of P(R ) conditional on response ru..Yl2 ,n 

length in phase 3 revealed that the tendency for P(R 2) to 

decrease 1'11 th R run length was a feature of the performance
1 

21of some of the birds in phase 3 as in phase 2. 

Phase three: response time analysis. Response time 

histograms in phase 3 Nere similar in almost all regards to 

thos e sho1-m in Figure 8, except for shifts to the right of 

the modes for some birds !'1eans in Table 3 show an increaseo 

in overall RT from 1.20 to 1.38 sec. There is not a marked 

difference in RT for cor rect and incorrect responses. The 

difference in the overall mean RT bet'j;'feen R and R
2 

responses
1 

is no longer in evidence , although several individual birds 

still exhibit the trend, c.f., Table 3. 

Phase four. Finally, behavior of the birds during 

extinction, i.e., ni 1·ras reduced to 0 fori equal to 1, 2, 

was evaluated over 5 cons ecutive daily sessions of 1 hour 

each. Since all trials ~rere response-initiated in this ex

periment, statistics based on the nQmber of trials also 

provide information about this trial-initiating response. 

20Nume.rical values of these 11 first-order 11 condition
al probabilities are given in Appendix G. 

21 
Numerica l values of the 11 higher-orderu sequential 

probabilities conditiona l on response runs for phase 3 are 
provided in Appendix I. 
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Analysis of extinction results shm-red the mean 

number of trials for Groups 1, 2, 3 and 4 w·ere 340, 444, 

333 , and 337, respectively . Variability among birds within 

groups was hi gh and there ·was considerable overlap betv~een 
22 

groups in number of trials emitted. In Figure 10 the 

nU1nber of t rials for each of the 5 extinction days is shohrn 

graphically for each bird. For most birds t he number of 

trials drops off .rapidly after the first day of exposure to 

extinction, hmvever, for birds 2, 3, 5~ 6 and 7 there is 

not a noticeable redu ction in number of trials unti l day 3 

of extinction. 

Plots 
A

of p
1 

a 
~ 

p. 2 for successive days of extinctj_on 

are shmm in Fig. 11 . ! group difference does not emerge 

and neither does the r e appear to be a systematic trend among 

the birds. For some birds , e.g., 5 and 15, the discrimina

tion appears to ·Heaken first, follm~Ved by shifts in bi as; 

for others , e.g. , 11 and 16, ·· •. rge bias shifts occur first 

and then discrimination dete riorates . There is also some 

suggesti on of discrimination reversal occurring for partic

cular birds, e.g., 6 and 14. HoHever, the points toward 

the end of extinction are based on a very small number of 

trials. 

22 
Extinction results are presented in Appendix 

I~ 
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FIGURE 10 

Number of trials in each day of extinction shown 

separately for each bird . 
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FIGURE 11 

Estimates for p 1 and Pz for successive days in 

extinction for each bird . 
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In general, no systematic effects, other than a 

decrease in the number of tri a ls, occurred during extinction. 

Di scussion 

Phase one . In Fi gure 3 it appears that for most 

birds the increments in T occurred gradually enough so 
1 

that the discrimins.tion was not s eri ously disturbed tmtil 

the fina l increment to l.J. sec., which, for many birds, dec 

reased p2 and increased p1 • Hhere discrimination 1-ms 

~eal::ened by an increment in T there "''ras not always an
1 

i mmediately discernable effect, c.f., birds 7, 11, 13 and 

16 a t t he 4 sec. i ncrement . 

Occasionally an apparent response fi xati on developed 

during phase 1, c. r'. , 3 and 6, but this vras followed by 

subsequent i mprovement of the discrimination. Thus t he 

pres ence of a strong fi xation did not necessarily preclude 

subsequent developme11t of good di scri minative behavior. 

Fixati ons developed early in phase 1 seemed ·typically to be 

toward n
1 

, the short stimulus response. 

It will be recalled that after the 4 sec. increment 

in T1 had been in effect for s everal sessions, reinforcement 

dura tion '\.'!as r educed from 3 to 2 sec. for the remainder of 

the experiment. This de crease in the amount of reinforce

ment might have been expected. to a lter the performance in 

some f ashi on. Hith the exception , perhaps, of bird no. 5, 
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there is no strong evidence that this happened. 

Phase tNo. The only clear sequential effect found 

in the results of this experiment w-as a tendency on the 

part of some birds to repeat responses. Response depen

dencies of this type have been observed elsew·here in studies 

.of a psychophysical nature lfi th humans (Verplanck, Collier 

and Cotton, 1952; Verplanck and Collier, 1958; Kinchla, 

1966). 

On the whole the data are surprisingly similar to 

an i ndependent--trials process and are not consistent with 

those detection models .which predict specific sequential 

effects. For example, a variable-sensitivity model , in 

which both bias and sensitivity may vary from trial to trial 

(Atki nson, 1963), can be rejected , since in the present ex

periment there ·Has no evidence that P( c1 1 c1 1) and . ,n ,n

P(Cl,n !Co,n-l) '\!Jere unequal. The variable sensitivity model 

predicts a sequential dependenc:>' beb;een Pc and the correct

ness of the previous trial. Note that a sequential effect 

of this sort has considerable intuitive appeal since it 

could be a rgued that an animal's efficiency or accuracy 

might slow·ly vary during a session; if so, his accuracy on 

one t rial ~ould be related to his accuracy on the subsequent 

trial . Hm.;ever, no empirical support for this argument Has 

obtained . 

Stimulus dependent sequential properties have been 
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found in human performance i n psychophyslcal tasks by 

Tanner, Haller and Atkinson, 1967: Kinchla, 1966 : Par~ 

ducci and Sandusky , 1965: Kinchla, 1964 : Tries~an, 1963: 

Atkinson, Carterette and Kinchla, 1962. The study by 

Triesman is particularly interesting since it dealt with a 

related temporal problem, time estimation in humans. 

Sequential analysis revealed shifts in bias as a function 

of runs of similar stimul i. 'rhe results were interpreted 

as consistent i·Tith a model derived from Adaptation Theory. 

A l earning model 'I'Tas found to provide satisfactory fit to 

the data reported by Kinchla (1964) and Atkinson, Kinchla 

and Carterette (1962). However, strong sequential stimulus 

dependencies were not found in the present analysis, either 

in terms of bias or sensitivity shifts, so that such models 

would seem i~~ppropriate for this duration discriminati on 

situation. 

Learning models that predict bias shifts dependent 

on prior reinforcement are diff icult to compare with the 

present situation, since they deal Nith non-response-con

tingent reinforcement events, and the present experiment 

used response-contingent reinforcement~ This latter f act 

is relevant in evaluating the observed response dependencies. 

In phase 2 the probability of reinforc ement , given a correct 

response, iras always equal to one, thus it is difficult to 

s eparate the effect of a r esponse on n-1 from a reinforcing 

event on n-1 for this phase. In phase 3, hmrever, the effect 



67 


of a reinforcement could be evaluated separately from 

the effec·t of a. response on the preceding trial, since 

P( Ei ,n-l I TiRi)<l for i equal to 1 (Group 2), 2 (Group J) 

or both (Group 1) : The results did not seem to show a uni

form difference between P(R21 R2T2E2) and P(R2 iR2T2E0) or 

P( R2 IR1T1E1 ) and P(R2 !R1T1E0 ) for the birds in these groups 

. as can be se en in Fig. 16 . Thus the response-response cor

relations observed tn phase 2 do not appear to be simply a 

reinforcement effect. 

This result is particularly interesting in regard 

to the role of individual reinforcements . They do not s eem 

to alter the probability of response in t he way some learn

· ing models would suggest, e.g. an Estes type of st;imulus 

sampling proces s i n Hhich ea ch reinforcement increases the 

probability of a particul ar response . 

Stereotyped, overt activity has been noted by many 

investigators in studies requiring the discrimination of 

temporal ip.tervals (Laties et al.,. 1965; I1a lott and Cumming, 

1964 ; Nevin and Berryman 0 196); Segal and Hollaway, 196); 

Hodos, Ross and Brady, 1962; Hilson and Keller, 195)}. 

Similar types of overt activity were observed in this dis

crimination situation du:r:tng the period that the tone l'JO.s 

on. Vi sual monitoring of the birds revealed that for some 

birds this a.ctivi ty could be differentiated i nto ~r 1 and T2 

segments but not for all birds. Differentiation of the 
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behavior vlhlle the tone was on did not appear to be cor

related lli th the accuracy of discrimination. For instance, 

birds 1 and 15 each had Pc ~.75, but only for bird 15 were 

differentiable components of the behavior observable. 

Response times Here often influenced by the behavi or 

that prevailed during the stimulus. Generally, the tendency 

was for the response time to be lengthened by activities 

that persevered after the tone terminated , such as holding 

on to the house1ight, pecking the area around the key, etc. 

Hm·;rever, bird 16 had an extremely lmv R2 latency "Yrhich Has 

correlated with a regular pa ttern of pecking key 2 at a hi gh 

rate while the '-one was on . Thus j_ t ·would seem that response 

times in this experiment must be considered to be a function 

of other factors in addition to the simple mot or response 

time and the decision time. 
h h

Phase three. The graphs of p and p in Figure 31 2 
provide an interesting vi evT of hm.v. the reduction in rein-· 

forcement manifested itself from s esslon to session. Initial 

effects of the reduction can be seen to be different for 

individual cases. For instance, within a few session after 

the asymmetrical reduction in reinforcement bird 6, Group 2, 

and bird ].0 in Group 3 adopt ed very strong fixations to1·mrd 

the response which had the hi gher reinforcement probability. 

These v·mre later mod.ified and discrimination i mproved , al 

though the response tendencies never returned to the earlier 



value. Hhereas for bird_ 7 the alteration occurred gradually 

with :i\ and :P2 shifting slm·lly upwards over a number of 

sessions. Thus it is difficult to characterize in a 

general fashion the way in which behavior changed prior to 

asJT~.nptoti c performance. 

A significant difference bet1-·1een phase 2 and phase 

3 ·Nas found for all birds except nos. 13 and 14. According 

to TSD changing the 11 pay-off 11 structure shoul d affect the 

re sponse criterion but not the sensitivity. For Group 2 

the cri terl on should shift to a lmver value, increasing p
1 

and J5 2 ; for Group 3 the criterion should shift to a hi.gher 

value , and p and p 2 should decrease. Decreasing the pay
1 

off equally for both stimuli as in Group 1 is not predicted 

to hare any effect on criterion or sensitivity. To help 

evaluate the extent to v'rhich the data conform to the pre

dictions from 'rSD, performance points from Fig . 9 are plotted 

in Figure 12 on normal-normal coordinates. Binomial standard 

deviation of the points is approximately plus or minus .012 

for phase 2, and .011 for phase 3. 

The change in performance is in the predicted direc

tion for Groups 2 and 3 1·ri th the exception of one bird in 

each group, nos. 8 and 11. A relevant factor in considering 

the absence of an effect for these birds may be that each 

of these birds had aclopted a criterion in the direction of 

the predicted change before 1Ti was reduced. The data do 
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FIGURE 12 

Gaussian-scaled ROC graphs sh01'fing p1 and :P 2 in 

phase 2 and phase 3. A, Group 1; B Grou~ 2; C, Group 3; 

D, Group 4. 
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not allow satisfactory tests to be made for linearity of 

the functions since there are only t wo points per curve. 

The sys tematic shifts shmm. by Groups 2 and 3 may 

be compared with the data for Groups 1 and 4. Alterations 

in performance are not predicted by TSD for Group 1, and 

while there were indications of shifts in criterion, c.f., 

bird no. 2, as Hell as in sensitivity, c.f.·, bird no. 3 , 

there did not appear to be uniform changes for all birds. 

Simi lar statements can be made for Group 4. 

The theoretical measure, d', was derived for these 

data.·23 The mean value of d ' ovel~ all birds l'-ias .923 in 

phase 2, and .934 in phase 3o Shifts in d' did not appear 

c orrelated with reinforcement probability. lllean values of 

d ' in phases 2 and 3 respectively, for Group 1 -vmre •995 

and •85; for Group 2 lvere •57 and •55; for Group 3 were 

1 . 19 and 1.29; and for Group 4 i·rere .935 and 1.02. That 

is, in Groups 1 and 2 d 1 was decremented, for Groups 3 and 

4 it incremented. It appears from these results that in 

this type of experimental situa tion partial reinforcement 

does not affect accuracy of the performance as compared 

t o continuous reinforcement . 24 

23 
Estimates of theoretica l measures d) as well as 

estimates of ~ and S are in Appendix M. 

24 
If the reader prefers a non-theoreti ca l measure 

to evaluate this issue he may refer to estimates of P(correct ) 
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The signal detection model, ·Which assumes an under

lying continuous distribution of sensory states may be con

trasted with a. model t-Thich proposes discrete sensory states. 

For purpose of c omparison a discrete-state detection model 

that ha.s been applied in a psychophysical task ""VTi th audt tory 

s~imuli (Atkinson and Kinchla , 1965) will be discussed. Both 

the discrete-sta te and signal-detection model assume that 

t wo processes are involved, e. sensory, or activation process, 

and a decision process. In the discrete-state model, as in 

the s1gr~l detection model, the sensory process is consider

ed to be fixed over trials, while the decision process may 

be varied by changing such parameters as a-ptl..lli probability 

of the stimulus or the outcome structure. 

The model proposed by Atkinson and Kinchla the 

continuous sensory variable can be considered as being 

divided into three discrete states: the state in which 

the observer is certain an s occurred~ in which case an R11 
occurs with probability 1; the state in l'lhich an observer 

is certain ·an s2 occurred, and an B.2 occurs 1·1i th probab

ility 1, and a third state in which the observer is un

certain as to which stimuli occurred and makes an R2 with 

probabil1 ty S. The model ha s tt~VO parameters: the sen

sitivity pa r ameter 1• the probability t ha t the observer will 

given in Appendix E, whi ch parall~l findings t'Yi th the 
theoretical measured'. 
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detect an Si (for purposes of this discussion the simpli-· 

fying assumpti on that is equal to ~2 will be made); and~1 
the bias parameter, 8. (The reader is referred to Atkinson 

and Kinchla, 1965, for a more detai'led discussion.) 

If ~ is fixed and 8 is systematically varied, the 

conditional probabilities p and Pz should describe a linear
1 

function with slope equal to 1 and intercept equal to ~ 

(as compared to the curved function predicted by TSD). 

Specifically : (substituting the notation of this _experi

. ment 'r , for s )
i i 

pl ~ P(R2,Tl) = (1- ~) 
~ 

Pz - P ( Rzl T2) = ~ + (1 - ~ ) 8 = pl + ~ 

Thust on the coordinates of Figure 14, data points 

for phases 2 and 3 would be predicted to lie on a straight 

line ~1ith a slope equal to one. Reducing n should increase 
1 

8 and shift the probabilities to~rard the ri ght ; reducing 

should dec:r:ease S and data points should move left. Thisn2 

has been noted to have occurred for several birds in groups 

2 and 3 respectively. 

In Appendix H estimates of the theoretica l parame t ers 

~ and 8 are given. w·here 
~~ 

~ = Pz - pl 


8 = pl 


1 - ~ 
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Here mean estima tes indicate the sensitivity pa rameter, ~ , 

varied between + .OL!-6 from phase 2 to phase 3 for different 

groups. Changes in S from phase 2 to phase 3 were Hi thin 

thi s range for groups 1 and 4 but were larger for groups 

2 and 3, -.135 arid .168 respectlvely. In other w·ords, there 

does appear to be a correlation behleen the magnitude and 

direction of changes in S and experimental alterations of 

In as much as the experiment Has not explicitly 

designed to test between the predictions of these two theories 

the foregoing theore tica l discussion should be considered only 
-

sugge s tive. lim-lever, one further point may be ma de regarding 

the evaluation of these t1-:o models. An alterna te form of 

the discrete sta te model which ls considered here includes 

a learning proce ss by 11hich S is modified. Thts form of the 

model predicts sequentia l effects dependent on preceding 

stimuli. As we ha ve seen, the behavior in this situation 

appears to be independent of the preceding stimuli for most 

of the birds. Th"llS the sequential ana lysis of this data 

does not support the form of the Atkinson and Kinchla model 

which represents a trial-by-trial leal~ ing process, and the 

consequent sequenti a l effects. 

Phase four. Tha t partia l reinforcement produces 

greater resistance to extinction than continuous reinforce

ment in some situa tions is a well-lmmm effect (Kimble, 1961, 
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Ch . 10). Extrapolation of this effect to the present 

situation might lead to the pred~totion that the number of 

trials 1.n extinction would be ordered as follows : 

Group 1 >Group 4, with Groups 2 and 3 at intermediate levels o 

The data did not conform to. this prediction. Total mean 

number of trials for Group 1 was 340 and for Group 4 was 

337. A Mann-\<lhit11ey U Test (Siegel, 1956) between the two 

groups was not significant. 

Group 2 birds had the highest mean number of trials 

over the five days of extinctiont and for three of the four 

birds in Group 2 there was a slower decrement in number of 

dai l y tria ls during the course of extinction. However, con

siderable overlap between groups was noted. In conclusion, 

the performance during extin.ction. did not appear to be re

l ated to the partial reinforcement schedules that obta ined 

in phase 3 in any clear way. 

Other invest~q?;ators (Blough, 1966 p Jenkins & Harrison, 

1960) have found evidence t hat discrimination improved in ex

tinction, as revealed by a sharpening of stimulus generaliza

tion curves. Ho"VTever, no genere.l trend tol<Tard improved discrim

inati on in extinction was found in this experiment, o.f., 

Fig. 11. 

Pooled d.ata. For Group J;. sub j ects the data for the 

last 12 sessions of phase 2 a~d the first and last 12 

sessions of phase 3 w·ere pooled. 11 First 11 and 11 h1gher-order 11 



conditional probability estima tes could then be obtained 

over a larger number of tri a ls, 1. e. total n was over Lwoo. 

In general, they tended to provide additional support of an 

independent tri a ls view of the discriminati.on process except 
. 25

for response conditional sequentia l effects. 

Stationarity. The Chi-Squa re Test employed to 

evaluate stationarity over the fina l 12 sessions ass umes 

that under the null hypothesis respons e frequencies over the 

first block of 6 sessions will not differ from response 

f requencies over the l a st block of 6 s essions . Other pro

c edures for te s ting stationa rity are possible. For instance, 

the data of t he entire 12 s es sions may be divided into block s 
26

of 4 sessions ea ch or blocks of 3 s e ssion s ea ch . The 

assQmption under the null hypot he sis is essentially the 

same •. i.e. tha t re s ponse frequencies over the block s of 

sessions w-ill not differ. Chi-Squa res were obtained for 

each bird using ea ch of the a bove procedure s , i.e. dividing 

12 sessions into block s of 4 s essions ea ch and 3 sessions 
2 

each. The . criteria for sta tionarity wa s a value of x , X, 
2

such that P(x =X ) ,.01. The resulting Chi-Squa res show·ed 

25 
NQmerica l va lues of the pooled conditional proba b

ilities a r e avai l able in Appendix N, along w-ith the number 
of trials on v;rh:lch ea ch es t i mate is ba sed • . Estimates of p

1
, 

P2, Pc and pL are giYen as "!'fell. 
26 

These Chi - Squa re va lues· are given in Appendix 0 
along with the va lue s for blocks of 6 s essions each. 

http:discriminati.on
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tha t the stationarity criteria were not consistently me t 

when these alternate procedures were employeu. 



CONCLUSION 

These experiments have demonstrated that a duration 

discriminat:i.on could be developed using the procedure des

cribed here. They showed that not only were pigeons capable 

of performi ng a pa rtial discrimination but also 1-vere able 

to maintain it in a relattvely stable fashion over an ex tencted 

peri od of time. The presentation of the two stimuli on a 

random schedule from the very begiru1ing appeared to be an 

important a spect of the sha ping procedure in preventing a 

fixation from developing . 

The duration dj_scriminations obtained here with 

pigeons displayed characteristi.cs tha t were analog ous to 

discrimina tive behavior of humans in detection t a sks. Chang 

ing the length of the dur a t i ons altered d 1 accordingly. Also, 

reducing the probability of r e inforcement produced chan ges in 

in response bias, and, for many birds, left the sensitivity 

unchanged. It appears promlsing that use of this method would 

lead to a model tha t "Till allm<J independent estimates to be 

made of 1sensitivity 11 and 11 response bias" factors. Further 

work is necessa ry to select the best fitting detection model. 

In the present experiment a Hide range of ind:tvidual diff~ 

erences 	·Nere fou.Ylcl which me.de parameter estimation dtfficult. 

Sequential properties of the behavior came surpris
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ingly close to resembling an independent-trials process. 

Although a tendency to repeat response was found for some 

of the birds, analysis fail ed to reveal the existence of 

any other sequentia l dependencies for all birds. 

In conclusion, the method developed here would seem 

to be a highly useful one in extending the investigation of 

temporal discriminat ion ln animals. 



APPENDIX A 

EXPERir!JENT ONE 
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Procedure 


Hajor features of the procedure have been given in 


. the main text of this report under Experiment One. The only 

additional aspect which has not been discussed vlas the 

consequences in thi s experiment for pecking an unlighted key. 

Hhenever a dark key Has pecked a 30-second time-out 11)'ould 

occur, during 1·1hich the c.hamber •ms .dark. A trial during 

which a time-out occurred was re··ini tiated at the termination 

of a time-out, that is, the trial began "VTi th t he center key 

lighted, and a peck to that key produced the same duration 

programmed when the time-out occurred. In t his way every 

trial l'vas completed before a ne1·1 one 'l'!as ini tiated . The 

time-out was introduced in step 2 of shaping. 

In this investigation three independent variables were 

manipulated: the auditory durations to be discriminated, 

amount of training , and methods for shi fting the subjects 

from one pair of durations to another. After the birds "''fere 

shaped and were found to be reliably discriminating between 

tvw llidely differing values of T, the long duration T was2 


fixed at 5 seconds , and the value of the shortes t duration 


was varied from 2 seconds to 3 seconds, to 4 seconds, inT1 

that order , for every bird. 

A second variable that was manipulated was the 

number of days subjects w·ere run at T_ equal to 3 seconds • 
.l 
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Subjects 'i'lere randomly divided into 2 groups , and Group l 


was given 30 sessions at T equal to 3 sec; Group 2 re
1 

cei ved only 5 sess ions at that value. 

The third variable was the 'procedure for making the 


transition from 'the low-er to the hi gher value of T
1

. Tl'w 


methocls were explored. One method., designated r~1 1 , could be 


considered a tecrinique involving t emporal fading , that is, 


T was gradually i ncreased in • 25 s e cond steps until it i>Vas 


at its new value after 3 sessions. The other method, H2 , 


' 	involved chan ging T1 to its higher value i mmediately but 

removing the key light for the incorrec t r esponse . Thus 

subjects were given a brightness cue to associate the 

correct response Hi th 'r and T2 • After 2~ sessi ens bright1 

nes s of the light of the incorrect key was faded in until 


both keys were equally bright at the end of the session. 


On the 20th to 23rd sessions at T equal to 3 sec.

1 

the subjects in Group 1 were given three sessions \<Ti th the 

incorrect key light rem.oved , follol'ring method ~1 2 , except 

there was no increase in T
1 

. See Table 1 for an outline of 

procedure. 

A random 2 subjects in each of Groups 1 and 2 received 

each of the methods , N~ and 11 2 , at the transition to T equa l 1 

4 seconds. Subject assignment vms as follows: 


Group 1 Birds 1 and 3 


Birds 2 and 5 
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Group 2 jill : Birds Lj. and 7 

~~ .!2. Birds 6 and 9 

Results for bird no. 3 are reported separately from 

the seven male birds. 

Results 

Table 1 shmoJ" s :P , p 2 , Pc and d' for blocks of 5
1 

sessions for each bird. It can be seen fron Table 1 that 
A 

different birds had different values of d'. They also 

'suggest that fo~ a given bird a clear decrease in d' occurred 

as T increased . (The estimates p and p2 are sho~1 graph
1 1 

ically in Fi gure 1, A, B and C and in Figure 2 in the main 

text). 

After the 20th session on T equa l 3 sec. ea ch bi rd 
1 

in Group 1 was given exposure to two and a ha lf sessions in 

which the incorrect key failed to li ght up, follm.red by a 

half session in Hhich the key li ght was gradua lly faded bacl~ 

to full brightness. The effect of this can be evaluated 

in Fig . 2 in the main text, where it can be seen tha t in 

the block follm..;i ng removal of the key light a slight dec

rement in discrimination resulted for t1-10 of the birds, but 

it did not appear to be a pe1~anent decrement and performance 

recovered by the next block. 

A group difference does appear to emerge from the 

final portions of Fi gs . lC and Fig. 2 in the main text. In 
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TABLE 1 

Statistics in 5-session blocks for individua l 

bird s in Experiment One . 



TABLE 1 

EXPERH~ENT ONE 

STATISTICS IN 5-SESSION BLOCKS 

BIRD 

1 

5 

BLOC K 

T =2" 1 
1 2 

3 
T =3" 4 

1 5 
6 
7 
8 
9 

T =3"10 
1 11 

12 

T =2" 1 
1 2 

3 
T =3" 4 

1 5 
6 
7 
8 
9 

T =4 11 10 
1 11 

p1 

. 12 

.089 

.030 

. 166 

. 152 

.086 

.075 

.045 

.022 

. 132 

.086 

.037 

. 085 

.05 

. 122 

. 169 

. 31 8 

.077 

. 093 

. 189 

.075 

.06 
.. 089 

p2 

.805 

. 885 

.982 

.668 

.846 

.933 

.80 

.908 

.969 

.5 57 

. 551 

.318 

. 71 2 

. 91 8 

.88 

.724 

.797 

.81 8 

.831 

.835 

. 73 6 

. 256 

. 346 

Pc 

.843 

.897 

.976 

. 751 

.847 

.923 

.863 

.932 

.973 

. 714 

. 669 

.646 

.819 

.935 

.879 

.779 

. 740 

.87 

.869 

.822 

. 833 

.605 

.629 

d" 

1. 39 
2.52 
3.93 
1.39 
2.08 
2.81 
2.24 
3.09 
3.93 
1. 28 
1.42 
1. 28 

1. 96 
3.04 
2.35 
1. 53 
1. 28 
2. 28 
2. 29 
1. 83 
2.0 4 

.91 

.96 

BIRD 

2 

3 

· 

BLOCK 

T =2" 1 
1 2 

3 
T ==3" 4 

1 5 
6 
7 
$ 
9 

T =3"10 
1 11 

12 

T =2" 1 
1 2 

3 
T =3" 4 
.1 5 

6 
7 
8 
9 

T =4"10 
1 11 

12 

p1 

.058 

.068 

.08 

. 306 

.248 

. 077 

. 093 

.188 

.142 

.4.01 

. 305 

.415 

.067 

.021 

. 046 

.119 

. 116 

.293 

.42 

. 460 

.22 

. 436 

.393 

.293 

p2 

.933 

.979 

.991 

. 710 

.688 

.81 8 

.831 

.763 

.867 

.513 

. 572 

.671 

.923 

.9 53 

.937 

.537 

. 462 

.624 

.650 

.56 9 

.374 

.54 

.525 

.321 

Pc 

.938 

.955 

.955 

.702 

.72 

.87 

.869 

.788 

.862 

.644 

.634 

.63 

.928 

.967 

.945 

.711 

.674 

.666 

.617 

.554 

.572 

.552 

.566 

.516 

d" 

3.02 
3.52 
3. 72 
1.06 
1.1 8 
2.28 
2. 29 
l. 62 
2.21 

.28 

.68 

.64 

2. 87 
3.69 
3.1 9 
1. 28 
1.1 0 

.86 

.58 

.28 

. 44 

.25 

.36 

.08 



TABLE 1 
EXPERH"ENT ONE 

STATISTICS IN 5-SESSION BLOCKS 

BIRD 

4 

BLOCK 

T =2 11 

1 
2 

3 

T =3 11 41 
T =4 11 51 

6 

7 

p1 

. 145 

.26 

.04 

. 165 

. 142 

. 153 

. 20 

p2 

.63 

.822 

.904 

.696 

. 179 

.274 

.32 

Pc 

.743 

.78 

. 932 

. 765 

. 526 

.556 

.562 

d" 

1.37 

1. 56 

3.03 

1.48 

.43 

.43 

.37 

BIRD 

6 

BLOCK p1 

T =2 11 11 A37 

2 .26 

3 . 13 

T =3 11 41 . 134 

T =4 11 51 . 18 

6 .07 
7 . . 07 

p2 

.647 

.822 

.861 

.828 

.309 

.117 

. 127 

Pc 

.605 

. 78 

.865 

.847 

.565 

.525 

.534 

d" 

. . 54· 

1. 56 

2.21 

2.08 

.41 

.30 

.34 

7 T =2 11 

1 

T =3 11 

1 
T =4 11 

1 

1 .234 

2 .099 

3 .03 

4 . 21 

5 . 185 
6 ' .426 

. 921 

.963 

.996 

.88 

.299 

.582 

.843 

.932 

. 982 

.835 

.558 

.578 

2. 14 

3.03 

4. 20 

1. 98 

. 36 

. 38 

9 T =2 11 

1 

T =3 11 

1 
T =4 11 

1 

1 

2 

3 

4 

5 

6 

. 178 

.111 

. 027 

.09 

.55 

.64 

.682 

.858 

.786 

.618 

.644 

.813 

.752 

.874 

.879 

.762 

.546 

.588 

1.42 

2.27 

2.68 

1.64 

.23 

.52 
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Fi g.lC the performance p oints for Gr o1p 1 f a ll abov-e those 

of Group 2, and in Fig. 2 the sepa ratl on beti'reen the fun c

tions of Group 1 bi rds appeared to be greater than for any 

of the bi rds in Group 2. The mean Pc was .644 for Group 1 

and e562 for Gr oup 2 for the 2nd block of sessions at T1 
equa l 4 s ec. 

The t wo procedures used to increase T1 , H1 and M2 
appeared to produce equivalent behavior. The relevant com

parison i s between bi rds 1, 4 and 7 and bi rds 2, 5, 6 and 

9. The~e was no evidence of a difference between these 

sub jects. 

The data for the f emale, bi rd 3, 1.s sho1rm in Fig. 1. 

In part a the condj.tiona l pr obabilities fo r a ll blocks of 

5 se ssions are plotted in an ROC graph. Early performance 

paralle l s tha t of mal e subje cts . Hm-1ever , the change to T1 
eq a l 3 s ec. produced much weake r discrimina tion than Hi th 

the 7 male bi rds, and , instead of i mproving wi th exposure 

to t he schedule, di scrimi nation appeared to worsen. Further, 

there did not appear to be a differential effect of r educing 

the difference behvee:n T and_ T2 stj.ll further . By the 12th
1 

block of 5 session s performance nearly f a lls on the pos itive 

diagonal in t he ROC graph . This is a lso shmm in Fig. lB by 
~ ~ 

the gradual convergence of p1 and p 2 , and by the slm·dy dec

creas ing functi on , pc, in Fi g . lC 'a l so . By the fina l fi ve 

sessions the subject appeared no longer to be di scriminat

ing. 
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FIGURE 1 

Estimates of p and p 2 in 5-session blocks fo r
1 

Bird 3 throughout the Experiment. A, in an ROC graph ; 

B as function s of blocks of s e ssions , C, t he probability 

of a correct respon se, Pc• as a function of blocks of 

sessions. 
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Discussion . ~ 

It is of interest to note the extent to which birds 

were able to mainvain a partial discrimination even w·hen the 

stimulus difference wa s small, c.f.~ 3rd portions in Fig. 2 

(main text). ·rhe .overall mean Pc fo r the 2nd block of 

sessions at this value of T equal to 4 sec. was .599. Some 1 
bi rds were performing slightly better than chance, yet 

the y maintained a consistent degree of partial discrimination. 

The effect of differential amount of training on 

'Groups 1 and 2 seems to indica te the apparent dependen ce of 

di scrimi.na tion on past history a.s l'lell as on the immediate 

experimenta l situation. The past history of Group 1 differ

ed in two l'Jays from that of roup 2, i • e. , it wa s exposed 

to more sessions 1'ri th T1 equa l to 3 sec. , and wa s given a 

different experimental procedur~ for 3 days. It is dif

f icult to specify which of these was most rela ted to the 

bette r discrimination observ ed for that groupe However, it 

is irJ.portrmt to note tha t. in human signal-detection the 

theoretical measure d' is considered to be a f unction of 

physical stimulus and of sensitivity of the particular 

obser~er. The sensitivity i s assumed to be a relatively 

stable f ea ture of t he perceptual processo The data obtained 

here from pigeons seem to suggest that a similar sensitivity 

measure may not ahTays be a stable feature of the animal's 

behavior but only becomes stable after relatively long 

http:scrimi.na
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periods of acquisition or tra ining. 

One feature of perfonnance which is of interest is 


the response bias. This term will be used here to denote 


the tendency to make one response more than another indepen
•. L 

dently of the stimulus. I n Fig. 2A and B performance is 


plotted at 3 va lues of T for each bi rd ( connected points
1 
are for a single bi rd) . According to the theory of signal 

detection changing the discriminabillty of the stimuli should 

not necessarily produce changes in c. To evaluate this pre

diction the data were plotted on normal-normal coordinates . 

While one bird did maintain a relatively stable response 

bias (no. 7) the others exhibited great diversity of behavior 

and particularly l'J'hen T1 and T2 differed by only 1 sec. It 

seems most accurate to say the birds behaved idiosyncratically 

when the discr1.mina.tion became more difficult. There were 

clear differences in response bias among the birds initially 

as 1"Tell, before any manipulations had occurred, as shom'l by 

the uppermost point for each bird, although none of these 

biases reached the point of a fixation on one response . 

A t ime-out (TO) occurred very seldom during a session; 

most birds, in fact, never received a TO. An exception to 

this was bird 5, 1'J'hose behavior paralleled that of the others 

until T1 1>1as increased to its highest value and discrimination 

became difficult, at trhich point he began to receive a large 

number of TOs. This behaYior continued until the experiment 



FIGURE 2 

Gaus sian-scaled values of and p 2 • Lines connectp1 

each value of T fo r individual birds. A, Group 1, B, Group 

2. 
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termina ted., but the r e ·wa s no appa rent effect on performance 

by the l a rge number of TOs. The TO contingency was originally 

considered a means of preventing long runs of key pecklng 

during the tone tha t might serve to mediate the time inter

val. However, it wa s appa rent in this study that the pro~ 

babil1.ty of emission of a key peck during the tone was quite 

lOi>V, and in fact for some birds 1-1as zero, so that a TO for 

th:Ls purpos e Ha s not necessary. Further , where there was 

a high proba bi lity of peck ing during the t one, as with bird 

'5, the TO was i neffective in r educing it. Thus in Experiment 

T'~>10 the TO contingency was removed. 

http:babil1.ty
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AUTOSHAPING 




Autoshanin_s 

For nine of the subjects an autoshaping procedure 

(Brown and Jenkins, 1968) was used to attempt to shape the 

key-peck response. Follov-ring magazine training the folloH

ing schedule was put into effect: 

An II'I of 5 sec. was followed by a 
7 sec. key light, at the end of which re
inforcement ,;as presented for 4 sec. Either 
a ri ght or left key l ight could occur with 
an a priori probability of .5. A peck to 
the lighted key v1ould produce reinforcement 
immediately. On the second day the ITI was 
increased to a random value between 10 and 
20 seconds, with a mean of 15 sec. 

The nine subjects received between 90 and 180 trials, 

with a mean of 122 trials, over the hro days in which the 

autoshaping procedure was in effect. Only one bi rd acquired 

the ke y peck response, requiring 174 trials. The . ei ght birds 

who d i d not autosha pe were then returned to the conventional 

procedure used with the remainlng seven birds , in which 

approa ch to the lighted key "l'las gradually shaped into a key 

peck by visually monitoring the behavi or. 



~ndix C 

The performance of each animal during each session 

of t he experiment is characterized in the follovring tables. 

Four de s criptive statistics are defined for the data from 

each session: p1 , the proportion of R2 re sponses on trials ~T1 

p 2 , the proportion of R2 responses o~ T2 t rials ; Pc' the 

proportion of correct responses; and pL' the proportion of 

R r esponses. 

Asterisks indicate the particula r session numbers 

where T assumed a new value for each animal . (Sessions
1 

·Ni th T equal to 1 sec. are not shown). A double asterisk1 

mar1m the first session of phase 2, phase 3 and phase 4. 

The sequence of va lues of during phase 1 and theT1 

number of sessions each was i n effect Nere as fo]_lows: 

No· sessionsTl 

1 3 10 


2 7
3 

2.5 3, 4 


3 3 - 8 


3.25 12 - 14 


3-5 8 11 


4 10 - 12 




BIRD II 1 BI RD # 2 
91 

Ses sion 
No. p2 

A 

pl 
A 

Pc 
A 

PL 
Sessi on 

No. 
" p2 " 

p] " Pc; " r, 

l. .869 . 373 .750 .625 l. .862 .344 . 756 .597 
2. .814 .311 . 750 .558 2 . .824 . 521 . 647 .669 
3. .471 . 094 .682 .288 3. .849 . 580 . 641 .71 8 
4. .61 9 . 190 .71 4 .405 4. . 948 .426 . 756 . 681 

. 5. .833 .667 . 583 . 750 5. .833 . 132 .850 . 486 
6. .866 .536 .662 .699 6. .9 41 . 192 .874 . 563 
7. . 789 .237 .776 .509 7. . gr : .379 .784 .664 
8. .636 .262 .687 . 450 8. .81 .397 .692 .577 
9. . 514 . 217 .647 . 367 9. o 5 J I . 143 .677 .338 

1o.. · . 500 . 185 .645 .355 10. .851 . 611 .623 .7 33 
11 . .750 .288 . 732 .528 11. .7 35 .429 .652 .580 
12 . .789 .417 .695 .61 8 12. . 682 . 193 .740 . 455 
13 . .487 .274 .604 .383 13. .812 .397 .717 .622 
14. .563 . 156 .703 .359 14. .915 . 629 .645 .773 
15 . .625 . 105 .7 52 .380 15. .787 . 432 .662 .585 
16. .563 . 127 .717 .346 16. .872 .722 . 573 .796 
17. .661 . 117 .776 .379 17 . .753 .760 . 492 .7 57 
18. .792 .037 .882 .392 18 . .763 . 579 . 592 .671 
19. . 594 . 070 .7 52 .347 19. .620 . 352 . 634 .486 
20. .732 .1 83 .776 .448 20. .561 . 416 . 572 .491 
21. .821 .200 .811 .514 21. .488 .405 .542 .446 
22. .7 59 . 140 .811 .441 22. .420 . 325 . 549 . 372 
23. .846 . 148 .849 .491 23. .440 .278 . 584 .357 
24. .758 . 189 .783 .496 24. .304 . 154 .57 3 . 229 
25. . 741 . 180 .783 . 443 25. . 116 . 160 .476 . 138 
26 ·. .593 .033 .782 .311 26. .234 . 100 .573 . 166 
27. .633 . 161 .7 38 .393 27. . 37 1 . 123 . 629 . 245 
28. .725 .054 .841 .374 28. . 287 . 139 . 572 .214 
29. .684 .01 9 . 826 . 367 29 . .354 . 17 3 .584 .266 
30. . 500 .032 .738 .262 30. .730 .286 . 722 . 508 
31. .61 9 .056 .769 .359 31. . 61 5 .265 . 677 .436 
32. .868 . 137 .865 .51 0 32. .244 . 195 . 533 .219 
33. .7 46 . 23 3 . 756 .487 33. . 333 .212 . 559 . 273 
34. .579 . 081 .7 56 . 319 34. . 667 .088 .789 . 377 
35. .642 . 190 . 720 . 432 35. .803 . 180 .811 .523 
36. .655 . 100 .783 . 365 36. .852 .1 54 .849 . 509 
37. . 565 . 127 . 720 . 344 37 . .687 .353 .667 . 519 
38. . 551 .235 .657 .39 4 38. .729 .266 .732 .488 
39. . 500 . 235 . 62 5 . 375 39 . . 62 1 . 140 .732 . 398 
40. . 600 .215 .692 . 408 40 . .723 . 306 .709 .520 
41. .476 . 063 .709 . 268 41. .746 . 358 . 692 . 546 
42. .690 .206 . 744 . 438 42 . .675 . 356 . 662 . 537 
43. .576 .246 .667 . 407 43. .770 . ·. 232 .769 . 513 
44. . 672 . 150 .763 . 407 44 . .667 . 303 .682 . 485 
45. .61 3 . 088 .756 . 361 45 . . . 700 . 40 6 . 647 . 554 
46. . 594 . 148 .720 . 376 46 . .797 .435 . 677 .609 
47. . 617 .117 ~7 50 .367 47. .839 . 271 .783 . 548 
48. .635 . 194 .720 . 416 48 . .70 4 . 375 .667 . 548 
49. . 690 .074 .804 . 393 49 . . 758 .385 .687 . 573 
50. . 596 .01 8 .789 . 307 50 . .81 8 . 463 . 677 . 639 
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Bird # 1 (Cont'd) Bird # 2 (Cont'd) 

No. 
~ ~ 

Pc PL No. 
Session Session" " p2 p1 

~ 

p2 r1 Pc PL 

5). .685 .086 . . 804 .375 51. .855 . 563 .643 .707 
52. .804 . 151 .826 .486 52. .885 .345 .776 .629 
53. .719 . 125 .796 .425 53. .780 .279 .750 .525 
54. .643 .115 .769 .368 54. .714 .297 .709 .504 
55. .691 .088 .804 .384 55. .768 .413 .682 .598 
56 . . . 621 .1 00 .763 .356 56. .797 .493 .652 .645 
57. .754 . 145 .804 .455 57. .652 .384 .634 .514 
58. .661 . 183 .738 .426 58. .672 .164 .756 .412 
59. .578 .209 .687 .389 59. .652 . 319 .667- .481 
60. .678 . 180 .750 .425 60. . 515 .164 .677 .338 
61. .684 . 136 .776 . 405 61. .507 .280 .616 .390 
62. .746 .207 .769 .479 62. .276 .092 .592 . 184 
63. .694 .254 . 720 .472 63 . .312 . 057 .612 . 190 
64. .684 .089 .796 .389 64. .240 . 101 .578 . 169 
65. .571 . 156 .709 .362 65. ·.457 . 159 .647 .309 
66. .673 . 145 . 769 .393 66 . .267 . 054 .604 . 161 
67. .603 . 161 .720 .384 67 . .429 . 157 .636 .293 
68. .533 .128 . 704 .328 68 . .479 . 214 .629 .350 
69. .427 .113 .658 .269 69 . .582 .282 .652 .428 
70. .427 .022 .702 .225 70. . 453 . 153 .662 .294 
71. . 570 . 057 .757 .312 71. .329 . 107. .621 .214 
72. .581 . 122 .727 . 355 72. . 389 .054 .670 .220 
73. .553 .093 . 731 .322 73. .340 .050 .645 . 195 
74. .671 . 134 .768 .402 74. .404· .336 .552 .365 
75. .604 . 109 .749 .355 75. .569 .255 .657 .412 
76. .510 . 076 .713 .298 76 . .558 .1 08 .723 .335 
}7. .639 . 106 .768 .369 77. .433 . 101 .668 .265 
78. .737 . 120 .806 .439 78. .500 .098 .703 .297 
79. .696 . 101 .797 .399 79. .556 . 161 .699 .355 
80. .696 .215 .741 .456 80. .490 .269 .612 .379 
81. .783 .319 .730 .546 81. . 552 .234 .658 .395 
82. .793 .207 .793 .500 82. .705 . 157 .774 .429 
83. .699 .224 .738 .458 83. .700 .221 .739 .466 
84. .647 . . 202 .722 .426 84. . 551 . 144 .704 .346 
85. .520 .270 .625 .395 85. .592 .308 .643 .449 
86. .495 .235 .628 .367 86. .734 . 165 .785 .449 
87. .644 . 169 . .737 .408 87. . 604 .144 .729 .376 
88. .587 . 167 .709 .379 88. .753 .284 .734 . 511 
89. .527 .079 .722 .306 89. . 711 .365 .674 . 539 
90. .549 .110 .720 .330 90. .778 .360 .709 .570 
91. . 712 .053 .832 .376 91. .726 .351 .688 .540 
92. .695 .067 .809 .395 92. .705 .220 .743 .458 
93. .646 . 154 . 74·3 .406 93. .627 . 170 . 731 .392 
94. .686 . 133 .778 .403 94. .628 · .178 .723 .408 
95. .619 . 106 .757 .361 95. ' .617 .258 .681 .435 
96. .565 .011 .779 .285 96. .507 . 128 .693 . 314 
97. .547 .058 .744 .302 97. . 542 . .411 . 565 .476 
98. .419 . 231 .585 .329 98. .684 .300 .692 .487 
99. .316 . 182 .585 .244 99. .313 .067 .613 . 194 

100. .294 .143 .548 .226 100. .000 .333 .667 .333 
1 Ol. .500 .250 .643 .357 



BIRD # 3 BIRD # 4 


9J 

.., .., ..,A ASession Session " "F\~ D. 1 P(: PL p2 p1 Pc PLNo. No. 

1. .960 . 150 .900 .518 l. .958 .022 .968 .505 
2. .774 . 273 .750 .516 2. .930 .373 .776 .647 
3. .754 .169 .793 .457 3. . 563 .143 .709 .354 
4. .800 .053 .879 ·.402 4. .979 .119 .925 .505 
5. .788 .037 .877 . 406 5. .846 .080 .882 .471 
6. .833 .423 . 701 .620 6.. .958 . 120 .918 . 531 
7. .820 .333 .742 .573 7. .920 . 120 .900 .520 
8. .929 .791 .557 .858 8. .939 .083 .928 . 515 
9. .976 .903 .511 .938 9. .788 .039 .874 .417 

10. .934 .768 .570 .848 10. .857 .236 .811 .550 
11. 1.000 .904 . 551 .952 11. .655 .1 00 .783 .365 
12. 1. 000 .633 .708 .831 12. . 500 .017 .738 .262 
13. . 912 .538 .671 . 712 13. . 312 .043 .616 .185 
14. .219 .168 .524 . 194 14. .413 .059 .687 .229 
15. .179 .088 .560 . 131 15. .275 .092 .709 . 150 
16. .061 .065 .487 .063 16. .049 .012 . 518 .030 
17. .061 .094 .477 .077 17. .045 .034 .508 .040 
lB. .957 .905 . 521 . 931 18. .365 .280 .539 .323 
19. . 011 .040 .503 . 026 19 . .728 .763 .476 .746 
20. .041 . 051 .446 .045 20. .542 .483 .529 . 512 
21. .010 0.000 .490 .005 21. .356 .370 .495 .363 
22. .033 .020 .459 .027 22. .364 .463 .448 .412 
23. 0.000 . 031 .485 .015 23. .458 .477 .489 .467 


. 24. . 033 .022 .503 .027 24 . . 538 .415 .563 .475 

25. .069 .073 .487 . 071 25. .417 .473 .471 .444 
26. . 019 .075 .449 .046 26. .393 .368 . 511 .381 
27. .073 .075 .492 .074 27. . 330 .299 .514 .314 
28. . 312 . 080 .612 . 197 28. .442 .342 .545 .394 
29. .526 .. 278 .622 .405 29. .467 .473 .497 .470 
30 . .672 . 221 .727 .439 30. .590 .518 .536 .554 
31. .603 .188 .712 .386 31. .449 . 451 .500 .450 
32. .676 .246 .713 .473 32. .458 . 240 . 612 .347 
33. .906 . 193 .855 . 536 33. .566 .482 .542 .524 
34 . .742 . 324 . 709 .530 34 . .603 .473 .559 .528 
35. .623 . 133 .736 .395 35. .520 .477 . 521 .500 
36. . . 571 .200 . 681 .393 36. .438 .389 . 529 .412 
37. .657 .267 .692 .477 37. .576 .224 .677 .398 
38. .642 .200 .723 .416 38. .481 .350 .566 .415 
39. .727 . 241 .742 .500 39. .407 . 301 .555 .354 
40. .943 . 128 .910 .560 40. .557 .481 . 539 . 521 
41. .919 .606 .662 .766 41. .573 .536 .520 .555 
42. .940 .500 .722 .722 42. .507 .304 .608 .399 
43. .864 .226 .821 .563 43. .519 .279 . 612 .408 
44. .828 . 130 . 848 .491 44 . .709 .564 .573 .637 
45. .733 . 167 .786 .437 45.- .654 .471 .596 .570 
46. . 905 .463 . 715 . 677 46 . .747 .575 . 592 .664 
47. .761 .333 . 715 .554 47. .734 .508 .625 .632 
48. .631 .254 .689 .439 48. .839 .811 .508 .825 
49. .549 . 161 . 684 .368 49. .875 .730 .584 .805 
50. .754 .328 . 713 .543 50. .780 .789 .497 .785 
5L .561 . 203 . 681 .378 51. .782 .633 .573 .707 



Bird # 3 (Cont•d) Bird # 4 (Cont•d) 

Session 
No. 

I' 

p2 
,.. 

r1 
, 
Pc 

.... 

PL 
Session 

No. 
.., 
p2 

,... 

p1 
A 

pc 
" PL 

52. 
53. 
54. 
55. 

. - 56. 
57, 
58: 
59. 
60. 
61. 
62. 
63. 
64. 
65. 
66. 
67. 
68. 
69. 
70. 
71. 
72. 
73. 
74. 
75. 
76. 
77. 
78 ; 
79. 
80. 
81. 
82. 
83. 
84. 
85. 
86. 
87. 
88. 
89. 
90. 
91. 
92 . 
93. 
94. 
95. 
96. 
97. 
98. 
99. 

100. 
101. 
102. 
103. 
104. 
105. 

.625 

.493 

. 521 

.697 

.683 

.741 

. 592 

.696 

.563 

.868 

.750 

.782 

.765 

.895 

. 750 

.796 

. 729 

.684 

.863 

.688 

.714 

.733 

.793 

.912 

. 731 

.842 

.839 

.892 

. 776 

.787 

.750 

.774 

.830 

.747 

.690 

.759 

.732 

.692 

.629 

.578 

.750 

. 615 

.688 

. 560 

. 471 

.587 

.479 

.427 

.584 

.537 

.449 

. 511 

.714 

.595 

. 

. 136 

.162 

. 123 

. 193 

.210 

. 155 

.098 

.300 

.085 

.170 

. 186 

. 193 

. 121 

.250 

. 186 

. 145 

. 145 

. 150 

.132 

. 281 

. 159 

. 205 

.383 

.373 

.359 

.375 

.396 

.345 

.259 

.367 

.383 

.303 

.474 

.261 

. 167 

. 241 

.305 

.245 

.269 

.380 

.244 

. 239 

.253 

. 189 

.240 

.878 

.250 

. 121 

.119 

. 245 

. 102 

.089 

. 167 

. 107 

.740 

.664 

.691 

.748 

.736 

.793 

.735 

.698 

.732 

.849 

.783 

.795 

.826 

.826 

.783 

.826 

.789 

.769 

.865 

.703 

. 777 

.764 

.704 

.767 

.686 

.738 

.723 

.780 

.759 

.712 

.684 

.736 

.677 

.743 

.762 

.759 

.713 

.724 

.679 

. 599 

.753 

.689 

.718 

.685 

.617 

.356 

.617 

.656 

.728 
. . 646 

.673 

.709 

.774 

.744 

. 390 

.328 

. 331 

.463 

.448 

.448 
. . 364 
.512 
.333 
.519 
.461 
.482 
.422 
.587 
.461 
.468 
.447 
.410 
.490 
.484 
.440 
.472 

. . 586 
.638 
.546 
.617 
.620 
. 633 
.518 
. 582 
.568 
.544 
.651 
.503 
.429 
.506 
.518 
.465 
.453 
.480 
.489 
.426 
.468 
.376 
.354 
.732 
. 362 
.272 
.358 
.392 
.276 
.302 
.440 
. 351 

52. 
53 . 
54 . 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 
65. 
66. 
67. 
68. 
69. 
70 . 
71. 
72. 
73. 
74. 
75. 
76. 
77. 
78. 
79 . 
80. 
81. 
82. 
83. 
84. 
85. 
86. 
87. 
88. 
89. 
90. 
91. 
92. 
93. 
94. 
95. 
96. 
97. 
98. 
99 . 

100. 
101. 
102. 
103 
104. 
105. 

.700 

.820 

. 951 

.932 

.497 

.989 

.966 

.848 

.846 

.857 

.933 

.976 

.977 

.948 

.480 

.880 

.944 

. 920 

.923 

.955 

.922 

.766 

.827 

.698 

.894 

.902 

.955 

.930 

. 913 

. 992 

.984 

.985 
1.000 
1. 000 
1. 000 
1.000 

.992 
1.000 
1.000 
1.000 

.992 
1.000 
1.000 

.992 

.969 
1.000 

.977 

.977 
. 1.000 

.932 

.977 
1.000 

.976 

.944 

.707 

.813 

.816 

.909 

.500 

.978 

. 957 

.709 

. 696 

.857 

.934 

.900 

. 944 

.945 

.920 

.908 

.935 

.889 

.937 

.945 

.921 

.795 

.723 

.647 

.833 

.812 

. 944 

.873 

. 909 

.926 

.984 
1.000 
1 .000 

.992 
1.000 
1. 000 
1.000 

.976 

. 977 
1.000 

.985 

.992 

.992 

.945 

.976 
.1.000 

.985 

.984 
1.000 

.957 

.976 

.9 60 

.984 

.833 

.495 

.500 

.554 

. 511 

.497 

.500 

.497 

.570 

.573 

.514 

.497 

.549 

.508 

. 513 

.346 
. . 505 
.497 
.533 
.484 
. 500 
.503 
.495 
.549 
. 526 
.533 
.539 
.506 
.545 
. 511 
. 537 
.502 
.494 
.502 
.504 
.502 
.502 
.494 
.510 
.502 
.496 
.494 
.508 
.500 
. 521 
.504 
.500 
.492 
. 502 
.498 
.480 
.506 
.518 
.498 
.552 

.703 

.817 

.881 

.920 

.497 

.983 

.961 

.778 

. 771 

.857 

.934 

.939 

.960 

.947 

.627 

.893 

.939 

. 905 

.930 

.950 

.922 

.780 

.774 

.673 

.864 

.856 

.949 

.903 

. 911 

.959 

.984 

.992 
1.000 

.996 
1. 000 
1. 000 

.996 

.988 

.988 
1.000 

.989 

.996 

.996 

.969 

.972 
1.000 

.981 

.980 
1 .000 

.945 

.976 

.980 

.980 

.888 



Bird # 3 (Con t 'd) Bird # 4 (Cont'd) 
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Session 
No. 

~ 

p2 
~ 

pl 
~

Pc 
A 

PL 
Session 

No. p2 
~ 

pl 
~ 

Pc 
~ 

PL 

106. . 545 .060 .737 .310 106. .649 .694 .471 .672 
107. .543 .289 .628 .415 107. . 565 .480 .542 . 521 
108. .426 .209 .605 .319 108. .300 . 167 . 591 .227 

.. 109. .625 .600 .500 .611 109. 0. 000 0.000 1. 000 0.000 
110. .500 .667 .444 .556 
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BIRD # 5 BIRD # 6 

Session 
No. 

l. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14.
15. 
16. 

' 17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 

P2 

.961 

.960 

.875 

.857 

.840 

.613 

.821 

. 649 

.462 

.800 

.733 

.632 

.581 

.425 

.440 

.381 

.358 

.438 

.558 

.686 

. 878 

.824 

.768 

.686 

. 667 

.614 

.553 

.617 

. 758 . 

.844 

.781 

.963 

. 941 

.950 

. 931 

. 938 

.963 

.775 

. 513 

.443 

. 513 

. 532 

.671 

. 681 

.463 

.631 

.568 

. 781 

.709 

.764 

p1 

. 241 

. 137 

.040 

.077 

.059 

. 133 

. 185 

.097 

.079 

.167 

.233 

. 161 

. 129 

. 192 

.250 

.306 

.250 

. 337 

.422 

.380 

.653 

.623 

.464 

.328 

.292 

. 373 

. 517 

.487 

.375 

.675 

.832 

.866 

.875 

.800 

.709 

. 797 

.852 

.654 

. 370 

.402 

. 354 

. 364 

.377 

.388 

.325 

.258 

.463 

.365 

. 54 1 

.453 

Pc 
.857 
. 911 
.918 
.891 
.89 1 
.738 
.818 
.782 
.709 
.818 
.750 
.726 
.726 
.616 
.596 
.538 
. 558 
.554 
.569 
.652 
.611 
. 596 
.652 
.679 
,687 
. 621 
.517 
. 565 
.692 
.584 
. 476 
.549 
. 526 
. 600 
. 596 
. 584 
. 556 
. 559 
. 573 
. 520 
~ 581 
.584 
.647 
.647 
.566 
.687 
.552 
.709 
.588 
.662 

PL 

.590 

.545 

.449 

.455 

.446 

.377 

.509 

.361 

.255 

.455 

.483 

. 419 

.355 

.308 

. 344 

. 343 

.303 

. 386 

. 487 

.532 

.765 

.722 

.616 

. 515 

. 481 

.490 

.534 

.553 

.569 

.760 

.806 

.915 

.908 

. 880 

.815 

.870 

.907 

.71 4 

.439 

.423 

.432 

.448 

. 525 

.540 

.396 

.443 
. . 515 
.575 
.627 
.618 

Session 
No. 

l. 
2. 
3. 
4. 
~. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25 . 
26. 
27. 
28 . 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42 . 
43. 
44. 
45. 
46 . . 
47. 
48. 
49. 
50. 

P2 

.920 

.854 

.979 

.977 

.863 

.203 
0.000 

.012 

.023 
0.000 

.128 

. 902 

. 759 

.094 

.054 

.207 

.303 

.315 

.286 

.719 

.532 

.655 

.615 

. 661 
,820 
.852 
.979 
.850 
.906 
.922 
.925 
.865 
.894 
.981 
.925 
.293 
.754 
.836 
.842 
.849 
.885 
.873 
.677 
.813 
.394 
.203 
.471 
.452 
.500 
.603 

P1 

.170 

.020 

.023 
0.000 

.098 
0.000 
0.000 

. 011 

. 011 
0.000 

.012 
0.000 

;179 
.058 
.012 

0.000 
.118 
.130 
.041 
.241 
.066 
.175 
. 123 
.036 
.039 
.064 
.045 
. 125 
.222 
.259 
.180 
.082 
.059 
.309 
. 196 
.042 
.096 
.200 
. 176 
.118 
. 154 
.288 
.143 
.415 
.086 
.063 
. 197 

0.000 
.066 
. 197 

Pc 
.874 
.918 
.978 
.989 
.882 
.604 
.503 
.514 
.514 
. 506 
.545 
.947 
.789 
.495 
.506 
.566 
.592 
.600 
.629 
.738 
.732 
.744 
.738 
.811 
.891 
.891 
.967 
.862 
.841 
.826 
.874 
.891 
. 918 
.833 
.865 
. 616 
.826 
.818 
.833 
.865 
.865 
.789 
.763 
.698 
.662 
.584 
.638 
.726 
.709 
.698 

PL 

.534 

.429 

.522 

.462 

.480 

. 101 
0.000 

.011 

.017 
0.000 

. 072 

.484 

.474 

.077 

.034 

.113 

. 211 

.220 

. 161 

.492 

.301 

.405 

.385 

. 351 

.426 

.485 

.533 

.487 

. 561 

.569 

. 563 

.485 

.459 

.639 

. 567 

. 171 

.440 

.518 

.528 

.490 

. 519 . 

.570 

.424 

.612 

.235 

. 130 

.333 

.226 

. 291 

.411 

. 



Bird # 5 (Cont'd) Bird # 6 (Cont'd) 
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..,~ ~ ~ ~ ~Session " Session " p2 p1 Pc PL p2 p1 Pc PLNo. No. 

51. .674 .640 .514 .657 51. .523 . 176 .677 .346 
52. .750 .610 .573 .682 52. . 712 . 213 .750 .458 
53. . 691 .585 .552 .638 53 . .690 . 167 .763 .424 
54. .762 .690 .536 .726 54. .697 .343 .677 .519 
55. .690 .640 .520 .665 55. .461 .247 .604 .356 
56. .457 .369 .545 .412 56. .710 . 179 .763 .458 
57. .320 .376 . 466 .347 57 . .571 .143 .714 .357 
58. .233 .233 .500 .233 58. .662 .203 .726 .444 
59. .180 . 196 .497 .188 59. .544 . 254- .647 .396 
60. .221 . 289 .469 .255 60. .550 .081 .738 .311 

. 61. .286 .267 . 517 .276 61. .828 .288 . . 769 .556 
62. .205 . 120 .542 .163 62. .780 .302 .738 .533 
63. .500 . 175 .703 .297 63. .742 .397 .672 . 567. 
64. .365 . 190 .619 .265 64. . 551 .246 .652 .399 
65. .056 . 023 . 511 .039 n5. ·481 . 221 .621 .359 
66. .046 .011 .523 .028 . 66. .658 .467 .596 .563 
67 . .138 .060 .529 .100 67. .708 .343 .682 .523 
68. .222 . 122 .552 .172 68. .694 .277 .709 .480 
69. . 181 .189 .489 .185 69. .494 .346 .573 .420 
70. .236 .226 . 511 . 231 70 . . 758 .420 .667 .585 
71. .293 . 212 .545 .251 71. .689 .257 .715 .479 
72. . 390 .318 .539 .353 72. .691 . 425 .634 .559 
73. . 382 .360 . 511 .371 73. .864 .584 .646 .728 
74. .379 .359 .514 .369 74. .890 .750 .566 .819 
75. ~608 .436 .586 .522 75. .878 .820 . 531 .849 
76. .506 .464 .520 .486 76. .954 .874 .540 .914 
77. . 515 . 176 .672 .343 77. .989 .953 .523 .971 
78. .327 .345 .479 .335 78. .989 .955 .520 .972 
79. .581 . 512 .535 .547 79. .989 .976 .520 .983 
80. .652 .632 . 511 .642 80. .989 .978 .503 .983 
81. .701 . 512 .572 . 610 81. 1. 000 .976 .523 .988 
82. .763 .605 .573 .682 82. 1. 000 1.000 .506 1 .000 
83. .737 .534 .604 .638 83. 1 .000 1. 000 .489 1 .000 
84 . .696 . 551 .573 .624 84. 1. 000 1.000 .500 1. 000 
85. .705 .570 .567 .637 85 . .989 1. 000 .471 .995 
86. .675 . 556 .559 .615 86. .957 .978 .492 .967 
87. .684 . 513 .584 .597 87. 1. 000 1.000 .503 1.000 
88. .704 .480 .610 .589 88. .967 .958 .495 .962 
89. .764 .507 .629 .636 89. .989 .875 .650 .944 
90. .716 .500 .608 .608 90. .944 . 905 .508 .924 
91. .702 .638 .532 .670 91. .927 .765 .575 .844 
92. .819 .650 .589 .736 92. .877 .725 .578 .801 
93. .841 . 767 .534 .803 93. .955 . 911 .517 .933 
94. .824 .. 663 .579 .743 94. .988 .855 .566 .922 
95. .742 . 562 .590 .652 95. .810 .598 .602 .702 
96. .911 .679 . 612 .794 96 . . .907 . 750 .582 .829 
97. .859 .713 . . 570 .785 97. .892 . 711 .578 .798 
98. .900 .712 . 594 .806 98. .955 .892 .547 .924 
99. .902 .844 . 533 .874 . 99. .889 .646 .625 .769 

100. .920 .835 . 536 .877 100. .696 AOO .648 .547 



Bird # 5 (Cont•d) Bird # 6 (Cont•d) 

Session 
No . 

A 

P2 
A 

p1 
A 

Pc 
A 

PL 
Session 

No. 
A 

P2 
A 

p1 
A 

Pc 
A 

PL 

. 1 01. .871 .750 .555 .809 101. .659 .489 .587 .575 
102. .747 .573 .585 .659 102. .626 . 500 .563 . 563 
103. .678 .608 .529 .642 103. .681 .621 .529 . 651 
104. .782 .628 .578 .705 104. . 571 .404 .584 .486 
105. .775 .703 . 521 .737 105. .589 .438 .576 .513 
106. .679 .459 .608 . 566 106. . 717 .648 .536 .683 
107. .687 .544 .549 .618 107. .729 .698 .516 .714 
108. .817 . 612 .599 .713 108. .604 .432 .586 . 516 
109. .707 .578 .566 .643 109. .694 .548 .574 .621 
110. .882 .757 .558 .819 110 . .867 .756 .563 .813 
111. .829 .642 . 595 .736 111. .829 .556 .634 .690 
112. .854 .679 . 595 .761 112. .541 .413 . 564 .477 
113. .786 . 571 .607 .673 113. .618 ,370 .624 .495 
114. .763 .703 .533 .734 114. .640 .810 .435 . 717 
115: .795 .583 .605 .689 115. .444 . 571 .438 .500 
116. .778 .549 . 613 .663 
117. .744 .500 .625 .625 
'118. .537 .494 . 521 . 515 
119. .218 . 167 .523 . 193 
120. .477 .325 . 571 .405 
121. 0.000 . 500 .333 .333 
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BIRD # 7 BIRD # 8 

Session 
No. 

l. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9." 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 

A 

p2 

.987 

.873 

.900 

.873 

.894 

.806 

.954 

. 721 

.612 

.685 

.793 

.893 

.889 

.754 

.727 

.797 

.825 

.859 

.962 

.922 

.836 

.770 

.855 

.839 

.875 

.759 

.889 

.758 

.738 

.800 
1.000 

.859 

.844 

. 951 

.739 

.862 

.868 

.831 

.867 

.819 

.786 

.826 

.750 

.625 

.482 

.301 

.270 

.337 

.260 

.423 

. 

A 

p1 

.867 

.675 

.620 

. 311 

.537 

.344 

.556 

.217 

.310 

. 156 

. 185 

.200 

.160 

.286 

.153 

.283 

.246 

.352 

.200 

.232 

.250 

.295 

.246 

.339 

.328 

. 127 

.300 

. 317 

.288 

.138 

.467 

.540 

.368 

.439 

.437 

.728 

.687 

.756 

.854 

.732 

. 721 

. 514 

.435 

.405 

.393 

.354 

. 236 

.232 

.103 

.253 

A 

Pc 

.552 

.603 

.638 

.776 

.677 

.732 

.703 

.752 

.652 

.750 

.804 

.849 

.865 

.734 

.789 

.756 

.789 

.763 

.882 

.841 

.796 

.738 

.804 

.754 

. 772 

.817 

.789 

.720 

.726 

.833 

.763 

.672 

.744 

.763 

.650 

.565 

. 539 

.533 

.523 

.545 

.529 

.655 

.657 

.608 

. 545 

. 476 

. 517 

. 552 

. 581 

. 586 

PL 

.926 

.776 

.759 

.578 

. 714 

.577 

.758 

.471 

.457 

.468 

.500 

.566 

.538 

.516 

.430 

.538 

.535 

.627 

.588 

.561 

.566 

.533 

.545 

.602 

.596 

.440 

.579 

. 536 

.524 

.444 

.729 

.709 

.620 

.703 

.586 

.795 

.760 

.793 

.860 

.776 

.7 53 

.669 

.591 

. 500 

.437 

.328 

.253 

.285 

. 181 

.338 

Session 
No. 

l. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14 . . 
15. 
16 . 
17. 
18. 
19. 
20 . 
21. 
22 . 
23. 
24. 
25 . 
26 . 
27. 
28. 
29 . 
30 . 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39 . 
40. 
41. 
42. 
43. 
44 .. 
45. 
46. 

'47. 
48. 
49. 
50. 

p2 

. 719 

.720 

.568 

. 545 

.889 

.900 

.850 

. 710 

.651 

.766 

.486 

.439 

.672 

.610 

.373 

.585 

.453 

. 541 

.406 

.556 

.800 

.770 

.821 

.815 

.891 

.839 

.741 

.782 
·. 782 
.788 
. 913 
.882 
.920 
.857 
.829 
.769 
.360 
. 516 
.800 
.860 
.855 
.764 
.522 
.661 
.625 
.559 
.671 
.806 
.785 
.652 

A 

p1 

.093 

.648 

.457 

. 311 

.460 

.446 

.350 

.258 

.246 

.359 

.295 

.062 

.140 

. 156 

.154 

.200 

.090 

. 123 

.045 

.098 

. 179 

.21 8 

. 241 

.233 

.328 

.218 

.074 

.041 

.078 

.058 

.077 

.211 

. 120 

. 176 

.500 

. 412 

. 137 

. 136 

.323 

.212 

.173 

. 127 

.115 

.117 

.083 

. 268 

. 317 

.365 

.409 

.299 

A 

Pc 

.811 

.529 

.556 

.638 

.714 

.720 

.750 

.726 

.703 

.703 

.600 

.687 

.763 

.732 

.593 

.692 

.687 

.714 

.687 

.726 

.811 

.776 

.789 

.789 

.779 

.811 

.833 

.865 

.849 

.865 

.918 

.833 

.900 

.841 

.672 

.677 

.608 

.692 

.738 

.826 

.841 

.81 8 

.692 

.776 

.776 

.647 

.677 

.720 

.687 

.677 

~ 

PL 

.414 

.682 

.512 

.394 

.675 

.664 

.600 

.484 

.445 

. 563 

.387 

.252 

.41 5 

.374 

. 271 

.392 

.267 

.325 

. 221 

. 331 

.486 

.509 

.526 

. 509 

.602 

.532 

.407 

.433 

.443 

.423 

.469 

.528 

.520 

.533 

.672 

.586 

.250 

.323 

.557 

.550 

.523 

.445 

. 331 

.379 

.345 

.410 

. 504 

.584 

. 595 

.-474 



B]rd # 7 (Cont'd) Bird # 8 (Cont'd) 

Sessio·n " " " Session" " " " " 
No. p2 p1 Pc PL No. p2 p] Pc PL 

51. .542 .410 . 565 .478 51. . 561 .209 .677 .383 
52. .393 .326 .535 .359 52. .587 . 159 .714 .373 
53. .488 .380 .552 .436 53. .643 . 100 .776 .362 
54. .479 .313 .588 .392 54. .370 . 192 .596 .278 
55. .615 .475 . 570 .544 55. .299 . 173 .570 .234 
56. .434 .269 .584 .351 56. .486 . 167 .652 .333 
57. .514 .350 .584 .429 57. .656 .262 .698 .457 
58. .537 .203 .669 .368 58. .253 . 176 .549 .213 
59. .629 .333 .647 .482 59. .347 .085 .629 .217 
6,0. .560 .273 .638 .426 60. .364 .225 .573 .293 
61. .612 .300 .657 .453 61. .552 . 131 . . 703 .352 
62. .613 .429 .592 .520 62. .477 .119 .682 . 295 
63. .648 . 353 .647 .504 63. .529 .117 .692 .338 
64. .635 .419 .608 . 527 64. .508 :079 .714 .294 
65. . 603 .456 .573 .529 65. . 315 . 130 .600 .220 
66. .560 .360 .600 .460 · 66. . 162 .083 .549 . 122 
67. .700 . 406 .647 .554 67. .294 .250 . 521 .272 
68. .558 .373 .592 .467 68. .833 .828 .508 .831 
69. .438 . 269 .589 . 351 69. . 912 . 911 .529 .912 
70. .529 .260 .638 .390 70. .828 .841 .514 .834 
71. .662 .295 .684 . .477 71. .935 .776 .582 .856 
72. .667 .337 .665 .503 72. . 885 .747 .567 .815 
73. . 551 . 310 .623 .426 73. .867 . 788 .536 .827 
74. .675 .435 .619 . 554 . 74. .689 .412 .641 .556 
75. . 538 .360 .587 . 453 75. .795 . 750 .529 .773 
76. . 707 .446 .630 . 576 76. .855 .667 .596 .762 
77. .696 .430 .633 .563 77. .887 .620 .634 .754 
78. .687 .450 .620 .571 78. .795 .574 .617 .688 
79. .762 . 512 .625 . 637 . 79. .750 . 571 .589 . 661 
80. . 731 .435 .644 . 577 80. .824 . 500 .662 .662 
81. .821 .549 . 631 . 681 81. .814 .365 .722 .583 
82. .787 .417 .687 .605 82. .605 . 381 .612 .494 
83. .738. . 456 .644 .601 •83. .849 . 431 .710 .641 
84. .800 .640 . 579 .719 84. .818 .461 .680 .641 
85. .842 . 553 .645 .697 85. .779 .462 .658 .619 
86. .779 .461 .660 .621 86. .811 .380 .717 .600 
87. .822 .455 .680 .633 87. .718 .444 .636 .580 
88. .829 . 573 . 629 .702 88. .753 .438 .658 . 596 
89. .824 . 663 .579 .743 89. .842 .533 .656 .689 
90. .726 . 476 .625 . 601 90. .853 .513 .669 .682 
91. .790 . 545 . 627 . 671 91. .703 .602 .553 .654 
92. .718 . 516 .597 .614 92. .862 .600 . 631 . 731 
93. .83'3 .500 .676 . 676 93 . .784 .628 .580 .707 
94. .676 .441 . 620 - . 563 94. .897 .658 .618 .777 
95. . 691 .437 . 626 . 561 95. .875 .646 . 611 .759 
96. ;.673 .460 . 606 . 566 96. .927 .737 .599 .833 
97. .481 . 357 . 564 .418 97. .915 .762 .580 .840 
98. .500 .467 . 515 .485 98. .895 .824 .538 .860 

. 99. .966 .918 . 529 . . 942 
100. .886 .-807 .540 .847 

McMASTER UNIVERSITY LIBRARY 



Bird · #" 7 (Cont' d) Bird # 8 (Cont'd) 

101 

A A A ASession 
p2 p1 PcNo. PL 

A A A~ -Session 
No. p2 p1 Pc PL 

101 . 
102. 
103. 
104. 
105. 
106. 
107. 
108. 
109. 
110. 
111. 
112. 
113. 
114 . 
115. 
116. 
117. 
118. 
119. 
120. 
121. 
122. 
123 
124. 
125. 
126. 

.953 

.906 

.886 

.859 

.956 

.977 
1.000 
1. 000 

.952 

.852 

.805 

.880 

. 791 

.813 

.805 

.857 

.911 

.675 

. 721 

.904 

.877 

.750 

.700 

.333 

.667 

.630 

.898 .523 .925 

.750 .580 .828 

.462 .807 .789 

.820 . 505 .839 

.888 .536 .922 

.956 . 506 .966 

.978 .506 .989 

.942 .526 .971 

.846 .537 .897 

.735 .567 •79!) 

.608 .602 .708 

.568 .658 .725 

.625 .580 .707 

. 714 .549 .764 

. 631 .584 .717 

.728 . 551 .790 

.700 .604 .805 

.440 .617 .557 

.534 .592 .626 

.592 . 651 .745 

.527 .673 .701 

.456 .647 .603 

.457 .627 .587 

.483 .424 .407 
1.000 .400 .800 
~400 . 615 .519 
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BIRD # 9 BIRD # 10 

Ses sio n 
No. 

1. 
2. 
3. 
4. 
5. 

. 6. 
7. 
8. 
9 .. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 

~ 

P2 

.753 

.286 

. 239 

.475 

. 508 

.627 

.476 

. 111 

.055 

.022 

. 012 

.045 

.076 

. 156 

.143 

. 165 

.200 

. 525 

.388 

. 500 

.514 

.529 

. 646 

.425 

.280 

.409 

. 521 

. 519 

.472 

.795 

.914 

.698 

. 754 

.716 

.727 ' 

.625 

.556 

. 537 

.455 

.492 

.530 

. 565 

.836 

.606 

.646 

. 541 

.678 

.617 

.636 

.485 

A 

p1 

. 736 

. 185 

.014 
0.000 

.032 

. 102 

. 062 
0.000 

.066 

.022 

.011 

.034 
0.000 
0.000 

.060 

.037 

.116 

.063 

.015 

.188 

.217 

. 194 

.284 

. 189 

.080 

.060 

.288 

.364 

.188 

. 507 

.278 

.258 

.217 

.263 

.382 

. 219 

. 113 

. 194 

.118 

.147 

.203 

.113 

. 241 

. 107 

.324 

. 123 

.242 

. 131 

. 143 

. 159 

. 

Pc 

.506 

.545 

. 621 

.738 

.744 

.763 

. 711 

.558 

.495 

.497 

. 514 

.506 

.552 

. 581 

.539 

.566 

.554 

.738 

.684 

.655 

.647 

.667 

.682 

.619 

.600 

.677 

. 616 

. 576 

.638 

.648 

. 821 

.720 

.769 

.726 

.672 

.703 

. 720 

.672 

.672 

. 677 

. 667 

. 726 

. 796 

. 738 

. 662 

. 714 

. 720 

. 744 

. 738 

. 667 

PL 

.744 

.236 

.124 

.238 

.264 

.364 

.266 

.055 

.060 

.022 

. 011 

.039 

.037 

.077 

.1 02 

. 101 

. 157 

.287 

.203 

.345 

.367 

.363 

. 462 

.306 

.180 

.233 

.404 

.443 

.333 

.655 

.607 

.480 

.479 

.508 

.552 

.42 2 

.336 

.366 

. 284 

. 316 

.363 

.339 

. 531 

.377 

.478 

.325 

.448 

.372 

.410 

.319 

. Session 
No. 

1. 
2. 
3 . 
4. 
5. 
6 . 
7 . 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17 . 
18 . 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27 . 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46 . . 
47. 
48. 
49. 
50. 

P2 

.758 

. 731 

.754 

.808 

.804 

.764 

.885 

.789 

.849 

.875 

.824 

.930 

.904 

.887 

.896 

.824 

. 94-4 

.898 

. 900 

.922 

.827 

.827 

.906 

.922 

.926 

.842 

.902 

.936 

.922 

.915 

.907 

.961 

.808 
1.000 

.915 

.934 

.898 

.849 

.904 

.962 

.857 

.750 

.652 

.8~1 

. 942 

.964 

.903 

.981 

.902 

.860 

~ 

p1 

.365 

.388 

. 217 

.111 

.1 09 

.094 

. 137 

. 167 

.237 

.288 

. 414 

.260 

. 140 

. 173 

.113 

.074 

. 226 

. 117 

. 128 

. 157 

.186 

. 041 

.140 

.135 

.149 

.208 

.043 

.130 

.064 

. 077 

. 176 

.106 

.074 

.235 

.309 

.333 

. 127 

.098 

. 189 

.524 

.259 

.250 

.254 

.317 

.648 

.379 

.435 

.264 

.224 

.288 

Pc 

.698 

.672 

.769 
:849 
.849 
.833 
.874 
.811 
.804 
.791 
.714 
.841 
.882 
.857 
.891 
.876 
.860 
.890 
.888 
.882 
.820 
.891 
.883 
.893 
.891 
.818 
.929 
.901 
.929 
.919 
.867 
.929 
.868 
.883 
.807 
.813 
.885 
.875 
.857 
.662 
.798 
.750 
.699 
.783 
.643 
.789 
.734 
.858 
.835 
.784 

PL 

.566 

.560 

.479 

.453 

.443 

.435 

. 515 

.486 

.527 

.574 

.635 

.617 

.529 

.533 

.485 

.438 

.589 

.468 

.561 

.539 

.486 

.446 

.534 

.524 

.564 

.536 

.490 

.505 

.510 

.475 

.552 

. 551 

.434 

.621 

.623 

.661 

.490 

. 481 

.543 

.691 

.553 

. 517 

. 451 

. 591 

.793 

.667 

.669 

.623 

. 541 

. 569 



Bird # 9 (Co nt 'd) Bird # 10 (Cont'd) 

.J.V.) 

A A A ASessi on Sessionp2 p1 Pc PL No. p2 p1 Pc PLNo. ' 

. 
76° . · ·-6: 51. .627 . 102 .763 .364 51. .828 .288 • .,;,.-. !;)y 

52. . 473 .230 .592 .375 52 . .875 .283 . 793 ,c[b·~J6 9 . 
53. .682 .250 .714 .476 53. .750 . 123 . 81 ~ ~\~···· .434 .,•!JPK . ' ..
54. .754 .279 .738 .516 54. .780 .290 . 74:;. ;"'•'1fi 2~ .. ..., 
55. . 656 .172 .738 .426 55. .898 .350 :773 fr::·622 . 

q56. .719 . 183 .769 .444 56. .762 .183 .789 .480 
57. .456 . 132 .662 . 294 57 . .844 ··. 394 . . 123 . 615 
58. .485 .174 .657 .328 58. .794 .400 .703 .609 
59. .603 .175 .727 .372 59. .627 .097 .769 .355 
60. .439 .090 .677 . 263 60 . .870 .224 .821 .536 

. 61. .710 .200 .754 .459 61. .742 .333 .705 .543 
62. .649 .1 03 .774 .374 62. .862 .305 .778 .581 
63. .724 .143 .789 .439 63. .778 . 164 .809 .452 
64. .633 . 129 .754 .377 64. .776 .224 .776 .500 
65. .732 .058 .833 .407 65. .908 .410 .754 .667 
66. .677 . 242 .717 . 465 . 66 . .897 .367 .763 .627 
67. . 597 .117 .738 .361 67. .981 .333 .818 .645 
68. .695 .200 . 74-8 . 445 68. .941 . 581 .692 .769 
69. .603 .035 .783 . 322 69 . .983 .500 .738 .738 
70 . .673 .098 .796 . 363 70 . .914 .629 .643 . 771 
71. .551 .047 .811 .224 71. .875 .620 .629 .748 
72. .586 . 197 .699 . 384 72 . .949 ,789 ,584 ,a?o 

. 73. .473 .014 .720 .252 73. .938 .547 .698 .744 
74. .380 .066 .652 .226 74. .953 .567 .687 .756 
75. .644 . 171 .734 .413 75. .938 .552 .687 .740 
76. .500 .072 .712 .288 76. .923 .656 .672 .739 
77. .325 .041 .624 . 191 77 . .886 .588 .659 .732 
78. .557 . 139 . 711 .345 78. .692 .411 . 641 .552 
79. .406 .080 .674 . 236 . 79 . . 598 .221 .690 .405 
80. .606 . 153 .732 . 370 80 . .398 . 120 .632 ·. 263 
81. .683 .088 .802 .374 81. .247 .034 .602 . 142 
82. .642 .078 .779 .366 82. .065 0.000 .530 .033 
83. .676 . 176 .748 .432 ·83. .071 0.000 .554 .034 
84. .636' .090 .774 . 361 84. . 141 . 045 .539 .094 
85. .846 . 103 .870 .496 85 . .473 .069 .699 .274 
86. .692 . 138 .777 .415 86. .545 . 195 . 675 .370 
87. . 571 .139 .718 .353 87. .709 .247 .730 .487 
88. . 373 . 120 .620 .247 88. . 681 .231 .728 .442 
89. .558 .208 .675 .383 89. .487 . 175 .656 . 331 
90. .574 . 071 .754 .319 90. .600 . 182 . 711 .388 
91. .543 .087 .727 .317 91. .588 . 103 .743 .346 
92. .382 .041 .683 .204 92. .676 . 169 .763 .410 
93. .444 .080 .687 . 259 93 . .739 .203 .768 .471 
94. . 559 .088 .735 .324 94. .714 . 164 .777 .431 
95. .642 .046 .795 .348 95. .64.6 . 130 .761 .381 
96. .635 .032 .802 .333 96. .758 . 141 .810 .444 
97. .516 .028 .744 .241 97. .750 .209 .770 .481 
98. . 692 . 131 . .778 . 421 98 . .735 .164 .785 .452 
99. .387 . 105 . 635 .250 99. .809 .275 .766 .540 

100. .268 .098 . 585 . 183 100 . .730 .-121 .806 .419 



Bird # 9 (Co nt •d) Bird # 10 (Cont•d) 

Session 
No. 

A 

p2 
A 

p1 
A 

Pc 
A 

PL 
Session 

No. 
A 

p2 
A 

p1 
A 

Pc 
A 

PL 

101. 
102. 
103. 

.083 

. 500 

. 320 

. 294 

. 158 

.308 

.448 

.686 

.510 

. 207 

.314 

.314 

101. 
102 . 
103 . 
104. 
l 05. 
106. 
107. 

.742 

.689 

. 513 

.474 

.500 

.583 
l .000 

. 147 

. 174 

.178 

. 190 

.529 

.400 
1.000 

.799 

.755 

.662 

.650 

.483 

.593 

.500 

.440 

.441 

. 351 

.325 

.517 

.481 
l .000 
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BIRD II 11 BIRD # 12 


Session 
No. p2 p1 

A 

Pc PL 
Session 

No. 
A 

p2 
A 

p1 
A 

Pc 
A 

PL 

1. .914 .302 .811 .622 1. .586 .2 53 .675 .401 
2. .902 .228 .833 .546 2. .661 .298 .685 .452 
3. .406 .117 .628 .27 1 3. .779 .385 . 699 .586 
4. .980 .045 .968 . 538 4. .794 .420 .686 .606 
5. .898 .080 . 909 . 485 5.. .625 .278 .674 .4 51 
6. .938 .082 .928 . 505 6. .746 .246 .750 .485 
7. .768 .078 .841 .439 7. .649 .112 .788 .336 
8. .683 . 169 .756 . 429 8. .544 . 130 . 708 .336 
9. .754 .457 .647 . 604 9. .736 .079 .836 .379 

10. .729 . 451 .638 . 589 10. .796 .1 00 .851 . 430 
11. .652 .288 .682 . 470 11. .873 . 133 .870 .487 
12. .597 . 194 . 698 . 403 12. .77 2 .206 .783 .475 
13. .600 . 26 . 669 . 429 13. .854 .068 .897 .4 21 
14 .· .589 .319 . 634 . 458 14. .868 .164 .852 . 509 
15. .614 .365 . 625 .486 15. .77 2 . 148 .814 .449 
16 . .656 .284 .687 .466 16. .796 . 156 .822 .449 

'17. .41 9 .235 . 596 . 325 17. .827 . 138 .845 .464 
18 . .388 .086 . 657 . 234 18. .813 .063 .883 .387 
19. .270 . 136 . 581 . 200 19. .865 .1 03 .882 . 464 
20. .133 .071 . 536 . 101 20. .936 .077 . 929 . 485 
21. .389 . 173 .612 .279 21. .959 . 122 .918 . 541 
22 . .588 .319 .635 . 453 22. .904 . 154 .875 .529 
23 . .683 .266 .709 . 472 23. .842 .266 . 78 5 . 537 
24 . .583 .273 .652 . 435 24. .792 .057 .868 . 425 
25. .7 08 .2 28 .738 .484 25. .909 .295 .802 . 586 

. . 26. .789 .274 . 756 . 521 26. .830 .·167 .832 .462 
27. .617 . 159 .732 .383 27. .877 .299 .782 . 565 
28. .456 . 169 .647 . 309 28. .836 .478 .67 6 . 654 
29. . 561 .033 .769 .291 29 . .774 . 071 .853 .413 
30. .912 .370 .786 .670 30. .804 . 193 .805 .496 
31. .606 .230 . 682 .432 31 . .759 . 145 .805 .460 
32. .306 . 105 .608 .203 32. .736 .089 .826 .404 
33. .7 59 . 109 .826 .431 33. .696 .1 09 .784 . 431 
34. .643 .085 .783 .357 34. .893 .231 .833 .57 4 
35. .745 . 093 .826 .422 35. .880 .158 .860 .495 
36. .776 . 151 . 811 .477 36. .864 .344 .758 .600 
37. .726 . 196 . 763 . 475 37. .882 . 196 .841 .523 
38. .772 .258 .756 . 504 38. .535 .267 .616 .425 
39. .647 . 220 .709 .449 39 . . 621 .300 .662 .4 56 
40. . 615 . 219 . 698 .41 9 40. .592 .329 .632 .458 
41. . 702 . 180 .763 .432 41. .158 .465 .526 .491 
42. .468 .264 . 596 .371 42. .770 .554 .608 .662 
43. .537 . 164 . 687 . 351 43. .605 .525 .542 .566 
44. .493 .200 .647 .345 44. .494 . 4 71 . 511 .483 
45. .61 8 .314 . 652 .464 45. .466 . 287 . 595 .37 3 
46. .61 5 . 219 .698 .419 46. .343 . 136 .611 .236 
47. .303 . 152 . 581 ~ 2 26 47. .486 .236 .625 .361 
48. .448 .11 8 . 667 . 281 48. .600 .235 .684 .41 4 
49. .439 . 103 . 672 .269 49 . .671 .369 .652 .529 
50. .600 . 215 . 692 .408 50. .465 . 167 .61 6 .342 



106 

Bird 1111 (Cont ' d) Bird II 12 (Cont'd) 

A A A A A A A ASess i on Session 
No. P2 p1 Pc PL No. P2 p1 Pc PL 

51. .525 .065 .732 .293 51. .506 .233 .61 2 .395 
52. . 581 .053 .756 .328 52. .719 .183 . 769 .444 
53. .485 . 081 .692 .292 53. .71 9 .241 .7 38 .492 
54. .276 .080 .596 .179 54. .750 .172 .789 .456 
55. .343 . 083 .634 . 211 55. .7 57 .422 .672 .597 
56. . 275 . 105 .577 . 192 56. .887 .435 .726 . 661 
57. .397 .113 .647 .252 57. .656 .254 . 701 .457 
58. . 260 .078 .600 . 167 58. .606 .265 .672 .433 
59. .305 .058 . 596 . 192 59. .81 4 .300 .7 56 .5 55 
60. .338 .097 .61 6 .219 60. .81 5 .207 .804 .500 
61. .247 . 11 5 . 560 . 182 61. .842 .288 .776 .560 
62. .493 . 143 . 662 . 331 62. .710 .270 . 720 .488 
63 ·. .337 .256 . 536 . 298 63. .730 .21 4 .7 56 .487 
64. .235 . 165 .542 . 199 64 . .870 .559 . 657 . .715 
65. .457 . 171 .643 . 31 4 65. . 719 . 290 .71 4 .508 

. 66. .471 .230 .625 . 347 66 . .736 .246 .745 .496 
67. .540 . 152 .698 . 341 67. . 761 . 197 . 782 . 4-81 
68. . 162 .025 . 566 .094 68. . 758 . 147 .808 .438 
69. . 270 . 041 . 612 . 156 69. . 74 2 .322 .711 .540 
70. .138 .046 . 546 . 092 70. .589 . 211 . 688 .403 
71. .284 .037 .621 . 161 71. .878 .444 .710 .6 52 
72. . 231 0.000 .615 .115 72. .712 . 127 . 791 .426 
73. .21 8 .013 .584 . 120 73. .794 . 221 .787 .507 
74. . 212 .024 .587 . 120 74. .718 . 152 .781 .445 

' 75. . 127 0.000 . 579 . 061 75 . .712 .1 36 . 788 .424 
76. .182 . 101 .542 .1 41 76. .726 .320 .703 .520 
77. . 151 .035 . 558 .093 77. .740 .324 .709 .536 
78. . 176 .048 . 549 .114 78. . 71 4 . .260 .728 .476 
79. .267 .110 .571 . 190 79. .602 .393 . 605 .497 
80. .375 .052 . 671 .208 80. .522 .087 . 717 .304 
81. .371 .065 .667 . 211 81. .687 . 108 .788 .402 
82. .4 59 . 247 .602 .355 82. .864 . 258 . .803 .561 
83. .361 .091 .625 . 231 83. .736 .282 .727 .51 0 
84. .365 .253 .558 . 308 84. .833 .284 .777 .568 
85. .539 .1 39 . 696 .345 85. .757 .206 .77 5 .486 
86. .586 . 129 .729 .357 86. .726 .303 . 711 .510 
87. . 521 . 182 .673 . 347 87. .718 .378 .669 .544 
88. .750 .380 .684 . 561 88. . 813 .436 .690 .627 
89. .680 .260 .709 .473 89. .629 . 192 .720 .406 
90. .300 . 061 .623 . 179 90. . 661 .048 .808 .3 52 
91. .293 .073 .61 0 . 183 91. .623 .391 .580 .471 
92. .174 .035 .567 . 105 92. .628 .564 .537 .598 
93. .289 .063 .61 9 . 174 93. .538 .417 . 560 .480 
94. .219 .11 5 .563 . 166 94. .500 .7 50 .333 .667 
95. . 197 .095 .556 . 145 95. .500 1.000 . 166 .833 
96. .476 . 313 .585 . 392 
97. .524 . 364 .581 .442 
98. .500 . 556 .471 . 529 
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BIRD # 13 BIRD # 14 

Session 
No. 

l. 
2. 
3. 
4. 
5. 
6. 
7. 

. 8. 
9. 

10. 
11. 
12. 
13. 
14 . 
15. 
16 . 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 

A 

p2 

1.000 
. 940 
.364 
.618 
.923 
.842 
. 721 
. 576 
.797 
. 651 
.563 
. 551 
. 750 
.786 
. 684 
. 524 
.593 
.409 
. 684 
.885 
.900 
.860 
. 926 
.885 
.907 
.867 
.869 
.878 
.854 
. 717 
.898 
. 750 
.833 
.955 

1.000 
.897 
.772 
. 690 
.412 
.568 
.719 
.796 
.940 
. 733 
.588 
.459 
.600 
.574 
.414 
.397 

A 

p1 

.39 7 

.218 
0.000 

. 018 

.263 

.276 

.270 

.067 

.259 

. 197 

.206 

.133 

. 127 

.148 

. 136 

.162 

.098 

.061 

.164 

.083 

.082 

.078 

.216 

.140 

. 212 

.296 

.339 

. 115 

.148 

. 217 

.148 

.172 

. 100 
0.000 
. . 220 

.283 

. 148 

.091 
0.000 

. 128 

.058 

.096 

.085 

.246 

.180 . 

.222 

.182 

. 141 

.116 

. 176 

A 

Pc 

. 796 

.857 

.682 

.804 

.826 

.783 

.726 

.756 

.769 

. 726 

.672 

.698 

.811 

.818 

.776 

.687 

.750 

.674 

.763 

.900 

.909 

.891 

.857 

.873 

. 849 

. 789 

. 769 

.881 

.853 

.750 

.874 

.789 

.865 

.978 

.891 

.811 

.811 

.796 

.706 

.725 

.826 

.849 

.928 

.744 

.698 

.616 

. 714 

. 720 

.647 

. 612 

A 

PL 

.690 

.562 

. 182 

.313 

. 578 

.557 

.492 

.319 

.530 

.427 

.396 

.357 

.441 

. 473 

. 405 

.336 

.342 

. 235 

.415 

. 500 

.495 

.465 

. 581 

.520 

. 566 

.59 6 

. 615 

.485 

.480 

.467 

.505 

.456 

.481 

.457 

.614 

. 604 

.468 

. 398 

.206 

.341 

.404 

.453 

.526 

.488 

.395 

.342 

. 381 

. 352 

. 266 

.286 

. 

Session 
No. 

1. 
2. 
3. 
4. 
5 . 
6. 
7 . 
8. 
9. 

10. 
11. 
12. 
13. 
14 . 
15 . 
16 . 
17. 
18 . 
19 . 
20 . 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28 . 
29. 
30. 
31. 
32. 
33 . 
34. 
35. 
36. 
37. 
38 . 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47 . . 
48. 
49. 
50. 

A 

p2 

.857 

.729 

.783 

.388 

.250 

.524 

.280 

.306 

.244 

.333 

.378 

.408 

. 581 

.836 

.667 

.727 

. 759 

.852 

.815 

.767 

. 895 

.804 

.842 

.923 

.915 

.907 

.700 

.750 

.814 

.764 

.807 

.702 

.815 

.911 

.778 

.857 

. 758 

.507 

.638 

.656 

. 721 

.741 

. 441 

.472 

.600 

.485 

.389 

. 484 

.635 

.463 

A 

p1 

.286 

.210 

.321 

.029 

. 167 

. 076 

.104 

.115 

.086 

.132 

. 128 

. 147 

. 123 

.200 

. 159 

. 143 

.150 

. 179 

. 190 

.246 

. 271 

.262 

.297 

. 182 

.388 

.305 

.230 

.237 

.204 

.127 

.120 

.091 

.233 

.361 

.268 

.300 

.290 

.316 

.258 

.226 

.281 

.277 

. 155 

.243 

.089 

.134 

.114 

.·145 

. 123 

. 132 

A 

Pc 

.782 

.760 

.738 

.684 

.535 

.729 

.579 

.607 

.577 

.608 

.632 

.637 

.732 

.818 

.758 

.797 

.807 

.836 

.813 

.760 

.810 

.769 

.769 

.869 

.754 

.796 

.736 

. 756 

.805 

.818 

.841 

.804 

.789 

.769 

.756 

.776 

.734 

. 596 

.687 

.714 

.720 

.732 

.647 

.616 

.744 

.677 

.634 

.677 

. 750 

.667 

. 

A 

PL 

.555 

.463 

.582 

.206 

.209 

. 295 

. 195 

.207 

. 166 

.230 

.250 

.274 

.340 

.518 

.400 

.415 

.439 

.509 

.491 

. 504 

.578 

. 521 

.554 

.542 

.635 

.593 

.463 

.496 

.522 

.445 

.486 

.402 

.509 

.624 

.538 

. 569 

.524 

.411 

.458 

.444 

.496 

.496 

.295 

.356 

.364 

.308 

.254 

.308 

.392 

.296 



Bird # 13 (Cont 1 d) Bird # 14 (Cont 1 d) 

108 

A A 
A A " ASess i on Session " p2 p1 P(; PL p2 p1 Pc PLNo. No. 

51. . 351 .059 .634 .211 51. .303 . 141 .584 .221 
52. .563 .085 .732 .333 52. .356 .086 .629 .224 
53. .457 . 183 .638 .319 53. .492 . 134 .682 . 311 
54. . 143 . 071 .536 .107 54. .548 .164 .698 .349 
55. .241 . 167 . 539 .204 55. .377 .099 .643 .236 
56. .265 . 200 .536 . 232 56. .153 . 013 .552 .086 
57. .237 .134 .556 . 185 57. .386 .1 00 .643 .243 
5.8. .174 . 149 .503 .162 58. .357 .110 .629 .231 
59. .207 .040 .556 .130 59. .576 .138 .726 .347 
60. .579 . 050 .769 .308 60 . .529 .185 .667 .363 
61. .413 . 119 .634 .275 61. .508 . 049 .726 .282 
62. .463 .145 .662 .301 62. .581 . 129 .726 .355 
63. .449 . 157 .647 .302 63. .639 . 164 .738 .402 
64. .412 . 101 .657 .255 64. .769 .344 .714 .563 
65. .179 .062 .566 .119 65. .769 .355 .709 .567 
66. .300 . 068 . 625 . 181 66. .681 .487 .592 .579 
67. .529 . 1 00 .703 .328 67. .600 .233 .683 .417 
68. .500 .094 . 703 .297 68. .629 . 387 . 621 .503 
69. .554 . 129 . 709 .346 69. .700 .494 .596 .589 
70. .695 . 125 . 783 .417 70. .770 .587 .584 .675 
71. .714 . 153 . 783 .426 71. . 710 .500 . 597 .597 
72. .698 .313 . 692 .500 72 . .793 .708 .532 .749 
73. .373 . 151 .608 .264 73. . 771 .527 .618 .646 
74. .314 .029 .643 . 171 74. .742 .408 .664 .569 
75. .324 .120 .604 . 221 75. .818 .455 .682 .636 
76. .389 . 151 .621 .269 76 . .738 .311 .714 .532 
77. .532 .095 .720 . 312 77. .734 .328 .703 . 531 
78. .441 .130 .657 .285 78. ,781 .403 .687 .588 
79. .479 .183 .643 .336 79. . 721 .276 .723 .496 
80. .333 .120 .612 .224 80. .722 .465 .629 .594 
81. .524 .109 .709 . 315 81. .686 .377 .655 .532 
82. .492 .077 .714 .278 82. .778 .200 .789 .474 
83. .443 . 102 .667 .275 83. .754 .302 .726 .524 
84. .366 . 111 .629 .238 84. .763 .250 .756 .504 
85. .515 . 152 .682 .333 85. .708 .344 .682 .527 
86. . 631 .234 .698 .434 86. .808 .662 .570 .734 
87. .678 .194 .744 .430 87. .841 .373 .738 .615 
88. .593 . 141 .732 .358 88. .662 .338 .662 .500 
89. .477 .063 .703 .273 89. . 719 .297 . 711 ' . 508 
90. .408 . 129 .638 .270 90. .818 .453 .685 .638 
91. .635 .180 . 726 .411 91. . 710 .414 .655 .547 
92. .486 .270 .608 .378 92. .620 .370 .625 .493 
93. .478 .219 .634 .345 93. .72,7 .364 .682 .545 
94. .347 .145 .608 .243 94. ' .701 .354 .682 .477 
95. .213 .026 .596 . 119 95. .597 .329 .636 .457 
96. . 241 . 101 .570 . 171 96. .662 .288 .687 .473 
97. .338 .110 . 612 .224 97 . .683 .277 .703 .477 
98. .268 . 150 . 556 .210 98 . .723 .306 .709 .520 
99. .361 .169 .604 .262 99. .655 .338 .667 .468 

100 . . .286 .128 . 581 .206 100. .688 .246 .720 :472 



Bird # 13 (Cont'd) Bird # 14 {Cont'd) 

109 

A A ~ ASession Sessionp2 p1 Pc PL p2 p1 Pc PLNo. No. 

101. .395 . 221 . 588 .307 101. .641 .279 .682 .455 
102. .338 . 156 .596 .245 102. .764 .507 .629 .636 
103. .325 . 156 . 584 .240 103. .768 .486 .638 .624 
104. .556 . 127 .714 .341 104:. .727 .391 .667 .556 
105. .441 . 104 .667 .274 105. .776 .433 .672 .604 
106. .357 .097 .634 .225 106. .729 .443 .643 .586 
107. .484 . 063 . 709 .276 107. .800 .400 .700 .600 
108. .400 .139 .634 .268 108. .848 .444 .705 .651 
109. .415 .087 .672 .246 109. . 794 .383 .707 .593 
110. .603 . 161 .720 .384 110. .754 . 412 .667 .574 
111 . .613 . 148 .732 .382 111. .700 .500 .605 .605 
112 . .407 .288 . 557 .349 112. .700 .818 .429 .762 
11 '3. .294 . 143 .548 .226 113. .500 .667 .400 .600 
114 . .000 .000 .000 .000 114. .667 1.000 .400 .800 
115 . . 733 . 214 . . 759 .483 . 
116 . 1. 000 0.000 1. 000 1.000 



110 


BIRD # 15 BIRD # 16 


AA A ASession " "' Session " p2 p1 Pc PL p2 p1 Pc PLNo. No. 

1. .880 .1 48 .865 .500 1.. 1.000 .302 .853 .661 
2. .882 .063 . 909 . 485 2 . .881 . 328 .778 .607 
3. .878 .130 .874 .485 3. .745 . 159 .797 .432 
4. . 941 . 140 .901 .545 4 . .667 .032 .829 .325 
5. .852 .356 .750 .608 5. .662 . 257 .704 .452 
6. .855 . 383 . 738 .623 6. .745 . 131 .810 .422 
7. . 919 .476 .720 .696 7. .702 . 162 .776 .408 
8. .900 . 393 .752 .645 8. .823 .355 .734 .589 
9. .817 .328 .744 .570 9. .857 .270 .790 .546 

10 . .850 .278 .789 .579 10. .613 .152 .734 .375 
11. .902 .383 .760 .645 11. .776 .333 .723 .562 . 
12. . 506 .250 .604 .403 12 . .678 . 175 .754 .418 
13. .903 .435 .734 .669 13. .843 .346 . 729 .543 
14. .947 .296 .829 . 631 14. .783 .266 .758 .516 
15. .857 . 259 .798 .553 15. .652 .226 . 711 .445 
16. .979 .170 .900 .550 16. .800 .217 .791 .496 
17. . 966 .426 .767 .692 17 . .689 .254 .719 . 461 
18. .877 .288 . 793 . .578 18. .797 .277 .758 .524 
19. .868 .494 . 641 .634 19 . . 759 . 138 .813 .438 
20. .943 . 231 .857 .590 20. .836 . 179 .829 .505 
21. .982 .407 .784 .690 21. .662 .234 .713 .450 
22 . .877 .492 .692 .685 22. . 792 . 150 .823 . 451 
23 . . . 585 . 172 .705 .380 23. .689 .177 . 756 . 431 
24 . .585 .209 .689 .394 24. .719 .185 .770 .434 
25 . .415 .036 . 694 .222 25. .672 .143 .769 .397 
26 . . 717 .019 .849 .368 26. .843 .056 .895 .438 
27 . .827 .130 .849 .472 . 27. .836 .242 .795 .521 
28 . .745 . 169 .789 .447 28. .732 . 121 .807 .421 
29 . .820 .355 .732 . 585 29 . .772 .210 .782 .479 
30 . .707 .169 . 769 .436 30 . .627 . 095 .770 .352 
31. .656· . 143 .750 .417 31. .719 .254 .732 .496 
32 . .706 .400 .652 . 551 32. .635 .219 .709 .425 
33 . .803 .212 .796 . 531 33. .627 . 131 .750 .375 
34 . . 797 .283 . 756 .538 34. .591 . 167 .706 .389 
35 . .813 .603 .608 .709 35. . 613 .212 .703 .406 
36 . . 750 .435 .657 .591 36. .683 .299 .692 .485 
37 . .828 .448 .687 .634 37. .794 .385 .703 .586 
38 . . 738 .344 .698 .543 38. .683 .277 .703 .477 
39 . . 754 .203 . 776 .474 39. .716 .432 .638 .567 
40 . .465 . 197 . 634 . 331 40 . .815 .486 . . 659 .644 
41. .738 .263 .738 .516 41. .781 .610 .574 .690 
42 . .769 . 375 .698 .574 42. .667 .642 .503 .654 
43 . . 790 . 369 .709 .575 43. .740 . 513 .611 .624 
44 . .710 .270 .720 .488 44. .840 .701 .549 .765 
45 . .652 .266 . .692 .462 45. .916 .866 .494 .889 
46 . .746 .164 .789 .465 46. .953 .889 .520 .920 
47. .871 .400 .738 .639 47. .975 .875 .530 .923 
48. .618 .434 . 592 . 526 48. .824 .750 .545 .788 
49. .656 .226 .714 .444 49. .656 .690 .474 .674 
50. .683 . 161 . 756 .437 50. .622 .625 .484 .624 
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Bird # 15 (Cont'd) Bird # 16 (Cont'd) 

-
A A A A A A ASession Session
p2 p1 Pc PL p2 p1 Pc PLNo. No. 

51. .750 .344 . 703 .547 51. .644 .706 .442 .680 
52. .656 .294 .682 . 470 52 . .759 .652 .542 .702 
53. .676 .364 .657 . 526 53 . .637 .650 .475 .645 
54. .821 .254 .783 . 530 54 . .964 .941 .436 .950 
55. . 912 .309 .804 . 616 55 . .892 .934 .423 .916 
56. .818 . 211 .804 . 509 56 . .966 .945 .431 .954 
57. .793 .214 .789 . 509 57 . .977 .976 .415 .976 
58. .677 . 213 .732 .447 58. .856 .860 .492 .858 
59. .870 . 271 .796 .558 59 . .852 .744 .560 .799 
60. .500 . 108 . 698 .302 60. .871 .839 . 512 .855 
61. .617 .117 .750 .367 61. .894 .819 .542 .857 
62. .516 .066 .720 . 296 62. .892 .807 .548 .765 
63.. .729 . 175 .776 . 457 63 . . 759 .714 .526 .737 
64. .845 .226 .811 .550 64. .808 .603 .603 .705 
65. .864 .391 .732 .618 65. .791 .798 .500 .794 
66. .879 .350 . 763 .61 0 66. .874 .839 .517 .856 
67. .840 .250 . 791 . 518 67 . .707 .632 .533 .669 
68. . 911 .291 . 811 .604 68. .768 .690 .533 .728 
69. .864 .391 . 732 .618 69. .918 .885 .512 .901 
70. .943 . 298 .81 8 .609 70. .901 .787 . 559 .845 
71. .847 .355 . 744 . 595 71. .770 . 724 .529 .730 
72. .768 . 148 .809 . 464 72 . .795 .704 .549 .750 
73. . 717 . 055 .833 .380 73 . .767 .730 . 514 .749 
74. .754 . 145 .804 .455 74. .905 .829 .542 .867 
75. .907 .317 . 789 . 596 75 . .930 .. 884 .523 .907 
76. .696 . 121 .789 .404 76. .919 .872 .523 .895 
77. .893 .245 .826 .578 77. .917 .845 .536 .881 
78. .821 . . 154 .833 .500 78. .848 .727 .564 .788 
79. .830 . 132 .849 .481 79. .595 .449 .573 .522 
80. .887 .283 .796 .566 80 . .940 .591 .677 .767 
81. .878 .096 .891 .475 81. .892 .500 .698 .698 
82. .750 .073 .841 .402 82. .765 .449 .664 .599 
83. .462 .063 .698 .264 83. .857 .688 .584 .773 
84. .754 . 161 .796 . 460 84 . .864 .515 .674 .689 
85. . 704 .148 .783 .409 85. .973 . 750 .604 .859 
86. .695 .183 .756 . 437 86 . .886 .600 .643 .743 
87. .581 .085 . 744 .339 87 . . 712 .472 . 621 . 593 
88. .677 .226 . 726 .452 88 . .655 .573 .542 .614 
89. .754 .279 . 738 .516 89 . .831 .828 .495 .830 
90. .746 .258 .744 .496 90. .897 .747 .573 .822 
91. .557 .082 .738 .320 91. .895 .712 .597 .805 
92. . 731 .037 .849 .377 92. .873 ' .600 .638 .738 
93. .811 .237 . .787 .520 93. .768 .479 .643 . 621 
94. .630 .386 .622 . 511 94·. .792 .635 .547 .702 
95. .67q .450 .610 . 558 95 . .462 .291 .586 .376 
96. .500 .184 . 658 .342 96 . .459 .441 .508 .450 
97. .889 1.000 .400 . 950 97. .200 .292 .449 .245 

98. .286 .379 .456 .333 



APPENDIX D 

Conditiona l probabllity estimates , p1 , p 2 , Pc and 

pL for ~ach bird. ove r the fi nal 12 sessions of pha se 2 and 

phase 3. 
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PHASE 2 


Group Bird 
A 

p2 
A 

p1 
A 

Pc 
A 

PL 

1 1 
2 
3 
4 

.662 

. 404 

. 761 

.884 

.164 

. 152 

.170 

.852 

.750 

.627 

.795 

. 519 

.411 

.277 

.464 

.868 

X . 678 .335 .693 .505 

2 5 
6 
7 
8 

. 698 

. 649 

. 580 

. 798 

.538 

.303 

. 352 

. 680 

. 577 

.672 

. 614 

. 564 

. 619 

.474 
. . 466 

.740 

X .681 . 469 . 607 .575 

3 9 
10 
11 
12 

.645 

.932 

.343 

.7 63 

.132 

. 553 

.128 

.306 

.758 

.689 

.605 

.729 

.387 

.740 

.237 

.535 

X . 671 . 280 .695 .475 

4 13 
14 
15 
16 

.418 

.746 

. 752 

.832 

. 115 

. 343 

. 221 

. 769 

.652 

. 701 

.764 

.531 

.266 

.542 

.486 

.794 
-
X .687 .362 .662 .522 

OVE RALL X . 679 . 362 .659 .519 
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PHASE 3 


A 

. Group Bird p2 p1 Pc PL 

1 1 
2 
3 
4 

.606 

.669 

.538 
. . 983 

.112 

.246 

.214 

. 979 

.747 

.712 

.662 

.502 

.360 

.456 

.377 

.981 

X .699 .388 .656 .544 

2 5 
6 
7 
8 

.779 

.694 

.791 

.824 

.615 

.548 · 

.521 

.617 

.579 

.574 

.636 

. 602 

.696 

. 621 

.657 

.720 

X .772 .575 .598 .674 

3 9 
10 
11 
12 

. 541 

.715 

.443 

.712 

.089 

. 167 

.159 

.248 

.727 

.775 

.641 

.733 

.312 

.438 

.302 

.480 

X .603 . 166 .719 .383 

4 13 
14 
15 
.,6 

.434 

.743 

.691 

.831 

.132 

.388 

. 141 . 

.618 

.652 

.678 

.775 

.607 

.283 

.564 

.412 

.724 

-
X .675 .320 .678 .496 

OVERALL -
X .687 .362 .663 .524 



APPENDIX E 

trFirs t-order'' conditional probabi lity estimates, 

P(R2 JT RjT1 ) and P( R jT RjT1 ), for each b~rd for phase 22 2 1 
and phase J. The column headings identi fy the RjTi th . 

response on trial n; t he marginal row heading s identify 

the preceding RjTi th response. The number of trials, N, 

on which ea ch estimate is bas'ed is also g l ven. 



~FIRST-ORDER'' CONDITIONAL PROBABILITY ESTIMATES IN PHASE 2 

BIRD 
-

~ 

P(R2jT2) N 
-

P(R 2iT1) N 
-

BIRD 
-

~ 

P(R2jT2) N 
-

~ 

P(R2 jT1) N 

R2Tl 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
l4 
15 
16 

.719 

.492 

.877 

.939 

. 607 

.682 

.620 

.838 

.660 

.961 

.509 

.862 

.449 

.812 

.827 
.859 

57 
63 
57 

439 
266 
129 
150 
327 

50 
205 

55 
116 
232 
149 

81 
404 

.220 

.1846 

.250 

.871 

.584 

.359 

.313 

.757 

. 178 

.670 

. 179 

.400 

.065 

.398 

.425 

.794 

59 
65 
56 

443 
243 
117 
160 
309 

45 
236 

56 
110 
241 
118 

73 
379 

R2T 2 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

.607 

. 479 

.682 

.897 

.689 

.695 

.567 

.849 

.673 

. 916 

.357 

.753 

.399 

.714 

.754 

.840 

233 
163 
258 
465 
315 
249 
247 
384 
217 
371 
140 
279 
158 
259 
256 
407 

. 161 

. 157 

.157 

.887 

.530 

.327 

.389 

.699 

.1 05 

.544 

.152 

.289 

.118 

.353 

.218 

. 798 

230 
172 
248 
450 
319 
257 
255 
381 
229 
349 
158 
280 
178 
300 
261 
425 

OVERALL -
X .738 .416 .683 .368 

~ 
~ 
+=



"FIRST-ORDER" CONDITIONAL PROBABILITY ESTIMATES IN PHASE 2 

BIRD 
- 

P(R21T2) N P(R21T1) N 
- 

BIRD P(R21T2) N P(R21T1) 
-

N 

R1T1 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

.622 

.379 

.795 

.707 

.714 

.590 

. 551 

.688 

.632 

.928 

.347 

.736 

.402 

.719 

. 751 

.726 

302 
364 
268 
82 

224 
266 
283 
154 
304 
180 
395 
254 
368 
253 
269 
102 

.132 

. 143 

.164 

.723 

.548 

.260 

. 321 

.598 

. 145 

.453 

.117 

.251 

. 105 

.311 

. 196 

.682 

296 
363 
286 . 

65 
199 
288 
277 
137 
303 
·161 
366 
247 
351 
241 
275 
129 

R1T2 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

. 691 

.359 

.780 

.630 

.639 

.592 

.620 

.641 

.645 
1. 000 

.258 

.733 

.444 

.774 

.651 

.807 

110 
251 
82 
54 

119 
152 
187 
103 
124 

21 
302 
90 
49 
93 
86 
88 

.167 

. 144 

.122 

.712 

.506 

.314 

.381 

.526 

.136 

.437 

.111 

.414 

. 137 

.392 

. 132 

.650 

132 
257 
82 
66 

166 
137 
181 
95 

125 
32 

298 
87 
46 

102 
91 
80 

OVERALL -
X .643 . 322 

I 

.642 .333 

,_,
,_, 

'-" 



11 FIRST-ORDER 11 CONDITIONAL PROBABILITY ESTH'lATES IN PHASE 3 

FOR GROUP 1 AND GROUP 2 

Groue 1 ·Groue 2 

R1T1E1 

BIRD 
-

1 
2 
3 
4 

" P(R2iT2) 

. 617 

.677 

.534 

.917 

N 
-
342 
288 
335 

12 

" P(R 2iT1) 

. 114 

.232 

. 170 

.889 

N 
-
297 
285 
265 

9 

BIRD 
-

R1T1E1 5 
6 
7 
8 

P(R21T2) 

.748 

.569 

.784 

.786 

N 
-
143 
160 
171 
159 

P(R21T1) 

.618 

.435 

.490 

.554 

N 

131 
170 
145 
112 

R1T1Eo 1 
2 
3 
4 

.586 

.697 

.520 
1 .000 

152 
122 
127 

3 

.114 

. 266 

.184 
1 .000 

123 
128 
125 

5 

R1T1Eo 5 
6 
7 
8 

.750 

.674 

.750 

.860 

56 
89 
76 
57 

.759 

.406 

.554 

.479 

54 
64 
56 

.48 

R2T1Eo 1 
2 
3 
4 

.649 

.699 

. 563 

.985 

57 
153 
119 
801 

.190 

. 280 

.400 

.984 

63 
118 
100 
699 

R2T 1 Eo 5 
6 
7 
8 

.818 

.750 

.841 

.853 

329 
304 
264 
320 

.655 

.614 

.531 

.678 

296 
280 
228 
289 

. 

R1T2Eo 1 
2 
3 
4 

.652 

.543 

.474 
1. 000 

204 
175 
232 

13 

.138 

.201 

. 186 

.818 

210 
184 
274 

11 

R1T2Eo 5 
6 
7 
8 

.698 

.634 

.755 

.794 

106 
. 172 

94 
78 

.613 

.487 

.477 

.547 

119 
160 
107 

95 

R2R2E2 1 
2 
3 
4 

.539 

.720 

.574 

.980 

180 
218 
183 
476 

. 081 

.272 

. 189 

. 981 

247 
272 
228 
564 

R2T2E2 5 
6 
7 
8 

.779 

.719 

.770 

.809 

362 
338 
339 
356 

. 581 

.583 

.537 

.618 

403 
391 
404 
437 

f-1 
f-1 

"' 
R2T2Eo 1 

2 
3 
4 

.602 

.672 

. 595 

.991 

108 
125 
84 

223 

. 103 

.243 

. 180 

.991 

97 
103 

78 
231 
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'
1FIRST-ORDER" CONDITIONAL PROBABILITY ESTIMATES IN PHASE 3 

FOR GROUP 3 AND GROUP 4 

GrouE_l_ GrouE 4 
~~ 

BIRD P(R2JT2) N P(R2JT1) N BIRD P(R21T2) N P(R21T1) N 

9 .556 392 .090 366 13 .378 357 . 131 359R1T1E1 R1T1E110 .738 347 . 184 320 14 .698 245 .336 232 
11 .396 404 . 134 381 15 .701 301 .146 294 
12 .684 329 . 212 306 16 .769 186 .514 144 

R 
R2T1E0 . 

9 . 611 36 . 100 40 R2T1Eo 13 .508 61 .184 49 
10 .792 72 .238 63 14 .832 155 .438 153 
11 .542 83 .254 67 15 .737 57 .300 44 
12 .848 112 .441 111 16 .875 271 .644 289 

R1T2Eo 9 .476 185 . 081 198 R1T2Eo 13 .425 228 . 126 239 
10 .590 95 . 131 130 14 .738 107 .398 93 
11 .348 256 . 126 269 15 .611 95 .086 117 
12 .738 122 .274 124 . 16 .738 80 .544 68 

R2T2E2 9 .576 144 . 1 Ol 168 R2T2E2 13 . 509 165 .130 185 
10 .740 181 . 133 211 14 .738 267 .393 305 
11 .627 134 .240 146 15 .705 227 . 141 241 
12 .67 200 .202 223 16 .854 343 .666 386 1-' 

1-' 

R2T2Eo 9 .559 68 .094 64 -.J 

10 .678 90 .185 81 
11 .582 55 . 181 72 
12 . 721 86 .278 97 



APPENDIX F 

Results of order-tests and the ¢ coe f ficients for 

each bird in phase 2 and phase 3. 
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' • 

PHASE 2 PHASE 3 

2 2Bird df dfX ~ X ~ 

1 9 8.968 .048 25 14. 313 .048 

2 9 10.319 .045 25 20.59 .056 
** 3 9 21.865 .074 25 33.75 .072 
** 4 9 98.285 . 126 25 27.49 .055 

5 9 5.22 .031 16 16.22 . 052 
** 6 9 13.51 . 053 16 42.7 . 082 

7 9 7.74 .038 16 8.54 . 039 
** 8 9 174.323 .175 16 17.05 . 054 

9 9 5.93 .037 16 5.39 .033 
** 10 9 26.96 .076 16 17.87 .061 
* ** ll 9 19.25 .060 16 54.69 . 099 
* 12 9 21 .04 .069 16 25.7 .071 

13 9 4.04- .029 9 9.995 .045 

14 9 9.645 .046 9 13.43 .1 08 
** * 15 9 29.95 . 085 9 20.29 . 070 
** ** 16 9 26.23 .066 9 28.24 .073 

** ** TOTAL 144 483.265 .078 353.258 .064 

* P< .05 

** p < .01 



APPENDIX G 

11 First-order 11 conditional probability _estimates, 

P(R2 1T1 ), P(R2 1Rj), P(R jEk ) and P(c lcm), for each bird2 1 

for phase 2 and phase 3. The nu.,.11ber of tri a ls, N, each 

estimate is based on is also given. 
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"FIRST-ORDER" CONDITIONAL PROBABILITY ESTIMATES 

~ 

P(R2 jTj) 
~ 

AND P(R2 jR.) FO R PHASE 2 

BIRD 
-

P(R2 1T2) N 
-

~ 

P(R2iT1) N 
-

BIRD 
~ 

P(R2!R2) N 
A 

P(R2!R1) N 

1 
2 
3 
4 
j:;'
;,) 

6 
7 
8. 
.9 

10 
l1 
12 
13 
14 
15 
16 

.413 

.275 

.431 

.867 

. 594 

. 491 

.487 

.733 

.383 

. 731 

.207 

.534 

. 272 

.535 

.458 

.804 

705 
843 
670 

1032 
919 
795 
870 
966 
698 
783 
899 
736 
809 
754 
694 

1000 

.395 

.273 

. 486 

.787 

. 641 

.423 

.446 

.752 

.394 

.761 

.250 

. 541 . 

. 258 

.558 

.507 

.799 

714 
855 
667 

1029 
934 
800 
871 
927 
709 
773 
872 
727 
814 
763 
698 

1015 

I 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

.427 

.320 

.451 

.898 

.626 

. 515 

.470 

.784 

.388 

.762 

.276 

.554 

.252 

.556 

.519 

.823 

579 
463 
619 

1799 
1143 

752 
812 

1404 
544 

1161 
410 
785 
431 
826 
671 

1615 

.388 

. 257 

.465 

.697 

.604 

.433 

.463 

. 622 

.388 

. 699 

.213 

.518 

.269 

. 536 

.449 

.715 

840 
1235 

718 
267 
7]0 
843 
929 
489 
863 
395 

1361 
678 

1192 
691 
721 
400 

OVERALL -
X .513 .524 . 539 .482 

1-' 
1-' 
\,() 
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"F.IRST-ORDER 11 CONDITIONAL PROBABILITY ESTH~ATES, 

P(R 2!Ek) AND P(CICm) FOR PHASE 2 

BIRD 
A 

P(R2jE1) N 
-

A 

P(R2jE2) N 
-

P(R2jEo) N 
-

BIRD 
A 

P(CjC1) N 
-

A 

P(CjC
0 

) N 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

.381 

.261 

.469 

.714 

.636 

.419 

.438 

.646 

.389 

.704 

.237 

.497 

.257 

. 521 

.471 

.701 

598 
727 
554 
147 
423 
554 
560 
291 
607 
341 
761 
501 
719 
494 
544 
231 

.417 

.313 

. 425 

.892 

.609 

.508 

.476 

.774 

.381 

.736 

.248 

. 521 

.250 

. 521 

.484 

.819 

463 
335 
506 
915 
634 . 
506 
502 
765 
446 
720 
298 
559 
336 
559 
517 
832 

.425 

.267 

.498 

.878 

.616 

.492 

.483 

.746 

.396 

.790 

. 211 

.610 

.284 

.606 

.502 

.811 

358 
636 
277 

1002 
794 
535 
678 
834 
344 
494 
711 
403 
568 
462 
331 
951 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
)6 

.747 

.633 

.790 

.513 

.585 

.676 

.602 

.571 

.761 

. 711 

.609 

.737 

.646 

.691 

.773 

. 551 

1061 
1062 
1060 
1064 
1059 
1060 
1063 
1059 
1063 
1062 
1060 
1060 
1055 
1055 
1061 
1064 

.763 

.620 

.823 

. 521 

.563 

.649 

.636 

.552 

.750 

. 636 

.587 

.702 

.662 

.706 

.737 

. 551 

358 
636 
277 

1002 
794 
535 
678 
834 
344 
494 
711 
403 
568 
462 
331 
951 

OVERALL 
-
X .484 .523 .538 .662 .654 1

l\ 
c 



~'FIRST -ORDER" CONDITIONAL PROBABILITY ESTIMATES, 

. -~(R2 1Tj) AND ~(R2 !Rj) FOR PHASE 3 

BIRD 

1 
') 
c.. 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

~ 

P(R2!T2) 

.338 

.438 

.346 

. 982 

.670 

.620 

. 636 

.696 

.300 

.395 

.308 

.460 

.288 

.561 

.385 

.737 

N 
-

1046 
1077 
1079 
1518 

991 
1061 

944 
966 
827 
788 
932 
852 
817 
772 
680 
877 

~ 

P(R 2iT1) 

.384 

.475 

.392 

.984 

.728 

. 610 

.677 

.739 

.333 

. 481 

.292 

.506 

.269 

.567 

.444 

.719 

N 
-

1034 
1094 
1071 
1529 
1009 
1067 

940 
985 
836 
804 
935 
858 
826 
789 
696 
891 

BIRD 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

~ 

P(R2!R2) 

.321 

.485 

.403 

.984 

.706 

.663 

.665 

.733 

.327 

.444 

.406 

.497 

.322 

.583 

.438 

.755 

N 
-
752 
989 
792 

2994 
1391 
1313 
1235 
1402 

520 
698 
557 
829 
460 
880 
569 

1289 

~ 

P(R2 iR1) 

.384 

.433 

.349 

.925 

.686 

.537 

.639 

.679 

.312 

.434 

.255 

.470 

.261 

.539 

.399 

.656 

N 
-

1328 
1182 
1358 

53 
609 
815 
649 
549 

1146 
894 

1310 
881 

1183 
681 
807 
479 

' 

OVERALL x . 510 .537 .546 .497 

...... 
N ...... 
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"FIRST-ORDER" CONDITIONAL PROBABILITY 

A A 

P(R~JEk) AND P(CJC ) FOR PHASE c. m 

ESTIMATES 

3 

BIRD 
A 

p ( R2J E1 ) N 
-

A 

P(R2JE2) N 
-

A 

P(R2JEo) N 
-

BIRD P(CJc1) N 
-

A 

P(CJC
0 

) N 
-

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

OVERALL 
-
X 

. 383 

.456 

.373 

.905 

.686 

. 500 

.649 

.690 

. 331 
. . 472 
.269 
.4-57 
._254 
.522 
.427 
.658 

.502 

639 
573 
600 

21 
274 
330 
316 
271 
758 
667 
785 
635 
716 
477 
595 
330 

.274 

.471 

.360 

. 980 

.675 

.646 

.643 

.704 

.321 

.413 

.425 

.423 

.309 

.554 

. 415 

.755 

.523 

427 
490 
411 

1040 
765 
729 
743 
793 
312 
392 
280 

. 423 
350 
572 
468 
729 

.384 

.451 

.370 

.985 

.722 

.630 

.670 

.738 

.295 

.415 

.287 

. 548 

.289 

. 613 ' 

.393 

.733 

.532 

1014 
1108 
1139 
1986 

961 
1069 
825 
887 
593 
533 
802 
659 
577 
508 

. . 313 
708 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

. 743 

.720 

.681 

.470 

.577 

.570 

.620 

.602 

.733 

.781 

. 651 

.733 

.649 

.673 

.780 

.600 

.662 

1546 
1541 
1425 
1523 
1150 
1212 
1191 
1169 
1204 
1232 
1192 
1241 
1066 
1053 
1063 
1060 

.753 

.689 

.635 

.535 

.578 

.575 

.658 ' 

.602 

.715 

.761 

.621 

.719 

.653 

.689 

.760 

.607 

.660 

534 
630 
725 

1524 
850 
916 
693 
782 
459 
360 
675 
469 
577 
508 
313 
708 

.... 
N 
N 



APPENDIX H 

11Higher-order 11 probabi lity e s timates, P(B2 1T } and
2

P(B2 IT1 ) conditi onal on preceding stimulus runs, for each 

bird in phase 2. The row heading identi fi es a preceding 

run of mT
1 

stimuli, whe r e m assumes values from 1 to 5 and 

i is equal to 1 or 2. The number of t r ials, N, on l'Ihich each 

estimat e is based is also given. 
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~ ~ 

11 HIGHER-ORDER 11 PROBABILITY ESTIMATES, P(R !T2) AND P(R2!T1) 

. CO NDITIONAL ON PRECEDING STIMULUS RU NS FOR BIRDS 1 &2 PHASE 2 

BIRD 1 BIRD 2 

y 
~ ~ ~ 

P(R2!T2Y) · N p ( R2·1 T 1 y) N P(R2 !T2Y} N P(R2!T1v) N 
- -

1 T1 .590 200 .171 193 .423 239 .171 260 
2 T1 .747 83 . 119 84 .360 89 . 125 104 

3_T, .581 43 .077 . 39 .447 47 .152 46 
4 T1 .688 16 .067 15 .364 22 .067 15 
s T1 

.750 . 16 . 167 12 .316 19 .182 ll 

1 T2 - .630 184 .116 164 .382 220 . . 187 193 
2 T 2 . 728 81 . 173 104 .438 105 . 137 117 
3 T2 .725 40 .143 42 .467 45 .115 61 
4 T2 .722 18 . 136 22 . .524 21 .120 55 
5 T2 .571 7 .389 18 .400 10 .095 21 

1-' 
N 
\..V 



---

1
_
1HIGHER-ORDER 11 PROBABILITY ESTIMATES, P(R2 T2) AND P(R2 T1) 

CONDITIONAL ON PRECEDING STIMULUS RUNS FOR BIRDS 3 &4 PHASE 2 

BIRD 3 BIRD 4 

" " 
N P(R21T1Y) N P(R2iT2Y) N P(R2iT1Y) N 

170 .142 . 176 .911 269 .851 269 
71 .177 85 .930 114 .853 129 

45 .178 45 .871 70 .846 65 
14 . 400 20 .897 29 .769 26 
13 .167 6 .885 29 1 .000 15 

179 . 133 135 
I 

.891 284 .874 222 

76 .135 104 .865 126 .865 156 

40 . 128 39 . .881 59 .924 66 
22 .211 19 .957 23 .816 38 

9 .095 21 .818 11 .857 21 1-' 
t\) 
.{::" 

y 

1 T 1 
2 T1 
3 T1 
4 T1 
5 T1 

1 T2 
_2 T 2 
3 T2 
4 T 2 
5 T 2 

" P(R2iT2Y) 

.788 

.775 

.889 

.857 

.846 

.693 

.645 

.800 

.682 

.889 



--

A 

y P(R2JT2Y) 
-

1 T 1 . 714 
2 T1 .772 
3 T1 . 691 
4 r 1 . 676 
5 T1 .633 

1 T2 .705 
2 T 2 . 711 
3 T2 .628 
4 T2 .438 
5 T 2 .556 

11 HIGHER-ORDER 11 PROBABILITY ESTIMATEs, P(R2iT2) AND P(R2JT1) 

CONDITIONAL ON PRECEDI NG STIMULUS RU NS FOR BI RDS 5 &6 PHASE 

BIRD 5 BIRD 6 

A 

N 
-

P(R2JT1Y) N 
-

P(R2 JT 2Y) N 
-

220 .600 215 .650 203 
127 . .592 103 .629 89 

68 .473 55 .554 56 
37 .556 27 .722 18 
30 .765 17 .438 16 

I 

239 .548 237 .677 217 
120 . 508 114 . 636 88 

63 .540 51 .659 44 
36 .417 16 .522 23 
16 .563 9 .857 14 

2 

A 

P(R2JT1Y) 

.308 

.274 

.291 

. 241 

.200 

N 
-
208 

95 
55 
29 
10 

.360 

.248 

.267 

.476 
:348 

164 
129 

45 
21 
23 .... 

l\) 
\.1\ 
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h h 

11 HIGHER ... ORDER 11 PROBABILITY ESTIMATES, P(R2!T2) AND P(R2!T1) 

CO NDITIONAL ON PRECEDING STI MU LUS RUNS FOR BIRDS 7 &8 PHASE 2 

BIRD 7 BIRD 8 
h h A 

y P(R2!T2Y) N P(R2!T1Y) N p ( R2 IT 2 Y) N P(R2!T1Y) N 

1 T 1 .572 217 .302 222 .784 241 .683 240 
2 T1 .620 100 .389 108 .783 115 .729 l 07 
3 T1 . 576 66 . 295 61 . 797 59 .759 54 
4 T1 .421 19 . 233 30 .767 30 .810 21 
5 T1 . . 500 18 .200 10 .792 24 .500 14 

1 T2 .611 239 .403 181 .820 256 .632 212 
2 T2 .585 94 .372 145 .780 118 .635 137 
3 T2 . 545 46 .320 50 .808 52 .746 67 
4 T2 .609 23 .458 24. .833 24 .724 29 
5 T 2 .412 17 .348 23 .708 24 .714 21 

..... 
N 
~ 
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'~HIGHER-ORDER" PROBABILITY ESTIMATES, P(R2 T2) AND P(R2 T1) 

CONDITIONAL ON PRECEDING STI MULUS RUNS FOR BIRDS 9 &10 PHASE 2 

BIRD 9 BIRD 10 

y P(R2 T2Y) N P(R2 T1Y) N · P(R2 T2Y) N P(R2 T1Y) N 

1 T 1 .627 193 .166 193 .951 203 .565 204 
2 T1 .645 76 .144 90 .952 84 .579 107 
3 T1 .697 33 . 111 36 .917 48 .604 48 
4 T1 .696 23 .077 13 1 .000 19 .682 22 
s T1 .667 18 .167 6 .938 16 .400 10 

1 T2 .654 182 . 127 166 .932 202 . 551 167 
2 T2 .659 88 .099 91 .896 96 .557 106 
3 T 2 . 711 38 .1 00 50 .935 46 .396 48 
4 T2 .611 18 .143 21 .900 20 .539 26 
5 T 2 .833 6 . 111 18 .938 16 .632 19 

1-' 
N 
-..J 



"HIGHER-ORDER" PROBABILITY ESTIMATES, P(R21T2) AND P(R21T1L 


. CONDITIONAL ON PRECEDING STIMULUS RUNS FOR BIRDS 11 &12 PHASE 2 

y 
-

P(R2!T2Y) 

BIRD 

N 
-

11 

P(R 2iT 1Y) N 
-

A 

P(R2iT 2Y) 

BIRD 12 

N P( R21T 1Y) 
- 

N 

1 T l 
2 T1 
3 :r1 
4 T1 
5 T 1 

.399 

.324 

.276 

.387 

. 313 

228 
105 

58 
31 
16 

. 1 08 

.158 

.135 

.050 

.090 

232 
101 

52 
20 
11 

. 772 

.768 

.761 

.833 

.857 

195 
82 
46 
24 
14 

.293 

.264 

.263 

.583 

. 125 

191 
91 
38 
12 
8 

1 T2 
2 T2 
3 T 2 
4 T2 
5 T2 

. . 268 

.306 

.234 

. 211 
. 500 

246 
111 

43 
19 
10 

. 124 

. 133 

. 132 

. 083 

.053 

.194 
135 

68 
24 
19 

: .732 
.800 
.721 
.992 

1 .000 

194 
80 
43 
24 
6 

.274 

.343 

.447 

.350 

.261 

164 
105 

47 
20 
23 

1-' 
N 
co 
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A A 

11 HIGHER-ORDER 11 PROBABILITY ESTIMATES, P(R2!T2) AND P(R2!T1) 

CONDITIONAL ON PRECEDING STIMULUS RU NS FOR BIRDS 15 &16 PHASE 2 

BIRD 15 BIRD 16 
A A 

y P(R21T2Y) N P(R2!T1Y) N P(R2!T2Y) N P(R2!T1Y) N 

1 T 1 .779 195 .263 194 .829 287 .783 .286 

.805 77 .218 87 .854 103 .766 1282 !1 
3 T1 .625 32 . 243 37 : 789 52 .642 53 

4 T1 .688 16 .083 12 .794 34 .813 16 

s T1 .737 19 . 143 7 .900 20 .727 ll 

1 T2 .743 175 .186 161 .860 264 .794 228 

2 T 2 .736 87 .189 90 .817 131 .761 134 

3 T 2 .691 42 . 178 45 .736 53 . 711 76 

4 T 2 .684 19 .042 24 .800 25 .828 29 

5 T 2 .667 6 .368 19 .917 12 .840 24 1-'v) 
0 



APPENDIX I 

"Higher-order" probabi lity estimates, P(R2), con

diti onal on preceding response runs, for each bird in phase 

2. The row heading identi fies a preceding rQ~ of IDRj res

ponses, "1-vhere m assumes values from 1 to 5 and j is equa l 

to 1 or 2. The nu1nber of tria ls, N, on which each estimat e 

is based is also given. 



11 HIGHER-ORDER 11 PROBABILITY ESTIMATES, CONDITIONAL ON 

RESPONSE RUNS FOR BIRDS 1 - 4 IN PHASE 2 

PRECEDING 

y 
-
1 R1 
2 R1 
3 R1 
4 R1 
5 R1 

BIRD 
A 

P(R21Y) 

.408 

. 319 

.369 

.427 

.438 

1 

N 
-
323 

188 

130 

82 

105 

BIRD 
A 

P(R21Y) 

.279 

. 293 

. 250 

.280 

.237 · 

2 

N 
-

309 
. 222 

156 

118 

388 

BIRD 

P(R 21Y) 

. 456 

.540 

.329 

.415 

.456 

3 

N 
-

327 

176 

79 

53 

68 

BIRD 4 
A 

P(R 21Y) 

.753 

. 711 

.692 

.000 

.625 

N 

178 
45 

13 

4 

8 

1 R2 
2 R2 
3 R2 
4 R2 
5 R2 

.391 

.431 

.346 

.526 

.613 

317 

123 

55 

19 

31 

. . 286 

.405 

.429 

.333 

.286 

311 

89 
35 

15 

7 

.411 

. 391 

.574 

.576 

.524 

324 

133 

54 

33 

42 

.769 

.826 

.780 

.891 

.934 

181 

144 

118 

92 

1235 

1-' 
\.A) 

N 
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11 HIGHER..:ORDER 11 PROBABILITY ESTIMATES, CONDITIONAL ON PRECEDING 

RESPONS~ RUNS FOR BIRDS 5 - 8 IN PHASE 2 

BIRD 5 BIRD 6 BIRD 7 BIRD 8 
A A A 

y P(R2jY) N P(R2 jY) N. P(R2 jY ) N P(R2 jY) N 

1 R1 . 631 417 . 467 353 .485 421 .722 299 

2 R1 .643 154 .444 187 .440 216 . 615 83 

3 R1 .536 56 .435 108 .471 121 .406 32 

4 R1 .724 29 .339 62 .433 60 .368 19 

5 R1 .500 22 .376 109 .414 87 .234 47 

1 R .649 421 .509 354 .455 416 .700 2972 
2 R .598 271 . 458 179 .469 192 .692 2082 
3 R2 .615 161 .494 83 .528 91 .803 142 

4 R2 . 567 97 .585 41 .510 49 .845 115 

5 R2 .689 177 .662 71 .375 40 .833 603 1-J 
\...> 
\...> 



11 HIGHER-ORDER 11 PROBABILITY ESTIMATES, CONDITIONAL .ON .PRECEDING 

RESPONSE RUNS FOR BIRDS 9 - 12 IN PHASE 2 

BIRD 9 BIRD 10 BIRD 11 BIRD 12 
A A A A 

y P(R2!Y) N P(R2!Y) N P(R2!Y) N P(R2!Y) N 
-
1 R .412 323 .706 .259 . 274 2'88 .532 3401 
2 R .368 190 .696 79 .216 208 .506 1601 
3 R . . 430 121 .654 26 . 195 164 .494 811 
4 R1 .286 70 .778 9 .199 131 .575 40 

5 R1 . 402 127 .667 3 . 183 551 .515 33 

1 R2 .394 325 .739 268 . 244 283 . 522 343 
2 R2 .413 126 .767 197 . 265 68 . 562 178 
3 R2 .275 51 .740 150 . 316 19 .495 99 
4 R2 .500 14 .679 112 .333 6 .750 48 ~ 

'vJ
5 R2 .417 12 .800 395 .600 5 .602 93 ~ 



- -

BIRD 

y P(R2iY) 

1 R .303
1 

2 R1 .290 

3 R1 .340 

4 R1 .208 

5 R1 .213 

l . 221R2 
2 R2 . 2-57 

· 3 R2 .529 

4 R2 .222 

5 R2 .667 

"HIGHER-ORDER 11 PROBABILITY ESTIMATES, CONDITIONAL ON 

RESPONSE RUNS FOR BIRDS 13 - 16 IN PHASE 

13 BIRD 14 BIRD 15 

A 

N P(R2iY) N P(R2iY) N 

314 .545 358 .466 309 

217 .543 162 .458 i68 

153 .527 74 .418 91 

101 .588 34 .396 91 

376 .533 30 .400 80 

312 . 510 359 .510 308 

70 . 569 181 .494 158 

17 .577 l 04 .525 80 

9 .583 60 .476 42 

6 .657 105 .618 55 

PRECEDING 

2 · 

BIRD 16 

A 

P(R2 iY) 

. 769 

.646 

.500 

.500 

.500 

.779 

.781 

.806 

.846 

.847 

N 
-
281 

65 

22 

12 

12 

280 

215 

170 

773 J-1 
VJ 
'-" 

136 



APPENDIX J 

Conditional probability estimates , p1 , p 2 , Pc• 

pL, for successive quartiles of a session for each bird, 

bas ed on the final 12 session s of phase 2. 
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Pc PL 

BIRD QUART! LE BIRD QUARTILE 

1 2 3 4 1 2 3 4 

1 
2 
.3 

. 4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

.705 

. 614 

.784 

.510 

.603 

.602 

.569 

.556 

. 714 

.650 

.599 

.682 

.629 

.711 

.701 

.516 

. 767 

. 615 

.787 

.518 

.560 

.646 

. 618 

.553 

.762 

.702 

.547 

.767 

.625 

. 721 

.791 

.523 

.746 

.625 

.783 

.529 

.543 

.702 

.644 

.568 

.724 

.672 

.633 

.756 

.648 

.700 

.812 

. 567 

.781 

.655 

.827 

.516 

.603 

.736 

.625 

. 581 

.827 

.730 

.640 
:709 
.706 
.673 
.754 
.519 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

.408 

.248 

.543 

.814 

.566 

.460 

.548 

.796 

.368 

.764 

.287 

.602 

.259 

.475 

.497 

.789 

.415 

.284 

.412 

.861 

.628 

.428 

.442 

.712 

.391 

.736 

.206 

.514 

.275 

.527 

.474 

.783 

.398 

.310 

.415 

.877 

.652 

.479 

.414 

.739 

.359 

.767 

.175 

.480 

.261 

.560 

.474 

.804 

.425 

.265 

.486 

.920 

.629 

.530 

.460 

.714 

.429 

.695 

.279 

.544 

.268 

.606 

.500 

.798 

OVERALL 
-
X .634 .656 .666 .680 

OVERALL 
x . 527 . 506 .510 .534 



APPENDIX K 

Results of Chi - Square Test for Homogeneity betiveen 

phase 2 and pha se 3 and phi-coefficients for each bird. 



APPENDIX I. 

The number of trials and the conditional probability 

estimate, Per for each of the 5 days of extinction for each 

bird. The total number of trials over the five days are 

also sho~>m, along ~J"i th the mean total number of . trials for 

each group and over all birds • . 



A 

NUMBER OF TRIALS AND pc IN EXTINCTION 
;_ 

DAY 

BIRD 
- 

NO . 
TRIALS 

1 
A 

Pc 
NO. 

TRIALS 

2 
A 

Pc 

3 
NO. 

TRIALS 
A 

Pc 
NO. 

TRIALS 

4 
A 

PC 

5 
NO. 

TRIALS 
A 

Pc 

TOTAL 
NO . 

TRIALS 
-

Group 
1 

1 
2 
3 
4 

82 
153 
164 
143 

. 59 

.69 

.63 

.55 

41 
191 
185 
119 

.59 

.57 

. 61 

. 69 

31 
39 
18 
96 

.55 

. 69 

.50 

.48 

28 
31 
9 

22 

.64 

. 61 

.44 

.17 

1 
3 
1 
2 

. 0 

.67 
1.00 

.00 

183 
417 
377 
382 

-
" 339.8"' 

2 	 5 160 .63 165 .52 109 .52 84 .57 3 .33 521 
6 142 .63 149 .56 109 .62 46 .44 16 . . 44 462 
7 . 142 .62 139 .63 99 . 61 55 . 56 33 .52 468 
8 136 .65 75 .63 59 .42 5 .40 52 .62 325 

1.c. 
c 

-
X 444 



NUMBER OF ·TRIALS AND 
~ 

pc IN EXTINCTION 

DAY -

BIRD 
- 

1 
NO. 

TRIALS 
~ 

Pc 
NO. 

TRIALS 

2 
~ 

Pc 
NO. 

TRIALS 

3 
~ 

Pc 

4 
NO. 

TRIALS 
~ 

Pc 

5 
NO. 

TRIALS 
~ 

Pc 

TOTAL 
NO. 

TRIALS 

Group 
3 

9 
10 
ll 
12 

156 
151 
151 
138 

.64 

.66 

.56 

.58 

82 
40 

124 
82 

.59 

.65 

.56 

.58 

29 
29 

130 
25 

.45 

.48 

.59 

. 56 

35 
27 
43 
12 

.69 

. 59 

.58 

.33 

51 
6 

17 
6 

. 51 

. 50 

.47 

. 17 

353 
253 
465 
263 

-
X 	 332.8 

4 	 13 . 106 . 56 31 .55 0 .00 29 .76 1 1.00 167 
14 129 .67 38 . 61 21 .43 10 .40 5 .40 203 
15 150 .79 90 .62 77 .61 76 .66 20 .40 413 
16 181 .55 157 .59 .120 . 51 49 .45 57 .46 564 

-
X 	 336.75 

1-' 
~ 
r' 



APPENDIX N 

Values of the theoretical measures d ' , from the 

theory of signal detection, and and S, from the Atkinsonex 

Kinch1a model for each bird for phase 2 and phase 3. Neans 

for each group and overall means are also given. 
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THEORETICAL MEASURES 

BIRD 

1 
2 
3 
4 
-
X 

5 
6 
7 
8 
-
X 

9 
10 
11 
12 
-
X 

l3 
14 
15 
16 
-
X 

d ... 

PHASE 
2 

1.40 
.78 

1.66 
. 14 

.995 

.42 

.91 

.58 

.37 

.57 

1. 52 
1.32 

.72 
l. 21 

1.19 

.98 
1.08 
1.44 

.24 

.94 

3 

1.48 
1.12 

.90 
0.00 

.85 

.46 

.38 

.76 

. 61 

. 55 

1.44 
1.57 

.89 
1. 26 

l. 29 

.95 

. 94 . 
l. 58 

. 64 

1.02 

2 

.498 

.252 

.591 

.032 

. 343 

. 159 

. 346 

. 228 

. 118 

. 213 

. 513 

.379 

.215 

.457 

.391 

.303 

.403 

. 531 

.063 

.325 

a: 

PHASE 
3 

.494 

.423 

.324 

.004 

•311 

. . 164 
. 146 
.270 
.207 

. 197 

.452 

.548 

.284 

.464 

.437 

.302 

.355 

.55 

.213 

.355 

2 

.325 

.203 

.416 

.88 

.456 

.641 

.463 

.456 

. 771 

. 583 

.271 

.89 

. 163 

.564 

.472 

.165 

.575 

.471 

.821 

.508 

(3 

PHASE 
3 

.224 

.426 

.317 

.983 

.488 

.736 

.642 

.714 

.778 

.718 

. 162 

.369 

.222 

.463 

.304 

.189 

.602 

. 313 

.785 

.472 

OVERALL 
-
X .923 .936 .318 .325 . 505 -496 



APPENDIX N 

Statistics based on 36 sessions for each bird in 

group 4: "fi rst- order" conditiona l probability, 11 hi gher

orde t1 probability estlmates , and probabili ty estimates, 

P1 , p 2 , Pc and pL' for success ive quartiles. The number 

of trials, N, each estima te is based on is also given for 

the sequential probabilities . 



R1T1 

R2Tl 

"FIRST-ORDER" CONDITIONAL PROBABILITY ESTIMATES BASED ON 36 SESSIONS 

FOR EACH BIRD IN GROUP 4 

A A A 

BIRD P(R2!T2) N P(R2!T1) N BIRD P(R2iT2) 

13 .404 1100 .122 1026 13 .439R1T2 

14 
 .689 750 .341 718 14 .735 
15 .757 834 . 192 818 15 .650 
16 .756 431 . 593 386 16 .754 

13 13.523 174 . 155 155 . 471R2T2 

14 14
.791 464 .412 418 .740 
15 15.828 215 .360 200 .775 
16 16.870 1030 .739 1012 .858 

N 

660 
309 
243 
236 

490 
795 
733 

1136 

A 

P(R2jT1) 

. 137 

.385 

.127 

.580 

.140 

._375 

.187 

. 750" 

N 

716 
314 
253 
224 

566 
899 
798 

1229 

\....) 
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11 HIGHER-ORDER 11 PRO BABILITY ESTI MATES CO,JDITIONAL ON PRECEDING 

STI MULUS RU NS, BASED ON 36 SESSIONS FOR EACH BIRD IN GROUP 4 


BIRD 13 BIRD 14 
y P(R21T2Y) N P(R2iT1Y) N P(R21T2Y) N P(R21T l Y) N 

1 T .418 620 . 105 629 .716 563 .347 5571 
2 T1 .416 315 . 169 279 .720 314 .360 272 
3 T1 .437 167 .164 134 .765 153 .453 137 

.483 89 . 121 58 .724 99 .328 67.4 T l 

5 r 1 .298 47 .082 49 .768 69 .389 54 


1 T2 .448 629 .135 612 .740 592 .376 590 
2 T2 .449 296 . 127 331 .744 289 .405 301 
3 T2 .438 112 .165 182 .738 126 .405 163 
4 T2 .511 47 .099 71 .776 49 .317 79 

· 5 T .346 26 . 106 47 .619 2T .234 472 

BIRD 15 BIRD 16 
1 T1 .797 522 .224 517 .830 759 .718 759 
2 T1 .745 259 .252 254 .839 354 .692 325 
3 T1 .734 109 . 183 115 .831 172 .633 158 . 
4 r1 .714 70 . 163 49 .855 83 .646 65 
s T1 .797 59 . 188 32 .912 57 .690 58 

1 T2 .758 525 .178 488 .849 729 .716 690 
2 T2 .733 255 . 162 271 .820 350 .747 376 
3 T2 .676 111 . 134 142 .815 151 .680 197 
4 T2 .750 44 . 169 71 .841 69 . 771 83 
5 T2 .846 13 .205 44 .897 39 .735 68 
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PROBA BI LITY ESTIMATES BASED ON 36 SESSIONS FOR EACH BIRD 

IN GROUP 4 

A A 

p1 P.2 
QUARTILE QUARTILE 

BIRD 2 3 4 1 2 3 4 

13 . 167 .135 .139 .093 .478 .422 .417 .452 

14 . 317 . 315 .400 .441 .690 .729 .743 .769 
15 .247 .199 .155 .185 .707 .772 .783 .767 
16 .732 . 694 . 681 .708 .812 .831 .859 .846 

Pc PL 
13 .655 .641 .639 .687 . 241 . 210 . 210 .203 

14 .687 .707 .672 .665 .376 . 388 .429 .451 
15 .728 .785 .815 .790 .350 .366 .359 .350 
16 .654 .675 .678 .678 .578 . 571 .577 .575 



APPENDIX 0 

Result s of sta tionarity tests of indlvldual birds 

and over all birds, when the final 12 sessions are divided 

into k equal blocks, for k equal to 2, 3 and 4. Shown in 

columns 1, 2 and 3, respectively, for phase 2, and in 

columns 5, 6 and 7, respectively, for phase 3. 
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PHASE 2 PHASE 3 
BLOC KS OF BLOCKS OF 

Bird 2 3 4 . 2 3 4 

1 .123 5. 511 5.58 8.64 *19.622 *34.64 

2 1.996 *13.508 13. 558 1.186 *36.677 *22.503 

3 . 404 4.232 6.614 *39.15 *88.24 *94.388 

4 2.389 *86.579 62.19 3.88 *13.428 9.213 

5 2.303 5.561 9.643 4.109 9.708 13.03 

6 · 8.189 12.876 14.859 6.357 *15.165 16.4 
7 7.994 9.147 15. 176 2.164 2.913 4.841 

' 8 8.37 *20.306 *50. 141 3.838 *25.707 8.594 
9 1.25 5.645 5. 421 *10.096 *22.436 *22.569 

10 6.758 *23.76 *20.296 4.267 2.998 9.445 

11 .288 *19.924 *27.628 5.61 *129.437 *95.819 
12 1 .469 3.66 15.483 1. 155 9.583 *28.306 
13 l. 7052 8.957 9. 721 9.171 *23.144 *21.9 31 
14 1.872 9.127 4.832 6.92 *25.172· *17.26 
15 .285 *49.949 *65.827 3.218 6.583 12.794 

16 7.598 11 . 891 9.642 7.627 *14. 157 *19.343 

TOTAL 52 .993 *290.633 *364.03 *117.388 *447.25 *431 .08 

* p < • 01 
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