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ABSTRACT

This was an investigation of auvditory duration dis-
crimination in pigeons using & discrete-trial procedure
designed to provide a direct analogue to the conventional
"yes-no" signal-detection tasks with'humans. On each trial
only one of two dvrations, Tl and TZ’ was presented and the
pigecn was required to peck one of two keys on Tl trials,
and the other key on T2 trials. Experiment one was con-
cerned with developing a shaping procedure and evaluating
behavior at different valves of Tl and Tz. It provided
evidence that birds could develop and maintain a partisl
discrimination and showed that, es the separation between
the two stimulli was reduced, 4' was systematically decreased.
In Experiment two pigeons were run for an extended period

of time with Tl and T, fixed and then the probability of re-

2
inforcement was reduced. Reduction of reinforcement pro-

baﬁility@producaichanges in performance similar to those
exhibited by humans when pay-off functions are altered.
Sequential analysls indicated the only sequential effect of‘
any size was & tendency to repeat responses in some birds.

Considerable individuval differences ﬁere noted.
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INTRODUCTION

The purpose of the present investigation was to
"develop a discrete-trlial procedure for examining duration
discrimination in aninals, a procedure that would provide
date emenable to anglysis in terms of a declslion-thecretic
model of the type exemplified by the.psychophysioal theory
of signal detection (this theory is developed in detail in
Green and Swets, 1966)., The experimental procedure pre-
sented here represents en alternative to other methods used
to study duration discrimination (or the related phenomenon
of temporal discrimination) in animals. In order to indicate
the possible advantages of the procedure developed here,
1t seems best to 5eg1n by considering these other methods
and the interpretational difficulties associated with thenm.
One procedure frequently used To investigete timing
behavior in animals 18 referred to as the differential
reinforcement of low rate (DRL). Here the organism is
required to space responses (e.g. on a pigeon key, or bar)
t seconds apart. If he walts t seconds then responds, he
is reinforced; 1f he responds before t seconds elapse he
must walt another t seconds. The pericds Between responses,

the inter-response times (IRTs) generally have & unimocdal

1
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or bimodal distryibution with ocne of the modes equal to

_ t.l The mode at t is ususlly interpreted es evidence that
the enimal is 2xhibiting timing behavior or making a
temporal discrimination. In other words, it is assuned
that the temporal requirement of thé schedule has ascqulred
control over the animalts behavior in the same way that an
external stimulus, such as a light, acqulires control in
'other discrimivation situations.

However, it is very difficult to determine whether
the discrimination is purely temporal, since many other
\stimulus variebles are confounded with time in this schsdule.
For example, onz factor which appears te affect the organ-
ism®s IRT is the occurrence or non-occurrence of reinforce-
ment following The preceding response. Several studles
which reveal the existence of certaln sequential dependenciles
in DRL experiments seem to provide empirical evidence of
this. (Ferraro, Schoenfield end Snapper, 1965, and Weliss
et al., 1966).

Another difficulty in establishing the purely tem=
poral basis of the discrimination is the fact that the
orgenismts own responses determine the “stimulus value"

(the IBT), thus the organism controls the stimulus variable

of which his behevior is saild to be a function. This r 'as

sam

i | v :
The other mode corresponds to very small IRT!s pro-
duced by occasioral bursts of responses.
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it difficult to interpret sequential dependencies, since
thexre is no way 1ndependent1y‘to assess the stimulus and
response events preceding a given IRT, or evaluate their
separate contributions.

Reynolds (1966) employed a different experimental
procedure to exemine temporal discrinmination. A single
- response key was transilluminated by either a red or blue
light. While the animal was never reinforced for res-
pouses made to the red key, he could change the color to
blue as soon as he made two responses during red. The blue
light came on Tor a fixed duration before changing back to
red. The critical "timing" aspect of the schedule was
that the animal could only obtain reinforcement during the
blue pexriod if he had walted at least t seconds between
his first and second responses in the precedlng red perlod.
If the IRT in red was t or more seconds reinforcement could
be obtained during the subsequent 30 second blue period on
the basis of a 1 minute variable interval schedule (VI 1).
If the IRT during the red was less than t seconde no re-
inforcement was given during the subsequent 30 second blue

period.

X
A varieble interval schedule is one in which the

first response following some variable interval of time

1s reinforced; the one minute refers to the typical vaelue

of this inucrval (Ferster and Skinner, 1958).
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His angalysis can be interpreted as evaluating whether
the organism's response probebilities were constant over
time. Specifically, he considered subsets of the observed
IBRT values durilng the red period conslsting of all those
-IRTs greater than x for values of x ranging from 0 to 21
seconds. He then celculated the proportion of IRTs in each
sﬁbset which exceeded x by an amount less than y (the so-
called "IRT per opportunities"). If the response genecrat-
ing process were sinmllar to a Poisson process (L.e., the
response probabilities were constant over time), it can be
shoun that these proportions should all be equal (McGill,
1963). This, in fact, seemed to be the case; indicating
there was no response differentiation in the red.period.
However, the rate of responding in the blue period, relative
to 1ts maximum, was found to be directly related to the
delay between responses during the preceqing red perlod,
increasing with increasing duration of the IRBRT in red. This
led RBeynolds to conclude, "the birds discriminated the dura;
tion of the IRTs. The duration of IRT successfully con-
trolled the rate of pecking during the succeeding blue-key
periods...." (p.67).

An alternative interpretation would be that these
results sinply demonstrate a response-response correlation,
that is, the response rate in blue was negatively correlated

with response rate in red. The presence of this correlation
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does not necessarily provide evidence for a causal relation
between the two behaviors. It would be possible for both
behaviors to be a function of a third variable.

In this case, for instance, there is a possibility
of schedule interaction. The type of schedule with which
a given schedule is paired 1s known to affect response rate;
Jpairing a VI with other schedules has produced contrast
effects on the rate in VI (Catenia, 1961, and Reynolds,
1961, a, b). Specifically, Blocmfield (1967) has reported
contrast effectis on response rate In VI when paired with
a DRL on a multiple schedule, i.e. response rate in VI
increased linesrly with increasing DRL regquirement. This
finding would support an argument that schedule 1nteraction
partly accounted for the response rate increase in blue
fourd in the Reynolds 1966 study.

Finally, one might question whether eny interaction
was present between the relnforcement and response rate.
While it is not made explicit, it can be deduced from the
results that reinforcement was a rare event for the animals
in this stvdy. Being so, it might well produce its own
effects on respcnse rate, independent of the preceding IRT
in red. The author reports that "observation showed that
occurrence of the reinforcing stimulus was not a confounding
disceriminative stimulus.® (p.66). Causal observations of

this sort do not seem to provide an adequate analysis of



such effects cr of the more comﬁlicated sequential con-
founding which may be involved. Since the appropriate
data were not reported by Reynolds, it seems impossible to
resolve the issue in thls case.

| The preceding discussion 1llustrates the baslic
problem of evaluating DRL or similar types of temporal
schedules. A correlation between one varisble and the
animalt's behavior 1s insufficient evidence for temporal
discrimination unless other variableé which might furnish
a basis for the differential responding are adequately cone
trolled.

An alternative method for studying discrimination
behavior has bezn developed end has seen extensive applica-
tion in psychological experiments with humens. This method
has several distinguishing features, 1.e., 1t 1s a dliscrete-
trial, non-correction, choice proceduvre. - It allows the
presentation of two or more stimulus values, one of which
occurs on every trial. The experimenter, not the subject,
controls the stimulus enabling its presentation on a pre-
determined schedule with known statistical properties
independent of the observer'!s behavior. The subject must
meke a cholce response after each presentation and is not
allowed to correct. The importance of these methogological

features to the analysis of discrimination behavior can be
more clearly seen in the context of & brief discussion of
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detection theory. (For a more éetailed account see Green
and Swets, 1965).

In the typical human signal detection experiment
a subject 1s required to identify which of two possible
stimulus events occurs in each of a series of trials. The
particular stimulus value presented on each trial is usually
determined by en independent trials binomial process. Thus,
if the two stinulus values are denoted by S1 and 82, the
stinmulus schedvle can be defined by the perameter y denot-
ing the fixed probability of an Sl stimulus on each trial

(the probability of an S, stimulus sinply equals 1 =Y ).

v
If the subjectts report that an Sl or S2 stimulus
was presented 1s denoted by Aq or A, respectively his per-
formance can then be summsrized by two proportions: the
proportion of A, Tesponses on S; trials, denoted by ?(Al|sl),

and the proportion of A, responses on Sz.trials, denoted by

|
f(Allsz). This notation is employed since these two propor-
tions are normally interpreted as estimates of two corres-
ponding theoretical probabilities: P(Allsl) and P(Allsz).
These probabilities are often called "hits" and “"false
alarms", respectively (e.g., Green and Swets, 1966). Per-
fect discrimination is represented by a performance in which
P(A4]| 89) equals one while P(Allsz) equals zero, i.e. the
subject always responded Al on S1 trials and A2 on 82 trials.

No diserimination 1s evidenced when P(4;[S;) equals P(Ay]S2),



regardless of thelr particular value.

The central assumption of signel detection theory
1s similar to that of Thurstone (1927): each presentation
of a particular stimulus wvalue (Si) evokes a value of a
hypothetical sensory variable which can be represented as
& Gaussian random variable. Thus the distribution of
sensory values evoked by an S1 stinulus event can be charac-

terized by the expected value, denoted Hys end standard

deviation, denoted ¢,, of the sensory variable assoclated

i
with that stimulus. If the distributions of sensory states
‘evoked by two 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
triel was produced by stimulus S1 or Sz. It is assumed that
he determines his reasponse on the basis of a decision cri-
terion ¢, reporting that stimulus value with the higher ex-
pected sensory value only if the sensory value on that trial
is greater than c¢. Specifically, if Mg is greater than Moo
the subject makes an Al response if the sensory value is
greater than ¢. Thus there are two separate aspects of the
discrimination process: the similarity of the distribution

of sensory values evoked by S_. and Sz. and the response cri-

1
terlon adopted by the subject. It is usually assumed that
the distributions of sensory values are a function of the

physical stimulus values and the subjectts "sensitivityY,
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which ié a fixed feature of his perceptual system. In con=-
trast, the response criterion ¢ is viewed as a relatively
arbitrary feature of the perceptual process, eésily rnodified
by such things as the subject!s a priori expectation that
a paerticular stimulus value will be presented and the costs
or gains ("pay-offs") associated with the possible stimuluse-
response combinations. The similarity of the two sensory
distributions is usually characterized by two measures, 4!

and k, where

¥ -
A= uy - (1)
0‘2
[0}
1

(assuming, as was done previously, that ul is greater than
“2); Note that d' is the difference between the larger ex-
pected value, Hq and the smaller value, Moy expressed

in units of the standard deviation of sensory values on 82

trials, o The measure k is a ratio of the standard devia-

X
tlon of sensory values on S, end S, trials.

It cen be shown that the probabilities P(Allsl) and,
P(Allsz) are completely determined by the values of d', k
and c. However, in many applications of the model it has

been found that ca was approximately the same as 02 (1.e.

k equalled 1l). Thus the model simplifies to a form having
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only two paremeters 4' and ¢ (with k equal to one by assump-
tion). In this two-parameter form of the model, which will
be employed in this paper, the value of P(A1|Sz) and P(Al|Sl)

are given by the following expressions:

?(Alisz) = é' g(xt)ax? (3)
and P(Allsl) = Z'-d' g(xt)dx? (%)
where

X = X - 1b (5)

61
ot = _c_ (6)
o,

and g(x') is a Gaussien normal distribution. Thus the res-
ponse probabilities, P(Allsl) are completely specifled by
the parameters d' and c!t.
The most important feature of the mcdel is that
it is possible to obtain separate estimates of d' and c!
from the observed proportions P(Allsl) and P(A1|SZ)' Speci-
fically, if Z(A1|Si) denotes that value of a normal deviate
which 1is exceeded with probabllity P(Allsi) it follows from
Eqs. 3 and 4 that '
d'= Z(A] S,) = Z(Ay [S;) (7)
and
(8)
To obtain estimates of Z(Ay[S;) denoted Z(4,]S,), one finds

i =
c Z(Aﬂ 5,)
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thet vaelve of a normal deviete exceeded with a probablility

| equal to 13(A1 31). Estimates of d4' and c¢' can then be

obtained by appropriate substitution in Egs. 7 and 8.

dt = Z(A,[8,) - Z(Ag]8q) (9)

~

et = Z(Allsz) (10)
These equations follow from the definition of Z(Allsl) as
equal to ¢! mirus d*' and Z(4,]S,) as equal to c'.

Data irn these experiments are often reporﬁed in the
‘form of ROC curves., To derive these, response fregquencles
are entered in a matrix, in which rows are possible stimulus
events, and columns possible response types, in this case
a 2 x 2 natrix. When cell entries in each row are normalized,
l.e. divided by row totals, it is only necessary to have one
entry for each row in order to know the whole matrix, l.e,
the two conditional probabilities P(A,|8;) and P(A|S,). If
these two values are plotted in a 2-dimenslonal graph, it
is possible to represent all the information in the matrix
with a single point. Note that a point falling in the ex-
treme uppexr left of the graph indicates perfect discrininge
tion, while points falling on the positive diagonal reflect
no discrimination, and intermediate points indicate inter-
medliate levels of partisl discrimination.

As the subjectt!s criterion is systematically varied,

the curve that results is called an ROC curve, the receiver-
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operating characteristic which, according to detection
theory, should be symmetric about the negative diagonal
(under the "equal variance" assumption), and pass through

the points 0, O and 1, 1. The area lying
under the curve can be used as an index of the discrimination.
(Green and Swets, 1966).

If the normal deviates 2(A1|Sl) and i(Aﬂ S,) are
used instead of ﬁ(A1|Sl) and f(Al|Sz), the resulting normale
ized ROC curve should be a straight line with a slope of
one.

Several recent studies have demonstrated the frult-
fulness of a decision=theoretic approach in discrimination
studies with animals. Experiments have been reported in
which light intensity (Nevin, 1964; Morriscn, 1967, and
Keuchler, 1968), tone (Hack, 1963), and gustatory substances
(Morrison and Norrison, 1966) have been used es stimuli., All
experiments involved a "yes-no" procedure (see Green and Swets,
1966, for a discussion of yes-no and forced-cholce tasks).

In the Nevin experiment, which used rats, a response to one
lever produced either a brief increment in illumination of
the chamber or no increment. A press to a second lever was
rewarded only if an increment had occurred. BResponses in
the absence of an increment were not reinforced. (This type
of procedure shall be here referred to as a respond/no-res-

pond task.) Probabllity of reinforcemert for a press during
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the increasing 1llumination was 1, .5 or .2. Results
showed & tendency for hits and false-alarms to vary to-
gether and to be positively correlated with reinforcement
prohability.

In Morriaonfs experiment (1967) & glass plate mounted
on one wall wae elther 1lluminated or remained dark when-
ever the subjects (rats) pressed a lever mounted below it.
Following the stimulus a cholce response was made to one
of two levers mounted on the opposite wall. If the left
lever were pressced when the key stayed dark, or the right
lever pressed waen the key was illuminated, a reinforcement
was given. Incorrect responses were not reinforced and
simply produced an inter-trial-interval. Stinulus intensity
and brobability of reinforcement were both manipulated.
When reinfoxcement probability was varied, response ten-
dencies were found to change in an orderly fashion. When
normalized hit and false alarm probabilities at particular
1ntensit1eé were plotted on an ROC graph the points for
different pay-off (reinforcement) values were reasonably
well-fit by straight lines, elthough the slopes tended to
be less than one.

Keuchler's (1968) experiment was conducted with
pigeons and involved an examination of three major inde-
pendent variables: signal intensity, a-priori probability

of signal presentation, end amount of reinforcement. On
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some trials a center key of three kéys was incremented a
small amount in brightness; the pigeon indicated by a
choice response whether or not an increment had occurred,
a peck to the right or left, respectively. Five pigeons were
given 9 differsnt schedules of a-priori probability of pre-~
sentation. Hits and felse alarms plotted separately for
each bird traced out a straight 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 values
for correct responses. Again the hits and false alarms
generated by the five conditions tended to fall along a
straight line with a slope of one. BRaising signal intensity
seemed to displace the performances to a different ROC curve
consistent with better discrimination.

Hack (1963) required rats to detect the presence of
a tone which appeared or did not appear sccording to an
a=-priori probability which varied from .14 to .75 in a
respond/no respond task. For a given intensity hits and false
alarms varfed along a straight line. As sound pressure level
was increased the points were displaced toward the upper left
of the ROC space, however they were not always fit by a line
with a slope of unity.

Morrison and Norrison (1966) exployed taste discrim-
ination in rats using a choice procedure in which subjects were

required to discriminate between different strength solutions
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of either sodiun chloride, sucrose, tartaric acid or
~quinine and water. In general, the authors found that,
as solution intensity was reduced, hits decreased, while
false elarms iricreased, and d' systematically decreased.

Taken together these experiménts are conslistent
with signal detection theory as & model of discri&in&tiom
in animals for a variety of stimuli. Changes in signal ine
tenslty relsed or lowered the ROC curve, or estimates of d4?t,
in conformity with the model. (Morrison, 1967; Keuchler,
1968; Heck, 1953; Morrison and Norrison, 1966). Opera-
tions defined by the theory as having non-sensory effects,
such as menipulating signal presentation (Keuchler, 1968;
Hack, 1963) or the probability of reinforcement (Nevin, 1964;
Morrison, 1967; Keuchler, 1988) were shown to generate per-

- formance points thaf could be reascnably well fit by straeight
lines, although the slopes did not always conform to unity
(L.e. the "equal variance" assumption did not always seenm
appropriate) .

The first investigation to apply a decision-theoretic
approach to duration discrimination‘was a study by Creelunan
(1962) with human observers. Creelmant's model was based on
& counting mechanism and was used to account for performance
in a two-interval, forced-cholce procedure in which brief
(around one sccond) suditory durations were presented. It

provided a good fit to the data over & wide range of condle
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tions.

The only attempts to analyze duration discrimination
in animals in & form amenable to analysis by this model (or
the signal detection model to which it is related) is that
represented in this paper and in esnother paper by Stubbs
(1968). Stubbe used a discrete trial procedure in which a
.piegeon was presented with one of ten possible durations on
each triel end required to make a cholce response, i.e.
respond to one key color when a short duration tone occurred,
and enother key color given a long duration tone, a method
sinilar to the traditional psychophysical method of single
stimuli (Guilferd, 1954). The cut-off between short and
long durations was always at the midpoint of the series pre-
sented. Of relevance here 1s the phase of the experiment in
which pay-off values for both correct and 1ndorrect responses
were varied., Response frequehcies were observed to vary in
a fashion consistent with the pay-off structure. The inves-
tigation was not carried out as a fest of the sgignal-detection
model, neverthless, estimates of d! were recovered from the
data after a method suggested by Triesman (1966) and found
to remain constant for at least some of the conditions in
which the bias changed. Thils would seem to provide evidence
that duraﬁion discrimination in animals dcoes behave 1n é
fashion similar to that predlicted by a decision-theory model.

However, Stubbs employed more than two stimuli in his discrim-
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ination task which distinguishes it from the more convene
tional Zéstimulué detection problem. The experiments we
shall now consider did employ just 2 stimull and were de-
slgned to provide a direct anslogue to the conventional

detection task.
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EXPERIMENTS

We shall consider some experiments in which pigeons
were required to discriminate between two durations of a
ciearly audible tone stimulus on each of a series of trials.
Bach trial begen with the illumination of a Vset-up" key
which the pigeon must peck to initiate the presentation of
the tone stimulus. The tone remained on with equal probab-

1lity for either T, or T2 seconds, following which, two

1
other keys, one on each side of the set-up key, were
11luminated. In order to obtain food reinforcements the
pigeon had to peck one of these keys on Tl trials and the
other on T2 trials. We shall refer to the response which 1is
reinforced on T, trials as an Rl response, and that on T2

1
trials as an R, response. The animal's berformance on this

2
task will be summarized by the proportion of RZ responses
on T1 tria1s and the proportion of Rz responses on T2 trials,
denoted by ﬁl and ﬁz, respectively. (This notation is em~
ployed since these properties will be interpreted as esti-
mates of corresponding theoretical probabilities denoted
by Py and pz). Thus ﬁz and ﬁl correspond to the type of

"hit" and "false alarn" measures derived in signal detection

analysis and discussed earlier in this paper. Two other

18
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estimates shall also be used to characterize performance,

where P, = Plcorrect) = (1 - Y)P(R1IT1)+ YP(RZITZ)

end pp, = P(Ry) = (1 = v )P(Ry|Ty)+P(R,[T,). |
The experimental work consisted of two main experi-
ments. Experirent one was concerned primarily with the
problem of shaping the discrimination, particularly when
thé two temporal durations were so similar that the discri-
mination was less than perfect. Values of Tl and Tz were
determined which would preoduce a terminal level of performance
vhere the animal was corrcet on about 65 per cent of the trials.
Experiment two was designed to evaluste the stability of the
animals?! performance during extended training at this level
of partial discrimination and, secondly, to evaiuate the
effects of altering the probabiiity of reinforcement follow-
ing a correct response. The latter manipulation could be
considered as being analogous to altering the pay-off func-

tion in signal detection experiments and thereby altering

the observer'ts criterione.
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Experiment One

This experiment involved the gradual shaping of 8
pigeons to perform the type of temporal discrimination which
'ﬁas just described. Since this experiment was designed
primarily to lead to the more extensive second experiment,

only its most important features will be discussed here.3

Apparatus

The anlnals were tested in a standard, two-key test-
ing chamber (Lehigh Valley Electronics, Model 1519) modified
by the addition of a third key, center-mounted 3.5 1nchesv
above the food hopper. Each key could be 1lluminated fron
behind by a white bulb. The sequence of stimulus events in
the test chambers was controlled from & room next to that
containing the test chambers. White noise and a 1000 Hz
tone were produced by a Grason-Stadler noise generator and
Hewlett-Packard audio-osclllator. These audio stimuli were
presented in the experimental chamber by a speaker located

on the lower left hand corner of the chamber wall which con-

3
A more detailed discussion of Experiment 1 is
presented in Appendix A.

20
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tained the keys and food hopper. The intensity of the tone
and nolse stimuli measured in a closed chamber by a General
Radio Type 1551=-C sound level meter placed directly in front
of the center key was 80 db + 10 db.

Accuracy of the temporal durations used in the study
were limited by the“relay control equipment but were accurate
.to + 5 percent (1.e., to + 25 ms of the final T1 and ’I‘2
values used in Experiment 1).

Trial cata were recorded on Sodeco printeout counters
and digital counters. They were then punched into IBM cards

and analyzed by a Control Data Corporation 6400 computer.

Subjects

Subjects were eight white Carneaux pigeons, approxi-
mately five years of age and experimentally naive. All were
originally thought to be malé, but subsequent to the experi-
ment one bird, subject No. 3, was found to be female. Only

the results for the seven male birds will be discussed here.

Procedure
The shaping process whereby the animals were trained

to operate the set-up key to produce the tone stimulus, and

L
Results of the female are included in Appendix A.
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then to peck one of the two slde ke&s, consigted of five
steps.

Step one = terminal 1link of the chain. Magazine
training was followed by first sheping a key approach to a
lighted key, then a key peck to the lighted key. On each
trial elther the right or left key could be transilluminated
with a white light according to a random schedule in which each
key had an a priori probability of .5 ofAbeing selected.

A peck to the lighted key darkened the key and produced food
for 4 seconds. A peck to an unlighted key had no effect.
The inter-trial interval (ITI) was 5 seconds.

Step two -~ link two of the chain. After termination
of the ITI the trial began with a one second tone followed
by either right or left key light. A single peck to the
lighted key darkened it and produced reinforcement. A peck
to an unlighted key, including key pecks while the tone was
on, had no effect. BReinforcement was decreased to 3 sec.
access to grain and the ITI was increased to 15 seconds (in
Experiment.Z it was increased to an interval which varied
randomly in half-second intervals from 10 to 20 seconds).

A response during the ITI delayed the start of the next trial
for 15 seconds.

Step three - 1link one of the chain, The center key
was transilluminated with a white 1ight at the beginning of

the trial. A single peck was required to turn the light off
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and produce link 2, the tone, for 1 second, at the termina-
tion of which either right or left key light came on. The
same key peck contingencies as before were in effect in
links 2 eand 3. Pecks to the unlighted side keys in link 1
had no effect.

Step four - differentiating T. and Tz. The tinme

1
during which the tone was on in the 2nd link was differen-

tiated into two durations, a short duration, T equal to

1
1l sec., and a long duration, Tz, which wes gradualiy increased
Fo 5 sec, over the session. Presentation of Tl and T2 was
according to a random schedule in which each had an a priorl
probability of occurrence of .5.

During this phase of the experiment T, was always

: #
followed by the left key light, T2 was followed by the right
key light. (In Experiment 2, the above contingency was in
effect for a random half of the Subjects; for the othexr half
it was reversed.) Pecks to the appropriate key following &
T4 and T, were designated Ry a d R, respectively. Only an
Rl following a Ty, or an Ry following a Tz. were reinforced.
An Rl 8lven a T2’ or an R2 given a Tl’ had no effect.

Step five - brightness fading. At the termination
of the tone, i.e., Ty or Tz, both right and left key lights
were transilluminated. However, brightness on the incorrect

key was initially very dim. It was gradually increased to

full brightness over five sessions. This technique was adapted



24
following resuits obtained in the studies by Terrace (1966)
on tle formation of exrrorless discrimination.

Incorrect responses, il.e., R2 Tl or Rl Tz, now had
the effect of terminating the trial end preoducing the ITI.
Correct responses were reinforced as before.

After this step key light brightness no longer
functioned as a cue for the correct response and shaping was
completed. The only stimulus correlated with a reinforced
outcome was the auditory duration. A choice respohse was
now required in the terminal link.

Following this shaping procedure the animals were
presented with the following sequence of events during each

discrimination trial: (1) the trial began with the center

of the three response keys belng lighted and the'other two
dark; (2) a single peck on the center key turned it off

and turned on a 1000 Hz tone which stayed on for elther Tl
or T, seconds; (3) when the tone went off both of the two
slde response keys were lighted simultaneously; (4) a single
peck on either key turned the key lights off; (5) if the

enimal had pecked the R, key and the tone duration was Ti

(1 =1, 2) it received a food reinforcement followed by an

inter trial interval (ITI), otherwise only the ITI occurred.
The Bl and B2 response keys were always the left and

right keys, respectively, in this exberiment (although this

was varled in Experiment Two). Reinforcement was 3 seconds
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access to grain with the food hopper light on during that

- time. White noise was on continuously except during the tone

period. The ITI was 20 seconds during which the chamber was
1lluminated by a Yhouse light", If. the animal pecked the
key during the ITI it delayed the onset of the next trial
by 20 seconds.

The sequence of T values was determined in blocks
of 20 trials to approximate an independent trials Bernoulli

process with T, and T, occurring with equal probability on

;

each trial (both T values occurred equally often in each

block of 20 trials but in a randomly determined sequence).
Experimental sessions were given daily, with each

sesslon lasting until 90 reinforcements had been obtained.

Animals were kept at 80 percent normal (ad 1libidum feeding)

body weight. If an animal was overweight prior'to an experlie
mental session he was not run ﬁhat day, &and if he was unders
welight he was fed upon return to his cage.

Following the shaping process the aninals were given
several sessions in which they were required to discriminate
a Tl equal 2 second and ‘I‘2 equal 5 second pair of tone dura=
tions. They were then required to make a more difficult
discrimination by successively increasing the value of Tl
from 2 to 4 seconds in gradual stages while T, was fixed at

5 seconds. The number of sessions Spent at each particular

pair of T values is summarized in Table 1. Note that one
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Procedure for Experiment One.
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EXPERIMENT ONE

TABLE 1

PROCEDURE

00 N O O B W NN -

Shaping
T] = 2 Sec.
Transition to T] = 3 Sec.

T] = 3 Sec.

Fading

T] = 3 Sec.

Transition and Fading

T] = 4 Sec.

GROUP_1 GROUP 2
TOTAL NO. TOTAL NO.
SESSIONS  SESSIONS SESSIONS  SESSIONS
1-15 15 1-15 15
16 - 30 15 16 - 30 15
31 - 33 2 31 - 33 3
34 - 53 20 34 - 38 o
54 - 56 3
57 - 66 10
67 - 69 3 39 - 41 3
70 - 79 10 42 - 51 10
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group of anlmals, Group l, was run for 79 sesslons, while
another group, Group 2, was only run for 51. The basic.
difference betveen these two groups was the extended‘train-

ing of Group 1 with T. equal to 3 seconds (30 sesslons)

1
before moving to the Tl equal to 4 seconds condition, as
compared to the few sessions (5) with i ] equal to 3 seconds
for Group 2.

The periods of training idenvified as "fading" in
Table 1 involved "brightness fading“; that is, lighting only
the correct response key, or "temporal fading", that is, pro-
ducing giradual increments in Tlg These fading technlques
were used to facilitate ad justment to the shifts in T values
and were administered in random fashion to the birds in each
group. Since the two types of fading procedure produced

essentisglly equivalent behevior they will not be further

dealt with in this section.5

Results

Thé observed values of ﬁl and ﬁz for each animal
at each value of Tl {2, 3.and 4 sec) are presented graphic-
2lly in Flg. 1. Figure 1A presents these pairs of propor-

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

5 '
The reader is referred to Appendix A for further
details of this "fading" procedure.
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FIGURE 1

O ]

Estimates of pl and Py based on five sesslons with
T, equal to 5 seconds and T1 equal to: A, 2 sec.; B, 3

sec.; and C, L sec.
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performance defining a point (P2, D7) in a two-dimensional
coordinate system. Similer graphs of the data for the T1
equal 3 and Y4 second conditions are presented in Figures 1B
and 1¢, respectively., Each point represents the pooled data
from 5 sessions at each Tl value, which corresponds to more
than 450 trials for each data point. Data for the last 5
sessions are shown except for the Tl equal 3 sec,condition,
where data from the first 5 sessions of each group are shqwnc
It.is clear from simple visual inspection that the perfor-
mnance points were successively displaced away from the upper
left hand corner of the graph toward the line bl equal 52
as Tl was made meore similer to Tz, i.es, discrinination be-
came poorer. This successive drop in proportion of correct
responses was consistent for all 7 enimals and is thus statis-
tically significant, p< .01 (see Table 1 in Appeﬁdlx A)

Another representation 6f these data 1s presented
in Fig. 2 where ﬁl and ﬁz,based on consecutlive blocks of 5
sesslons for each animal, are plotted for the entire experi-
ment. The points where Tl was reduced are indicated by
vertical dashed lines. Again it is clear that the difference
between ﬁz and ﬁl was progressively diminished as Tl was
increased.:

1o some extent the convergence of these two functions
immediately after a chenge in Tl was temporary and further

sessions tended to improve performance, e.g., the data for
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T1 equal to 2 sec. and for Group 1,.'1‘1 equal to 3 sec.
When Tl was increased to its final value of U sec.
there was only a difference of 1 second between Tl and Tz.
A group difference appears in this part of Fig. 2, as well
as in Fig. 1C. Group 1 appeared to be discriminating better

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

64l for Group 1 and .562 for Group 2.

Discussion

The results in Fig. -1A, B and C suggest that the
pigeons behaved in a fashion similar to humens in analogous
psychophysical tasks. The shift in performance points toward
the positive diagonal in Fig. 1 is consistent with an experi-
mental manipulation decreasing the stimulus difference (mak-
ing discrimination more difficult) in a conventional signal
detection task., Furthermore, the substantial individuval
differences that existed among the birds within a group,
make the use of group Qata highly guestionable.

It.is of special interest to note that the blirds
were 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
of .5. For example, the overall mean ﬁc a? T1 equal to
L seconds and T2 equal to 5 seconds was «599. Some of the

birds were performing only slightly better than chance,
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FIGURE 2

Estimates of pl and Py in consecutive blocks of
five sessions throughout Experiment One for Group 1 and

Group 2.
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Experiment Two

On the basis of the results obtained in ExXperiment
One, & second experiment was conducted to further explore
-~ the characteristics of the duration discrimination task.
This experiment consisted of preliminary shaping of the
temporal discrimination followed by four phases: phase one
involved sheping and development of a partial discrimination;
phase two involved extended training with fixed T values to
determine whether the performance approximated a stationary
stochastic process; phase three involved altering the re-
inforcement schedules (introducing a partial reinforcement
schedule for some birds); and finally, phase four involved

several sesslions of extinction training.

Apparatus

The apparatus was the, K same as that employed in
Experiment One except that two chambers and their assocliated

control equipment were employed.

Subjects .

The subjects were 16 males, white Carneawpigeons,
experimentally naive, ranging from 5 to 9 years of age at

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

33
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to 496 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 randomly from‘trial to triel between
the range of 10 to 20 seconds and wés reset to 15 seconds
whenever a response was made before it had elapsed. The

birds were malnteined at 80 per cent ad libldum welght through-

out the experiment. All food was obtained in daily experi-
mental sessions durlng 5 days 6f the week, providing body
welght was 80 per cent i/éigms ad 1ib feeding weight. Sub=-
Jects were fed in theilr home cages during the weekends.,
Preliminary shaping. The sane shaping procedure em-
ployed in Experiment One was again utilized to develop the
original temporal discrimination. The five steps of shaping
weré in effect for the following periods: step one, 90
reinforcements after the first peck; step two, 45 reinforce-
ments; step 4, 90 reinforcements; step 5, five sessions.

Phase one. During this phase the difference between

T1 and T2 was gradually reduced to a level where the animals

6

An auvto shaping procedure was used for some of the
subjects in Experiment 2 during step 1 of shaping. See
Appendix B for detalls.
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would maintain a steady partialidiSCTimination with about
65 per cent correct responses. The results of Experiment
One indicated that this type of performance could be expected
if Ty was i seconds and T, was 5 seconds. Accordingly, dur-
’1ng Phase 1 of this experiment T2 was fixed at 5 seconds
while Tl was successively increased from an initlial value of
1 second to a final value of 4 seconds. While each animal
went through precisely the same sequence of Tl values, the
nunber of sessions it spent at each‘value depended on how
quickly discrimination stabilized followlng each change.
This was determined subjectively by visuval inspection of the
bird!s performance. The object of this procedure was to give
the birds some opportunity to adjust to each new value of
Tl before further increasing the difficulty of the discrimi-
nation. The sequence of Tl values for all birds was as
follows: 1, 2, 2.5, 3, 3.25, 3.5 and 4 seconds. The spe-
cific nunber of sessions at each value for each animal begin-
ning at Tl equal to 2 sec. is indicated in Filgure 3. After
T1 had assumed its final value of 4 sec. for 10 to 12 sessions
the reinforcement was decreased to 2 seconds access to grain
to prevent the weight gain which had begun to occur with 90
daily 3 second reinforcements.

Phase two. Sessions with T4 equal to L sec. and with

reinforcement equal to 2 sec. continued until behavior satlse=

fied a criterion of stochastic stationarity. This was assessed
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for each bird By g Chi-Square test for stationarity over the
last 12 sessions (Suppes and Atkinson, 1960, p.56). Under
the null hypothesis, P(R,|T;) for the first 6 sessions is
assumed not to differ from P(Ry|Ty) for fhe last 6 sessions;
thus, the best predicted value of these probabilities is
taken to be the mean P(Rlei) over all 12 sessions. A x2
with P>.01l was defined as indicating no difference and was
considered to indicate stationarity between the first and
last half. Since Vstationarity" was behavior-depehdent the
number of sessions each subject was given duriﬂg this phese
varied, vanging between 18 and 41 sessions.

Phase three. In thlis phase the probability of rein-
forcement was altered. It will be convenient to designate
the probability of reinforcement for correct response RiiTi
as 7,y where 1 can take two values, elther 1 or 2. The prob-
ability of feinforcement for an incorrect response was always
Zero. _

The 16 birds were randomly divided into four groups

of four birds each, with the following values of ni:

Group 1 Ty ' T
1 o7 o7
A 7 1.0
3 1.0 o7
1 1.0 1.0

Binomial sequences in which 7 was .7 determined the presenta-
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tion schedule of reinforcement.

Note that the condition in Group 4 constituted no
change from the prevailing condition in phase 2. For Group
1, the probability 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, however, “1 was
asymmetrically distributed over response outcomes.

The birds were glven a minimum of 24 sessions; eaddi-
tional sessions were presented until response frequencles
over the final 12 sessions satisfied the stationarity cri-
terion used for phase 2. The number of sessions requlred
for stationarity varied from 24 to 44.

Phase four. After achleving stationarity in phase
3, subjects were glven 5 one-hour extinction sessions on

consecutive days.

Results
Figure 3 shows the estimates p1 and p2 for single
sessions throughout Experiment 'I‘wo.7 Solid vertical lines

demarcate the separate phases and dotted vertical lines

’

These estimates of Py and p, are given in Appendix
C along with estimates of pe &nd py.
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indicate the point at which T1 increased for each bird.

The results are discussed separately for each phase
of the experiment. Unless . indicated all ~other statistics
reported for phases 2 and 3 were obtalned by pooling all
trials of the final 12 sessions of each phase.

Phase one. The major feature of the phase one data
in Fig. 3 is obvious by inspection: the accuracy of discrin-
1@ation gradually diminished as Tl was increased, with some
evidence of improvement with practice following each change.
Further comments on these data will be made later in the
discussion section.

Phase two. After the stationarity criterion had been
met, with Tl equal to U sec. and Tz equal to 5 sec. the
probability estimates, pl, Pos pC end pL, were derived for
each bird.8 A general picture of the wide range in perform-
ance that was observed in this samnple of birds can be obtained
from Figure 4 which shows bl and 52 of each of the birds in
an ROC graph. The mean ﬁc over all birds was .659 and the
mean ﬁL was +.519, however, in view of the clear individusl
differences these means should be interpreted with caution.

Phase two: sequential analysis. A particular

interest of the present experiment was to obtain detailed

8
R JMeans for the final 12 sessions of phase 2 are shown
for Pys Ppo pC and Py, in Appendix D.
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Figure 3

Estimates of p1 and p2 for single sessions through-

out Experiment Two.
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FIGURE 4

ROC graph showing estimates of pl and Py for all
16 birds in phase 2.
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information of trial-by-trial changes in performance. One
way of evaluating such fluctuations in performance as may
occur is to derive estimates of the two probabilities:

T E ) {1d)

R
2l Tan Bym-1 Tan-i B
and

1,n RJ.n-l Ti,n-l Ek,n-l) (12)

P(R

P(R T
( 2.n|

where R designates the response variable, T the stimulus
variable and E the reinforcement variable, as previously
defined, for i, j equal to 1l 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(Rlez Ry T, E,) (13)

~ 9
P(BZ|T1 Rj % E,) - (14)

Equations 13 and 14 indicate, respectively: the proportion

po on trial n given that response R,, stinmulus Ti' and re-

J
inforcement event Ek occurred on trial n-1; and the propor-
tion p, on trial n given that response Bj. stimulus Ti and

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

phase 2 there were 4 possible Ti R‘1 Ek sequences on trial

Note that in eq. 13 and 14 trigl subscripts are
omitted, since the temporal sequence observed in this papexr
will always follow that indicated in eq. 11 and 12.
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n-1l. Thus there were four paifs of conditional Py and pl
values. These 1lst order conditional probabilities are
plotted in Figure 5. Figure 54 gives a general idea of how
points are ordered in the total performance space. Fig.
‘55 gives a much enlarged view of a subreglon of the perfofm-
ance space to indicate how the performances were arrayed,
elthough the reader should be careful to notice that the
scale range is not the same for all graphs in Figure 5B.1O
In general the open triangle appears to be upper rightmost
of the points in Fig. 5B. No clear indication of other
sequéntial dependencies emerges in consistent fashion for
all birds. An order test (Suppes and Atkinson) was carried
out over all response frequencies for individuvual birds and
was significant (p <.0l) for six of the birds, those marked
with an asterisk; the pooled Chi-square was also significant
(p< .01). The mean associative Strength.as indicated by the
¢ coefficient was .078 (Hays, 1963).%1 Thus, there is an
_indication of a statistically significant, but very weak,
relationship between the events on one trial and performance

on the next trial.

10
These lst order conditional probability estimates
are presented numerically in Appendix E.

11

The Chi-Square values are given in Appendix F,
along with the ¢ coefficients.
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FIGURE 5

First-order conditional probabilities. A shows
the general position of the points in a separate BROC graph .
for each bird; B shows a more detailed view of a subregion
of each graph; C presents averages of the conditional

probabilities over all birds.
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Finally, in Figure 5C is shown the averege of all
the individual 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
individual 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 Rz.

It is of interest to consider to what extent the
response tendency on trial n 1s conditioned on the stimulus
of the preceding trial, which may be evaluated by suppress-
ing the 1response and reinforcement outcomes on the previous
trial. There are two possible stimulus events on trial n-1
(Tl and Tz). In Table 2 the conditional proportions

P(Rz’n Tl,n-l) and P(R2 1) are glven for each bird.

N Tz.n—
There do not appear to be first-order effects that were con-
sistent across all birds.

Similarly, by suppressing stimulus and reinforcement
information one may derive estimates of conditional probabil-
ities P(B2|R1) and P(Rlez). These are also shown in Table 2.
For thirteen of the 16 birds ﬁ(R2 Rl) <§(R2|R2). In a sign=-
test on the data of Figure 7, p equals .022. Probability

estimates of Rz " conditional on the Ek event on trial n-1
1}

were also derived and are presented in Table 2. Eleven of
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TABLE 2

First-order conditional probability estimates,
P(RZlTi)' P(Ry|Ry), P(RZIEk)’ and P(Cy|Cp), for each bird

in phase 2.



BIRD P(R2|T2) P(RZIT]) P(RZIRZ) P(RZlR])
1s .413 .395 427 .388
. B 275 273 .320 257
3. .431 .486 .45] .465
4. .867 .878 .898 .697
5. .594 .641 .626 .604
6. .491 .423 515 .433
7. .487 L446 470 .463
8. .733 s DL .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
Overall x .513 524 =539 .482
BIRD P(R2[E]) P(R2|E2). P(RZIEO) P(CIC]) P(C]CO)
s .381 417 .425 747 .763
2. .261 313 .267 .633 .620
13, .469 .525 .498 .790 .823
4, 14 .892 .878 .513 .521
5. .636 .609 .616 .585 .563
6. 419 .508 .492 .676 .649
1. .438 .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 A 37 .702
13, .257 .250 .284 .646 .662
14. 021 521 .686 .691 .706
15. A71 .484 .502 773 737
16. .701 .819 .811 .55) .551
Overall x .484 .523 .538 .662 .654
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the sixteen birds showed a tendency for ﬁ(R2|El)<§(R2|E2).
There appeared to be an effect of non-reinforcement 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, following a correct and
following an incorrect response on the preceding trial.
This can be denoted as ﬁ(Cllcm), where m equals 1 or O.
M equals 1 represents a correct response and m equal to 0
denotes an incorrect response. There were no statistically
significant differences observable between these conditional
probabilities presented in Teble 2. The means over all birds
for P(Cllcl) and P(Cllco) were .662 and 654 respectively.lz
In addition to the events of the directly preceding
trial, events over a longer series of previous trials might
influence the performance in this type of discrimination
situation. There are a large number of wayslto characterize
events over a 1ong.series of trials. We shall only consider
homogeneous runs of stimuli and responses on the m trials
preceding trial n, where m could equal 1, 2, 3, 4 or 5.

Specifically, estimates of the following conditional pro-

12
These conditional probability estimates, P(R
P(B2|Rj), P(RB, [Ey) and P(Cllcm). are given in Appendix
G, along with the number of trials, N, on which each estimate
is based.

2 Ti)'
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babilities were obtained:

P(Rz.ani,n T1,n--1 T2,n—2)

P(B, nlT 1 T 5

i,n Tlon“' 1,n-2 2,1’1-3)

P(Rz’nIT T geeeT T )

i,n "1l,n- l,n-m “2,n-m+l
and

Ty ne2)

2 T

.P(Rz'nl Ti'n Tz’n_l

P(Bynl Tin T2,n-1 T2,n-2 Ti,n-3)

2,n ITi.n-l...Tz,n-m Tl,n-m+l)

for i =1, 2andnmn=1, 2, 3, 4 and 5.

P(R

For obvious reasons these are referred to in the
present discussion as "higher order" conditional probabilities.
In Figure 6 these conditional probabilities are

plotted as a function of the preceding stimulus run, up to

run lengths of 5.1° Observation of these probsbilities does
not reveal any consistent sequentizl 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,
L, 5, 6, 7, 8, 14 and 16. The effect, if any, was small
however. Furthermore, since the number observations for the

longer stimulus runs was small, the probability estimates

13
Numerical values of the "higher-order" segquential
probablilities conditional on stimulus runs sre given in
Appendix H, along with the number of trials, N, on which
each estimate is based.



FIGURE 6

Higher-order conditional probabilities as a

function of the preceding stimulus run,

birds in phase 2.

for individual
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for these points are not reliable.
Finally, "higher-ordexr" probability estimates con-

ditional on preceding response runs were calculated; 1i.e.,

the following probabilities were estimated:

P(R) 0 '52,n-1 By s

eeo R )

P(RZ.nIRZ,n-l 2,n-m R1,n-m+1

and

P(Rz,n|§1,n_1 B2.n-2)
®

P( )

R ..R R
2,nl 1,n-1 1,n-m 2, n=m+1

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

These are shown graphically in Figure 7.14 For several
birds the plots have a positive slope, indicating the condi-
tional P(Rz) decreases with preceding runs of B, and increases

1

with preceding runs of R ¢6.Ts; Pirdse 2, &, 6, B, 11, 13, 14,

o}
15, 16. For no bird is a reverse slope indicated. Thus there
does appear to be a sequential effect as a function of res-
ponse run length for some of the birds.

Phase two: response time analysis. In many discrim-

ination tasks the response time is a feature of the behavior

14
Numerical values of the Yhigher-order" sequential
probabllities conditional on response runs are provided in
Appendix I, along with the number of trials, N, on which
each estimate is based. .
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FIGURE 7

Higher-order conditional probabilities as a function

of the preceding response run, for individual birds in phase

2.
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that may bear an importent relation to the performance. In
this experiment the period elapsing from the offset of the
stimulus to the point when the first response on a side-key
occurred is the response time (RT). Response times were
collected into .2 sec. categories and are plotted for each
bird in normalized distributions in Figure 8. The figure
provides a picture of the variabllity between subjects in
making this type of choice response, i.e., some distribu-
tions are bimodel while others are unimodal; some display
great varlability, others very little. In general, however,
the modal response time for most birds was no greater than
1 second.

In Table 3 the mean response times for each bird con-
ditional on the stimulus and response, and on correct and
incorrect trials as well, are given. The mean RT for all
birds was 1.20 sec. with a range of .67 to 2.05., There was
no significant difference in the RT's for correct and in-
correct responses, which were 1.20 and 1.2) respectively.

There does, however, appear to be a response-depen=
dent difference in RT. For 10 of the 16 birds mean RT was
lower on both types of R, trials than on R, trials. Overall

1

means were l.40, 1.40, 1.21 and 1.15 for RlTl. Rsz, Ble

and Rsz trials respectively.

Thus there appears to be little 1nformation concerning



FIGURE 8

Frequency distributions of response times in

phase 2 for individual birds.
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Response times:

TABLE

A, phase 2,

B, phase 3.
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BIRD M1y

1 .76

2 .87

3 .93

4 2.85

% 1.35

5. 1.39

6 1.41

7 1.11

. 8 1.61

x 1.38

9 .71

10 3.51

11 1.08

12 .57

x 1.47

13 1.39

14 1.00

15 1.58

16 1.53

x 1.38
OVERALL

X 1.40

——

TABLE 3

MEAN RESPONSE TIME IN PHASE 2

RoTH

.84
.85
.92
.51

.28

w39
<96
<1}
.47

.47

.40

R, T

21

1

.76
.60
.81
.0

«29

«39
.43
67
.64

.16
99
.08
.81
.24
.28
<o
.64
wld
ool

« 12

21

R,T

212 CORRECT  INCORRECT ALL TRIALS
1.65  1.15 1.14 1.5
51 76 80 77
67 81 83 82
1.9] 2.04 2.06 2.05
.19 1.19 1.22 1.20
.89 1.08 1.12 1.10
1.34  1.38 1.34 1.37
.69 91 91 91
1.51 1.54 1.56 1.55
1.1 1.23 1.23 1.23
.83 76 .76 .76
1,00 1.87 1.35 1.71
81 1.0] 1.00 1.00
1,00 1.27 1.54 1.35
16 1.23 1.16 1.21
1.71 1.50 1.36 1.45
62 80 77 79
1.83  1.70 1.96 1.76
36 61 73 67
113 1.15 1.21 1.17
1.5 1.20 1.21 1.20



TABLE 3

MEAN RESPONSE TIME IN PHASE 3

0 My Ry T
1 .96 .94
2 89 83
3 111 1.07

1 266 2.5]
X 1.1 1.34
5 1.55  1.57
6 2.06  2.12
7 110 1.01
8 277 2.77
X 1.87  1.48
9 1.05 .92
10 1.65  1.85
1 147 1.29
12 68 67
X 1.21 1.18
13 1.37  1.33
14 103 1.02
15 1,34 1.55
16 1,68 1.6]
X 1.3  1.38
OVERALL
X 1.46 1.3

RT4

1.19
72
.95

2.04

1.92
.89

RoTo  CORRECT  INCORRECT ~ ALL TRIALS
23 1.07 .99 1.05
.59 75 .78 .76
.83 1.00 1.03 1.01
23 2.24 2.05 2.14
22 1.27 1.21 1.24
4 1.28 1.33 1.30
48 2.3 2.42 2.36
.69 .84 .81 .83
.05  2.28 2.39 2.32
59 1.68 1.74 1.70
.72 .93 .90 .92
9 1.44 1.62 1.48
79 1.24 1.19 1.22
02 1.33 1.21 1.30
8 1.24 1.23 1.23
.99 1.58 1.44 1.53
.85 .93 .94 .93
.06 2.0 1.95 2.06
43 .82 .80 .81
58 1.36 1.28 1.33
39 1.39 1.37 1.38
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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 some birds. ‘

Phase two: quartiles of a session. In order to
énalyze the way in which discrimination might change during
.the course of a session, each of the final 12 sesslons was

divided into quartiles and estimates of Pys P,e Pg and Py,

2
were obtained for each quartile.t® The probability estimates
Py and p2 changed in a variety of wa&s for different birds

as the session progressed, but there did not appear to be a
éharacteristic trend for all birds. Probability of a correct
response (pc) seemed to be relatively fixed throughout the
sesslon for most birds. There were no apparent changes in
Py, during the course of a session.

Phase three. The data from the final 12 sessions of
phase 3 were used to evaluate the effect that reduction of
the probability of reinforcement had in this type of discrim-
lnation situation. The probabilities ﬁl and ﬁz are plotted
in 4 ROC graphs in Figure 9, A, B, ¢, and D, for Groups 1,

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

variable. Open symbols represent performance over the final

12 sessions of phase 2 and closed symbols the final 12

1 .
5These probability estimates for successive quartiles

of a session, based on 12 sessiong for each bird, are given

in Appendix J.


http:quartile.15
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FIGURE 9

ROC graphs showing ﬁl and bz for individual birds
in phase 2 and phase 3. A, Group 1; B, Group 2; C,

Group 3; D, Group K.
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sessions of phase 3. The probabilities p. end @L for phases

C
6

2 and 3 are provided in Table 4.1

For Group 4, Fig. 9D, phase 3 consisted of a minimum
(of 2L sessions after attainment of the stationarity criterion
in phase 2, during which there were no changeg in the experi=-

- mental contingencies. Consequently, Group 4 can be viewed
as providing an indication of the way in which performance
was modified as a result of extended exposure tb this type
of task. Birds 13 and 14 changed very little. Bird 15
'appeared to develop a2 slightly lower Rl response tendency,
eand bird 16 improved in discrimination as well as shifted in
response tendency.

For Group 1 birds, Fig. 9A, both & and "2 were
decreased to .7. For two birds an improvement in discrim-
ination seemed apparent, c.f., nos. 2 and 3. For another bird,.
bird no. 1, however, discrimination remained about the sane,
although P1, decreased, c.f., Table 4; while for the final
bird, bird no. 4, discrimination, which was already weak, be-
came weakef, and pL increased. Apparently the decrement in
probability of reinforcement altered performance of the birds

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

For Group 2, ™. P(E1|R1Tl) was reduced to .7, and

16 '
Numerical values of the probability estimates plD

and po, along with pgc end py, for phase 3 are in Appendix



57

TABLE L

Estimates of Pa and Py, for each bird in phase 2 and

phase 3.



Table 4

GROUP BIRD Pe P,
PHASE 2 PHASE 3 PHASE 2 PHASE 3

1 1. .750 747 411 .360
g, .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 .598 .575 .674

3 9. .758 .727 .387 .312
' 10. .689 .775 .740 .438
11. .605 .641 .237 .302

12, .729 .733 .535 .480

X .695 .719 .475 .383

4 15 .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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Ty remained at 1.0. The effect of this, as can be seen in
Fig. 9, was to increase Py and P, for all birds except bird
8. Results for Group 3, in which 1%, P(E2 RZTZ)’ was reduced
to .7 while Ty remained at 1.0, are shown in Fig. 9¢. The
estimates for P1 and P, decreased for all birds other than
bird 11l.

A Chi=Square test for homogeneity between phases 2
and 3 was significant for all birds except two of the birds
in Group 4, nos. 13 and 14. The Phi-coefficient was lowest
for group 4 (.07). For groups 1, 2 and 3 it was .184, J40
and .189, respectively.l?

The mean p, over all birds, 663, did not represent
an increase beyond 1 of its value .in phase 2, i.e., .659;
and changes in pc for individval birds were not systematic.
When p; is compared for phases 2 and 3, it appears that the

probability of an R, increased for group 2 birds, with the

2
exception of bird 8, was decreased for group 3 birds, with
the exception of bird 11, and was not systematically altered
for the other two groups.

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

conditional probabilities for phase 3 shows the same sequen-

tial dependency noted for phase 2, i.e., a higher P(RZIT1 n)
4

1
7Chi-8quares and ¢ coefficients are provided in
Appendix K,
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following an Ble on trial n-1, for some of the birds.
Reduction of the conditional probability of reinforcement
did not appear to have produced a consistent sequential
effect within a given group.18 An order test performed on
the data of individual birds was significant for only 3
birds (p <.01l), nos. 6, 11 and 16. The index of associa-
tion was not markedly changed for individval birds, from
.078 in phase 2 to .064 in phase 3.19

The sequential effect of the preceding response
_thaf was evidenced in phase 2 was maintained in phase 3,
T P(Rz,n|82,n_1)>P(R2’n|Rl’n_l) for 15 of the 16 birds
(p<.001, sign test). There was no apparent interaction of
the reinforcement contingencies in groups 1, 2 and 3 with
this response contingent effect. Group means and overall
means for both phases also reflected the sequential depen-
dency.

2:n
or preceding reinforcement events failed to yield any apoparent

Analysis of P(R ) conditional on preceding stimulus

consistent dependencles within or across groups. Nor did

conditional probability of a correct response appear to be

18
Numnerical values of “first-order" conditional

probabilities in phase 3 are given in Appendix E.

19
Order Test Results and ¢ coefficients for phase 3
are in Appendix F.
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2
correlated with correctness of the previous trial. .

Analysis of P(Rz,n) conditional on response run
length in phase 3 revealed that the tendency for P(Rz) to
decrease with Hl run length was a feature of the performance
of some of the birds in phase 3 as in phase 2.21

Phase three: response time analysis. Besponse time
histograms in phase 3 were similar in almost all regards to
those shown in Figure 8, except for shifts to the right of
the modes for some birds. Means in Table 3 show an increase
in overall RT from 1.20 to 1.38 sec. There is not a marked
difference in RT for correct and incorrect responses. The
difference in the overall mean RT between Rl and Rz responses
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
extinetion, i.e., Ty was reduced to 0 for 1 equal to 1, 2,
was evaluated over 5 consecutive daily sessions of 1 hour
each. Since all trials were response-initiated in this ex-

periment, statistics based on the number of trials also

provide information about this trial-initiating response.

zoNumerical values of these "first-order" condition-
al probabilities are given in Appendix G.

21
Numerical values of the "higher-order" sequential
probebllities conditional on response runs for phase 3 are

provided in Appendix I.
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Analysis of extinction results showed the mean
number of trials for Groups 1, 2, 3 and 4 were 340, ULk,
333, and 337, respectively. Variability among birds within
groups was high and there was considerable overlap between
groups in number of trials emitted.zz In Figure 10 the
nunber of trials for each of the 5 extinction days is shown
graphically for each bird. For most birds the number of
trials drops off rapidly after the first day of'exposure to
extinction, however, for birds 2, 3,‘5; 6 and 7 there is
not a noticeable reduction in number of trials until day 3
of extinction.

Plots of ﬁl e 52 for successife days of extinction
are shown in Fig. 1l. A group difference does not emerge
and neither does there appear to be a systematic trend among
the birds. For soume birdé, €.8ey 5 and 15, the discrimina-
tion appears to weaken first, followed by shifts in bias;
for others, e.g., 11 and 16, " rge bias shifts occur first
and then discrimination deteriorates. There is also some
suggestion.of discrimination reversal occurring for partic-
cular birds, e.g., 6 and 14. However, the points toward
the end of extinction are based on a very small nuaber of

trials.

22 ;
Extinetion results are presented in Appendix
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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 Py and P, for successive days in

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

decrease in the number of trials, occurred during extinction.

Discussion

Phase one. In Figure 3 it appears that for most
birds the increments in Tl occurred graduslly enough so
that the discrimination was not seriously disturbed until
the final increment to 4 sec., which, for many Eirds, dec—
reased 52 and increased bl‘ Where discrimination was
‘weakened by an increment in Tl there was not always an
immediately discernable effect, c¢c.f., birds 7, 11, 13 and
16 at the 4 sec. increment.

Ocoasionélly an apparent response fixation developed
during phase 1, c.f., 3 and 6, but this was followed by
subsequent improvement of the discerimination. Thus the
presence of a strong fixation did not necessarily preclude
subsequent dgvelopment of good discriminative behavior.
Fixations developed early in phase 1 seemed typically to be

toward R the short stimulus response.

10
It will be recalled that after the & sec. increment
in Tl had been in effect for several sessions, reinforcement
duration was reduced from 3 to 2 sec. for the remainder of
the experiment. This decrease in the amount of reinforce-

ment might have been expected to alter the performance in

some fashion. With the exception, perhsps, of bird no. 5,
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there is no strong evidence that this happened.

Phase two. The only clear sequential effect found
in the results of this experiment was a tendency on the
part of some birds t& repeat responses. Response depen-
dencies of this type have been observed elsewhere in studies
of & psychophysical nature with humans (Verplanck, Collier
and Cotton, 1952; Verplanck and Collier, 1958; Kinchla,
1966) . |

On the whole the data are surprisingly similar to
an independent-trials process and are not consistent with
those detection models which predict specific sequential
effects. For example, a varliable-sensitivity model, in
which both bias and sensitivity may vary from trial to trial
(Atkinson, 1963), can be rejected, since in the present ex-
periment there was no evidence that ﬁ(cl,nlcl,n-l) and
ﬁ(cl,n|CO,n-1) Were unequal. The variable sensitivity model
predicts a sequential dependency between Pg end the correct-
ness of thé previous trial. UNote that a sequential effect
of this sort has considerable intuitive appeal since it
could be argued that an animal's efficiency or accuracy
might slowly vary during a session; if so, his accuracy on
one trial would be related to his accuracy on the subsequent
trial. However, no empirical support for thié argument was
obtained.

Stimulus dependent sequential properties have been
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found in human performance in psychophysical tasks by
Tanner, Haller and Atkinson, 1967; Kinchla, 1966; Par-
ducei and Sendusky, 1965; Kinchla, 1964; Triesman, 1963;
Atkinson, Carterette and Kinchla, 1962. The study by
Triesman is particularly interesting since it dealtwith a
related temporal problem, time estimation in humans.
Sequential analysis revealed shifts in bias as a function
of runs of similar stimuli. The results were interpreted
as conslistent with a model derived from Adaptation Theory.
A learning model was 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, elther
in terms of bias or sencitivity shifts, so that such models
would seen inappropriate for this duration discrimination
situation.

Learning models that predict bias shifts dependent
on prior reinforcement are difficult to compare with the
present sitvation, since they deal with non-response-con-
tingent reinforcement events, and the present experiment
used response-contingent reinforcement. This latter fact
is relevant in evaluating the observed response dependencies.
In phase 2 the probability of reinforcement, given a correct
response, was always equal to one, thus it is difficult to
separate the effect of a response on n-=1l from a reinforcing

event on n-1 for this phase. In phase 3, however, the effect
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of.a reinforcenent could be evaluated separately from
the effect of a response on the preceding trial, since
P(Ei.n—l |T1R1)<1 for 1 equal to 1 (Group 2, 2 (Group 3)
or both (Group l). The results did not seem to show a uni-
form difference between P(R2| R,T,E,) end P(RleszEo) or
P(leRlTIEl) end P(szRlTlEo) for the birds in these groups
. a8 can be seen in Fig. 16. Thus the response-response Cor-
relations observed in phase 2 do not appear to be simply a
reinforcement effect,

This result is partioulariy interesting in regaxrd
to the role of individual reinforcements. They do not seem
to elter the probability of response in the way some learn-
ing models would suggest, e.g. an Estes type of stimulus
sanpling procecse in which each reinforcement increases the
probability of a particular response.

Stereotyped, overt activity has been noted by nany
investigators in studles requiring the discrimination of
tenmporal intervals (Laties et al., 1965; Malott and Cumming,
1964; Nevin and Berryman, 1963; Segal and Hollaway, 1963;
Hodos, Ross end Brady, 1962; Wilson and Keller, 1953).
Similar types of overt activity were observed in this dis-
crimination situvation during the period that the tone was
on. Visual monitoring of the birds revealed that for some
birds this esctivity could be differentiated into Tl and T2
segments but not_for all birds. Différentiation of the
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behavior while the tone was on did not appear to be cor-

- related with the accuracy of discrimination. For instance,
birds 1 and 15 each had Pu *,75, but only for bird 15 were
differentiable components of the behavior observable.

Response times were often influenced by the behavior
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 houselight, pecking the area around the key, etec.
However, bird 16 had an extremely low R2 latency which was
correlated with e regular pattern of pecking key 2 at a high
rate while the Tone was on. Thus it would seem that response
times in this experiment must be considered to be a function
of other factors in addition to the simple motor response
time and the decislon time.

Phase three. The graphs of ﬁl and 52 in Figure 3
provide an interesting view of how the reduction in rein-
forcement ﬁanifested itself from session to sesslion. 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 10 in Group 3 adopted very strong fixations toward
the response which had the higher reinforcement probability.
These were later modified and discrimination improved, al-

though the response tendencies never returned to the earlier
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value. Whereas for bird 7 the alteration occurred gradually
with ﬁl and P, shifting slowly upwards over a number of
sessions. Thus i1t is difficult to characterize in a
general fashion the way in which behavior changed prior to
asymptotic performance.

A significant difference between phase 2 and phase

3 was found for all birds except nos. 13 and 14. According
to TSD changing the Y“pay-off!" structure should affect the

response criterion but not the sensitivity. For Group 2
the criterion should shift to a lower value, increasing ﬁl
and ﬁz; for Group 3 the criterion should shift to a higher
valve, and ﬁl and ﬁé should decrease. Decreasing the pay-
off equally for both stimuli as in Group 1l is not predicted
to have any effect on criterion or sensitivity. To help
evaluate the extent to which the data conform to the pre-
dictions from TSD, 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 .01l for phase 3.

The change in performance is in the predicted direc-
tion for Groups 2 and 3 with 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 ecach
of these birds had adopted a criterion in the direction of

the predicted change before 1y was reduced. The data do
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FIGURE 12

Gaussian-scaled ROC graphs showling bl and ﬁz in
phase 2 and phase 3. A, Group l; B Group 2; C, Group 3;

D, Group L.
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o !
not allow satisfactory tests to be made for linearity of
the functions since there are only two points per curve.

The systematic shifts shovm 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 well as in sensitivity, c.f., bird no. 3,
there did not appear to be uniform changes for éll birds.
Similar statements can be made for Group 4. |

The theoretical measure, 4t, ﬁas derived for these
data.23 The mean value of d!' over all birds was .223 in
phase 2, and .934 in phase 3. Shifts in d' did not appear
correlated with reinforcement probability. HMHean values of
d' in phases 2 and 3 respectively, for Group 1 were .995
and .85; for Group 2 were .57 and .55; for Group 3 were
1.19 and 1.29; and for Group 4 were .935 and 1.02. That
is, in Groups 1 and 2 d!' was decremented, for Groups 3 and
b it 1ncreﬁented. It appears from these results that in
this type of experimental situvation partial reinforcement
does not affect accuracy of the performance as compared

2k

to continuous reinforcement.

23
Estimates of theoretical measures 4' as well as
estimates of =« and B are in Appendix M.

2l .
If the reader prefers a non-theoretical measure
to evaluate this issue he may refer to estimates of P(correct)
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- The éignal detection model.-whioh assunes an undere
lying continucus distribution of sensory states may be cone-
trasted with a model which proposes discrete sensory states.
For purpose of comparison a discrete-state detectlion model
‘that has been appllied in a psychophysical tasgk with suditory
stimuli (Atkinson and Kinchla, 1965) will be discussed. Both
the discrete~state and signal-detection model assume that
two preccesses are involved, & sensory, or activation process,
band a decision process. In the discrete-state model, as in
the slgnal detection model, the sensory process 1s consider-
ed to be fixed over trials, while the declslon process may
be varied by changing such parameters as g:ggiggi probabllity
of the stimulus or the outcome structure.

The model proposed by Atkinson and Kinchla the
continuous sensory variable can be considered es being
divlided into three discrete states: the state in which
the observer is certain an S1 oceurred, in which case an Rl
occurs with probability 1l; the state in which an observer
is certain -an S2 occurred, and an R2 occurs with probab-
1lity 1, and a third state in which the observer is un=
certain as to which stimull occurred and mekes an R2 with
probability 8., The model has two parameters: the sen=-
sitivity parameter 3, the probability that the observer will

glven in Appendix E, which parallel findings with the
theoretical measure 4'. )
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detect an Si (for purposes of this discussion the simpli-
fying assunption that % is equal to “5 will be made); and
the bias parameter, 8. (The reader is referred to Atkinson
and Kinchla, 1965, for a more detailed discussion.)

If « is fixed and B is systematically varied, the
conditional probabilities ﬁl and ﬁz should describe a linear
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 Ti' for Si)

]

py = B(R,IT)) = (1 - <)

A~

P, P(Ry[T)) = « 4+ (L -«) p =Py + «

il

Thus, on the coordinates of Figure 14, data points
 for phases 2 and 3 would be predicted to lie on a straight
1ine with aAslope equal to one. Reducing "1 should increase
B and shift the probabilities toward the right; reducing

e
has been noted to have occurred for several birds in groups

T, should decrecase B and data points should move left. This

2 and 3 respectively.

In Appendix M estimates of the theoretical parameters

« and B are given, where

B = p
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Here mean estimates indicate the sensitivity parameter, “',
varied between i 046 from phase 2 to phase 3 for different
groups. Changes in B from phase 2 to phase 3 were within
. this range for groups 1 and 4 but were larger for groups
2 and 3, -.135 and .168 respectively. In other words, there
does appear to be a correlation between the magnitude and
direction of changes in é and experimental altsrations of
‘!Tio
In as much as the experiment ﬁas not explicitly
designed to test between the predictions of these two theories
the foregoing theoretical discussion should be conslidered only
suggestive. However, one further point mayrbe nade regarding
the evaluation of these two models. An alternate form of
the discrete state model which is considered here includes
& learning process by which B is modified. This form of the
model predicts sequential effects dependént on preceding
stimuli. As we have seen, the behavior in this situation
appears to be independent of the preceding stimuli for most
of the bir&s. Thus the sequential analysis of this data
does not support the form of the Atkinson and Kinchla model
which represents a trial-by-trial learning process, and the
consequent sequential effects.
Phase four. That partial reinforcement produces
greater resistance to extinction thaﬁ continuous reinforce-

ment in some situations is a well-known effect (Kimble, 1961,
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Ch. 10). Extrapolation of this effect to the present

sitvation might lead to the prediction that the number of
trials in extinction would be ordered as follows:

Group 1 > Group 4%, with CGroups 2 and 3 at intermediate levels.
The data did not conform to this prédiction. Total mean
nunber of trials for Group 1 was 340 and for Group U was

337. A Monn-Whitney U Test (Siegel, 1956) between the two
groups was not significant.

Group 2 birds had the highest mean numbervof trials
over the five days of extinction, and for three of the four
birds in Group 2 there was & slower decrement in number of
dally trials during the course of extinction. However, con-
siderable overiap between groups was noted. In conclusion,
the performance during extinction did not appear to be re-
lated to the partial reinforcement schedules that obtained
in phase 3_1n any clear way.

Other investigators (Blough, 1966, Jenkins &.Harrison,
1960) have fpund evidence that discrimination improved in ex-
tinctlion, as revealed by a sharpening of stimulus generaliza-
tion curves. However, no general trend toward improved discrine
ination in extinction was found in this experiment, c¢.f.,
Fig. 11l.

Pooled data. For Group & subjects the data for the
last 12 sessions of phase 2 and the first and last 12

sessions of phase 3 were pooled. "First® and "higher-ordex"
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conditional probability estimaées could then be obtained
over a larger number of trials, i.e. total n was over 4000.
In general, they tended to provide additional support of an
independent trials view of the discrimination process except
’for response conditional seﬁuential effects.25

Stationarity. The Chi-Square Test employed to
evaluate stationarity over the final 12 sessions assumes
that under the null hypothesis response frequencles over the
first block of 6 sessions will not differ from response
frequencies over the last block of 6 sessions. Other pro-
cedures for testing stationarity are possible. For instance,
the data of the entire 12 sessions may be divided into blocks
of I sessions each or blocks of 3 sessions each.26 The
assumption under the null hypothesis is essentially the
same, l.e. that response frequenoies over the blocks of
sessions will not differ. Chi-Squares were obtained for
each bird using each of the above procedures, i.e. dividing
12 sessions into blocks of 4 sessions each and-B sessions

. 2
each. The criteria for stationarity was a value of x , X,

2 .
such that P(x = X) .01. The resulting Chi-Squares showed

25
Numerical values of the pooled conditional probab-
ilities are available in Appendix N, along with the number
of trials on which each estimate is based.. Estimates of Py

Po, Pe and p;, are given as well.

These Chi-Square values are given in Appendix O
along with the values for blocks of 6 sessions each.
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that the stationarity criteria were not consistently met

when these alternate procedures were employea.



CONCLUSION

These experiments have demonstrated that a duration
discrimination could be developed using the procedure des-
cribed here. They showed that not only were pilgeons capable
of performing a partial discrimination but also were able
 to maintain it in a relatively stable fashion over an extended
period of time. The presentation of the two stimull on a
random schedule from the very beginning appeared to be an
important aspect of the shaping procedure in preventing a
fixetion from developing.

The duration discriminations obtained here with
- plgeons displayed characteristics that were anaiogous to
discriminative behavior of huméns in detection tasks. Cheng-
ing the length of the durations altered d' accordingly. Also,
reducing the probability of reinforcement produced changes in
in response biasg, and, for many birds, left the sensitivity
unchanged. It appears promising that use of this method would
lead to & model that will allow independent estimafes to be
made of 'sensitivity" and "response bias!" factors. Further
work is necessary to select the best fitting detection model.

In the present experiment a wide range of individual diff-

erences were found which mede parameter estimation difficult.
Sequential properties of the behavior came surpris-

78
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ingly close to resembling an independent-trials process.
Although a tendency to repeat response was found for sone
of the birds, analysis failed to reveal the existence of

any other sequential dependencies for all birds.

In conclusion, the method developed here would seem
to be a highly useful one in extending the investigation of

temporal discrimination in animals.



APPENDIX A

EXPERIMENT ONE
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Procedure

Ma jor features of the procedure have been given in

. the main text of this report under Experiment One. The only
edditional aspect whiéh has not been discusséd was the
donsequences in this experiment for pecking an unlighted key.
Whenever a dark key was pecked a 30-second time-out would
occur, during which the chamber was dark. A trial during
which a time-out occurred was re«initiéted at the termination
of a time-out, that is, the trial began withbthe center key
lighted, and a peck to that key produced the same duration
programmed when the time-out occurred. In this ﬁay every
trial was éompleted before a new one was initiated. 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 shifting the subjects
from one pair of durations to another. After the birds were
shaped and were found to be reliably discriminating between
two widely differing values of T, the long duration T2 was
fixed at 5 seconds, and the value of the shortest duration
Tl was varied from 2 seconds to 3 seconds, to 4 seconds, in
that order, for every bird.

A second variable that was menipulated was the

nunber of days subjects were run at Tl equal to 3 seconds.
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Subjects were randomly divided into 2 groups, and Group 1
was given 30 scessions at Tl equal to 3 sec; Group 2 re=-
celved only 5 sessions at that value.

The third variable was the ‘procedure for making the
transition from the lower to the higher value of T,. Two
methods were explored. One method, designated Ml, could be
considered a technique involving temporal fading, that is,
T_was gradvally increased in .25 second steps ﬁntil it was
at its new value after 3 sessions. The other method, Mz,
involved changing-Tl to its higher value immediately but
removing the key light for the incorrect response. Thus
subjects were given a brightness cue to associate the
correct response with T, and T,. After 2% sessions bright-
ness of the light of the incorrect key was faded in until
both keys were equally bright at the end of the session.

OnAthe 20th to 23rd sessions at T1 equal to 3 sec.
the subjects in Group 1 were given three sessions with the
incorrect key light removed, following method MZ’ except
there was no increase in Tl. See Tgble 1 for an outline of
procedure.

A random 2 subjects in each of Groups 1 and 2 received

each of the methods, Nl and Mz, at the transition to T1 equal

4 seconds. Subject assignment was as follows:

Group 1 Ml: Birds 1 and 3

MZ: Birds 2 and 5
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Group 2 Mlz Birds 4 and 7
Myt Birds 6 and 9
Results for bird no. 3 are reported separately from

hY

the seven male birds.

Results

Table 1 shows ;31, Bos 130 end d' for blocks of 5
sessions for each bird. It can be seen from Table 1 that
different birds had different values of é'. They.also
suggest that for a given bird a cleaxr decrease in é' occurred
as Tl increased. (The estimates ﬁl and ﬁz are shown graph-
ically in Figure 1, A, B and C and in Figure 2 in the main
text). .

After the 20th session on Tl equal 3 sec. each bird
in Group 1 was given exposure to two and a half sessions in
which the 1hcorrect kXey failed to light up, followed by a
half session in which the key light was gradually faded back
to full brightness. The effect of this can be evaluated
in Fig. 2 in the main text, where it can be seen that in
the block following removal of the key light a slight dec-
rement in discrimination resulted for two of the birds, but
it did not appear to be a permanent decrement and performance
recovered by the next block.

A group difference does appear to emerge from the

final portions of Figs. 10 and Fig. 2 in the main text. In



TABLE 1

Statistics in 5-session blocks for individual

birds in Experiment One.
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TABLE 1
EXPERIMENT ONE

STATISTICS IN 5-SESSION BLOCKS

BIRD  BLOCK Py Py Pc d BIRD  BLOCK Py Py Pc d
1 T]=2” 1 .12 .805 .843 1.39 2 T]=2" 1 058 .933 .938 3.02
2 .089 .885 .897 2.52 2 ,068 .,979 .8556 3.bZ
3 030 .982 .9/6 3.93 3 .08 .991 .985 3.72
T]=3” 4 .166 .668 .751 1.39 : T]=3" 4 .306 .710 .702 1.06
5 .152 .846 .847 2.08 5 .248 .688 .72 1.18
6 086 .,933 .923 2.8] 6 .077 .818 .87 2.28
7 .075 .80 .863 2.24 7 093 .831 .869 2.29
8 .045 .908 .932 3.09 8 .188 .763 .788 1.62
9 022 .9689 .973 3.93 9 .142 .867 .862 2.21
T]=3"10 132 .557 .714 1.28 T]=3"]0 401 .513 .644 .28
11 .086 .551 .669 1.42 11 .305 .572 .634 .68
12 .037 .318 .646 1.28 12 .415 .671 .63 .64
5 T]=2” 1 .08 .712 .819 1.96 3 T]=2" 1 067 .923 .928 2.87
2 05 .918 .935  3.04 2 021 .953 .9%67 3.69
3 122" .88 .8I9 2.3% 3 .046 .937 .945 3.19
T]=3“ 4 .169 .724 .779 1.53 T]=3" 4 119 .537 711 1.28
5 .318 .797 .740 1.28 : 5 .116 .462 .674 1.10
6 077 .8l8 .87 2.28 6 .293 .624 .666 .86
/7 .093 .831 .869 2.29 7 .42 .650 .617 .58
8 .189 .835 .822 1.8B3 8 .460 .569 .554 .28
9 .075 .736 .833 2.04 9 .22 .374 .572 .44
T]=4"]0 .06 .256 .605 .91 T]=4"]O L4360 .54 552 .25
11 .089 .346 .629 .96 1 .393 .b25 .b66 .36
12 .283 .321 .516 .0B



STATISTICS IN 5-SESSION BLOCKS

TABLE 1
EXPERIMENT ONE

BIRD BLOCK p, P, P d BIRD  BLOCK p; p, b d
4 T=2" 1 145 .63 743 1.37 6 T,=2" 1 .437 .647 .605 .54
2 .26 .822 .78 1.56 2 .26 .822 .78 1.56

3 .04 .904 .932 3.03 3 .13 .861 .865 2.21
T,=3" 4 .165 .696 .765 1.48 T,=3" 4 .134 .828 .847 2.08
T,=4" 5 142 .179 .526 .43 T,=4" 5 .18  .309 .565 .41

6 .153 .274 .556 .43 6 .07 .117 .525 .30

7 .20 .32 .562 .37 7..07 .127 .534 .34

7 Ty=2" 1 234 .921 .843 2.14 9  Ty=2"1 .178 .682 .752 1.42
2 .099 .963 .932 3.03 2 111 .858 .874 2.27
3 .03 .996 .982 4.20 3 .027 .786 .879 2.68

T,=3"4 .21 .88 .835 1.98 T,=3" 4 .09 .618 .762 1.64
T,=4" 5 .185 .299 .558 .36 T,=4" 5 .55 .644 .56 .23
6 .426 .582 .578 .38 6 .64 .813 .588 .52
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Fig. 1C the performance points for Group 1l fall above those

of Group 2, and in Fig. 2 the separation between the func-
tions of Group 1 birds appeared to be greater than for any
~of the birds in Group 2. The mean ﬁc was 644 for Group 1
and .562 for Group 2 for the 2nd block of sessions at Tl
equal 4 sec.

The two procedures used to ilncrease Tl’ Ml and M2
appeared to produce equivalent behavior., The relevant com-
parison is between birds 1, 4 and 7.and birds 2, 5, 6 and
9. There was no evidence of a difference between these
subjects.

The data for the female, bird 3, is shown in Fig. 1.
In part a the conditional probabilities for all blocks of
5 sessions are plotted in an BROC graph. Early performance
parallels that of male subjects. However, the change to T1
equal 3 sec. produced much weaker discrimination than with
the 7 male birds, and, instead of improving with exposure
to the schedule, dlscrimination eppecared to worsen. Further,
there did ﬁot appear to be a differentlial effect of reducing
the difference between Tl and ’I‘2 still further. By the 12th
block of 5 sessions performance nearly falls on the positive
diagonal in the ROC graph. This is also shown in Fig. 1B by
the gradual convergence of ﬁl and 52' and by the slowly dec-

creasing function, p in Fig. 1C also. By the final five

C'
sessions the subject appeared no longer to be discriminat-

ing.
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FIGURE 1

Estimates of p, and p, in 5-session blocks for
Bird 3 throughout the Experiment. A, in an ROC graph;
B as functions of blocks of sessions, C, the probability

of a correct response, P 88 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 maintain a partial discrimination even when the
stimulus difference was small, c.f.;, 3rd portions in Fig. 2
(mein text). The overall mean p, for the 2nd block of
sessions at this value of T1 equal to 4 sec. was .599. Sonme
birds were performing slightly better then chance, yet
they maintained a consistent degree of partial discrimination.

The effect of differential amount of traiﬁing on

‘Groups 1 snd 2 seems to indicate the apparent dependence of
discrimination on past history as well as on the immediate
experimental situation. The past history of Group 1 differ-
ed in two ways from that of roup 2, i.e., it was exposed

to more sessions with T, equal to 3 sec., and was gliven a

s |
different experimentel procedure for 3 days. It is d4if-
ficult to sbecify which of these was most related to the
better discrimination observed for that group. However, it
is impcrtantlto note that in human signal-detection the
theoretical measure d' is considered to be a function of
physical stimulus and of sensitivity of the particular
observer. The sensitivity is assumed to be a relatively
stable feature of the perceptual process. The data obtained
here from pigeons seem to suggest that a similar sensitivity

measure may not always be a stable feature of the animal's

behavior but only becomeé stable after relatively long
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reriods of acquisition or training.

One feature of performance which is of interest 1s
the response bias. This term will be used here to denote
the tendency to make one response more than enother indepen=-
dently of the stimulus. In Fig. ZA and é performance 1is
plotted at 3 wvalues of Tl for each ﬁird (connected points
are for a single bird). According to the theory of signal
detection changing the discriminebility of the stimull should
not ngcessarily 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
blas (no. 7) the others exhibited great diversity of behavior
and particularly when T1 and T2 differed by only 1 sec. It
seems most accurate to say the birds behaved idiosyncratically
when the discrimination became more difficult. There were
clear differences in response bias emong the birds initially
as well, before any manipulations had occurred, as showm by
the uppermost point for each bird, although none of these
biases reached the point of a fixation on one response.

A time-out (TO) occurred very seldom during & session;
most birds, in fact, never received a TO. An exception to
this was bird 5, whose behavior paralleled that of the others
until Tl was Increased to its highest value and discrimination
became difficult, at which point he begen to receive a large

number of TOs. This behavior continued until the experiment
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FIGURE 2

Gaussian~scaled values of Py and Poe " Lines connect
each value of 7 for individuvael birds. A, Group'l, B, Group
2.
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terminated, but there was no apparent effect on performance
"by the lerge number of TOs. The TO contingency was originally
consldered a means of preventing long runs of key pecking
during the tone that might serve to mediate the time inter-
vel. However, it was apparent in this study that the pro-
bability of emission of a key peck during the tone was quite
low, and in fact for some birds was zero, so that a TO for
this purpose was not necessary. Further, whereAthere was
a high probabllity of pecking during the tone, as ﬁith bird
'5, the TO was ineffective in reducing it. Thus in Experiment

Two the TO contingency was removed.
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AUTOSHAPING



Autoshaping

For nine of the subjects an autoshaping procedure
(Brown and Jenkins, 1968) was used to attempt to shape the
key-peck response. Following magazine training the follow=

ing schedule was put into effect:

An ITI of 5 sec. was followed by a

7 sec. key light, at the end of which re-

inforcemerit was presented for 4 sec. Either

a right or left key light could occur with

an a priori probability of .5. A peck to
} the lighted key would produce reinforcement

Immediately. On the second day the ITI was

increased to a random valve between 10 and

20 seconds, with a mean of 15 sec.

The nine subjects received between 90 and 180 trials,
with & mean of 122 trials, over the two days in which the
autoshaping procedure was in effect. Only one bird acquired
the key peck response, requiring 174 trials. The eight birds
who did not autoshape were then returned to the conventional
procedure used with the remaining seven birds, in which
approach to the lighted key was gradually shaped into a key

peck by visvally monitoring the behavior.,



Appendix C

The performance of each arimal during each session
of the experiment is characterized in the following tables.
Four descriptive statistics are defined for the data from
each session: Py the proportion of Rz responses on Tl trials;
Pp, the proportion of R, responses on 'I‘2 trials§ Pos the
proportion of correct responses; and pL, the proportion of
B responses.

Asterisks indicate the particular session numbers
where Tl assumed a new valuve for each animal. (Sessions
with Tl equal to 1 sec. are not shown). A double asterisk
marks the first session of phase 2, phase 3 and phase 4.

The sequence of values of Tl during phase 1 and the

nunber of sessions each was in effect were as follows:

Tl No- sessions
1 - 2 - 10

2 3= 7

2 3, b

3 3-8

34 25 12 - 14
3.5 8 - i'_1

b 10 - 12
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BIRD # 1 BIRD # 2

Session b -, A A Session N & A A

No. 2 Py Pc PL No. Py P Pe P,
14 .869 373 .750 .625 1. .862 .344 .756 .597
2 .814 311 .750 .558 2, .824 .521 .647 .669
3. A71 .094 .682 .288 3. .849 .580 .641 .718
4, .619 .190 714 .405 4, .948 426 .756 .681
5. .833  .667 D83 750 5. .833 « 132 .850 .486
6. .866 .536 .662 .699 6. .941 .192 .874 .563
7. .789 237 .776 .509 i .945 .379 .784 .664
8. .636 .262 .687 .450 8. .8l .397 .692 «B77
9. 514 217 .647 .367 9. 514 .143 .677 .338
10. .500 .185 .645 .355 10. .851 611 .623 .733
11. .750 «288  .132 .528 1l « 7135 .429 .652 .580
1= .789 417 .695 .618 12, .682 .193 .740 .455
13. .487 274 .604 .383 13. +B12 .397 <2 17 .622
14. 563 .156 - 7103 .359 14. .915 .629 .645 s d.43
15. .625 105  ,7562 .380 15. .787 432 .662 .585
16. .563 27 <IN .346 16. .872 122 .573 .796
17. .661 417 .776 .379 V2. <753 .760 .492 « 257
18. .792 .037 .882  .392 18. .763 .579 .592 .671
19. .594 .070 .752 347 19. .620 « 352 .634 L4856
20. ol 32 183  .776 448 20. .561 416 572 491
21. .821 .200 .811 .514 21. .488 405 542 446
22. .759 . 140 811 .44 22, .420 +325 .549 372
23. .846 148  .849 .491] 23. .440 .278 .584 .357
24. .758  .189 .783 .496 24. .304 .154 573 .229
25 741 .180 .783 .443 25 .116 .160 .476 .138
26. .593 .033 .782 3] 26. .234 .100 573 .166
27, .633 .161 .738  .393 27, .371 « 123 .629 .245
28. .725 .054 .841 .374 28, e8] +139 «5le 214
29. .684 .019 .826 .367 29. .354 173 .584 . 2066
30. .500 .032 .738 .262 30. .730 .286 722 .508
31. .619 .056 .769 .359 31 .615 .265 .677 .436
32 .868 137 .865  .510 32. .244 .195 .533 .219
33 .746 .233 .756 .487 33. .333 212 .559 .273
34, + 979 . 081 .756 .319 34. .667 .088 .789 +311
35, .642 190 .720 .432 35. .803 .180 811 523
36. .655 100 .783 .365 36. .852 .154 .849 .509
37 .b6b 127 720 .344 37 .687 «353 .667 .519
38. . 551 .235 .657 .394 38. .729 .266 .732 .488
39. 800 235 .625 .375 39. .621 .140 .732 .398
40. .600 215 .692 .408 40. A23 .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 PFAY .769 .513
44, 672 .150 .763  .407 44, .667 .303 .682 .485
45. .613 .088 .756 .361 45. ..700 .406 .647 .554
46. 594 148  .720 .376 46. .797 435 .677 .609
47. .617 117 .750 .367 47. .839 271 .783 .548
48. .635 .194 .720 416 48. .704 «375 .667 .548
49, .690 .074 .804 .393 49, 758 .385 .687 .573
50. .596 .018 .789 .307 50. .818 <677 .639

.463
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Bird # 2 (Cont'd)
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Session

~

A

Session

A

A

A

No. ) Py Pc PL No. P2 Py Pc PL
51. .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
£ .691 .088 .804 .384 55.  .768  .413 .682  .598
56. 621  .100 .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 63.  .479  .214  .629  .350
69. 427 113 .658  .269 69.  .582  .282 .652  .428
70. 427 022 .702  .225 70.  .453  .153  .662 .294
L 570  .057 .757 .312 71.  .329  .107. .621 .214
72. 581 .122  .727  .355 72.  .389  .054 .670 .220
73, 553 .003 .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  .108 .723  .335
77. 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 .51
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 .743  .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
101. .500 .250 .643 .357 ‘



BIRD # 3 BIRD # 4
-Session P b 5. b Session a 2 A A
No. 2 g C ‘L No. P2 Py Pc PL
1: .860 .150 .900 .518 1. .958 .022 .968  .505
5 B 415 273 . 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
s 820 333 .742 .5i13 7s .920 .120 .900 .520
8. .929 .791 .557 .858 8. .939 .083 .928 .o15
9. .976 .903  .511 .938 9. .788 .039 .874  .417
10. 934 .768 .570  .848 10. .857 .236 811 .550
11. .000 .904  .551 .952 i .655 .100  .783  .365
12, .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 .13 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
18. 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
2l. .010 0.000 .490 .005 21 .356 .370 .495 .363
22. .033 .020  .459 .027 22, .364 463 448 412
23. .000 .031 .485 .015 235 .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. .b26  -.278 .622  .405 29. 467 473  .497 .470
30. 672  .221 <127 .439 30. .590 .518  .536 .554
3l .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 36x .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 .b55  .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 7122 42. .507 .304 .608  .399
43. .864 226 .821 .563 43. .519 .279 .612  .408
44 .828  .130 .848  .49] 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. i0% 328 .T13 .543 50. .780 .789 .497 <185
51. .561 .203  .681 .378 51. .782 573 .707

.633



Bird # 3 (Cont'd)

Bird # 4 (Cont'd)

Session & a 2 A Session 2 » A A
No. i i Pc PL No. P2 Py P PL
52. .625  .136 .740  .390 52. .700 .707 .495 .703
53. 493 .162 .664  .328 53. .820 .813  .500 .817
54. 521 123 .691 +331 54, .951 .816 554 .88l
55. .697 .193 .748  .463 55. .932 .909 511 .920

" 56. .683 .210 .736  .448 56, .497 .500 .497 .497
57, 741 155 .793  .448 57. .989 .978  .500 .983
58. 692  .098 .735 .364 58. .966 .957 497 .961

- B9, .696 .300 .698 .512 59. .848 .709 .570 .778
60. .b63  .085 .732 .333 60. .846 .696 D3 T
61. 868 .170 .849 .519 61. .857 .857 .514 .857
62. .750 .186 .783  .461 62. .933 .934 .497 .934
63. .782 .193 .795 .482 63. .976 .900 .549 .939
64. .765 .121 .826  .422 64. .977 944 508  .960
65. .895 .250 .826 .587 65. .948 .945 513 .947

. 66. 750 .18 .783  .461 66. .480 .920 .346 .627
67. 796  .145  .826 .468 67. .880 .908 .505 .893
68. .729 145  .789  .447 68. .944 .935  .497 .939
69. .684  .150 .769  .410 69. .920 .889 .533  .905
70. .863 .132 .865 .490 70. .923 .937 .484  .930
71. .688  .281 .703  .484 71. .955 .945  .500 .950
72. 714 159 777  .440 72. .922 .921 .503 .922
73 .733 .205 .764 @ .472 3. .766 .795  .495  .780
74. .793 .383 .704 .586 74. .827 7123 549 774
75. 912 .373 .767 .638 5. .698 .647 .526 .673
76. .731 .359 .686 .546 76. .894 .833 .b33  .864
77. 842 .375 .738 .617 77. .902 .812 .539 .856
78. .839  .396 .723  .620 78. .955 .944 506 .949
79. 892 .345 .780 .633 79. .930 .873 .545  .903
80. J76  .259 759 .518 80. 913 .909 511 911
81. .787  .367 .712  .582 81. .992 .926 .537 .959
82. .750 .383 .684 .568 82. .984 .984  .502 .984
83. 774 303 .736 544 83. .985 .000 .494 .992
84. .830 .474  .677  .65] 84. 1.000 .000 .502 .000
85. 747 .261 743  .503 85. 1.000 .992 .504 .996
86. .690 .167 .762 .429 86. 1.000 .000 .502 .000
87. .759 + .241 .759  .506 87. 1.000 .000 .502 .000
88. 732 306 .13 518 88. .992 .000 494 .996
89. 692 .245 .724  .465 89. 1.000 .976 .510 .988
90. .629 .269 .679  .453 90. 1.000 .977 .502  .988
91. 578 .380 .599  .480 91. 1.000 .000 .496 .000
92. .750 .244 753  .489 92. .992 .985 .494  .939
93. .615 .239 .689 .426 93. 1.000 .992 .508  .996
94. .688 .253 .718 .468 94. 1.000 .992  .500 .996
95. .560 .189 .685 .376 95. .992 .945 521 .969
96. 471, .240  .617  .354 96. .969 .976 .504 .972
97. .587 .878 .356 .732 97. 1.000 .000 .500 .000
98. 479 .250 .617 .362 98. 17 .985 492 981
99. 427 121 .656 272 99. .977 .984  .502  .980

100. 584 .119 .728 .358 100. - 1.000 .000 .498 1.000
101. 537 .245 - .646 .392 101. .932 .957 .480 .945
102. 449 102 .673  .276 102. 977 .976 .506 .976
103. 511 .089 .709 .302 103 1.000 .960 .518  .980
104. J14 167 . 774 .440 104. .976 .984 .4398  .980
105, 595 .107  .744  .35] 105. .944 .833 .552 .888



110.

Bird # 3 (Cont'd) Bird # 4 (Cont'd)
Session o = - 2 Session 4 A A A
No. & T L | Nn. P2 Py Pc P
106. 545  .060 .737 .310 106. 649  .694 V471 672
107. .543 .289  .628 .415 107. .565 .480 .542 .521
108. L4266 .209. .605  .319 108. .300 .167 .591 227
- 109. .625 .600 .500 .611 109. 0.000 0.000 1.000 0.000
.500 .667 444 556



BIRD # 5 BIRD # 6
Session A A A A Session A 3 2 ~

No. P2 P Pc PL No. P2 Py Pc PL
1. .961 241 .857 .590 1s .920 .170 874  .534
2. 960  .137 911 .545 od .854 .020 .918  .429
3. .875 040 .918 .449 3 .979 023 .978 .522
4. 857 -.077 .891 .455 4. .977 0.000  .989 .462
5. .840 .059 .891 .446 5. .863 .098 .882  .480
6. .613 133 .738 .377 6. .203 0.000 .604  .101
{a .821 .185 .818 .509 7. 0.000 0.000 .503 .000
8. .649 .097 .782 .361 8. .012 .011 514  .011
9. 462 .079  .709  .255 9. .023 .011 .514 .017
10. .800 167 .818  .455 10. 0.000 0.000 .506 0.000
i1. .733 .233 .750 .483 11 .128 .012 .545 .072
12. 532 .16] .726 419 [ 38 .902 0.000 .947 .484
13. .581 129 726 355 13. .759 179 .789 474
14. 425 192 .616 .308 14. .094 .058  .495 .077
15. 440 250 .596  .344 15. .054 .012 .506 .034
16. .381 .306 538 .343 16. .207 0.000 .566 .113
17, 358 .250 .558  .303 17. .303 118 .592 .211
18. 438 337 .554 .386 18. 315 130 .600 .220
19. .558  .422  .569 .487 19. .286 .041 .629  .161
20. .686 .380 .652 .532 20. 719 .241 .738  .492
21 878 .653  .611 .765 21. 532 066 .732 .301
22. 824  .623  .596 By 5 22. .655 175 744 405
23. .768 464 .652 .616 23 .615 .123 738 .38b
24. .686 .328 .679 .515 24. .661 .036  .811 .351
25. .667 .292  .687 .481 25. 820 .039 .891 .426
26. .614  .373 .621 .490 26. .852 .064  .891 .485
27. 553  .517 .517 .534 27. .979 .045  .967 .533
28. .617 487  .565  .553 28. .850 125 .862 .487
29. .758 .375 .692  .569 29. .906 .222  .841 .561
30. .844 675 .584 .760 30. .922 .259  .826 .569
31. .781 .832  .476 .806 31. .925 .180  .874  .563
32. .963  .866 .549 .915 32. .865 .082 .891 .485
33. .941 875 .526 .908 33. .894 .059 .918  .459
34. .950 .800 .600 .880 34. .981 .309 .833 .639
35 .931 .709 .596 .815 35. .925 .196 .865 .567
36. .938  .797 .584 .870 36. .293 042 .616 .171
37. .963 .852  .556 .907 37 . +754 .096 .826 .440
38. 775 .654  .559 714 38. .836 .200 .818 .518
39. 513 .370 .573 .439 39. .842 .176 .833 .528
40. 443 402  .520  .423 40. .849 .118  .865  .490
4y, 513 .354 58] .432 41. .885 .154  .865 .519
42. .532 .364 .584 .448 42. .873 .288 .789 .570
43. 671 377  .647 525 43. JB7l 143 763 .424
44 .681 .388  .647 .540 44, .813 415  .698 .612
45. 463 .325 .566 .396 45, .394 .086 .662 + 235
46. .631 .258 .687  .443 46." 203 .063 .584 .130
47. .568 .463 .552 .515 47. 471 .197 .638 .333
48. .781 .365 .709 D% 48. .452  0.000 .726 .226
49. .709 .541 .588 .627 49. .500 066 .709  .291
50. .764 453  .662 .618 50. .603 197 .698  .411



Bird # 5 (Cont'd) Bird # 6 (Cont'd)

A Session

Session & - A 2 A A A
N.- T2 Pt P P No. P2 v P P
51. .674 .640 .514  .657 51. .523 .176 .677 .346
52. .750 .610 .573 .682 52. 712 213 .750  .458
53. .691 .b85 .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 .081 238 311

" Bl. .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. .36 .190 .619 .265 64. .551 .246 .652  .399
65. 056 .023 .511 .039 65. -431 .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 . 1712 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  .25] 71. .689 .257 J15 479
72. 390 .318 .539  .353 12. .691 425 .634  .5h9
73, .382  .360 .511 .371 73. .864 .584 .646 .728
74. .379  .359 .514  .369 74. .890 .750 .566  .819
75. - .608 .436 .586  .b22 75. .878 .820  .531 .849
76. 506  .464  .520 .486 76. .954 874  .540 .914
17. 515 .176 .672 .343 ¥ .989 953 .523 971
78. .327 .345 .479 .335 78. .989 .955  .520 .972
79. +581 512 .b35 .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. <137 .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. J05 570 .567 .637 85. .989 1.000 .471 .995
86. .675 .556 .559  .615 86. .957 978  .492  .967
87. .684 .513 .b84  .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 J1 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. .696 400 .648  .547



Bird # 5 (Cont'd)

Bird # 6 (Cont'd)

Session

A

Session

~

N. - P2 P P B No. P2 L T .
101, .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. .81  .621 .529  .651
104. .78 .628 .578 .705 104.  .571  .404 .584  .486
105.  .775 .703 .521 .737 105.  .580  .438 .576 .513
106.  .679 .45 .608  .566 106. .77  .648 .536 .683
107.  .687 .544 .549 618 107.  .729  .698 .516 .74
108.  .817 .612 .599 .713 108.  .604  .432 .586  .516
109.  .707 .578 .566 .643 109.  .694  .548 .574 .62]
110.  .882 .757 .558 .819 110. .87  .756 .563 .813
111.  .829 .642 .595 .736 111.  .829  .556 .634 .690
112.  .854 .679 .595 .76 112.  .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 5. .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



99

BIRD # 7 BIRD # 8
Session ﬁ 5 b B Session D p ﬁ b
No. 2 1 e L No. 2 1 G L
5 .987 .867 .552 .926 1s .719 .093  .811 414
s .873 .675 .603 .776 23 .720 .648  .529 .682
3. 900 .620 .638 .759 3. .568 457 .556  .512
4. 873 311 .776  .578 4. .545 311 .638 .394
He .894 537 .677 .714 5. .889 460 714 .675
6. 806 .344 .732 .577 6. .900 446 .720 .664
7. .954 556 .703 .758 7. .850 .350 .750 .600
8. .721 217  .752 .471 8. .710 .258 .726  .484
9. 612  .310 .652  .457 9. .651 246 .703  .445
10. .685 .156 .750  .468 10 .766 .359  .703  .563
11. .73 .185 .804 .500 11. .486 .295 .600 .387
12. .893 200  .849  .566 12 .439 .062 687 .252
13. .889 .160 .865 .538 13. .672 140 .763  .415
14. .754 286 .734 .516 14. .610 156 .732 .374
15 727 153 .789 < .430 15. e .154 593 .271
16. 797  .283 .756 .538 16. .585 .200 .692 .392
17 .825 .246 .789 .535 V7. .453 .090 .687 .267
18 .859 .352 .763 .627 18. .541 123 714  .325
19. .962 .200 .882 .588 19. .406 .045  .687 .221
20. 922 .232  .841 .561 20. .556 .098 .726 .331
v .836 .250 .796 .566 21. .800 .179 .811 .486
22. 770 .295 .738  .h33 22. .770 218  .776 .509
23. .855  .246 .804 .545 23. .821 .241 .789  .526
24 . .839  .339 .754 .602 24. .815 .233 .789  .509
25. 875  .328 .772 .596 25. .891 .328  .779 .602
26. 759 127 .817  .440 26. .839 218 .811 .b32
27 .889 .300 .789  .579 27. 741 .074 .833  .407
28. .758  .317 .720 .536 28. .782 .041 .865  .433
29. .738 .288 .726 .524 29. .782 .078 849  .443
30. .800  .138 .833 .444 30. .788 .058  .865  .423
31. .000  .467 .763  .729 31. .913 .077 .918  .469
32. .859 540 .72  .709 32. .882 211 .833 .528
33. 844  .368 .744  .620 33. .920 .120  .900 .520
34. .951- .439 .763 .703 34. .857 176 .841 +533
35. .739 .437 .650  .586 35. .829 500 .672 672
36. .862 .728 .565 .795 36. .769 412 .677  .586
37« .868 .687 .539 .760 37. .360 137 .608  .250
38. .831 .756  .533 .793 38. .516 136 .692 .323
39. .867 .854 .523  .860 39. .800 .323 .738  .557
40. 819 .732 .545 .776 40. .860 212 .826 .550
41. .786 721 529 .753 41. .855 173 .841 «523
42. .826 .514 .655 .669 42. .764 127 .818  .445
43. 750  .435 .657  .591 43. Vil 115 .692 .33
44, .625 .405 .608 .500 44, .661 17 776 .379
45, 482  .393 .545 .437 45, .625 .083 .776  .345
46. .301 .354 476 .328 46. .559 .268 647  .410
47. «“£70 . 236 517 .253 47. .671 317 .677  .504
43. 337 .232 .552 .285 48. .806 .365 .720 .584
49. .260  .103  .581 .181 49, .785 .409 .687  .595
50. 423 .253 .586 .338 50. .652 .299 .677 474



Bird # 7 (Cont'd) Bird # 8 (Cont'd)

Session A A A A Session - » & &
No. P2 P1  Pg PL No. P P Pe PL
81. 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
B5. .615  .475 .570 .544 55, .299 173 570 .234
56. 434 .269 .584  .351 56. .486 167  .652  .333
57. .b14  .350 .584  .429 57 .656 .262 .698  .457
58. .b37 .203 .669 .368 58. .253 176 .549  .213
59. .629 .333 .647 .482 59 . .347 .085 .629 .217
60. 560 .273 .638  .426 60. .364 225 .573 293
61. .612  .300 .657 .453 61. +582 .131 403 352
(7. .613 .429 .592 .520 62. 477 119 .682 .295
63. .648 .353 .647 .504 63. .529 17 .692 .338
64. .635 .419 .608 .527 64. .508 .079 .714  .294
G5. H03 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  .521 212
63. 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
F .662 .295 .684  .477 71. <935 776  .582  .856
12, .667 .337 .665 .503 72. .885 .747  .567 .815
73. «551 310 .623 .426 73. .867 .788 .536  .827
74. 65 435 619 .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
7. 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. <131 435 .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 <28l
93. .833 .500 .676 .676 93. .784 .628  .580 .707
94, 676 .44 .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

Session o - 2 A Session » = =~ 2
No. P2 Py Pc PL No. P2 P Pc P
101. .953 .898 523  .925
102. .906 .750 .580 .828
103. .886 462  .807 .789
104. .859 .820 .505 .839
105. .956 .888 .536  .922
106. .977 .956  .506  .966
107. 1.000 .978  .506  .989
108. 1.000 942 526  .971
109. .952 .846  .537  .897
110. .852 «135 567  .795
ik .805 .608 .602 .708
112. .880 .568 .658 .725
113. .791 .625 .580 .707
114. .813 J14 549 .764
115. .805 .631 584 717
116. .857 .728 551 .790
i 117. 911 .700 .604  .805
118. .675 440  .617  .5b7
119. 721 .534 .592 .626
120. .904 .592  .651 .745
1Z1. 877 527  .673  .701
122. .750 456 .647 .603
123 .700 457 62/ .587
124. .333 483 .424 407
125. .667 .000 .400 .800
126. .630 .400 .615 .519



BIRD # 9
Session A A A A
N. P2 P Pc PL
1: .753 -.736- .506 - .744
2 .286 .185 .b545  .236
3. .239 .014  .621 124
4. 475 0.000 .738 .238
5. .508 .032 .744 @ .264
. 6. .627 102 .763  .364
y J8 476 .062 .711 .266
8. .111 0.000 .558 .055
9. .055 .066 .4395 .060
10. 022 022 .497- .Q22
11. 012 011 514 011
12. 045 .034 .506 .039
13. .076 0.000 .662 .037
14. .156 0.000 .581 .077
15. .143  .060 .539  .102
16. 160 037 566  .101
17, .200 .116 .554 .157
18. 525 .063 .738 .287
19. .388 .015 .684 .203
20. .500 .188 .655  .345
21. 514 217 .647  .367
22. .529 194  .667 .363
23. 646  .284 .682  .462
24. 425 189 .619  .306
25. .280 .080 .600 .180
26. .409 .060 .677 .233
27. RV .288 .616  .404
28. 519  .364 .576  .443
29. 472 .188  .638  .333
30. .795  .507 .648  .655
31 .914  .278 .821 .607
32. .698  .258 .720 .480
33. 754 217 .769  .479
34. .716 .263 726  .508
35. 727" .382 .672 .552
36. 6256 219 03 .422
37. 556 .113 .720 .336
38. 537 194 .672 .366
39. 455 118 .672 .284
40. 492 147  .677  .316
41. .530 .203 .667 .363
42. 568 113 726 .339
43. .836  .241 .796  .531
44, .606  .107 .738  .377
45. .646 .324 .662 .478
46. .541 123 714 .325
47. .678 .242 .720 .448
48. .617 131 744  .372
49. .636  .143 .738 .410
50. .485  .159 .667 .319

102

BIRD # 10
. Session a ~ A A
No. P2 Py P PL
1. .758 365 .698  .566
2. <131 .388  .672 .560
3. .754 LT .769 .479
4. .808 11 .849 .453
5. .804 .109 .849 .443
6. .764 .094 .833  .435
I .885 .137 .874  .515
8. .789 167 .811 .486
9. .849 .237 .804 527
10. .875 .288 .791 574
11 .824 414 714 .635
|2 .930 .260 .841 .617
13 .904 140  .882 .529
14. .887 173 857 «+533
15. .896 I I e .891 .485
16. .824 .074  .876 .438
17. .944 .226 .860  .589
18. .898 117 .890 .468
19. .900 .128 .888  .561
20. .922 . 157 .882  .539
21. .827 .186 .820 .486
22 .827 .041 .891 .446
23. .906 .140 .883 534
24. .922 .135 .893 524
25. .926 .149 .891 .564
26. .842 208  .818 .5h36
27. .902 .043 .929 .490
28. .936 .130 .901 .505
29. .922 .064 .929 .510
30. .915 .077 .919 .475
31. .907 .176 .867 +Hh2
32. .961 .106 .929 <551
33. .808 .074 .868  .434
34. .000 .235 .883 621
35. .915 .309 .807 .623
36 .934 + 333 .813  .661
37. .898 127 .885  .490
38. .849 .098 .875  .481
39. .904 .189 .857 .543
40. .962 .524 .662 .691
41. .857 .259 .798  .553
42. .750 .250 « 450 517
43. .652 .254  .699 .451
44 .891 317 .783  .591
45. .942 .648  .643 .793
46. .964 .379 .789 .667
. 47. .903 .435 .734 .669
48. .981 .264 .858  .623
49, .902 .224 .835  .541
50. .860 .288 .784

008



Bird # 9 (Cont'd)

Bird # 10 (Cont'd)

Session

A

A

A

Session

No. P2 Py Pc PL No. P2 P Pc P
51. 627  .102  .763  .364 51.  .828  .288
52. 473 .230 .592  .375 52.:.7.875 . .283
53. 682  .250 .714  .476 53, %7 750 - -.123
54, 754 .279  .738  .516 54, " - .780'  .290
55, 656 .172  .738  .426 ¥55. .898  .350
56. 719 .183  .769  .444 56.  .762 - .183
57. 456,132 .662  .294 " 57. .844  -.394
58. 485  .174  .657  .328 58.  .794  .400
59. .603 .175 .727 .372 59.  .627  .097
60. 439,090 .677 .263 60. .870 224
_61. 710 .200 .754  .459 61. .742  .333
62. 649,103 .774  .374 62.  .862  .305
63. 724 143 .789  .439 63. .778  .i64
64. 633 .129 .754 .377 64.  .776  .224
65. 732 .058 .833 .407 65.  .908  .410
66. 677 .282  .717  .465 66.  .897  .367
67. .597  .117  .738  .361 67.  .981  .333
68. 695 .200 .748  .445 68.  .941  .58]
69. .603  .035 .783 .322 69.  .983  .500
70. 673  .098 .796  .363 70. .914  .629
71. 551 .047 .811 .224 71. .~ .875, .620
72. .586 .197  .699  .384 72.  .949 789
73. 473,014 .720  .252 73.  .938  .547
74. .380 .066 .652 .226 74.  .953  .567
75. 644 171 .734  .413 75.  .938  .552
76. .500  .072 .712 .288 76.  .923  .656
77. 325 .041  .624 .19 77.  .886  .588
78. .557  .139  .711  .345 78.  .692 .41
79. 406 .080  .674  .236 . 79.  .508  .221
80. 606 .153  .732  .370 80.  .398  .120
81. .683 .088 .802 .374 81.  .247  .034
82. 642 .078 .779  .366 82.  .065 0.000
83. 676  .176  .748  .432 '83.  .071 0.000
84. 636 .090 .774  .361 84.  .141  .045 . )
85. .846  .103 .870 .496 85.  .473  .069 .699 .274
86. 652  .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 .33
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 .43
95. 642  .046 .795 .348 95.  .646  .130 .761  .38I
96. .635 .032 .802 .333 96.  .758  .141 .810 .444
97. 516 .028 .744  .241 97.  .750  .209 .770  .48]
98. 692 131 .778  .42] 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 (Cont'd)

Bird # 10 (Cont'd)

Session 2 = a 2 Session ; 2 A 2
No. Py Py PC PL No. Py P] PC PL
101. .083 .294  .448 .207 101. 742 . 147 .799 .440
102. 500 .158 .686 .314 102. .689 74 755 .44]
103. 320  .308 .510 .314 103. .513 178  .662 351

104. 474 190 .650  .325
105. .500 .529 483 .517
106. .583 400  .593  .481
107. 1.000 1.000 .500 1.000



BIRD # 11
Session A A A A
No. Py Py Pc PL
1. 914 .302  .811 .622
2. 002  .228 .833  .546
3. 406 117 .628 271
4. .980  .045 .968 .538
5. .898  .080 .909  .485
6. 938 .082 .928  .505
7. 768 .078  .841  .439
8. 683  .169 .756  .429
9. 754 457  .647  .604
10. 729 .451  .638  .589
11. .652 .283 .682 .470
12. 597  .194  .698  .403
13. 600 .265 .669  .429
14. .589  .319  .634  .458
15. 614  .365 .625 .486
16. 656 .284 .687  .466
7. 419 235 .596  .325
18. .388  .086 .657 .234
19. 270 .136 .581  .200
20. 133,071 .536  .101
21. 389 .173  .612  .279
9%, 588  .319  .635 .453
23. 683 .266 .709  .472
24, .583  .273 .652  .435
25. 708 .228 .738  .484
. 26. 789 .274 .75  .521
27. 617 .159  .732  .383
28. 456 169 .647  .309
29. .561  .033 .769 .291
30. 912 .370 .786 .670
31. 606  .230 .682  .432
32. .306  .105 .608 .203
33. 759 .109  .826  .43]
34, .643  .085 .783 .357
35, 745,093 .826  .422
36. 776 151  .811  .477
37. 726,196 .763  .475
38. 772 .258  .756  .504
39, 647  .220  .709  .449
40. 615 .219  .698  .419
41. 702 .180  .763  .432
42. 468 .264  .596  .371
43. .537  .164 .687  .35]
44. 493 .200 .647  .345
45. 618 .314  .652  .464
46. 615 .219  .698  .419
47. .303  .152  .581 .226
48. 448 118 .667  .281
49. 439 103 .672  .269
50. .600  .215 .692  .408

105

BIRD # 12
Session A =
No. P2 v PR
1; .586 .253 .675 401
2. .661 .298 .685 452
3. 779 .385 .699 .586
4. 794 .420 .686 .606
be . .625 .278 674 .45]
6. .746 246 .750 .485
P .649 112 .788 .336
8. .544 .130 .708 .336
9. .736 .079 .836 .379
10. .796 .100 .851 430
11. .873 «133 .870 487
124 g2 .206 .783 475
13, .854 .068  .897 421
14. .868 .164 .852 .509
155 172 .148 814 449
16. .796 .156 .822 .449
17. .827 .138 .845 464
18. .813 .063 .883 .387
19. .865 .103 .882 .464
20. .936 .077 .929 .485
2l. .959 i 122 .918 .541
22. .904 .154 .875 .529
23. .842 .266  .785 «b37
24, 92 .057 .868 425
25. .909 .295 .802 .586
26. .830 167 .832 462
27. 877 .299 .782 +bbb
28. .836 478 .676 .654
29. 774 .071 .853 413
30. .804 .193 .805 .496
31. .759 .145 .805 .460
32 .736 .089 .826 .404
33, .696 .109 .784 431
34. .893 231 .833 574
3h. .880 .158 .860 .495
36. .864 .344 .758 .600
37« .882 .196 .841 523
38. «535 .267 .616 425
39. .621 .300 .662 456
40. .592 .329 .632 .458
41. .158 .465 .526 L4971
42. .770 .b54 .608 .662
43. .605 .b25 .542 .566
44, . 494 471 «5i1l .483
45, .466 .287 .595 Il
46. .343 .136 .611 .236
47. .486 .236 .625 .361
48. .600 . 235 .684 414
49. .671 .369 .652 .529
50. .465 .167 .616

342



Bird #11  (Cont'd)

106

Session ~ A A
No. 2 P Pc PL
51. .525 065 .732 .293
52. .581 .053 .756 .328
53 485,081 .692 .292
54. 276  .080  .596 179
55 .343 .083 .634 211
56. «2lD 105  .577 .192
57 . .397 113 .647 252
58. .260 .078 .600 .167
59. 305  .058  .596  .192
60. .338  .097 .616 .219
61. +2407 115  .560 .182
62. .493 .143 .662 .331
63. + 337 .256  .536 .298
64. +235 165  .542 .199
65. 457 171 .643  .314

© 66. A71 .230 625  .347
67 540 .152  .698 341
68. .162 .025 .566 .094
69. .270 .041 612  .156
74, .138 .046 .546 .092
71. .284 .037 .621 161
72 .231 .000 .615 115
73. 218 .013 .584 .120
74. " s .024 .587 .120

v 15, 127 .000 .579 .061
76. .182 <101 .542 141
77. . 151 .035 .558  .093
78. 176 .048  .549 114
79. .267 .110 b7l .190
80. .375 .052  .671 .208
81. .371 .065  .667 211
82. .459 .247 .602 4355
83. .361 .091 .625 .231
84. .365 .253 558 .308
85. .539 .139 .696 .345
86. .586 .129 .729 w37
87. .521 .182 .673  .347
88. 750 .380 .684 .561
89. .680 .260  .709 473
90. .300 .061 .623 179
91. .293 .073 .610 .183
92. 74 .035 .567 .105
93. .289 .063 .619 174
94. .219 115 .563 .166
95. .197 .095  .556 .145
96. .476 313 .585  .392
97. .524 .364  .581 442
98. .500 .556 LA71 .529

Bird # 12 (Cont'd)
Session » ~ A A

No. P2 P Pc PL

Bt .506 233 .612 .395
52, 719 .183 .769 444
53, 719 241 .738 L4927
54, .750 < VT2 .789 456
555 +157 422 672 .597
56. .887 435 .726 .661
7. .656 .254 .701 457
58. .606 +2565 672 .433
59. 814 .300 .756 .555
60. .815 .207 .804 .500
61. .842 .288 776 .560
62. .710 .270 .720 .488
63. .730 214 .756 487
64. .870 .559 .657 - .7156
65. .719 .290 714 .508
66. .736 .246 .745 .496
67. .761 .197 .782 481
68. .758 147 .808 .438
69. 742 .322 AR .540
70. .589 211 .688 .403
71. .878 444 .710 .652
12, 27 s 127 .791 A26
73. .794 221 .787 .507
74. 718 152 .781 445
15, A 12 .136 .788 424
76 .726 .320 .703 .520
T .740 .324 .709 .536
78. 714 - .260 .728 476
79. .602 .393 .605 .497
80. .b22 .087 WA .304
81. .687 .108 .788 402
82. .864 .258 . .803 .561
83. .736 .282 127 .510
84, .833 .284 A1l .568
85. Aol .206 .775 .486
86. .726 L3030 .711 .510
87. .718 378 .669 .544
88. .813 436 .690 .627
89. .629 +192 .720 .406
90. .661 .048 .808 .352
91. .623 .391 .580 A71
92. .628 .564 D3/ .598
93. .538 A17 .560 .480
94, .500 .750 «333 .667
95. .500 1.000 .166 .833



10¢

BIRD # 13
Session > a 2
No. P2 Py Pc PL
1. .000 .397 .796 .690
25 .940 .218 .857 562
3. .364 .000 .682 .182
4. .618 .018 .804 .313
5. .923  .263 .826 .578
6. 842 .276  .783  .557
s 721 270 .726  .492
. 8. 576  .067 .756 .319
9. .797  .259  .769  .530
10. .651 197 726 .427
11. .563 .206 .672 .396
T2, .551 « 133 .698 307
13. .750 .127  .811 441
14. .786 .148 .818 473
15. .684 .136 .776  .405
16. 524 .162 .687 .336
17. .593 .098 .750 .342
18. 409  .061 674  .235
19. .684 .164 .763 .415
20. .885 .083 .900 .500
27 . 900 .082 .909  .495
22, .860 .078  .891 465
23. 926  .216  .857 .58l
24. .885 .140 .873 .520
25. .907 .212 .849  .566
26. .867 .296 .789  .596
27. .869 .339 .769 .615°
28. .878 .115 .88l .485
29. .854 .148 .853  .480
30. 717 .217 750  .467
31. .898 .148 .874  .505
32. .750 172 .789 .456
33. .833 .100 .865 .481
34. .955 .000 .978 .457
35. .000 .220 .891 .614
36. .897 .283 .811 .604
37. 772 148 811 .468
38. .690  .091 .796  .398
39. 412 0.000 .706 .206
40. .568 .128 .725 .34]
41. 719  .058 .826  .404
42. .796 .096 .849 .453
43. .940 .085 .928 .526
44, .733 .246 .744  .488
45, .588 .180 . .698 .395
46. 459  .222  .616  .342
47. .600 .182 .714 .38]
48. 574 141 .720 .352
49. 414 116 .647  .266
50. .397  .176  .612 .286

BIRD # 14

Session 5 5 ﬁ 5
No. 2 1 C L
15 .857 .286 .782 555
2. .729 .210 .760 463
32 .783 .321 .738 .582
4, .388 .029 .684 .206
5. .250 167 .535 .209
6. .524 .076 .729 .295
1 .280 .104 .579 .195
8. .306 «115 .607 207
9. .244 .086 571 .166
10. 333 «132 .608 .230
11. .378 .128 .632 .250
12. .408 147 .637 .274
13. .581 .123 .732 .340
14. .836 .200 .818  .518
15. .667 . 159 .758  .400
16. A27 «143 .797 415
i P .759 .150 .807 .439
18. .852 179 .836 .509
19. .815. .190 .813 .491
20. .767 .246 .760 .504
21. .895 27 .810 .578
22. .804 .262 .769 .521
23, .842 .297 .769 .554
24, .923 .182 .869 .542
25, .915 .388 .754 .635
26. .907 .305 .796 .593
2. .700 .230 .736 .463
28. .750 237 .756 .496
29. 814 .204 .805 .22
30. .764 w127 .818 445
31. .807 .120 .841 L4806
32. .702 .091 .804 .402
33. .815 .233 .789 .509
34. .911 =361 .769 .624
35. .778 .268 .756 .538
36. .857 .300 .776 .569
37. .758 .290 .734 .524
38. .507 .316 596 411
39. .638 .258 .687 .458
40. .656 .226 714 444
41. A 2] .281 .720 .496
42. 741 277 .732 .496
43. 441 .155 .647 .295
44, 472 243 .616 .356
45, .600 .089 744 .364
46. .485 .134 .677 .308
47. .389 114 .634 .254
43. .484 .145 .677 .308
49, .635 .123 .750 .392
50. 463 - .132 .667 .296



LU0

Bird # 13 (Cont'd) : Bird # 14 (Cont'd)

Session P P P, ) Session P b b P
No. 2 1 ¢ L No. 2 1 C L
51. w301 .059 .634 .211 51. .303 .141 .b84  .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 s By 74 134 .556 .185 57. .386 .100  .643  .243
58. 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 3085 - 708 .567
66. .300 .068 .625 .181 66 . .681 .487 .592  .579
67. .529 100 .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 L1256 .783 .417 70. .770 .587 .584  .675
71. 714 153 .783  .426 71. .710 .500  .597 .597
712. .698 .313 .692 .500 72. .793 .708 .532 .749
73. .373 .151 .608 .264 73. 271 D2t .618  .646
74. .314 .029 .643  .171 74. 742 .408 .664  .569
5. «324 .120 604 .221 15, .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 .188  .643  .336 79. .721 +2l6 123 .496
80. «339 .120 B12. 2724 80. 722 465  .629 .594
81. .524 .109 J09 315 81. .686 377 555 .5h32
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 J44 430 87. .841 343 138 «bl15
88. .593 .141 J32 .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
g92. .486 .270 .608 .378 92. .620 .370 .625  .493
93. .478 .219 .634  .345 93. ok ed .364  .682  .545
94, .347 145 608  .243 94.. .701 .354 .682 .477
95. .213 .026 .596 .119 85. °  .597 .329 .636 457
96. 241 .101 570 o | 96. .662 .288  .687 .473
97. .338 110 .612 .224 97. .683 2T 703 .477
98. .268 .150 .556 .210 98. o LS .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)

-\ J

Bird # 14 (Cont'd)

Session

~

Session

~

No. P2 P Pc PL No. P2 P Pc PL

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  .65]
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
113.  .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
Session 5 P P B Session b 5 5 a
No. 2 1 C L No. 2 1 G L

1 .880 .148 .865 .500 ) I .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 o g 30 .608 5. .662 .257 .704  .452
6. 8656 .383 .738 .623 6. .745 .131 810  .422
7. .919 476 720 .696 y .702 162  .776 .408
. 8. .900 .393 .752 .645 8. .823 .356 .734  .589
9. .817 .328 .744  .570 9. .857 270  .790 .546
10. .850 .278  .789 .579 10. .613 .162 .734 .375
11. .902 .383 .760 .645 Ml .776 33 723 DbE
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
<18, .857 .259 798 .553 15, .652 226 711 445
16. .979 .170 .900 .550 16. .800 @17 .791 .496
17. .966 426 .767 .692 17. .689 254 .719  .461
18. .877 .288 .793 .578 18. .797 277 .7568  .524
19. .868  .494 .64 .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  .45]
23. .b85 172 .705  .380 23. .689 177 .756 .431
24. 685  .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 . .836 247 .795 .52}
28. .745  .169 .789 447 28. .732 <121 .807 421
29. .820 .355 .732 .585 29. s 210 .782  .479
30. .707 .169 .769 436 30. .627 .095 .770 .352
31. .656.  .143 .750  .417 Sl 119 254  .732 .496
32. .706 400  .652  .551 32. .635 219 .709 425
33. .803 .212 .796 .53l 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 .33 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



Bird # 15 (Cont'd)

AL

Bird # 16 (Cont'd)

Session & a - A Session a A A A
fo, 2 B B R No. P2 s ML . !
51. .750 .344 .703 .547 51. .644 706 .442  .680
52. 656 .294 .682 .470 b2. .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
b6. 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 17,750 .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 w3l
64. .845 .226  .811 .550 64. .808 .603 .603 .705
65. .864  .391 732 .618 65. .791 .798 .500 .794

. 66. 879 .350 .763 .610 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 .818 .609 70. .901 .787  .559 .845
TP .847 355 .744 .585 71 .770 124 529 <130
72. 768 .148 .809 .464 72. .795 704  .549 .750
13. 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
i .893 .245 .826 .578 ¥ 917 .845  .536 .88l
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 <76/
81. .878 .09  .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  .16] .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. od 12 472 .621 .593
88. .677 226 726 .452 88. 655 573 .542 .614
89. J54 279 738 516 89. .831 .828  .495  .830
90. 746 258  .744  .496 90. .897 747 873 .B2?
91. 557  .082 .738 .320 91. .895 712 597 .805
92. .731 .037 .849 377 92. .873 -.600 .638 .738
93. 811 237. 187 .520 93. .768 .479 .643  .621]
94. .630 .386 .622 .511 94. .792 .635  .547 .702
95. .676 450  .610 .558 95. 462 .291 .586  .376
96. 500 .184 .658 .342 96. .459 447 .508  .450
97. .889 1.000 .400 .950 97. .200 .292  .449 245

98. .286 379 456 .333



APPENDIX D

Conditional probability estinates, Dy» Pos Pg and
Py, for each bird over the final 12 sessions of phase 2 and

phase 3.
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PHASE 2
Group Bird p2 p] pC pL
1 1 .662 .164 .750 411
2 .404 .152 .627 277
3 .761 .170 .795 .464
4 .884 .852 .519 .868
X .678 .335 .693 .505
2 5 .698 .538 577 .619
6 .649 .303 .672 474
7 .580 .352 .614 .66
8 .798 .680 .564 .740
: X .681 .469 .607 .575
3 9 .645 .132 .758 .387
10 .932 .553 .689 .740
11 .343 .128 .605 .237
12 .763 .306 .729 .535
X .671 .280 .695 475
4 13 .418 115 .652 .266
14 .746 .343 .701 .542
15 752 .221 .764 .486
16 .832 .769 .531 .794
X .687 .362 .662 .522
OVERALL X .679 .362 .659 519
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PHASE 3
_ Group Bird P2 Py Pc PL
1 1 .606 112 .747 .360
2 .669 .246 712 .456
3 .538 .214 .662 .377
4 -.983 .979 .502 .981
X .699 .388 .656 .544
2 5 .779 .615 .579 .696
6 .694 .548 574 .621
7 .791 .521 .636 .657
8 .824 617 .602 .720
X 772 .575 .598 .674
3 9 .541 .089 .727 312
10 .715 .167 .775 .438
11 443 .159 .641 .302
12 712 .248 .733 .480
X .603 .166 .719 .383
4 13 .434 .132 .652 .283
14 .743 .388 .678 .564
15 .691 141 .775 412
16 .831 .618 .607 724
X .675 .320 .678 .496
OVERALL X .687 .362 .663 .524



APPENDIX E

"Pirst-order" conditional probability estimates,
P(Rzltr2 RjTi) and P(Hlel RjTi), for each bird for phase 2

and phase 3. The column headings identify the R th

ITI
J71
response on trial n; the marginal row headings identify
the preceding RjTi th response. The number of trials, N,

on which each estimate i1s based is also given.



RT4

OVERALL

"FIRST-ORDER" CONDITIONAL PROBABILITY ESTIMATES IN PHASE 2

BIRD P(RZITZ) N P(RZ}T])
1 719 57 Wit
2 .492 63 . 1846
3 .877 57 .250
4 +339 439 .871
5 .607 266 .584
6 .682 129 309
7 .620 150 313
8 .838 327 WY
9 .660 50 178
10 .961 205 .670
11 .509 95 . 179
12 .862 116 .400
13 449 232 .065
14 812 149 .398
15 827 81 425 .
16 . -859 404 794
X 138 .416

59
65
56
443
243
117
160
309
45
236
56
110
241
118

379

RoT2

BIRD P(RZITZ) N P(RZ[T1) N
1 .607 233 .161 230
2 479 163 15/ 172
3 .682 258 . 157 248
4 .897 465 .887 450
5 .689 315 .530 319
6 .695 249 «327 257
7 w267 247 .389 255
8 .849 384 .699 381
9 .673 217 .105 229

10 .916 371 .544 349
11 s/ 140 .152 158
12 /03 279 .289 280
13 399 158 .118 178
14 714 259 X 300
15 754 256 .218 261
16 .840 407 .798 425
.683 .368

W1l



"FIRST-ORDER" CONDITIONAL PROBABILITY ESTIMATES IN PHASE 2

BIRD P(R2]T2) N P(RZIT]) N

R T, 1 .622 302 .132 296
2 .379 364 .143 363
3 .795 268 .164 286

4 .707 82 .723 65

5 714 224 .548 199

6 .590 266 .260 288

7 .551 283 .321 277

8 .688 154 .598 137

9 .632 304 .145 303

10 .928 180 453 161

11 .347 395 117 366

12 .736 254 .251 247

13 .402 368 .105 351

14 .719 253 .311 241

15 .751 269 .196 275

16 .726 102 .682 129

OVERALL X .643 .322

R]T

2

BIRD P(R2|T2) N P(RZIT]) N
1 .691 110 167 132
2 -39 251 .144 257
3 .780 82 « VER 82
& .630 54 J12 66
5 639 119 .506 166
6 D92 152 314 137
7 .620 187 .381 181
8 .641 103 «526 95
9 .645 124 136 125

10 1.000 21 437 32
11 .258 302 11 298
12 7133 90 414 87
13 444 49 137 46
14 774 93 .392 102
15 .651 86 .132 91
16 .807 88 .650 80
.642 .333

G1t



Ry ToE
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RiT1Eo

R,T,E

R1T2Eo

RoRoEs

R2T2Eo

"FIRST-ORDER" CONDITIONAL PROBABILITY ESTIMATES IN PHASE 3

.FOR GROUP_ 1 AND GROUP 2

Group 1

BIRD P(RZITZ) N P(R2|T1) N
1 .617 342 L1714 297
2 677 288 232 285
3 .534 335 .170 265
4 917 12 .889 9
1 .5856 152 +1 14 123
2 .697 122 .266 128
3 .520 127 .184 125
4 .000 3 1.000 5
1 .649 57 .190 63
2 .699 153 .280 118
"3 <563 119 .400 100
4 .985 801 .984 699
1 .652 204 .138 210
2 .543 175 .201 184
3 474 232 .186 274
4 .000 13 .818 11
1 .539 180 .081 247
2 .720 218 272 272
3 .574 183 .189 228
4 .980 476 .981 564
1 .602 108 .103 97
2 672 125 .243 103
3 .h95 84 .180 78
4 .991 223 .991 231

RiT1E4

Ri1T1Ee

RoT1Es

R1T2Eo

RoToEs

Group 2
BIRD P(R,|T,) N P(R,|T N
5 .748 143 .618 131
6 .569 160 435 170
7 .784 171 .490 145
8 .786 159 .554 112
5 .750 56 .759 54
6 .674 89 .406 64
7 .750 76 .554 56
8 .860 57 479 .48
) .818 329 .655 296
6 .750 304 614 280 -
7 .841 264 531 228
8 .853 320 .678 289
5 .698 106 513 119
6 .634 172 .487 160
7 .755 94 477 107
8 .794 78 .547 95
5 779 362 .581 403
6 .719 338 .583 391
7 .770 339 J537 404
8 .809 356 .618 437

91T



"FIRST-ORDER" CONDITIONAL PROBABILITY ESTIMATES IN PHASE 3

FOR GROUP 3 AND GROUP 4

Group 3 Group 4

BIRD  P(R,[T,) N P(R,|T;) N BIRD P(R, IT,) N P(R,|T;) N

RyTHE, - 9 .556 392 .090 366 R,T,Ey 13 .378 357 .131 359

10 .738 347 .184 320 14 .698 245 .336 232

1 .396 404 134 381 15 .701 301 146 294

12 .684 329 212 306 16 .769 186 .514 144

R &

RyTiE, 9 .611 36 .100 40 R,T,E. 13 .508 61 .184 49

© 10 .792 72 .238 63 ° 14 .832 155 .438 153

1 .542 83 .254 67 15 — 57 .300 44

12 .848 12 441 11 16 - .875 271 .644 289

RiT,E, 9 .476 185 .081 - 198 RyT,E, 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

RoTE, | 9 .576 144 .101 168 R,THE, 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
RyTHE, 9 .559 68 .094 64
, 10 .678 90 .185 81
11 .582 55 .181 72

12 ot 2 86 .278 97

41T



APPENDIX F

Results of order-tests and the ¢ coefficients for

each bird in phase 2 and phase 3.



118

PHASE 2 PHASE 3
Bird df x2 ¢ df . xz ¢
1 9 8.968  .0ag 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
1 9  19.25°  .060 16 54.69  .099
12 9  21.04°  .069 16 25.7 .071
13 9 .04 .029 9 9.995  .045
14 9 .645 .046 9 13.43 .108
15 o  29.95  .085 9  20.29°  .070
16 9  26.23  .066 o 28.24°  .073
TOTAL 144 - 483.265 .078 353.258" .064
tk .05

*%
p <.01



APPENDIX G

"First-order" conditional probability estimates,

( ' 3
P(Rlei), P(Rlej), P\RZIEK) and P(cllcm), for each bird
for phase 2 and phase 3. The number of trials, N, each

estimate is based on is also given.



BIRD

LN T WN —

OVERALL X

B(R,|T,)

413
&l D
431
.867
.594
491
.487
By X
.383
Wy
207
.534
ol B
« D09
.458
.804

913

"FIRST-ORDER" CONDITIONAL PROBABILITY ESTIMATES

P(RZITj) AND P(R2|Rj) FOR PHASE 2

N P(Rle]) N
705 395 714
843 213 855
670 .486 667

1032 187 1029
919 641 934
795 .423 800
870 .446 871
966 « 102 927
698 .394 709
783 761 773
899 250 872
736 .541 727
809 .258 814
754 «258 763
694 « 907 698

1000 39 1015

.524

BIRD

LooONOYOTPRWN —

P(RZIRZ) N P(RZIR]) N
427 879 .388 840
.320 463 w287 1235
.451 619 .465 718
.898 1799 697 267
.626 1143 .604 710
+51b 752 433 843
470 812 .463 929
.784 1404 .622 489
.388 544 .388 863
.762 1161 .699 395
.276 410 213 1361
.554 785 518 678
+202 431 .269 1192
.556 826 .536 691
519 671 449 721
.823 1615 £ 15 400
« 039 .482

6TT



"FIRST-ORDER" CONDITIONAL PROBABILITY ESTIMATES,

P(R,|E,) AND P(C|C ) FOR PHASE 2
BIRD.  P(RyIE)) N P(Ry[E)) N P(R,|E,) N BIRD  P(C|C,) N Plley) N
1 .381 598 417 463 .425 358 1 747 1061 .763 358
2 261 727 .313 335 .267 636 2 .633 1062 .620 636
3 .469 554 425 506 .498 277 3 .790 1060 .823 277
4 714 147 .892 915 .878 1002 4 .513 1064 521 1002
5 .636 423 .609 634 . .616 794 5 .585 1059 .563 794
6 419 554 .508 506 .492 535 6 676 1060 .649 535
7 .438 560 476 502 .483 678 7 .602 1063 .636 678
8 646 291 774 765 .746 834 8 .571 1059 552 834
.9 - .389 607 .381 446 .396 344 9 .761 1063 .750 344
10 .704 341 .736 720 .790 494 10 1 1062 636 494 .
1 .237 761 .248 298 211 711 1 .609 1060 587 711
12 .497 501 .52 559 .610 403 12 737 1060 .702 403
13 .257 719 .250 336 .284 568 13 646 1055 662 568
14 521 494 .52] 559 606 462 14 .69 1055 .706 462
15 471 544 .484 517 . .502 331 15 773 1061 .737 33
16 .701 231 .819 832 .811 951 16 551 1064 551 951

OVERALL
x .484 D23 .538 .662 .654



'FIRST-ORDER" CONDITIONAL PROBABILITYAESTIMATES,

b | b
P(R2|Tj) AND P(RZ[RJ-) FOR PHASE 3

BIRD P(R2|T2) N P(R2|T1) N BIRD P(R2|R2) N P(R2|R]) N
1 .338 1046 - .384 1034 1 L1 752 .384 1328
2 .438 1077 475 1094 2 .485 989 .433 1182
3 .346 1079 392 1071 3 .403 792 .349 1358
4 .982 1518 .984 1529 4 .984 2994 925 53
5 .670 991 .728 - 1009 5 .706 1391 .686 609
6 .620 1061 .610 1067 6 .663 1313 537 815
7 .636 944 677 940 7 .665 1235 .639 649
3 .696 966 -« 99 985 8 733 . 1402 .679 549
9 .300 827 % 836 g « 301 520 s 1146
10 395 788 .481 804 10 .444 698 .434 894
11 .308 932 .292 935 11 .406 557 .255 1310
12 .460 852 .506 858 12 497 829 .470 881
13 .288 817 .269 826 13 322 460 .261 1183
14 .561 I1E .567 789 14 .583 880 .539 681
15 .385 680 444 696 15 .438 569 « 299 807
16 I3 877 119 891 16 298 1289 .656 479
OVERALL x  .510 <037 .546 497

T2t



"FIRST-ORDER" CONDITIONAL PROBABILITY ESTIMATES

P(RzlEk) AND P(C]Cm) FOR PHASE 3

BIRD PRpIE) N P(Ry[Ey) N P(R,|E,) N BIRD  P(C|C,) N P(cIC,) N
1 .383 639 .274 427 .384 1014 1 .743 1546 753 534
2 .456 573 471 490 .451 1108 2 .720 1541 .689 630
3 .373 600 .360 411 .370 1139 3 681 1425 .635 725
4 .905 21 .980 1040 .985 1986 4 470 1523 .535 1524
5 .686 274 .675 765 722 961 5 577 1150 .578 850
6 .500 330 .646 729 .630 1069 6 .570 1212 - .575 916
7 .649 316 .643 743 .670 825 7 .620 1197 .658" 693
8 .690 271 .704 793 .738 887 8 .602 1169 .602 782
9 .33 758 .321 312 .295 593 9 .733 1204 715 . 459

10 472 667 413 392 415 533 10 781 1232 761 360
1 269 785 425 280 .287 802 1 651 1192 .621 675
12 457 635 423 . 423 .548 659 12 .733 1241 719 469
13 .254 716 309 350 .289 577 13 .649 1066 653 577
14 .522 477 .554 572 .613 508 14 .673 1053 .689 508
15 .427 595 415 468 393 -.313 15 .780 1063 .760 313
16 .658 330 .755 729 - .733 708 16 .600 1060 .607 708

OVERALL
X .502 .523 - .532 .662 .660



APPENDIX H

"Higher-order" probability estimates, P(R2|T2) and
P(Rlel) conditional on preceding stimulus runs, for each
bird in phase 2. The row heading identifies & preceding
run of mT1 stimuli, where m assumes values from 1 to 5 and
i is equal to 1 orA2. The number of triais, N, on which each

- estimate is based is also given.
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"HIGHER-ORDER" PROBABILITY ESTIMATES, ﬁ(Rzlrz) AND P(R,[T,)

. CONDITIONAL ON PRECEDING STIMULUS RUNS FOR BIRDS 1 & 2 PHASE 2

BIRD 1
P(Ry|T,Y) N P(R,|T,Y)
.590 200 171
747 83 119
581 43 077
.688 16 .067
750 16 167
- 630 184 116
728 81 173
725 40 143
722 18 136
571 7 .389

N

193
84
39
15
12

164
104
42

22 .

18

BIRD 2
P(RZITZY) N P(RZIT]Y)
423 239 171
.360 89 .125
447 47 152
.364 22 .067
.316 19 .182
.382 220 .187
.438 105 37
467 45 .115
.524 21 .120
.400 10 .095

260

104

46

15

11

193
117
61
55
21

£21
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ﬁHIGHER-ORbER" PROBABILITY ESTIMATES, P(R2 T2) AND P(R2 T])

CONDITIONAL ON PRECEDING STIMULUS RUNS FOR BIRDS 3 & 4 PHASE 2

BIRD 3 BIRD 4
_j:_ .E(RZITEI) N P(R2|T1Y) _fi_ P(R2[T2Y) N P(R2|T]Y) _EL_
T] .788 170 142 ~176 ' 811 269 .851 269
T] Wb 71 7T 85 <0 114 .853 129
T] .889 45 .178 45 871 - 70 .846 65
T1 857 14 .400 20 ‘ .897 29 .769 26
T] .846 13 .167 6 .885 29 1.000 15
T2 .693 179 iy kx 135 ; .891 284 874 222
T2 .645 76 . 138 104 .865 126 .865 156
T2 .800 40 .128 39 .881 59 .924 66
T2 .682 22 211 19 907 23 .816 38
T2 .889 9 .095 21 .818 11 .857 21

A



"HIGHER-ORDER" PROBABILITY ESTIMATES, ﬁ(RZITz) AND ﬁ(R2|T1)

CONDITiONAL ON PRECEDING STIMULUS RUNS FOR BIRDS 5 & 6 PHASE 2

(S 2 I R oS B A R
~ — 4 — —
N DN NN

— — 4~ =
— et md ed e

BIRD 5 BIRD 6

P(R,|T,Y) N P(R,|T,Y) N P(Ry[T,Y) N P(R,|T,Y) N
714 220 .600 215 .650 203 .308 208
772 127 - .592 103 .629 89 .274 95
.691 63 .473 55 .554 56 .291 55
.676 37 .556 27 722 18 .241 29
.633 30 .765 17 .438 16 .200 10
.705 239 .548 237 .677 217 .360 164
711 120 .508 114 .636 88 .248 129
.628 63 .540 51 .659 44 .267 45
.438 36 417 16 .522 23 .476 21
.556 16 .563 9 .857 14 .348 23

62T



"HIGHER-ORDER" PROBABILITY ESTIMATES, ﬁ(R2|TZ) AND 5(R2|T])

CONDITIONAL ON PRECEDING STIMULUS RUNS FOR BIRDS 7 & 8 PHASE 2

o BAwWw NN =
— 4 4 -
— — p— -— —

ol AW NN =
—~ — - —
N NN NN NN

BIRD 7 | BIRD 8
P(R,|T,Y) N P(R,|T,Y) o P(R,T,Y) N P(R,T,Y) N
572 217 .302 222 784 241 683 240
.620 100 389 108 783 115 729 107
.576 66 .295 61 797 59 759 54
421 19 .233 30 .767 30 .810 21
500 18 200 10 792 24 .500 14
611 239 .403 181 820 256 632 212
585 o4 372 145 .780 118 635 137
545 46 .320 50 .808 52 .746 67
609 23 458 24 .833 24 724 29
412 17 .348 23 708 24 714 21

92t



"HIGHER-ORDER" PROBABILITY ESTIMATES, P(R2 T2) AND P(R2 T])

. CONDITIONAL ON PRECEDING STIMULUS RUNS FOR BIRDS 9 & 10 PHASE 2

BIRD 9 BIRD 10

P(R2 T2Y) N P(R2 T1Y) _Ji_ P(R2 TZY) N P(R2 T1Y) _Ii_

1 T.I .627 193 .166 183 951 203 . 965 204
2 T.I .645 76 144 -~ 90 382 84 579 107
9 T1 .697 33 111 36 917 48 .604 48
4 T] .696 23 .077 13 .000 19 .682 22
5 T] _ .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 » 907 106
3 T2 J11 38 .100 50 «235 46 .396 48
4 T2 611 18 143 21 .900 20 «539 26
5 T2 .833 6 s Wb 18 .938 16 632 19

2T



"HIGHER-ORDER" PROBABILITY ESTIMATES, ﬁ(Rlez) AND ﬁ(R2|T1)

.CONDITIONAL ON PRECEDING STIMULUS RUNS FOR BIRDS 11 & 12 PHASE 2

BIRD 11
Y P(R2|T2Y) N P(RZIT]Y)
1 T] »039 228 .108
2 T.| .324 105 « 158
3 T] «276 58 « 130
a T] .387 31 .050
5 T] 313 16 .090
1 T2 " w2068 246 .124
2 T2 .306 111 .133
3 T2 .234 43 - 132
4 T2 <211 19 .083
5 T2 - 500 10 «053

232
101
52
20
11

194
135
68
24
19

BIRD 12
P(Ry|T,Y) N P(R,|TY)
772 195 .293
.768 82 .264
.761 46 .263
.833 24 .583
.857 14 .125
.732 194 .274
.800 80 .343
T8 43 .447
.992 24 .350
1.000 6 .26

191

91
38
12

164
105
47
20
23

82T



Y

P(R,|T,Y)

o B ow N -

o P W N -
e e e
N NN NN

—~ 4+ = —
— w—d emd med d

377
425
448
.571
313

.407
469
.400
.400
444

"HIGHER-ORDER" PROBABILITY ESTIMATES, P(R,[T,) AND P(R,|T,)

CONDITIONAL ON PRECEDING STIMULUS RUNS FOR BIRDS 13 & 14 PHASE 2

BIRD 13

N P(Ry|T,Y)
223 .080
80 133
58 150
28 .063
16 167
216 137
96 1092
35 167
15 125

9 .067

225
98
40
16
12

190
119
60
24
15

BIRD 14
P(R2|T2Y) N P(RZIT]Y)
.763 177 .301
774 106 .329
727 55 463
.667 33 429
.850 20 471
.746 197 .344
.685 92 414
.784 37 .400
vl 33 15 .348
.667 6 .143

176
85
41
21
17

195
104
55
23
14

LT



"HIGHER-ORDER" PROBABILITY ESTIMATES, P(R,|T,) AND P(R,|T;)

CONDITIONAL ON PRECEDING STIMULUS RUNS FOR BIRDS 15 & 16 PHASE 2

BIRD 15
Y P(R,|T,Y) N P(R,|T,Y)

1T, 779 195 .263
T .805 77 .218
3T .625 32 .243
4T, . .68 16 .083
6§ T, 737 19 .143
17, .743 175 .186
2T, 736 87 .189
37, 691 42 .178
47, .684 19 .042
4 .667 6 .368

194

87
37
12

161
90
45
24
19

P(R,|T,Y)

.829

.854
.789
794
.900

.860
.817
.736
.800
SN

BIRD 16
N P(R,|T,Y)
287 .783
103 .766
52 .642
34 .813
20 727
264 794
131 761
53 711
25 .828
12 .840

286
128

53 .

16
11

228
134
76
29
24

0€T



APPENDIX I

"Higher-order" probability estimates, P(Rz), con=-
ditional on preceding response runs, for each bird in phase
2. The row heading identifies a preceding run of ij res-
ponses, where m assumes values from 1 to 5 and J is equal
to 1 or 2. The number of trials, N, on which each estimate

is based is also given.



"HIGHER-ORDER" PROBABILITY ESTIMATES, CONDITIONAL ON PRECEDING

RESPONSE RUNS FOR BIRDS 1 - 4 IN PHASE 2

BIRD 1 BIRD 2 BIRD 3 BIRD 4

gl B W N -

Y PR,IY) N P(R,Y) N P(R,|Y) N P(R,|Y) N
1 R] .408 323 .279 309 .456 327 v B3 178
) R] .319 188 293 - 222 .540 176 VA B 45
3 R1 .369 130 .250 156 .329 79 .692 13
4 R] 427 82 .280 118 415 53 .000 4
5 R] 438 105 237 388 .456 68 .625 8
R2 .391 317 - .286 311 411 324 .769 181
R2 .431 123 .405 89 .391 133 .826 144
R2 .346 55 429 35 .574 54 .780 118
R2 .526 19 s O 15 576 33 .891 92
R2 .613 31 .286 7 .524 42 .934 1235

A%



ol AW N -

ol B W N~
~ O O OV DO
N NN NN

"HIGHER~ORDER" PROBABILITY ESTIMATES, CONDITIONAL ON PRECEDING

BIRD 5
P(R,|Y) N
.631 417
.643 154
.536 56
.724 29
.500 22
.649 421
598 271
.615 161
.567 97
177

.689

RESPONSE RUNS FOR BIRDS 5 - 8 IN PHASE 2

BIRD 6
PR, |Y) N
.467 353
444 187
435 108
+339 62
.376 109
.509 354
.458 179
494 83
.585 41
.662 71

.485
.440
471
433
414

455
469
528
.510
.375

421
216
121

60

87

416
192
91
49
40

BIRD 8

P(R,|Y)

i
.615
.406
.368
.234

.700
+692
.803
.845
.833

299
83
32
19
47

297
208
142
115
603

€ET



"HIGHER-ORDER" PROBABILITY ESTIMATES, CONDITIONAL ON PRECEDING

BIRD 9

Y P(R,|Y) N

1Ry 412 323
2 Ry .368 190
3 Ry .430 121
4R, .286 70
5 R, 402 127
1R, .394 325
2 R, 413 126
3 R, .275 51
4R, .500 14
5 R, 417 12

RESPONSE RUNS FOR BIRDS 9 - 12 1IN PHASE 2
BIRD 10 BIRD 11
PlRATL N - PRIYY. .
.706 ~.259 .274 238
.696 79 .216 208
,654 26 .195 164
.778 .199 131
.667 .183 551
.739 268 .244 283
767 197 .265 - 68
.740 150 .316 19
.679 112 .333 6
.800 395 .600 5

BIRD 12

fv(Rzlv)

»932
.506
494
575
515

«522
.562
.495
« ¢80
.602

340
160
81
40
33

343
178
99
48
93

HET



"HIGHER-ORDER" PROBABILITY ESTIMATES, CONDITIONAL ON PRECEDING

g A w NN =

BIRD 13

PR,IY) N

1 R1 .303 314
2 Ry .290 217
3 Ry .340 153
4 R] .208 101
5 Ry veld 376
Ry 221 312
R, w297 70
R2 +929 17
R, s 9
R2 .667 6

RESPONSE RUNS FOR BIRDS 13 - 16 IN PHASE 2

BIRD 14

P(R,|Y) N
545 358
543 162
527 74
588 34
.533 30
510 359
569 181
577 104
583 60
657 105

BIRD 15

PR, |Y) N
466 309
458 168
.418 91
.396 91
.400 80
.510 308
494 158
.525 . 80
476 42
.618 55

BIRD 16

P(R,|Y)

<769
.646
500
.500
.500

219
781
.806
.846
.847

281
65
22
12
12

280
215
170
136
ik

GET



APPENDIX J

Conditional probability estinates, Py» Pys Pgo
pL, for successive quartiles of a session for each bird,

based on the final 12 sessions of phase 2.



137

A PN

Pc PL

BIRD QUARTILE BIRD QUARTILE
1 2 3 4 1 d 3 4
1 .705 .767 .746 .781 1 .408 415 .398 .425
2 .614 .615 625 +685 2 .248 .284 .310 205
-3 .784 .787 .783 .827 3 .543 412 .415 .486
4 .510 .518 529 B16 4 .814 .861 877 .920
5 .603 .560 .543 .603 5 .566 .628 .652 .629
6 .602 .646 .702 .736 6 .460 428 .479 .530
7 .569 .618 .644 .625 7 .548 442 414 .460
8 .556 553 .568 .581 8 .796 712 .739 714
9 714 .762 724 .827 9 .368 391 359 429
10 .650 .702 .672 .730 10 .764 .736 .767 .695
11 +599 .547 033 .640 11 .287 .206 =175 .279
12 .682 Wi .756 ..709 12 .602 514 .480 .544
13 .629 .625 .648 .706 13 259 el D .261 .268
14 «F1] 721 .700 D73 14 475 527 .560 .606
15 .701 791 .812 .754 15 497 474 474 .500
16 .516 523 .567 219 16 .78% .783 .804 .798

OVERALL , OVERALL

X .634  .656 .666 .680 X 527 .506 «210 .534



APPENDIX K

Results of Chi-Square Test for Homogeneity between

phase 2 end phase 3 and phi-coefficients for each bird.



APPENDIX T,

The number of trials and the conditional probability
estimate, P for each of the 5 days of extinction for each
bird. The total number of trials over the five days are
also shown, along with the mean total number of. trials for

each group and over all birds. 



Group

NUMBER OF TRIALS AND 5c IN EXTINCTION

DAY

2 3 5 TOTAL

NO. ) NO. A NO. " NO. A NO. A NO.

BIRD  TRIALS p, TRIALS P TRIALS P TRIALS P, TRIALS P, TRIALS
1 82 .59 41 .59 31 .55 28 .64 1 .0 183
2 153 .69 191 .57 39 .69 31 .61 3 .67 417
3 164 .63 185 .61 18 .50 9 .44 1 .00 377
4 143 .55 119 .69 96 A48 22 .17 2 .00 382

X 339.8
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

x|

444

™ LT



Group

NUMBER OF -TRIALS AND ﬁc IN EXTINCTION

DAY
3 4 5 TOTAL
NO. A NO. A NO. A NO. A NO. N NO.
BIRD  TRIALS  p, TRIALS P, TRIALS P TRIALS Pe TRIALS P, TRIALS
9 156 .64 82 .59 29 A5 35 .69 5] .51 353
10 151 .66 40 .65 29 .48 27 .59 6 .50 253
11 151 .56 124 .56 130 .59 43 .58 17 47 465
12 138 .58 82 .58 25 .56 12 .33 6 .17 263
X 332.8
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

IHT



APPENDIX M

Values of the theoretical measures d', from the
theory of signal detection, and =« and B8, from the Atkinson-
Kinchla model for each bird for phase 2 and phase 3. Heans

for each group and overall means are also given.



BIRD

x| Dwr—

X| o~NOoOYOn

OVERALL
x

THEORETICAL MEASURES

d/
PHASE

2 3
.40 .48
.78 12
.66 .90
.14 0.00
.995 89
A2 .46
91 .38
.58 .76
.37 .61
<97 » 0B
R 07 44
B ¥ ol
oy i .89
.21 .26
«19 .29
.98 35
.08 .94
.44 .58
.24 .64
.94 .02
923 .936

o

142

PHASE
2 3

.498 .494
.252 .423
.591 .324
.032 .004
.343 .311
.159 164
.346 .146
.228 .270
118 .207
.213 .197
.513 452
.379 .548
.215 .284
457 464
.391 437
.303 .302
.403 .355
.531 .55
.063 .213
.325 .355
.318 .325

B
PHASE

2 3
« 325 .224
.203 426
416 317
.88 .983
.456 .488
.641 .736
463 .642
.456 714
J71 778
583 .718
Wi .162
.89 .369
.163 .222
.564 463
472 .304
.165 .189
<975 .602
A71 .313
.821 <189
.508 472
505 .496



APPENDIX N

Statistics based on 36 sessions for each bird in
group 4: M"first-order" conditional probability, "higher-
orde®™ probability estimates, and probability estimates,
Pq» pz, Pa and P for successive quartiles. The number
of trials, N, each estimate is based on is also given for

the sequential probabilities.



"FIRST-ORDER" CONDITIONAL PROBABILITY ESTIMATES BASED ON 36 SESSIONS

FOR _EACH BIRD IN GROUP 4

BIRD  P(R,|T,) N P(R,|T,) N BIRD  P(R,|T,) N P(RYITY)
13 .404 1100 122 1026 RyT, 13 439 660 137
14 .689 750 .341 718 14 .735 309 .385
15 .757 834 .192 818 15 .650 243 127
16 .756 431 .593 386 16 .754 236 .580
13 .523 174 .155 155 R,T, 13 471 490 .140
14 .791 464 412 418 14 .740 795 .375
15 .828 215 .360 200 15 .775 733 .187
16 .870 1030 - .739 1012 16 .858 1136 .750

EHT




14k

"HIGHER-ORDER" PROBABILITY ESTIMATES CONDITIONAL ON PRECEDING

STIMULUS RUNS, BASED ON 36 SESSIONS FOR EACH BIRD IN GROUP 4

BIRD 13
Y ﬁ(R2|T2v) N ﬁ(R2|T]Y) N
1T 418 620 105 629
2Ty 416 315 169 279
8 1, 437 167 164 134
4T, 483 89 121 58
5T, 298 47 .082 49
17T, 448 629 135 612
2 T, 449 296 27 331
3T, 438 112 165 182
47, 517 47 099 71
5T, 346 26 106 47
BIRD 15
1T, 797 522 224 517
2T, 745 259 252 254
3T, 734 109 183 115
47 71470 163 49
5T, .797 59 188 32
1%, 758 525 178 488
2T, 733 255 162 27
3T, 676 111 134 142
47, 750 44 169 7
57, .846 13 205 44

BIRD 14
ﬁ(R2|T2Y) N ﬁ(Rle]Y)_ N
716 563 347 557
720 314 360 272
765 153 453 137
726 99 .328 67
768 69 .389 54
740 592 376 590
.784 289 405 301
738 126 405 163
776 49 817 79
619 21 .234 47
BIRD 16
.830 759 718 759
.839 354 692 325
e 633 158
.855 83 646 65
912 57 .690 58
.849 729 716 690
.820 350 747 376
815 151 680 197
841 69 771 83
.897 39 735 68



PROBABILITY ESTIMATES BASED ON 36 SESSIONS FOR EACH BIRD

146

IN GROUP 4
; ;
QUARTILE QUARTILE

BIRD 1 2 3 4 1 2 3 4
13 167 .135 .139 .093 - .478 42?2 417 452
14 317 .315 .400 441 .690 .729 .743 .769
15 .247 .199 .155 .185 .707 By 7 .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 O

Besults of stationarity tests of individual 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
BLOCKS 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 5.42] 10.096°  22.436" 22.569"
10 6.758  23.76°  20.296 4.267  2.998 9.445
1 288 19.924°  27.628 5.61  129.437" 95.819"
12 1.469  3.66 15.483 1.155  9.583 28.306"
13 1.7052  8.957 9.72] 90.171  23.144" 21.931"
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 7.508  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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