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PREFAGE

This thésis reports résearch carried out from October
1968 to June 1969. The organization of the fhesis'allows it
to be read voth by those who are familiar with recent research
on cholice behavior in animal subjects, and by those who are not
familiar with this research. The reader who wishes a straight-
forward report of the procedures and results of the research
may read Chapter 2, which is written in the style of a journal
article. For readers desiring a more éeneral introduction,
Chapter 1 describes the background of the problem and some of
the recent resecarch on choice behavior. 1In addition, appendices
contain some gsubsidiary arguments, more detailed'descriptions
of the apparatus, ard more detailed data thah are reported in

,thé text.
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CHAPTER ‘1

SOME EXPERIMENTAL APPROACHES TO THE STUDY OF CHOICE

Each of the four experimentsreported in this thesis
employed a situation which has been used in a large number of
experiments on choice, In that basic situation, an animal'is
presented with two stimuli, and can respond to either of those
stimuli. The question asked is this: what aspects of its
prior experience with those two stimuli will cause the animal
to respond to one stimulus more than to the other? Put another
way, what aspects of the animal's experience with those stimuli
will cause it to "choose" one stimulus over the other?

In the present experiments, pigeons WGre used as
subjects and the response was pecking at one of two response
‘keys. Each response key could be 1lit either red'or green, and
in each expéeriment the question‘was whether the pigeons would
reliably peck one color more than andther as a result of prior
experience with these colors. The pecking response of the pigeon
has beern used in many previous experiments, and its use herec had
the advantage of making relevant a large body of practical infor-
mation concerning the pigeon, the pecking response, and the sorts
of variables that affect that response. As a simple example, we
know from previous experiments that color discrimination in the
pigeon is very good, and the design of the present

experiments 1s based upon this knowledge.



Organization of this Chapter

The four experiments are reported in Cﬁapter 2. This
introductory chapter has three purposes. One purpose is to
offer a general background for the experiments to be reported
| later; this will be done by describing some of the different
experimental approaches that have been used to study choice.

A second purpose is to give specific criticisms of two currently
popglar approaches to the study of choice. A third purpose of
this chapter is to introduce the particular experimental approach
that was used in the experiments to be reported. That approach
will be described near the end of this chapter, and some of its
advantages will be pointed oﬁt.

No attempt will be made in this chapter to survey the
very large number of experiments that have dealt'with choice
.behavior. Nor will mention be made of all the different exper-
imental appfoaches that have been used in the study of choice.
Instead of such a general survey, this chapter will present a
more detailed look at two parficular approaches to the study of
'choice. A conéiderable amount of interest has been generated
by each of these two approaches, and each has been employed in
a lérge number of recent experiments. To allow convenient
reference, we will refer to these experiments as employing
either the "concurrent schedules design" or the "two-1ink choice
design.” In the first section that'follows, the concurrent
schedules design will be introduced and discussed and some

complexities in that design will be pointed out. In the second



section, the two-link choice design Will be described, and a
_number of difficulties in interpreting results obtained with
experiments of that design will be considered, These probléms
of interpretation with the two-link choice design will be
discussed at some length, since the widespread use of that
design suggests that a detailed consideration of it will be

of value. In a final section, the experimental approach used
in the present experiments will be introduced, with particular
emphasis on the ways in which that approach avoids difficulties

found in the first two approaches.,

The Concurrent Schedulas Design
In this section the concurrent schedules design is
presented by describing a sample experiment that uses that
design. After the major féatures of the concurrent schedules
design are made clear,’some cf the advantages of that design
will be mentioned., Finally, some complexities of the design

will be discussed,

Sample Experiment Using the Concurrent Schedulss Design

An experiment by Herrnstein (1961) will serve as an

4.

example of the concurent schedules design. In that experiment,

pigeons were used in a two-key experimental chamber with the

response keys 4.5 inches apart (center to center). The left

key was always red, and the right key was always white. Pecks
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to each key were reinforced with food according to two different
. variable-interval schedules of reinforcement. In a variable
inter&al (VI) schedule, reinforcement is presented for the

first peck after a given, but variable, period of time following
the previous reinforcement. For instance, in a VI 3 minuts
‘sohedule, reinforcement is presented on the average every three
minutes, although the actual intervals used may vary from only

a few seconds to many minutes. In Herrnstein's experiment, thé
VI schedule for one key was independent of the schedule for the
other. Thus, at any gilven moment, reinforcement could be avail-
able on neither key, on one of the keys,or on both keys, A
reinforced response on one key had no effect on the schedule

of reinforcements for the other key.

Herrnstein varied the values of the VI scheduleg on the
two keys in such a way that the overall frequency of reinforéement,
for the two keys taken together, was held constant at an average
of one reinforcemént every 1,5 mingtés. What he found was that
the relative frequency of responding on a particular key was
very close to the relative frequency of reinforcement on that
key. In other words, the number of responses on one key, taken
as a proportion of the total responses to either key, was very
close to the number of reinforcements received for responses to
that key, taken as a proportion of total reinforcements received
for responses to either key.,

This experiment exemplifies some of the major features
of the concurrent schedulesdesign. First, there are two responses

(pecks to the left key and pebks to the right key), and both of



these responses are concurrently available., Second, each of
the two responses is reinforced according to a different and
independent schedule of reinforcement. (We will see below that
this independence is not always maintained.) Third, although
this is not necessary, most of the research using this design
has used pigeons in a two response-key situation just as
Herrnstein did. A large number of experiments using the
concurrent schedules design have been reviewed by Catania (1966).
The concurrent schedules design seems to have some
valuable features. One advantage of that design is that a
great deal is now known about the effects of reinforcement
schedules in the single-key situation. A number of experimsnt-
ers feel "knowledge concerning the properties of bvehavior
to a single response key in this type of experimental situation
has reached a level sufficlently advanced to make possible a
fruitful evaluation of the complexities that arise from the
addition of a second key" (Herrnstein, 1953, 35—36). A second
advantage of the concurrent schedules design is its apparent
simplicity. The degign of an experiment involves simply treating
each of two responses as 1f they were independent, and reinforcing
each according to its own schedule of reinforcement. However,
experiments usging this design soon showed that this simplicity
was only apparent, as will be described below. A third possible

advantage of the concurrent schedules design is that its findings

nay be dratly relevant to parallel situations in everyday life,



However, there is not much agreement among different researchers
on the extent to which parallels of the concurrent schedules

experiments exist in non-laboratory situations.

Complexities in the Concurrent Schedules Design

What is reinforced? One complexity in the concurrent

schedules desgign is that reinforcement programmed to follow one
response may also closely follow other responses, so that it
affects them as weil. For example, if a bird pecks the left
key, then pecks the right key, and then receives food, it may

¥

be argued that each of three responses has been reinforced either
directly or with a slight delay: a respcnse to the left key, a
response to the right key, and a response of "switching” from

the left key to the right key. Evidence relsvant to the pos-
sibility that "switching" may be a separate response that can

be reinforced has been discussed by Catania (1966),

Indevendence of schedules. In order to prevent rein-

forcements programmed for responses to one key from also re-
inforcing responses to the other key and "switching" responsés,
experiments using the concurrent schedules design often include
a "changeover delay" contingency. When a changeover delay is.
used, a response to a particular key may be reinforced only
if a certain interval of time has passed during which only that

key has been pecked. A 1.5 second changeover delay was employed

during most of the experiment by Herrnstein (1961) reported above.
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The use of the changeover delay incfeasés complexity, since

. when it is used the schedule of reinforcement for responses
to oné key is no longer independent of responses to the other
key.

‘ In the experiment by Herrnstein (1961) described above,
when each key was on a VI schedule, there was an additional
relation between the schedules on the two keys that is not at
first apparent. Because of the nature of variable-interval
schedules, whenever a bird was responding on one key, rein-
forcement for a response on the other key was becoming more
likely. This fact encourages switching back and fourth between
‘keys, and is another reason for the use of the changeover delay
contingency (Catania, 19664).

Variables affecting choice., As noted above, it is not

always clear what response is reinforced in a concurrent schedules
design. However, eveﬁ if we could be sufe-that reinforcements for
responses to each key had no effect on responses to thé other kéy
or on "switching", it would still be difficult to be sure what
variables wére affecting Choice in the concurrent schedules
situation. Let us consider Herrnstein's (1961) experiment again,
In particular, we will ask what variables might have caused more
responding to the left key than the right key when the left key
was assoclated with a VI 2.25 minute schedgle and the right key
was associated with a VI 4.5 minute schedule, The following
factors might have been important "in causing more responses

to the left key: (a) Pecks to the left key received a higher



number of reinforcements per séssion. (b) Pecks to the left
"~ key received a higher number of reinforcements per unit time
with the left key available. In other words, it might be that
total number of reinforcementsis not important in determining
.‘éhoiée, but only number of reinforcements per unit time with
the stimulus present. These two variables wefe confounded in
Herrnstein's experiment. (c) Pecks to the left key may have
received a higher nﬁmber of reinforcements per unit time that
the bird spent responding to that key. (d) The degree to which
the left key was pecked more than the right key'on any given day
may have been influenced by the fact that more time was spent
pecking the left key than pecking the right key on previous days.
Some of these variables do not seem to make much sense
in the concurrent schedules design, because they cannot possibly
be isolated within that design. For instance, no experiment
within the concurrent schedules design could differentiate between
relative reinforcements per session on each key (sometimes termed
number of réinforcements) and relative reinforcements per unit
time on each key (sometimes termed rate of reinforcemeﬁt). These
Variables must covary in concurrent schedules experiments because
‘in these experiments the two keys are always precent for the same
length of time, so that relative rate and relative number must be
identical, This point will be made again in Chapter 2, where
these variables will be defined more clearly. For now the point
is simply that soﬁe potentially important variables are dfficult

or impossible to evaluate within the concurrent schedules design.



The Two-Link Choice Dovwgn
The two-link choice design is considerably more complex
than the concurrent schedules design, and this section may be
omitted without causing the reader difficulty in understanding
the experiments reported in Chapter 2., However, since a large
number of recent experiments on choice hsve been carried out

.‘

with this design, and since there do seem to be problems with
1t, it will be evaluated here 1in some detalle Variables
examined using this design include rate of reinforcement

Fod ) el Ao ‘ e
(Herrnstein, 1964as; Schneider, 19068), numbsr

of reinforcements (Fantino & Herrnstein, 1968), immediacy of

[De)

reinforcement (Davison, 1968), magnitude of reinforcement
(Schwartz, 1969), required rates of response (Fantino, 1968;

Killeen, 1968z), and the dJ“L“ bution of intervals in interval

des
(.

schedules of reinforcement (Davigon, 1969; Herrnstein, 19Gkb;

Killeen, 1948D).

Sample BExneriment Using *h Two-Link Cholce Desisgn

An éxperlment by Herrnstein (196 4a) will serve as an
example of the two-link choice design. Pigeons were again use
as subjects in a two-key experimental chamber. The basic procedure
is represented sch natwca]13 in the diagram on the following pagc,
Fach box drawn in solid lines contains one of the three possible
states of the two keys (L for left key, R for right key). At the

start of a session, both keys were 1it white (left box in the
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diagram). Herrnstein termed this the "first link" of the
.procedure. First-link pecks on either key occasionally caused
the stimuli to alter as shown in the second links. Pecks on

the left key occ sionallyvcaused that key to turn red and the
other key to darken; pecks on the right key occasionally caused
it to turn yellow and the left key to darken. .Then, in the
second link, pecks on the key that remained 1it produced food
according to some schgdule of reinforcement. In Herrnstein's
(19642) expériment, the first link stimuli were reinstated after
two food presentations on the particular second-link schedule
that was in effect. Only one of the second-link schedules could
‘be in effect at any given time. As indicated in the diagram,
the qccurreﬁce of the two second links was governed by two
‘independent VI 1 minute schedules, one for pecks to the left

key and one for pecks to the .right key.

To summarize, first-link pécks cccaslionally produced a
change in stimuli. In the second link, continued pecking on
the key that remained 1it then produced food according to some
schedule of reinforcement. One way to describe this procedure
is to say that first-1link pecks were reinforced by changes in
key color from white to eilther red or yellow. The secondary
reinforcing effect of the red and yecllow key illuminations was
in turn determined by the schedule that“goverﬁed how often food
was received in the presence of those colors. Several of the
experimenters whoihave used the two-link choice design have

described it in this way, by saying thet first-link pecks received
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secondary reinforcement. However, we will see below that the
Adegree to which secondary reinforcement is involved in the two-
link éhoice design is not certain,

This experiment exemplifies &ome of the major features
found in all of the two-link choice experiments cited above.
First, a two-key apparatus 1is used and the procedure ig divided
into two alternating links. Both keys are 1lit concurrently in
the first link, but keys are 1it separately (only one at a time)
in the second link, Different.schedules of reinfofcement determine
‘when food is presented in the second link. First link pecks are
never followed by food, but only have the effect of causing one
of the two second-link procedures to begin. - All of the two-1link
experiments cited above used concurrent VI 1 minute schedules to
determine movement from the first link to the second link. In
addition, all but three of those experiments had both keys 1it
the same coior in the first link, btut each key 1it a different
color in second links® Finally, all of those experiments used

plgeons as subjects,

~*The exceptions to this generalization are experiments
by Schwartz (1969), who used a center key in the second 1link,
and Davison (1968, 1969), who 1lit both keys the same color in
the second link. These exceptions are discussed further in

the next section.
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Complexities in the Two-Link Choice Desgign

Secondary reinforcement. The complexities in the two-

link éhoice design are best understood by asking a single question:
is it necesgary to interpret first-link responding in the two-
link choice experiments as resulting from secondary reinforcement?
This question may be immedlately subdivided ihto two further
questions: Is it likely that secondary reinforcement is involved
in these experiments? And is it necegsary that secondary reinforceé
ment is involved in these experiments -~ that is, could differential
responding to the two first-link keys be explained on some other
basig?

First, it is indeed likely that secondsry reinforcement
affects first-link responses. The basis of the experimental
design is that first-link responsesg occasionally produce a change
in key color from white, in which pecks are never directly

followed by food, to either red or yellow, in which pecks are

1

occasionally followed by food. We know from many other exper-
iments that the changes in key color from white to red or yellow
are likely %o have secondary reinforcing effects (Kelleher, 1966).

However, although secondary reinforcement is likely to
play a rolé in the two-link choice design, there are at least
two’other‘ways in which first-link responding could be affected
in that design., ‘Since these other ways exist, 1t 1s impossible
to be certain of the degree 1o which secondary reinforcement is

involved in the two-link choice euperiments.
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Delayed reinforcement. One other way in which first-

link responses could be maintained in the two-link cholce design
ig by delayed primary reinforcement, In the two-link design,
firgt~link pecks are occasionally fcllowed, after some delay,

by the occurrence of food. It 18 possible that this delayed
primary reinforcement directly affects first-link responses.

To make this point clearer, imégine that the ex:orlmental sit-
uation were changed as follows., Instead of one of the keys
turning a different color in the second link and the other being
darkened, suppose that both keys were darkened. Further, imagine
that the bird did not peck the darkened keys, but despite this we
presented food at those points in the second link when we knew

)

food would have been recelved if th igeon had been pecking.

D
b

It is possible that these food presentations, occurring with some

delay following a first-link peck to a lighted key, would naintain

0%

pecks in the first link. Furthermore, since the schedules of rein-
forcement in the second links were different for each key, such a
procedure might cause the two Tirst-link keys to be pecked at
different rates.

Although this example has suggested how firsf-link pecks
might be affected by delayed primary reinforcement, it should be
noted that even in the imaginary experiment Jjust described both
secondary reinforcement and delayed primary reinforcement would

“

vrobably be involved. In the imaginary experiment, the darkening
of both keys might well have secondary reinforcins effects, since
it would be agsociated with the pres Wtdt¢OW of food. However, it

would be difficult to argue that the darkening of both keys would
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have a differential effect, since responding to each key in

the first link would occasionally be followed by the same
stimulus (both keys dark). Therefore, if the two first-link
keys were pecked at different rates in our imaginary experiment,
it would be reasonable to assume that these different rates were
caused by the different delays of primary reinforcement associated
with the two second-link schedules.,

There are a number of ways that the two-link design
might be modified so that secondary :eihforcement for first-~
link pecks was retained, but delayed primary reinforcement was
either removed or equated for the two keys. What is necessary
is to separate the presentation of the second-link colors in
thelr secondary reinforcing capacity, and the pairing of those
colors with primary reinforcement., For instance, suppose that
first-link pecks bccasionally produced either red (for pecks
to the left key) or yéllow (for pecks to “the right key), and
these colors were maintained for, e.g., five seconds. To this
point, no food would be presented, and only secondary reinforcement
could be in&olved. After five seconds with the left kéy red or
the rightvkey yellow, we éould then illuminate a center key gither
red or yellow, and present food for responses to this key according
to the appropriate schedule of reinforcement. The crucial element
in this procedure would be that we would present either red or

yellow on the center key entirely at random, without regard to

which of these colors had just been presented as a secondary

reinforcer. 1In this way, delayed primary reinforcement, although
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it would still occur for first-link ﬁecks, would be equated for
the left and righf key.

We have pointed out the possibility that delayed primary
reinforcement, as well as secondary reinforcement, might affect
first-link responding in the two-link choice design. Is there
any data that suggests how likely such an effect is in the
experiments that have been carried out? There is one exper-
iment which, although it is only suggestive;’should be mentioned,
That is an experiment by Davison (1968), who found that when rate
off reinforcement in the second link was varied, it was the time
until the first reinforcement in the second link that eXerted
the strongest effect., That result suggests that delayed pfimary
reinforcement for first-link pecks may be important in the two-
1ink choice design. However, Davison%(1968)result does not
clearly demonstrate that delayed primary reinforcements affected
first-link re8ponses,.since his result canralso be interpreted
in another way. It could simply be sald that the secondary.
reinforcing effect of a second-link stimulus is most heavily
determined Ey the time that passes until the first food pres-
entation in that stimulus; |

We conclude tﬁat there is no firm evidence on how imp-
ortant delayed primary reinforcement is in the two-link choice
design. However, an effect due to delayed reinforcement certainly
remains possible, Until such an effect is ruled out by appropriate
design changes, we cannot be certain that secondary reinforcement
" is the only facter affecting relative rate of response td the two

keys in the first link.
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Response strength to left and right keys. In the two-

link design, there is an alternation between periods with toth
keys 1lit and periods with only one key 1it. Describing these
periods as the "first link" and the "second 1link" serves the
function of reminding us that the occurrenée of the second_link
is’ contingent upon responses in the first link. However, that
terminology tends to obscure the fact that the links alternate.
To emphasize that both links are repeatedly presented, and that
first links follow second links as well as the other way around,
the schematic diagram illustrating the basic procedure has been
redravn on thé following page. In that diagram, the terms"first
1ink" and "second link" are replaced by "two-key period" and "“one-
key period"; this new terminology will simplify the points‘made
below.

In the two-link deéign, pecking the left key is reinforced
according to one schedule and pecking the fight key is reinforced
according to another schedule during one-key periods. This suggests
that differential "strengths of resgponse" to the left and right keys
might develbp during one-key periods. If that were the case,
responding in two-key periods might be a function of the relative
strengths of response fo the left and right keys established.
during one-key periods. This interpretation of the two-link
choice désign will be called fhe "competing response strength”
interpretation. According to this ihterprefation, the fact

that one-key periods are contingent on responding during two-
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key periods is not of major importanﬁe in the two-link design.
More important is the fact that there is a consistent relation .
between the key the bird pecks during one-key periods and the
schedule of reinforcement he encounters., This consistent
relation between key and reinforcement schédule might affect
which key is pecked during later two-key periods.

| In summary, it is possible to view responding during
two-kéy periods as at least partially determined by the dif-
ferent schedules experienced with each key during preceding
one-key periods. How reasonable is this point of view?

First, let us recall that.in the two-1link design the

two schedules of reinforcement that occur during one-key periods
are associated not only with different keys, but also with dif-
ferent key colors., Could it be argued that the bird is more
likely to associate the scﬁedules with the different key colors
than with the differeht keys? This is pdséible, of courge, but
it should be noted that during two-key periods, when both keys
are the same color, the differences in responding that are observed
nust necessérily be based on left-key versus right key. It would
be difficult to argue that a bird who is required to differentiate
keys during two-key periods would ignore key differences during one-
key periods; It is possible that fhe agsoclation between schedule
and key during one-key periods may be diminishedrby the fact that
only one key is lit,.and it is 1it a2 distinctive color. However,-

there is no way to be certain that different response strengths
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are not associated with the two keys Iin the two-link choice
design as it has’been described.

An even stronger case for the competing response strength
interpretation can be made in some of the two-link choice exper-
iments whose design was slightly different from ?he one described
above. In those experiments (Davison, 1968, 1969), both keys
were the same color during one-key periods (e.g., whichever key
was 1it was green), as weli as being the same color during two-
key periods (e.g., both keys were 1it réd). In those exper-
iments, the competing response sirength interpretation seems
especially reasonable, since the different one-key periods had
to be differentiated in terms of key, not color.* |

We turn now to an observation that initially seems to
argue against the competing response strength view, but in fact
is not evidence against it., That observation is that rates of
response to the two keys during one-key periods are usually highly
gimilar in two-link choice experiments (e.g. Herrnstein, 1964a).
If responses to two keys occur at the same rate when only one

key is 1it, could it be argued that "response strength" to these

*Schwarti (1969) used a center key in the second link, but
changed first-link colors so that they corresponded to second-link
colcrs, This change leaves the competing response strength
argument intact, except that responsé streﬁgths would be to

colors instead of to keys.
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two keys must be almost identical, so that there could te no
strong preference for either key during two-key periocds? This
argument would not be valid., As will be shown in the experiments
reported in Chapter 2, it is quite possible for respbzses to occur
at the same rate to two stimull when those gstimuli are presented
Separately, but for one stimulus to be strongly preferred when
both stimuli are presented together. This is the reason for

our use of the term"reSpohse strength" above. The statement

that there may be different strengths of response to the two

keys in the two-link choice design is meant to suggest that,

ot

despite gimilar rates of response to each key when only one key
ig 1it, there might ve strong preferences for one key when both
keys are 1it together. This might be possible, for instance, if
rate of response to each key were asymptotically high when only
one key was 1it, so that different response strengths could not
be revealed during one-key periods, While the concept of "responsze

3.
v

strength'" has not been precigely defined here®*, the relevant

empirical obsgervation is well supported. Despite similarity in

rates of response to two stimull when only one stimulus is presented

at a2 time, it is still possibvle for sitrong preferences to appear
when both stimull are presented together. Evidence for such a
relationship was found in each of the first three experiments

reported in Chapter 2.

*Seée Appendix 1 and Appendix 2.
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To summarize, it is possible that responding during
two-key periods in the two-link choice design is influenced
by response strengths established to each key during previous
one-key periods. Furthermore, the fact that rates of response
to the two keys were highly similar during one-key periods
does not argue against this possibility., There is some further
evidence that might or might not argue against this view (see
Fantino, 1968; Killeen, 1968a), but the interpretation of that
evidence is too complex to go into here. Even if that evidene
were discussed, our conclusion would remain that the competing
response gtrength interpretation of the results obtained with
two«lipk choice dosigns‘cannot be ruled out without further
evidence,

Design of the Present Experiments

We have seen that both the concurrent schedules design
and the two-link choice design involvé complexities that make
results obtéined with those designs difficult to evaluate., It
must be noted that in this chapter the‘emphasis has been on the
complexities of these designs, not on their advantages. Complex-
ities and difficulties of interpretation can be found in almost
any experimental situation if it is examined in sufficient detail;
the complexities discussed in relation to the concurrent schedules
design and the two-link choice design do not mean that nothing
can be learned Trom these designs.l However, these discussion do

sugzest that other approaches to the study of choice might prove
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valuable., The general approach used in the present exper-
iments was in many ways simpler than the approaches that have

been described =so far.

Before describing the major features of the design
used in the present experiments, some practical aspects of
these experiments must be mentioned, As in the experiments

N

scrived abo igeons were used as subjects in a two-key
descriped ve, pigeons were used as subjects in a two-key

apparatus. Fach of the two keys could be 1it with either a
red dotl or a green dot. 1In the present experiments, it was
responding to a particular color that was of interest, rather
than responding to a particular key. Throughout each of the
experiments, cach color occurred egually oiflen on each of the
two response keys. All manipulations in these experiments

were made with respect to red versus green; the key on which a

.
-
-.

aried and lrrelevant.

(o

particular color occurred was always

<

4

These experiments examined responses To a particular color
nstead of responses to a particular key so that, 1f more
responses to a particular color were found, it could not be

claimed that this preference was mediated by the bird's standing

in a particular position in the experimental chamber, The

importance of this shift in focus from responses to a particular

g

key to responses to a particular colo

R

ig not easily determined

within the present experiments. It is sufficient here to note

w0

that, when we speak of choice below, we refer to a difference
in rate of response to the red and green dot, not to the left

and right key.
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We turn now to three major features of the present
degign that were intended to reduce or eliminate complexities
found in the concurrent schedules design and the two-link
choice design. These features were (a) the separation of
single-stimulus training and choice tests, (b) the use of
isolated trials durihg single-stimulus training, and (c) the
iack of any differential feedback for the two responses on

the choice test. These features will be referred to collectively

as the separate test desgign.
The most important feature of the separate test design
was the separation of "single-stimulus training" and "choice

teste". During single-~stimulus training, trials occurred with

6nly one color present at a time. In the present experiments;
trials of brief duration were used, and reinforcement occurred
or did not occur at the end of the trial accofding to a schedule
that was different for each of the two colors. The critical
aspect of single-stimulus training was that throughout such
training thé two colors were never ?resented together.

After several sessions of single-stimulus training;
during which time pecks to red and pecks to green were reinforced
according to different schedules of reinforcement, red and green

were presented simultaneously in a choice test. In the present

experiments, choice tests usually consisted of a single session
in which all trials had both keys 1it together, one red and one
green, The function of the choice test was to examine the effects

of the different schedules used with each stimulus during single-



25.

stimulus training, on responding to these stimull when they
were presented together. The experimental questions asked
within the separate test design may be phrased as follows:
what aspects of a bird's experience with each color dﬁring
single-stimulus training would affect its responding on the
choice test? By manipulating different variables during
single-stimulus training, and then observing whether one
color was pecked more than the other on the choice.test, it
was possible to evaluate a large number of variables that may
affect choice,

The major feature of the separate test design is that
the two stimuli never occur together prior to the choice test.
There are two other important features of the separate test
'design. First, it is important that trials with.the different
colors during single-stimulus tréining be separated from each
other by time intervals of at least several seconds. This
requirement reduces the pogsibility that delayed or secondary
reinforcement for responses to one stimulus will occur wheﬁ:thé
next trial with the other stimulus is presented. In the exper-
iments reported below,-intertrialAihtervals ranging from 24 +to
198 seconds were used., Second, it is important that there be
no differential feedback for responses to the two stimuli on
the choice test, This is necegsary so that responding to the
two stimuli on the choice test reflects only the bird's dif-
ferential experience with these stimuli during single-stimulus

training. In the experiments reported below, most cholce tests
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were presented in extinction.
"In summary, the separate test design involves presenting
two stimuli on separate, isolated trials during single-stimulus

training, and then evaluating choice on a separate test designed
for that purpose. The separate test design seems to avold many

of the complexities found in the concurrent schedules design

and in the two-link choice design., One advantage of the separate
test design is that when reinforcement is pfesented for a response
to a2 particular color prior to the choice test, it is certain

1

that regponses to the other color or "switching responses" have
not been reinforced at-a short delay. Since colors are presented
only one at a time on isolated trials during’singiewstimulus
training, tﬁeseiother regponses cannot ocecur. A second advantage
of the so arate test design ig thatl secondary and delayed rein-
forcement scem likelyvto play a less prominent role, During
single~stimulus training this 1s the case becavse red and green
trials do not occur in blosé temporal conjunction. During choice
tests, delayed reinforcement can play no part at all,hsince

choice tests occur in extinction.,

FFinally, =2 third advantage of the separate test design

is that the two stimuli can be presented for unequal lengths
of time during single~stimulus training. This is not possible

in the concurrent schedules design, since bpth stimulil are always
presented together for the same length of time in that degign. The
advantages of being able to present the stimuli for unequal lengths

of time cannot be fully described here. When the individuzl



27,

experiments are reported below, 1t will bécome clear that the
‘ability to present the two gtimuli for unequal lengths of time
allows the manipulation of variables that otherwise could not

be isolated. One simple example of such a variable is probability
of preéeﬁtation of each of the stimull during single-stimulus

training.

Conclusions

To summarize, it 1s possible that the separation of
single-stimulus training and choice tests may have several
advantages for the study of choice. Whether or not the seﬁarate_
test design does prove to be valuable will depend, of course,
on the particular experimental cesigns employed, and on whether
or not additional complexities arise. No claim is made that the
‘separate test design is the best.apﬁroach to the'study of choice,
or that it is better than the ofher designs discussed, It does
seem, however, that the separation of}sing1e~stimulus training
and choice tests may be a reasonable tactic to pursue in an

attempt to avoild gome of the complexities of the concurrent

.

schedules design and the two-link choice design.

»we turn now to a description of four experiments in
which the separate test design was employed. In the next chapter,
the basic feature of that design is first introduced in a slightly
different way. Then some of the variables that might affect |
choice are definéd, and the general method used in the four

experiments 1g described. Finally, each of the experiments is
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presented in detail. We will find that the separate test
design makes it possible to isolate each of a large number

of variables that might affect choice,

28.



CHAPTER 2

FOUR EXPERIMENTS ON CHOICE

Although there have been a large number of experiments
examining choice, a factor common to almost all of those exper-
iments is that the subject 1s allowed considerable control over
his cwn experience, As an example, conszider a probability
learning experiment in which a rat is rewarded 60% of the time
ifT he turns left and 40% of the time if he turns right. While
the experimenter controlsg the probability of reward given each
response, he frequentily dces not control the rnumber of times

the rat turns left and the number of times the rat turns right.

ot

This means that the number of rewards received for turning lef
or turning right, a2s opposed to the probability of reward given
that a left turn or a right turn has occurred, is not under the
direct control c¢f the experimenter. Sirnce thé subject chooses
which alternative response to make, he determines to a consideratle
extent the pattern of his experience with the contingencies arranged
by the experimenter,

In the present experiments the degree to which the
subject determined his own experiernce was minimized by exper-
imentally controlling the aveailability of each response alt-
ernative before choice was evaluated., Pilgeong were used in a .

two-key chamber in which each key could be 1lit either red or

- 29 -
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green, The basic structure of the experiments involved preg
enting red and green on separate trials for a number of sessions,
and controlling the subject's experience with each stimulus.

During this single~stimulus training, pecks {tc¢ red and pecks

to green were reinforced according to different schedules of
reinforcement. After several sessions of single-stimulus training,

subjectls received & choice test, in which both keys were 1lit on

every trial, one red and one green, The function of the cholce
test was to examine whether the differernt schedules uzed with red
and gréen during single-stimulus training would affect responding
to these stimuli when they were presented together. The use of
single~stimulus training prior to the choice test allowed closer
control over the subject's experience with sach stimulus *than is
possible when both stimuli are presented together throughout all
training.

The explicit.separation of single-stimulus training and
choice tests in order to examine the variatles affecting choice
does not seem Lo have been reported
was uveed by Divak & Elliott (19%97), but their experiment was
intended a5 an examination of the partial reinforcement effect,
In addition, D'Amato, Lachman & Kivy (1958) exanined secondary
reinforcement in an experiment similar to those reported here,

and Neuringer (1947) has discussed the relation between

-

gingle-atimulug treining and choice tests., Several other evp-
eriments Yearing sowe similarity to the ones reported hare exam-
ined sinultancous diceriniration learning following exp”rlwqco

with single ctinmulil (Birch, 1955; Denny & Dunham, 1951;

FPitzwater, 1952; Crice, 1948)., However, in each of thoszec
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experiments the focus was on the rate of learning the simultanocgs
discrimination, not on the distribution of responses to the two
stimull the first time they were presented together.

In the present experiments, choice test responding was

)

examined following single-stimulus training with each of several

different variables differentiating the two stimuli., These exper-
iments allowed investigation of a number of variables that might

affect cholce when single-stimulus training and choice tests are

se ated.

To illustrate some of the variables that might affect

choice when gingle-stimulus tiraining and choice %tests are separated,

we will consider the treatment received by one of the groups
(Group 0S) in the first experiment. The conditions for Group

0S are shown in the bottom row of Table 1. A trial situation

was used in which all trials were Tixed at 6.2 sec long. Positive
trials were followed by reinforcement if one or more responses
occurred, while reinforcement never occurred following negative
trials. 1In Group 03, 12 Sl trials were presented in each session,

and all trials were positive, but 36 5o trials were presentec

N
[umy

in each session and only 24 of them were positive.

by | o

In describing the differences between Sl and 3, in Group

2
05, we could point tc the following variables as possibly beinz

important in determining choice., (a) Presentation probability.

Three-fourths of all trials during single-stimulus training for
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Group OS were S, trials. At any given time the probability
of occurrence of an S, trial was higher than that of an 5,
trial, and it is possible that this would influence choice

between 5, and 82 when they were presented together on the

1
choice test. (b) Proportion of trials followed by reinforcement.

Al-l-S1 trials were positive for Group 0S5, but only two-thirds
of all S? trials were positive. The probability that a given
trial would terminate in reinforcement was higher on S1 trials

than on 82 trials. (c¢) Number of reinforcements received per

overall time (rft/overall time). Group 05 received more pos-

itive S, trials than positive S1 trials. This means that in

any given period of time during a session, more reinforcements

were received on the average with 82 than with S It also

i
means‘that, given the occurrence of a reinforcement, the
conditional probability thét S, was presént when that rein-
forcement occurred was higher than the conditional probability
~that S1 was present when it occurred. (d) Number of reinforcements
received per unit time with the stimulus present (rft/stimulus-on

time). Perhaps the number of reinforcements received with a
stimulus is important only in relation to the total amount of
time that stimulus was present. The number of reinforcements

received per unit time with S, present was higher than the

1
number of reinforcements received per unit time with S, present
for Group 0S, since Sl was present ornly one third the length

of time that S, was present. (e) Numberiof reinforcements

e

2
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received per response (rft/response). It has just been pointed

out that rft/stimulus-on time in Group 0S was higher for S1 than
SZ‘ However, birds responded at similar rates to S1 and 82

"during single-stimulus training, so that the higher rft/stimulus-

on' time in S1 meant the proportion of S; responses followed by

reinforcement was higher than the proportion of S, responses

2
followed by reinforcement. This might also be described by
saying that the probability of reinforcement was higher for

responses to S1 than for responseS'tp 82. (f) Trial length.

Although in Exp. 1 and 2 trial lengths were the same for S,

and S,, in Exp.y3 trial lengths were different for Sl and

So,. It is possible that a preference for a stimulus associated

with shorter trial lengths might appear even though other factors,

such as fft/stimulus-on time, were the same for both stimuli.
Three of the variables examined in these experiments

were rft/stimulus-on time, rff/overall time, énd rft/response.

We pause here to define more formally’what is meant by those

terms. In a two-stimulus choicé situation there are two stimuli

(S, and S,), two responses (responses to S, and responses to S.),
1 2 , 2

1
and two classes of reinforcement (reinforcements following

responses to S, and reinforcements following responses to 82).

1
For i=1,2,'let Ai represent the number of responses made to

Sy in a session, Fi represent the number of food presentations
following responses to Si in a session, and Ti represent the

total time that S, was present in a session., Then for a particulér

stimulus Si we define rft/stimulus-on time in that session as
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Fi/Ti, rft/overall time in that session as F., and rft/response
in that session as Fi/Ai. In order to compare two different
stimuli with respect to these measures, we may also calculate

relative measures. Focusing now on the stimulus S., we define

1
~ relative rft/stimulus-on time for responses to S, as (Fl/Tl)/
(Fl/T1+F2/T2), relative rft/overall time for responses to S1

as Fl/(F1+F2), and relative rft/response for regponses to S,
aS'(Fl/ﬂl)/(Fl/A1+F2/A2)._ This notation also allows clear
definition of the major dependent variabies of this report.

Rate of responée to Si’ which will be termed Ri, is simply

Ai/Ti' Relative rate of response 1o S, is (Al/Tl)/(Al/T1+A2/T2),
or more simply, Rl/(R1+R2).

o In the literature, whét we have called rft/stimulus-on

time has sometimes been referred to as “"rate of reinforcement"

or "time rate of reinforcement." These terms”are not used here
because they do not differentiate between rit/stimulus-on time

and rft/overall time. These two differeni variables, rft/stimulus-
on time and‘rft/overall time, haveloften been confounded in
experiments on choice. In any cholce experiment where S, and

1
82 are always presented together, for instance, T1=T2 and
therefore relative rft/stimulus-on time and relative rft/overall
time are equal., This makes these factors completely confounded

in many chéice experiments (e.g. Hernstein, 1961).



For ¢his reason, Exp. 1 and 2were designed to allow
the separate evaluation of rft/stimulus-on time and rft/overall
time in different groups. These variables could be manipulated
gseparately here because single-ctimulus training, during which
Sl and 82 were presented for unequal amounts of time, precgded
the choice tests., Exp. 1 also allowed evaluation of the degree
to which presentation probability during single:stimuius training
affected choice behavior. In Exp. 3, rft/stimulus—on time and
proportion of trials followed by reinforcement were varied
separately. Thése factors had varied together in Exp. 1 and 2.
In Exp. 4, a daily choice test was used to allow obéervation of
gradual changes in choice, and an attempt was made to see whether

differences in recency of reinforcement would affect choice behavior.

General Method
Before the individual experimehts are reported, a
number of features common to all four’experimenté will be

described.

Subjectsand Apparatus

In each of the four experiments, subjects were exper~
iméntally naive, male While King pigéons. They were 5-7 years
old and were maintained at 75~85% of free feeding weight.

Six Lehigh Valley Elecfronics pilgeon chambers were

modified so that the front panels contained two 1.1 in. (28mm)
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square holes, horizontally adjacent to each other with their
edges .2 in, (4mm) apart. Behind each hole was a translucent
response key that was masked off from behind except for a .26 in,
(7mm) diameter spot in the center of the key; during trials these
spots could be illuminated from behind with red or green light.
The two keys were closer together than those on a standard'pigeon
banel so that pecks on more than one key would be feasible on
the short trials used. Only a small dot in the center of each’
key was 1it so that, if pecks were localized around these dots,
there would be a reduction in both (&) the number of pecks going
unrecorded because the béak hit the panel instead of the key,
and (b) the number of pecks on which the upper beak hit one
keyyand the lower beak hit the other, causing a peck to be
recorded on each key.

Trials were presented and responses recorded using relay
circuitry. Trial types were determined independently for each

experimental chamber.

General Procedures

In Exp. 1, 2{ and 4, trials Were 6.2 sec long Cf.OB sec),
and time‘between trial\onsets averaged 72 sec (raﬁge: 24 to 132
gec). In Exp. 3, trials could be 3.2, 6.2, or 12,2 sec‘long
(+.03 sec in each case), and time between trial onsets averaged
108 sec (rangeé 36 to 198 sec). A background masking noise
(75-80 db) was replaced by a 1000 Hz tone (75-80 db) during

all trials. Trials were prearranged to be either positive or
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negative, If a trial was positive, and if one or more pecks
had occurred on the trial, reinforcement was presented immediately
at the offset of the trial., Reinforcement was not presented
following positive trials on which no peck occurred, and was
never presented following negative trials.

Two unusual aspects of.these contingencies should be
noted.l First, although there was .2 reguirement that one or more

responses be made on positive trials in order that a programmed
p P prog

ot

reinforcemant be delivered, this requirement was a minimal one

and was almost always met. These procedures will therefore be
described in terms of number of positive trials - that is, numbeg
of trials on which reinforcement was available - since that number
corresponds very closely o thenumer of trials on which reinforcement
was actually delivered. Second, it should be noted that responses
had no effect on trial length in any of these experiments.
Throughout these experiments, contingencles were arranged
with respect to the color of the stimulus, not the key on which
it occurred. For all birds, whatever colors were presented
occurred equally often on each key in every experimental session,
so that key was always varied and irrelevant. Although occasilonal
birds showed key preferences, the data reported here will be
responses to a particular color summed across keys.
Color assignments were always counterbalanced within
an experimental group, but remained constant for an individual

bird. The term "S1 trial" will be used to refer to a trial on
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which'one key was 1it red (or for some birds, green) and the
other key unlit; “SZ trial™ will refer to a trial on which

one key was 1lit green (or for some birds, red) and the other
key unlit; and "8182 trial" or "choice trial" will refer to
trials with both keys 1it, one red and one green. During

1 trials and Sz‘trials occufred.
trials occurred. Except in Exp. 4

single-stimulus traiﬁing only S
ﬁuring choice tests only 8182
reinforcement was never available on choice trials.,

The birds in each experiment were first trained to
peck the key by the method of autoshaping (Brown & Jenkins,
1968), Each bird was autoshaped during the first few sessions
of Phase 1 of an experiment, using the same contingencies and
échedules of trial presentatidn used throughout Phase 1 c¢f that
experimeﬁt, except that in the autoshaping sessions reinforcement
occurred following positive trials whether or not a peck occurred.
Note that during autoshaping é fixed trial length was used; and
negative trials occurred for some birds, so that for some birds
up to half of the trials during autbshaping were not followed

by reinforcement,

Experiment 1: reinforcements per stimulus-on time
and reinforcements per overall time
In’Exp. 1 rft/stimulus-on time and rft/overall time were
manipulated separately in different groups. The variable rft/

stimulus~onbtime was manipulated by varying the proportioh of
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trials followed by reinforcement. When all triéls with a given
stimulus were positive, rft/stimulus-on time for that stimulus
was high; when only some trials with a given stimulus were
positive, rft/stimulus-on time for that stimulus was lower.

In Exp. 1, therefore, rft/stimulus-on time and proportion of
trials followed by reinforcement were confounded. The expériment
is described in terms of rft/stimulus—on time, however, since
préyious experiments have suggested that that variable strongly
determines choice behavior, We will find that the results of
Exp. 3, where rft/stimulus-on time and proportion of trials
followed by reinforcement were separated, lend support to this

way of describing Exp. 1.

Design and Procedurs

The number of positive and negative trials precented

during single-stimulus training in Exp.1 is shown in Table 1.

INSERT TABLE 1 ABOUT HERE

That table also shows rft/stimulus-on time and rft/overall time
for each stimulus in each group. Three groups were run, with
six birds in each group. Group names are based on the variable

that differentiated S, and S, in each group. In Group S, the

1 2
stimuli differed in rfit/stimulus-on time during single-stimulus
training, but were identical in rft/éverall.time. In Group é, the
stimuli differed in rft/overall time, but were identical in

rft/stimulus-on time. In Group 0S, the stimuli differed in



TABLE 1

Design of Exp.

ko,

Number of positive (+) and rft/stimalus-on rft/overall
Group negative (-) trials time time

Sit Sq- Syt S,- 1='1/T1 1=‘2/T2 Fy F,
S 12 - /12 2k 9.7 3.2 12 12
0 12 - 36 - 9.7 9.7 12 . 36
oS 12 - 24 12 9.7 6.5 12 2L

Note.- Rft/stimulus-on time is expressed in rft/min;

rft/overall time is expressed in rft/session.
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both rft/stimulus-on time and rft/overall time, with S, having
the higher rft/stimulus-on time and So having the higher rft/
overall time. All groups received 12 S1 trials and 36 So trials
in every session so presentation probability was higher for'82

than for S, in each group. Each group received 16 sessions

1
of single-stimulus training as shown in Table 1. In the next
éession each group received half of a normal single-stimulus
session, then 20 nonreinforoed 8182 trials, then the second
half of a normal session, then a further 20 nonreinforced 8182
trials. The left key was red and the right key green on half
the 8182 trials, and stimull were reversed on the remaining
545, trials. The 40 nonreinforced S15S, trials taken together

will be referred to as the choice test.

Results and Discussion

All 18 birds autoshaped successfully during the first
two sessions., Starting with the third session, one or more
responses had to occur for reinforcement to be delivered following
a positive trial., However, birds responded on almost all trials,
so that réinforcement was received on most positive trials. The
response requirement was met and reinforcement was delivered on
an average of 98% of positive trials (range: from 93% to 99%
for individual birds) during the last ten sessions of single-

stimulus training.
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Mean rate of response to each stimulus in each group

is shown in Fig. 1. Response rates rose gradually for all

INSERT FIGURE 1 ABOUT HERE

groups during single-stimulus training. It is interesting to
note that the rise in response rate seemed to be more closely
related to total number of trials (or sessions) than to number
df trials with a particular stimulus. If response rate to S
were determined only by number of trials with Si' or by number

of reinforcements received for responses to 53, then in Group O

the curve for S. would have risen three times as fast as the

2
curve for S,. However, the difference between average rate of
response to S1 and average rate to 82 was not this large,

suggesting either that there was generalization between Sl'

and S or that some common factor was affecting rate of response,

2!

Although mean rate of response to 52 was somewhat higher than

mean rate of response to S; in Group 0, a consistent difference
P 1 i

in this direction occurred in only four of the six birds.,

Rates of response to S, and 32 remained guite close

1
throughout all phases of single-stimulus training for Groups
S and 0S5, For all groups, Fig. 1 shows that rates of respdnse

to 31 and 82

stimulus training, but differed considerably on the choice test,

did not differ greatly during phases of single-

It should be noted that since both stimuli were present together
during choice tests, total rate of response on a choice test is

the sum of rate of response to S, and the rate of response to SZ'

1



Fig. 1. Mean rate of response to Sq (dpen figures)
and to S, (filled figures) during single-stimulus training
(circles) and choice test (triangleg)in Exp. 1. Each point

is a mean for six birds.
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Total rates of response during nonreinforced 8182 trials on
the choice test were not consistently lower than rates during
single~stimulus training.

Data for individual birds on the last five sessions
of single-stimulus training and on the choice tests are shown
in Fig. 2. Each liné in the figure connects points showing
felative rates of response to S1 for a given bird. Relative

rates above .5 indicate a higher rate of response to Sl' while

INSERT FIGURE 2 ABOUT HERE

relative rafes below 5 indicate a higher rate of response to
SZ' “During the last fiVe sessions of singlefstimulus training,
some birds showed consistently higher rates to 5{» and some
birds showed consistently higher rates to SZ’ but in none of
the groups was there a consistent trend in favor of either
stimulus across all birds in the group.

During the choice test, responding was most often
confined to-only one color throughoﬁt a trial. Of the 40
choice trials, the average number on which only one color was
pecked was 30 (range: from 12 to 40 for individual birds).

A high relative rate of response to S then, usualiy indicates

1 ?
‘not that the time between two successive responses to S1 was
shorter than the time between two successive responses to Soy
but rather that on the majority of choice test trials it was

S1 that was pecked, not SZ' Note that, since S1 and 82 were



Fig, 2. Relative rate of response to S1 for each

bird in Exp. 1 during the last 5 sessions of single-stimulus
training (0) and on the choice test (1). Filled

triangles indicate stlatistically significant preferences

- for Sl or for 82.
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present for the same length of time during choice tests (leTz),.

relative rate of response to S, on a cholce test is the same as

1
the proportion of total responses made to S; (Rl/(R1+R2)ﬂA1/(A1+AZZ?.

In order to estimate the reliability of choice test
behavior on a single choice test for individual birds, the
subset of trials on which an unequal number of responses Wés
made to S, and S5, was considered. The proportion of these trials
in Which more responses were made to S1 than S, was calculated,
and a sign test was used to determine whether this proportion
was significantly different from .50. Choice test behaviors
for which this test showed significance at p <.05 (two-tailed)
are indicated by filled triangles in Fig. 2, 4, and 6.

As shown in Fig. 2, relative rates of response on the
choice test were not closely related to relative rates of response
‘at the end of single~stimulus training. Rank oraer correlation
coefficients between mean relative rate of response to Sl over
sessions 12 to 16 and relative rate of response to Sl on the
choice test were -.54 in Group S, +.03 in Group 0, and +.49
in Group 03. Choice test responding was strongly affected,
however, by the schedule used in single-stimulus training.

All‘six birds in Group S showed a preference for Si, showing
that differences in rft/stimulus—on‘time during single-stimulus
training influenced reéponding on a subsequent cﬁoice test.
Similarly, five of the six birds in Group O showed a preference
for S,, suggesting that differences in rft/overall time may also

influence choice test responding. The preference in Group O,
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however,.was‘neither as strong withiﬁ individual birds nor as
consistent across birds as the preference in Group S, which
suggests that rft/stimulus-on time may be a Stronger determinant
of choice than rft/overall time. Consistent with this interpreta-
tion, five of the six birds in Group O0S, where rft/stimulus-on
time and rft/overall time were effectively competing, Showéd a
preference for the stimulus which had received a higher number
of rft/stimulus-on time.

| In summary, it was found in E%p; 1 that manipulation
of rft/stimulus-on time had a strong effect on choice, although
it should be recalled that in Exp. 1 rft/stimulus-on time was
confounded with proportion of trials followed by reinforcement.
Rft/overall time also seemed to affect choice, although the
effect of that variable was weaker and was not statistically
significant since it occurfed in ohly five of six birds. Pres-
entation probability had little or no effect on choice, since
choice test responding was very different in different groups
even though presentation probabilities were the same in each

group

Experiment 2: Further Examination of
Reinforcements per Overall Time
In Exp. 1, rft/éfimulus—on time had a strong and consistent
effect on choice, but the effect of rft/ovefall time was less

clearcut. Since the finding of an effect due to rft/overall
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time, with rft/stimulus-on time Held Qonstant, would have
implications for the interpretation of =a number of experiments
on choice, a further examination of this variable seemed important.
In addition, it seemed possible that an effect due to rft/overall
time, if it existed;ymight not hold across the full range of4
rft/stimulus-on time, For fhis reason two groups of birds were
run., Within each group S1 and Sz differed only with respect to
rft/overall time, but in CGroup O(H) both stimuli received the
séme high number of rft/stimulus-on time that was used with
Group O in Exp. 1, while in Group O(L) both stimuli had a much
lower value of rfi/stimulus-on time. PRoth groups received more
single-stimulus training than was’given in Exp. 1 in order to
ensure that response rates on single-stimulus trials were
asympfotic at the time of the choice test.

The first choice test.of Exp. 2 showed no reliable
effect due to rft/overall time. After that test, presentation
schedules were reverced for all birds} so that S1 instead of 82
received thé higher rft/overall time, It was felt that this
manipulation would allow a more sensitive test for an effect
due to rft/overall time, since the choice of each bird following
the'shift could be compared to its own previous choice, and even
a‘small sh;ft away from S2 in each bird would reveal an effect.
However, once again no effect due to rft/overail time was found,
Finally, all birds were presented with the schedule received by
Group S in Exp. 1 in order to see whether differences in rft/stimulus-

on time, which had a large effect in Exp. 1, would reliably affect
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choice even Tollowing a considerable amount of other training.

Design and Procedure

The number of positive and negative trials presented

in Phase 1 of Exp. 2 is shown in Table 2., There were nine birds

INSERT TABLE 2 ABOUT HERE

in Group O(H) and six birds in Group O(L); Both groups started

bn the same schedule, but Group O(ﬁ) remained on the initial
schedule with a high number of rft/stimulus-on time throughout
Phase 1, while Group O(L) was shifted gradually to a low number

of rft/stimulus~on time. Group O(H) received Phase 1 for 26
sessions; Group C(L) received part a of Phase 1 for seven sessions,
part b for six sessions, part ¢ for five sessions, and part d for
eight sessions. Each group received a choice test in the 27th
session. In that session the only trials presented were hO-non-
reinforced 5,5, trials.

In Phase 2, the schedules for allvbirds were changed so
that S1 received the higher number of rft/overall time. Numbers
of trials presented were the same as indicated in Table 2 for
the final part of Phase 1, but Sl and S, were simply reversed.
After ten sessions of Phase 2 training, both groups received a
second choice test identical to the first. Fallowing the second
choice test all birds were given 16 sessions of single-stimulus

training identical to that received by Group S in Exp. 1.



TABLE 2

Design of First Phase of Exp. 2

Number of positive @) and rft/stimulus-on | rft/overall
Group |negative () trials programmed time time
Sq+ Sq- St So- F, /Ty Fo/T, Fy F,
O(H) 8 - Lo - 9.7 9.7 8 40
0(L) al 8 - 40 -
b| 4 b 20 20
cl| 2 6 10 30
al 1 7 5 35 1.2 142 1 5
Note,- Rft/stimulus-on time is expressed in rft/min; rft/

overall time is expressed in rft/session.
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All birds then received & final choice test identical to the

first two choice tests.

Results and Discussion

Autoshaping was begun with 17 birds, but one bird had
a physical impairment and one never ate from the food tray. All
of the remaining birds autoshaped successfully.

Fig. 3 shows that rates of response to S, and So remained

1
close throughout all phases of single-stimulus traihing. The

A}

INSERT FIGURE 3 ABOUT HERE

individual data in Fig. 4 show no consistently higher rate of
response to Sl or S, across birds either at the end of Phase 1,
or on the first choipe test, or on the second choice test, in
either group. On the first choice test a total of only 9 of

the 15 birds pecked S, at a higher rate than Sl’ so the manipulation

2
of rft/overall time during single-stimulus training in Phase 1
had only a very weak effect on choice behavior, if 4indeed it had

any effect at all.

INSERT FIGURE 4 ABOUT HERE

After the first choice test the possibility remained
thaf rft/overall time was having an effect, but that this effect
was competing against strong color preferences in individual
birds. To test this possibility, birds were given further single-

stimulus training in which S1 instead of S, now received the

2
higher number of'fft/overall time. According to the hypothesis



Fig. 3. Mean rate of response to S1 (open figures)
and to S, (filled figufes) during single-stimulus training
(circles) and choice tests (triangles) in Exp. 2. Points
for Group O(H) are means for nine birds, while points for

Group O(L) are means for six birds.
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Fig. 4. Relative rate of response to Sl for each
bird in Exp. 2 during the last 5 sessionsg of Phasebl‘(o), on
the first choice test (1), on the second choice tést (2),
and on the final choice test (3). Filled triangles indicate

statistically significant preferences for S, or for Soe

1
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of competing color preferences, birds that preferred S, in the

1
first choice test because of a color preference should now prefer

S.. even more strongly, while birds that preferred S, in the first

1 2
choice test might still prefer SZ’ but should prefer it less
strongly. That is, according to the hypothesis relative rate
_qf response to S1 should rise for all birds. "As shown in Fig. L,
‘behavior on the second choice test offered no support for this
view, Combining the two groups, relative rate of response to
Sq increased in seven birds but decreased in eight birds from
the first to the second choice test.

Following the second choice test, all birds received
single~stimulus training in which Sl was associated with a higher
Value of rft/stimulus-on time'than SZ’ Behavior on the third
choice test was strongly affected by this manipulation, since
14 of 15 birds responded at a higher rate fo Sl than to SZ’ and
the preference for SI was sigﬁificant (two-tailed p £.05 by the
test described earlier) for all 14 of these birds.

In Exp. 2, as in Exp. 1, rélative.rates of response on
choice tests were not closely related to relative rates of response
during the single-stimulus training that preceded those choice
tests. Combining the two groups, rank‘order correlations between
relative rate of résponse on a choice tesf and mean relative rate
of responsé during the 5 preceding single-stimulus sessions were
+.29 for the first choice test,‘+.28 forlthe second choice test,
and +.43 for the third choice test., Even on the first and second

choice tests, when choice did not seem to be affected by the

independent variable manipulated, choice test behavior was not -
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closely predicted by response rates during_singie~stimulus
'training.

In summary, no evidence was found in Exp. 2 for any
effect of rft/overall time on choiée; even when a within-subject
test was used that should have been quite sensitive to such an
~effect. Presentation probability was also found to have no
effect on choice in Exp., 2, since there was no significant
preference for 82 on the first choice test even though 82 had
been presented five times as often as S1 prior to the test. As
‘in Exp. 1, however, manipulation of rfi/stimulus-cn time during
single-stimulus training sirongly affected responding on the
choice test in Exp. 2. That manipulation had a strong effect
in this experiment even following a considerable amount of other

training.

Experiment 3: Reinforcements per Stimulus-on Time
and Proportion of Trials Followed by Reinforcement

In both Exp. 1 and Exp. 2, manipulation of rft/stimulus-
on time strongly affected choice behavior. However,'in both of
those experiments rft/stimulus-on time was manipulated by varying
the proportion of trials followed by reinforcement, so that rft/
stimulus-on time and proportion of trials followed by reinforcement
were confounded in those experiments. In Exp. 3, different trial

lengths were used with S1 and 82 in order to isolate thege factors.
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Design and Procadure

Three groups of birds were run, with-10 birds in each
group. Table 3 shows the trial lengths and numbers of positive
and negative trials received by each- group., In Group S-Only,

stimuli differed in rft/stimulus-on time, but were the same in

INSERT TABLE 3 ABOUT HERE

proportion of trials followed by reinforcement. 1In Group P-Only,
stiﬁuli differed in proportion of trials followed by reinforcement,
but were similar in rft/stimulusuon time. In Group SP, stimuli
differed in both rft/stimulus-on time énd proportion of trials
fdllowed by reinforcement, just as they had when rft/stimulus-

onn time was manipulated in Exp. 1 and 2.

After 16‘Sessions of single-stimulus training, all birds
iwere given‘12 daily choice test .sessions, each cgnsisting of 2k
nonreinforced 55, ‘trials. Thé first choice test session allowed
examination of the effects of the independent variables on choice;
the remaining choice test sessiohs allowed examination of the
extent to which choice would be mzintained throughout extinction.
In each choice test session, half the trials were 3.2 sec long
and'half were 12,2 sec long, in a mixed order. Bofh short and
long trials were used in the choice test sessions in order to
evaluate shifts in préference as a trial progressed; such shifts
would be revealed by differences in average rates of response

on short and long trials.s
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TABLE 3

Design of Exp. 3

61.

Trial length and number of

rft/stimulus-on

time

Proportion _

+ and - trials programmed of trials
Group -84 S, (in rft/min) followed by

number length number length reinfTorcement

Si+ Sy-| (sec) | S48, | (sec) |Fy /Ty Fy/Tp | for S;, for s,
S-Only| 8 - 6.2 |8 - 12,2 | 9.7 5.0 1.0 1.0
P*Ol’lly 8 - 6.? 8 8 3.2 907 90}“’ 1-0 OﬁS
Sl—) 8 - 6.2 8 8 602 907 [“’38 ].O Osf
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Results and Discussion

All 30 birds autoshaped successfully during the first
three sessions of Phase 1., Mean rate of response to Sl,ahd So
for each group is shown iﬁ Fig. 5. Since trial léngths for
Sl and‘S2 differed in this‘expériment, mean rates of réSponse
can be misleading. Suppose a bird had a latency of 2‘sec,'but
bpecked at a rate of 5 responses per sec after hié first peck.
Average rate of response for that bird on a 3-sec trial would
be 5 responsés’in 3 sec or 1.7 respohses per sec, while a&erage

rate of response on a 6-sec trial would be 20 responses in 6 sec

or 3.3 responses per sec., In general, given that latency was

INSERT FIGURE 5 ABOUT HERE

greater than interresponse time, even though latencies were

equal and interresponse times were equal on two trials of different
length, average rate of response would bg lower on the shorter trizl.
Latencies were considerably longer than interresponse times in the
present experiments, and it is likely that the effect.just described
explains most of the differences during single—stimulﬁs training

shown in Fig. 5 and 6 for Group P-Only, where eight of ten birds

INSERT FIGURE 6 ABOUT HERE

pecked at a higher average rate to Sl than to S?. However, such
an effect cannot explain the higher average rate to S1 than to
S, observed in Group S-Only, since Sy trials were shorter than

S2 trials in Group S-Only. Such an effect could not occur at all



Fig. 5. Mean rate of response to 5, (open figures)
and to S, (filled figures) during single-stimulus training
(circles) and choice tests (tfiangles) in Exp. 3. Each point

is 2 mean for 10 birds.
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Fig. 6. Relative rate of response to Sy for each bird
in Exp. 3 during the last 5 sessions of single-stimulus training
(0) and on the first choice test session (1). Filled triangles

-indicate statistically significant preferences for S1 or for SZ'
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in Group SP, since trial lengths for 'S, and S, were equal in

1
that group. Nor could it affect the data of any group during
the choice tesgsts, where S1 and 82 were always present for the
same lengths of time,
| ~ Responses on short and long trials.wefe recorded sep-
arately during the first choice test. However, there were no
significant differences between relative rates of response to
Si on short trials and relative rates of response to Sl on long
trials in any group,vso both short and long trials were considered
together for the points plotted in Fig. 5 and 6. For both of those
figures, response rates were calculated by;simply dividing totél
responses to a stimulus by total time that the stimulus was present
during the session. |

In the first choice test session, all ten birds in Group

S-0Only responded at a higher rate to S, than to S.. For two-:of

1 2

the birds, there was also a much higher rate of response to S1
than to S, during single-stimulus training. When the stimuli
differed in rft/stimulus-on time, but not in proportion of trials
followed by reinforcement, the birds showed a strong preference
for the stimulus asséciated with the higher value of rft/stimulus-
on time.

| In Group P-Only, seven of ten birds responded at a higher
rate to 82 than Sl' Mdreover; all of the four birds whose choice

test behavior was significant by the test described earlier

‘responded at a higher rate to S, than to Sl. When the stimuli

2
differed in proportion of trials followed by reinforcement, but
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not in rft/stimulus-on time, there was no evidence for a
‘preference for the stimulus associated with a higher proportion
of trials followed by reinforcement. The slight prefereﬁce for
82 in Group P-Only showed that when stimuli were associated
Qith different trial lengths, even though they were similar in
rft/stimulus-on time, there was a weak preference for the étimulus
associated with the shorter trial length.

In Group SP, nine of ten birds responded at a higher
rate to 81 than to SZ' This result ié in agreeméyt with the

previous results for Group S in Exp. 1 and for all groups in .

the laét phase of Exp. 2. 1In each of these cases S5, was associated

1

with both a higher value of rft/stimulus-on time than S,

higher proportion of trials followed by reinforcement than S

and a
2.
As in Exp. 1 and 2, choice test behavior in Exp. 3 was
not closely related to behavior at the end of single-gstimulus
training. Rank order correlation coefficients between mean

relative rate of response to S, over sessions 12 to 16 and

1

relative rate of response to S, in the first choice test session

1
were +.51 in Group S-Only, +.18 in Group P-Only, and +.13 in
Group SP. |

Data for the remaining eleven éhoice test sessions
.showed a loss in preference over the first few sessions in
all groups. In Group S-Only, where all ten birds pecked more
to S1 than S '
'did so in the second choice test session, seven birds in the

> in the first choice test session, only seven birds

third, and four birds in the fourth. In Group P-Only, where
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seven of ten birds pecked more to S than to S, in the first

2 1
choice test session, eight birds did so in the second choice
test session, four in the third, and six in the fourth. In
Qroup SP, where nine of ten birds pecked more to S1 than 82
in the first choice test session, nine birds did so in'the‘second
choice test sesgsion, six in the third, and four in the fourth.

For some birds in Groups S-Only and SP, where there were strbng
preferences in the first choice test session, the weakening
preferences over the second and third choice test sessions were .
accompanied by an increase in the absolute rate of response to )
~the leés preferred stimulus (Fig. 5). However such an increase.

did not occur in all birds: an increase in rate of response to

82 from session 17 to session 18 or 19 occurred in five of the

ten birds in Group S-Only and in seven of the ten birds in Gfoup

SP. When total responses in the 12 extinction sessions were
considered, there were no significant differences between total
responses to S1 and 82 in any group, and there were no significant'f

differences between any two groups in total>responses to both

stimuli,

Conclusions from Experiments 1, 2, and 3

Thesé experiments showed that several of the independent
variables described earlier had little or no effect on choice
behavior. Presentation probability had no éffect on choice in

Exp. 1 or 2. Proportion of trials. followed by reinforcement
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had no effect.on choice in Exp. 3, where presentation prob-
ability was manipulated independently of rit/stimulus-on time.
Trial length, when manipulated independently of rft/stimulus-on
time in Exp. 3, had only a weak effect on choice behavibr.
Fihally, there was no consistent evidence for an effect of
rft/overall time on choice behavior in these experiments. 'In
Exp. 2yeven though five times as many reinforcements were
presented for responses to 82 as were presented for responses

to S there was no consistent preference for S, across subjects

1’ 2
on the choice test. There was a stronger suggestion of an effect
due to—rft/overall time in Exp. 1, and it is interesting that the
choice test was given éarlier in tﬁat experiment., Possibly
differences in rft/overall time will have a Significant effect
on choice behavior if the choice test is given early in training:
two pilot birds, tested after seven sessions on the schedule used
with Group O(H) in Phase 1 of Exp. 2, made 89% and 91% of their
responses to SZ on the choice tests., However, Exp. 2 shows that
when response rates during single-stimulus training are asymptotic,
rft/overail'time seems not to affect choice test behavior.

One variablevmanipulated in these experiments, however,
did have a strong and consistent effect on choice behavior. 1In
all three ekperiments, stimuli associated with a higher value of
rft/stimulus-on time during singie-stimulus training were preferred
on choice tests. In Exp. 1, this effect was found in all 6 birds
in Group S and in 5 of 6 birds in Group 0S; in Exp. 2, the effect
was.found in 14 of 15 birds even'after a considerable amount of

prior training; in Exp. 3, the effect was found in 9 of 10 birds
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in Group SP. 1In each of these cases, rft/stimulus-on time was
manipulated by varying the proportion of trials followed by
reinforcement. In Group S-Only of Exp. 3, however, rft/étimulus—
on time was manipulated without varying the propwtion of trials
followed by reinforcement; all 10 birds in that group pecked at
g.higher rate on the choice test to the stimulus associated

with the higher number of rft/stimulus—dn time,

In summary, every manipulatién that had a strong effect
on choice behavior in these experiments involved differences in
rft/stimulusg-on time, and each of the other variables just
described had either no effects or only very weak effects when
not confounded with rft/stimulus-on time. These experiments
suggest, then, that rft/stimuius—on time is a major determinant
of chéicé. However, there is one other variable that covaried
with rft/stimulus-on fime in each of these experiments, Whenever
rft/stimulus-on time was Variéd in Exp. 1, 2 or 3, rft/response
also differed for the two stimuli. Since in each experiment

birds pecked Sl and S, at nearly the same rate during single-

2
stimulus trahing, changes in the number of reinforcements
received per unit time with the stimulus present also changed

the number of reinforcements received per response. These exper-
iments do not allow a decision whether rft/stimulus-on time, rft/

response, or both of these factors were the important variaﬁles

determining choice in Exp. 1, 2, and 3.
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Experiment U4: Use of Daily Choiée Tests
to Determine the Importance of Recency
At this point we turn our attention away from

the particular variables examined in the previous exper-
iménts, and ask instead the more general question of whether
the experimental approach used in those experiments can be
improved., The separation of single-stimulus training and
choice tegts in the first three experiments was certainly

seful, since it allowed the examination of a large number
of variables possibly affecting choiée. However, the previous
experiments had the limitation that choice was examined only
at infrequent points in each experiment. Day to day changes
in choice due to gingle-stimulus training were not observed,
since choice tests were given only after single-gtimulus
training_had continued for many sessions and responding on
single-stimulus trials appeared asymp%otic. A major purpose
of fhe present experiment was 1o examine the feasibility of
giving a brief choice test in every sesgion, so that changes
in choice from sessibn to gession could be observed. If it
proved feasible to introduce a daily choice test while still
keeping single-stimulus trials and choice trials separated,
“this would extend the usefulness of the present experimental

approach.
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During the daily choice test, the subjzct would of
course determine what responses would occur. Since this is
so, a daily choice test could not be given without losing
some of the high degree of control éver the Subject'svekper-
ience that had been possible during single-stimulus training
in the previous experiments, However, an attempt was made
to reduce the effects of subject-determined behavior during
choice trials by presenting only four cholice trials in each
k8-trial session, and by using only nonreinforced choice trials’
in most phases of the experiment. The decision to use only a
small number of nonreinforced choice trials in each session
raised the possibilities that (a) reliable choice data would
not be obtained with so few choice trials, or (g) birds would

stop pecking on choice trials since pecks on chelice trials were
consistently nonreinforced, Neither of these potential problems
in fact arose.

The particular variable examined in Exp. % was recency.
Even if reinforced responges occurred equally often to each
of two stimuli, choice test behavior might be strongly deter-
mined by which reinforced response‘occurred most recently. To
examine this possibility, S1 and 82 were treated identically -
throughout Exp. &4, but the order of presentation of these stimuli
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was arranged so that one stimulus had occurred more recently

at the time of a choice test., It was originally expected that
the stimulus present on the last few trials prior to the choice
~test might strongly determine choice, but there was little
evidence for a strong short-term recency effect of this sort.

In order to examine recency effects over longer periods, single;
stimulus trials of only one color were presented for several
segssions, and then single-stimulus trials of the othef color

were presented for several sessgionsg, while shifts in choice were ’

observed on the daily choice tests.

Desien and Procedure

Each of six birds was autoshaped with an equal number
of S1 and S2 trials, all reinforced, in the first 3 sessions
of the experiment. The structure of all further sessions was
as follows.' The first 40 trials consisted of one or more types
of single~stimulus trials, in a mixed order. Following the 40th
single-stimulus trial, four choice trials were presented, with
Si always occurring once on the left key and once on the right
key in eagh pair of choice trials. Unlike sgingle-stimulus
trials, the choice trials were presented with 'a fixed intervai
of 72 sec between trial onsets. Following the fourth choice‘
trial, four further single-stimulus trials were presented, with

the same proportion of trials of each type that had been presented

in the first 40 single-stimulus trials of that session.
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The types of single-stimulus trials presented in each

phase of Exp. 4 are shown.across the top of Fig. 7. Autoshaping

INSERT FIGURE 7 ABOUT HERE

took three sessions, Phases 1, 2, and 3 took eight sessions
each, and Phases U4 and 5 took six sessions each. Throughout
the experiment, all single-stimulus trials were positive. Red

as o5, for birds 1, 2, and 3 and green wags S, for birds L, 5,

1 7 1
and 6, In Phase 1, S1 and Sz were presented equally often in
each session in order to determine ihitial color preferences.
"In the remaining phases, only one stimulus was presented on |,
single-stimulus trials throughout the phase, and all single-
stimulus trials were positive. Choice trials were nonreinforced
‘throughout Phases 1, 2, and 3, but in Phases 4 and 5 all choice

trials, as well as all single-stimulus trials, were positive.

Results and Discugsion

Throughout the experiment, rates of responding during
both single-stimulus trials and choice trials rose gradually
for all birds, Despite the fact that responding on choice trials
was honreinforced from sessions 4 to 27, response rates on choice
trials remained similar to response rates on single-stimulus
trials for all birds. Response rates in the 27th session ranged

!

from 4.4 to 8.4 responses per sec on single-stimulus trials

|k

and from 4.1 to 80 responses per sec on choice trials,



Fig. 7. Relative rate of response to S1 for each”

bird on the daily choice tests throughout Exp. 4.
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Relative rates of response on the choice tests are
éhown for each bird in Fig. 7. It was most often the case,
especially after the first few choice tests, that birds pecked
only one color throughout a choice trial. This was the case,
for example, in 89% of all choice trials for all birds combined
in Phase 2,

Although there was a fair degree of variability in
relative ratés of response during Phase 1, consistent color
preferences appeared in some birds, Bird 1, for eiample, made
ﬁore than 75% of his choice test responses to S1 in five of the
last six sessions of Phase 1, and Bird 2 made more responses to
S1 than to o
3 and 6 made more responses to S

on seven of the eight Phase 1 choice tegts. Birds
> than to S, on six and seven
of the eight Phase 1 choice tests, respectively. Despite
consistent color preferences in some birds, none of the birds
confined théir regponses solely to one color on more than two
of the eight choice tests during Phase 1.

In thé first session of Phase 2, only one color (Sl)
was presented on the 40 single-stimulusg trials préceding
the choice test. If there were a short term recency effect,
we would expect all birds to peck S1 more than 82 on the first

choice test of Phase 2. However, only four of the six birds

pecked more to S, than to S2 on that choice test, and only two

1

of the six birds had a relative rate of response to S, greater

1 [
than .76, There was no strong short term recency effect in this

experiment.,
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However, a recency eifect did appear when longer periods

of time were examined. During Phases

was presented during

all birdés

choice ﬂ“tg,' For some birds

was considerable variability across

that passed in each phase before the

single~stimulus training was pecked

test

of a consigtent preference was related

color preference,

Phage 1, and

to 5, in Phase 3. Birds 3 and 6 showed

1, and shifted slowly to S; in Phase 2

21
Bird 4, who showed no strong
and to S? at approximately equal rates

Although

3 may have been due to recency, there is another

which must be considered. 1In Phase 2,

single~s

.

birds also received Tour choice trials

responses to S

2!
birds gradually ghifted to &

1

which responses to S1 were reinforced,

trials on which responses to

(s

[
2

account is

passed before a

thig shift was
bhirds

stimulus

The number of sesgions thet passed tefore

preference 1

the cshifts in prefercnce during

timulus training in which responses

if they occurred, were nonreinforced.

not because of

were nonreinforced,
particularly plausible in cases

bird reliably preferred

and 3, when only one cclor

1ng1e ~stimulus trials for several sessions,

eventually came to respond more to that color on the

quite graduel. There

in the number of sessions

present during

conzistently on the choice

the appearance

te each bird's initial

Birds 1 and 2 showed a preference for 5 in
shifted very rapidly to S, in Phase 2 but very slowly

a preference for 5, in Phase

but rapidly to S, in Phage 3,

in Phagse 1, Shift@d to S

1

in Phase

n

3 2 and 3.

Fhases 2 and
explanation

for example, along with

to Sl were reinforced,

per session in which
Perhaps

trials on

the many

but because of the few
such an
where geveral segsions

Sl on the choice test,
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In order to examine whether such discrimination training.
contributed to the shifts in preference observed in Phases 2 and
3, all choice trials were made positive in Phases 4 and 5. The
birds responded on all choice trials-'in these phases, so that
reinforcement was actually delivered following all of the 288
positive choice trials that occurred. The rate at which shifts
in preference occurred in Phases Mvand 5, however, was similar
to ﬁhe rate at which they had occurred in Phases 2 and 3. This
may be seen in Fig, 7, which shows that although.some birds
(2 and 5) had weaker preferences in Phases &4 and 5 than in Phases
4 é and 3, other birds (1 and 3) shifted preferences more rapidly
in Phases & and 5 than in Phases 2 and 3. Figure 8, which shé@s
mean relative rate of resgponse for all birds in sessions 2, 3,

b, and 5, shows that average rates of shift in Phases 4 and 5

were similar to average rates of shift in Phases 2 and 3.

INSERT FIGURE 8 ABOUT HERE

The data in Fig. 8 also show that choice test behavior
was not determined simply by the total number of trials a bird

1 and SZ' This would explain preferences

for S1 at the ends of Phases 2 and 4, since more S1 trials 52

trials had been received at these points. However, it cannot

had experienced with S

explain the preferences for 52 that occurred at the ends of Phases
3 and 5, since an equal number of Slitrials.and S2 trials had
occurred at those points.-

The data of this experiment show that it is not only

the total number of reinforcements for'responses to S1 and
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ig. 8. Mean relative rate of response to Sl for

each gession of Phases 2 and 4, and relative rates of response

o

to S, for each session of Phase 3 and 5, for &ll birds in Exp. 4.
2

Points connected by dotted lines show mean relative rate of

response on the last session of the previous phase.
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responses to S, that is important in.determining choice behavior,
but the order in which these reinforcements are received, In
particular, if responses to one stimulus have been reinforced
more recently than résponses to another stimulus, even though
both responses have been reinforced equally often at the time
cof-the test and both stimuli are associated with equal rates

of reinforcement, then the response that has been reinforced
most recently will occur at a higher rate on the choice test,
This recency effect may have implications for the formulation

of a model of choice behavior. It may prove necessary to -
incorporate into such a model some mechanism of forgetting,

so that recent experience is weighted more heavily than early
experience in determining choiced®

The more general finding of this experiment is that a

daily choice test is indeed feasible in a situation where single-

stimulus trials and choice trials are separated. Even though

¥ It is in fact possible to predict the data of Phases 2,
3, 4, and 5'without the assumption of diminishing effectiveness,
using a'relatively gimple model in which "tendency to respond
to Sl" and "tendency to respond to SZ" increase according to
linear operators, if one assumes thaf (a) there is scme general-
ization between Si,and SZ’ and (b) thg degree of generalization
diminishes over séssions. See Appendix 2.



only a small number of choice trials was used daily in Exp. 4,
it WﬁS’pOSSible to get reliabie data bn choice from session

to segsion in individual birds, Two birds did not show reliable
. choilce test behavior in the later phases of the experiment,'but
we cannot be sure whether that reflectsa lack of sensitivity in
“the cholce test or a weakness in the indepeﬁdent variable
employed, ‘

The fact that the bards showed no decrease in responding
on the nonréinforced choice trials over a period of 24 sessions
may seem surprising., Throughout this entire period, all trials
with only one key 1it were positive and all trials with both
keys 1lit were negative. Despite this, the birds continued to
respond on trials wiﬁh both keys 1it, Although it may seem
surprising thal no discrimination formed between positive and
negative trials, other experiments have also shown that pigeons
will continue to respond to nonreinforced displays 1f those
displays contain a distinctive featﬁre that is also present
on positive digplays (Sainsbury & Jenkiné, 1967; Jenkins &
Sainsbury, in press, a,b). Those experiments involved a larger
number of negative trials per session than the present experimeni,
‘but geherally‘involvéd fewer sessions. Taken with the present
reéults,.they suggest that it may be possible to continue
indefinitely -the daily presentation of nonreinforced choice
trials with no lass of reéponding. If this is so, 1t increases

the attractiveness of the daily choice test procedure.
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In summary, the use of a dally choice test seems quite
feasible, Reliable data may Be obtained even if only a small
number of choice trials is used, and responding on choice trials
.is likely to continue over a large number of sessions even if
responding on cholce trials is never reinforced. The use.of a
lérge number of single-stimulus trials and a small number of
choice trials in each session has the advantage of allowing a
high degree of control over the subject's éxperiencevwith each

stimulus while at the same time allowing the observation of day

to day changes in choice,

Summary and Conclusions

In each of these four experiments, cholice tésts were
separated from single-stimulus {raining in order to achieve a
high degree of control over the subject's experience before
examining choice behavior. Major findings were that (a) re-
inforcements per unit time with the stimulus present (rfit/stimulus-
on time) seemed to be a potent variable affecting choice; (b)
several other yariableé, including presentation probability,
trial length, proportion of trials followed by reinforcement,
and rft/overall time had either no effect on choice or only very
weak effects when isolated from rft/stimulus-on time; (c) relative
rate of response to a stimulus on a choice test was not closely
related to relative rate of responsé to that stimulus during

single~stimulus training; (d) large differences in rates of response
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to 5, and S, in the first choice test session following single-

2
stimulus training were not sustained throughout continued testing
of choice in extinction; and (e) when responses to two stimuli
were equally often reinforced over all sessions, but in the
most recent sessions responses to one stimulus were reinforced
and the other stimulus was not presented, then the response most
recently reinforced occurred most often on the choice test.

The general tactic of separating single-stimulug training
and choice tests appears to offer geveral advantages for the study
of choice., First, the procedure makes possible a high degeee of

control over the subject's experience with each stimulus. Second,

b

the procedure allows the ¢

U

gparate manipulation of each of a large

number of varl

W

bles that might affeclt choice. Third, the procedure

i neitive enough so that in these experiments the effects of

ol
2]
@

at least one mapr variable, rft/stimulus-on time, were consistently
observed. Fourth, the procedure may be extended so that a dally
choice test is given, as done here in Exp. 4, allowing the obser-
vatiqn of shifts in preference from segsion to session. Finally,
it should be noted that the tactic of separating single-stimulus
training and,choicetés s could eaéily be extended beyond the trial
situation that wés used In these experiments. There is no reason
why single-stimulus training could not include longer periods with
cach stimulus on, employing any'of»the commonly used schedules of

reinforcement.
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In conclusion, the general tactic of separating single-
stinmulus training and choice tests has many useful features.
It seems likely that a large number of questions concerning

‘choice may profitably be asked by using that general tactic.



APPENDIX 1
THE CONCEPT OF RESPONSE STRENGTH AND SOME DATA
ON EXTINCTION: PREDICTIONS BASED ON WITHIN~ AND

BETWEEN-SUBJECT PARTIAL REINFORCEMENT EFFECTS

In this appendix,I (a) suggest that a model for the
present ekperimental situation might be formulated in terms
of -response strength; (b) point out the possible relevance of
pre&ious findings of within- and between-éubject'partial
reinforcement effects;r(g) make some predictions about what
would happen during extinctién in the present experiments if
within- and between-subject partial reinforcement effects
Aoccurred; and (d) examine some data on extinction in the
present experiments in order to evaluate these predictions.
‘Some of the data to be described were discussed éarlier from
another point of view, but some.of the data have not been

described before,

The Concept of Responsés Strength

Consider two approaches to a model for choice behavior
in'the present experiments. One approach is to‘say that as a
result of the variables manipulated during single-stimulus
training, at the end of single-stimulus training there exists a
certain probability of response to Si and a certain probability

of response to S,. On the choice test these probabilities

- 88 -
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interact according to some rule that determines:the probability

of each response when both stimuli are present concurrently. .

S

For convenience, we will call this model the probability model.

" The major feature of the probability model is that it attempts
to predict choice behavior from the probabilities of different
responses at the end‘of single-stimulus training.

Now consider an alternative appfoach to a model for
choice behavior in these experiments, which we will call the

strength model. One could argue that during single-stimulus

training, responses to 54 and responses to S, acquire different
"strengths" as a result of their association with different
schedules of reinforcement. On choibe tests, the interaction
bf’these different strengths Qould determine which response
occurfed; The difference between this model and the probability
model 1is that "response strength" is a theorebical term, and
response strengths at the end.of single»stimuius training'heed
not be directly tied to rates of response at that time. That is,
the strength model has a degree of freedom not available to the
probability model, According to the‘strength model, the indepen-
'deht variables of the experiment affect the theoretical "strengths,"
which in turn affect choice behavior. The model does not Feduire
any particular relation between probabilities of response at the
end of sinéle-stimulus training and probabvilities of response on
the choice test,

We could say that the probability model uses the independent

variables to predict bahavior at the end of single-stimulus
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training, and then in turn uses this behavior to predict choice
test behavior. The strength model, onAthe other hand, predicts
choice test behavior directly from the independent variables,
" via the theoretical concept of "response strengtﬁ." In one
sense the strength model is the weaker of the two, sindg it
does not necessarily predict anything about responding during
single-gstimulus training. But this may also be an advantage
for the strength model, gince that model does not have to predibt
a close relation between responding during single-stimulus
training and responding during the choice test. The data from
the experiments reported in this thesis suggests that this
advantage may be an important one. |

Three related aspects'of the data suggest that the
form of hodel we have called the "probability model" might be
difficult to apply to the present experiments. First, in all
of the experiments differenceé in rates of response. to the two
stimuli were very much smaller during single-stimulus training
than during choice tests. Second, variables having consistent
effects on choice behavior across birds oftén had inconsistent
effects on behavior during single-stimulus training. In Exp. 2,
for example, 14 of 15 birds showed é significant preference for
84 on the third choice test. During the single-stimulus training
immediatel& prior‘to that choice test, however, only nine of
the 15 birds had shown higher rates of response to S; than to
S,. This means that six birds respondéd at a higher rate to

S, than to 5, during single-gtimulus training - and some of
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these birds did this‘consistently, session aftef session - but
fesponded at a higher rate to S5 than to S, during choice tests.,
Finally, the correlations reported for Exp. 1, 2 and 3 shdwed
‘that there was no strong relaﬁion between relati?e rate of
response during single-stimulus training and relative réte of
response during choice tests.

All of these facts show that relative rates of response
during single-stimulus training need ﬁot be closely related to
relative rates of response during chéice tests. If what I have
¢alled a "probability model" of choice estimated probabilities
vfrom observed rates of response, such a model would be faced
with the problem of predicting large differences in probabilities
of response on a choice test from probabilities that differed
only slightly, or not at all, or even in the wrong direction
.during single-stimulus training.  For this reason, a simple
model relatihg probabilities of response during single-stimulus
training to probabilities of response during choice tests might
not fare well in the present situation.

The approach taken in the "strength model" makes it
poSsibleito avoid these difficulties because response strength
is a}theoretical term, and need not be directly tied to observed
rate oflresponse. Using the concept of resgponse strength woula
leave one room to argue as follows: at the end of single»stimulds

nse strengths due

]
4]
T
Q

training, S1 and S, have different res
to thelr association with different schedules of reinforcement.,

However, at this point both response strengths are above some -
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particular value, so that rates of résponse to Sq and Szvare
each at their maximum and no reliable difference is observed
between them. (In fact, one could even argue here that maximum
rate to Sy and maximum rate to S, may be slightly different,
but unrelated to the different response strength$§ of Sl'and So.)
On choice tests, the argument would continue, relative rate of
response to Sy would be determined by the relation between
strength of response to 5, and strength of response to S,.

In summary, the advantage of the responée strength notion is
that it allows stfong preferences on choice tests even thbugh
~there are no preferences (or perhaps even slight differences

in the other direction) during single-stimulus training.

Relevance of the Partial Reinforcement Effects

We have not offered a precise definition of "response
strength,"” and indeed such a definition musf await a more formal
model of choice behavior®, The use of the term, however, does:
suggest the possible relevance of previous findings thought
to affect "fesponse strength." An example of such a finding
is the pértial reinforcement effect (PRE). This refers to the
fact that when one stimulus is asscciated with cbnsistent
reinforcement, and another stimulus is aésociated with only
occasionél reinforcement, responding declings less rapidly to
the latter stimulus durihg extinction. When two stimuli so

treated are compared with different groups of animals, we observe

*See Appendix 2.
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a between~subjecf PRE; when two stimuli so treated are compared
within a given animal, we oboorve a within~subject PRE., Within-
subject PREs have been noticeably more difficult to demonstrate-
-thaﬁ between-subject PREs (Amsel, 1567).

In terms of our present formulation, we wou1d Say that
when one stimulus is associated with cons igstent reinforcement

and one with 0pcaslonal reinforcement, response strength during

extinction declines less rapidlv®* to the stimulus‘associatéd with
occaslonal reinforcement. In both Exp. 1 and Exp. 3 some stimulil
were associated with less éor~ stent reinforcement than others;
we turn now to an examination of data ffom these experiments to
‘see whether differences expected on the basis of within- and

between subject PREsg ware in fact found.

*Note we do hot say thé partially reinforced regponse’

"has greater strength", since the term "strength" is not defined
here in terms of resistance to extinction. A careful distinction
nust be made between (2) momentary response tendency and (b)

the rate of decline in that tendency during extinction. As used
horé, *strength" is re 1atcd to momentary response tendency. The
PRE, hbwever has usually referred not to differences in response
tendencies at the beginning of extinction, but to differences in
the rates at which these response tendencies decline during

extinction. Sometimes the PRE has been described by saying the

B
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Data from an Extinction Phase of Exp. 3

The schedules of reinforcement used in Exp. 1 were such
that both within- and between-subject partial reinforcement
“effects might have been expected, Table.l, which shows the
design of Exp. 1, is presented again on the next page to allow
easy reference, Note that in Group S, all Sl trials were followed

2
followed by reinforcement. We might therefore expect a within-

by reinforcement, while only one-third of all 5, trials were

subject partial reinforcement effect in Group S. A similar

analysis could be made for Group 03, where Sl trials were again
always followed by reinforcement, but only twonthirds of all S2
trials were Tollowed by reinforcement. Finally, if we conmpare

partially reinfbrced‘response has greatérr"strength", but.that
use of the term "strength", to mean resistance to extinction,
is different from the way the term "strength" is used here,
These différent uses of the term "strength" do not diminish
the fact that the PRE is relevant to the concept of response
strength as used here, since it implies more rapid decline in
response strength following consistent reinforcement than

following occasional reinforcement,



TABLE 1

Design of Exp. 1

95.

Number of positive (+) and rft/stimulus-on rft/overall
Group negative (-) trials time time
Syt Sq- S+ S - Fl/'r1 FZ/TZ Fy F,
S 12 - 12 2l 9.7 3.2 12 12
O 12 had 36 ks 90? 9-7 12 36
0S 12 - 24 12 9.7 6.5 12 24

Note.- Rft/stimulus-on time is expressed in rft/min; rft/overall

time is expressed in rft/session.
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Group O to GroupsS and 0S, we find that in Group O all trials
were positive, while some trials were negative in Groups S
and 0S. We might therefore expect a between-subject partial
reinforcement effect, with Group O making fewer responses in
extinction than Groups S and 0S. |

It should be noted that the above discussion has
pointed out differenceé in reinforcements per trial, not
reinforcements per response., Even when all trials were
followed by reinforcement, as in Group 0, from 6 to 40
responses were usually made before a reinforcement occurred.
Howevef, there are two reasons why we might still expect.
partial reinforcement effecps to occur. First, when
reinforcements per trial were lower in one case than another,
reinforcements per response were also lower, sinbe about the
same number of responses wés made on each trial type. Second,
if the partial reinforcement effect is producéd by the failure
of reinforcement to occur when it is "expected" (Amsel, 1958),
then the termination of some trials without reinforcement in
Groups S and 0S might cause partial reinforcement effects.

To test the prédiction of within- and between-subject
PREs in Exp. 1, following the first choice test all birds were
returned to their Phase 1 schedules for a further 11 sessions.
Then all birds received five sessions of extinction in which
24 Sl,trials and 24 S, trials were presented daily in a mixed
order wifh reinforcement never available. A second choice test

was presented following the fifth extinction session. Due to
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the low level of responding at that point, the second choice
test was unlike thé first. The first 20 trials of the second
choice test were nonreinforced §;S, trials, as in the first
choice test. From two to five minutes after the 20th 545, trial,
however, the food tray was raised for each bird until he ate or
gntil five minutes had passed. Then another 20 nonreinforced
515, trials were presented., The free tray had the effect of
increasing rate of response in 15 of the 17 birds that ate from
the raised tray. Note that the free tray was not presented
immediately following a trial. In the second choice test, as
in the first, reinforcement was never presented for responding
on an 545, trial. |

Figure 9 shows mean rétes of response to S; and S,
'throughout these extra phases of Exp. 1. Recalling that before
extinction began all single-stimulus trials were positive in
Group 0, while only half of all single-stimulus trials were
positive in Group S and three quarteré positive in Group 053,
we might exbect that a»between—subject PRE would occur, with
Group O making less total responses extinction than Groups S
or 0S. A difference in this direction was found only when the
data were analyzed in an unusual.way. The groups did not differ
significantly in terms of total responses during extinction
(sessions 29-33). However, there was considerable variability
in responée rates from bird to bird, and it remained possible

that if some correction were made for this a significant difference
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Fig., 9. Mean rate of response to Sy (open figures)
and to S, (filled figures) during single-stimulus training
(circles) andnchoice tests (triangles) in Exp. 1. This figure
is an expansion of Fig., 1 to show the additional training.

extinction, and second cholice test.
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between groups would be found, One tactic that was tried was
'to take each bird's total responses in the last four sessions
of extinction as a proportion of that bird's responses in the
firgt session of extinction. This pfoportion would be lower
if extinction were more rapid., However, even this measure
showed no significant differences between groups. A third
measure did show significant differences between groups,
however. When each bird's average response rate in the first
session of extinction was subtracted from its average response
rate to Sq and 82 on the last segssion of rewarded training, the
vdifference wasmlarger in Group O than in Groups S and 0S combined
(Mann-Whitney U=11, two-tailed p <:.05). That is, rate of response
dropped more rapidly from the last session of rewarded training
to the first session of extinction in Group O than in the other
“two groups. Although this difference is in the direction expected
on the basis'bf a between-subject PRE, it is not highly significant
and is based on an unusual measure.

No evidence at all wasvobtained for a within-subject
PRE in Group S or in Group 0S. Evidence for such an effect
would be fewer responsés to 5S4 than t0 S, in extinction in
these groups, but this did not occur. There was no significant
‘difference in .either of these groﬁps (or in both groups combined)
in total responses to the two stimuli throughout extinction.
Even whenltﬂé measuré described above was used, and the difference

in rate of response to Sy in sesslon 28 and 29 was compared to

M~MASTER UNIVERSITY LIBRARY
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the difference in rate of response té.Sz in sessions 28 and
29, the drop in rate of response was greater for S1 than‘fdr
S, in only two of the six birds in Group S and three of the
six birds in Group 0S.

. To this point, only the data for the five single-stimulus
extinction sessions have been discussed. Following those sessions,
all birds were given a second choice test. This was done for
the foliowing reason. It was thought that, 1f a within-subject
PRE occurred, responses to S1 would extinguish faster than
responses to S, during the five extinction sessions in Groups
S énd 05, and birds would choose 82 on the second choice test.
This would be particularly interesting since the birds in these
groups had chosen S; on their first choice test. However,kno
within-subject PRE appeared during the single-stimulus extinction
sessions, and, as might be.expected, there was no evidence for
a significant preferenée for S, on the second choice tegt. Six
of the twelve birds in Groups S and O3S responded more often to
S, on the second choice test, and six responded more often to S5y,

In éummary, there was no evidence whatsoever for a
within-subject PRE in the extinction sessions of Exp., 1. There
was only very weak evidence for a between-subject PRE, with
extinction more rapid in Group O than in the other two groups.
However,’that evidence was based on an unusual measure, and
the difference observed was of only marginai statistical

significance,
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Further Analysis of the Extinction Data in Exp. 3

Table 3, éhowing the désign of Exp. 3, and Fig. 5,
showing the results, are presented again on the following two
pages to allow easy reference., Recall that after single-
stimulus training as shown in Table 3, all birds were given
12 sessions of choice tests in extinction.

Note that the extinction sessions in Exp. 3, unlike
those in Exp. 1, involved cheice trials only. This makes it
difficult to look for within-subject PRE effects in Exp. 3,
since numbers of responses to 5y and S, in Exp. 3 are affected
not only by resistance to extinction, but also by choice. To
put it another way, if a bird made more responses to S; than
to S2 this might mean either that (&) responses to Sl were
more resistant to extinction, or (b) there was a strong pref-
erence for 54, so that véry few responses to S, could occur.
In terms of a strength.modelr it could be’ééid that total
responses to a particular stimulus during extinction would
be a joint function of (a) the initial response strength to
that stimulﬁs, (b) the rate at which that strength declined,
and (c¢) the concurrent value of response strength to the com-
peting stimulus at each point in time throughout extinction.
For these reasons, no strong predictions could be made for
Exp. 3 on the basis of a within-subject PRE. The data showed
that total responses to 54 and S, dufing extinction did not

differ consistently in favor of either stimulus in any group.
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TABLE 3

Design of Exp. 3

Trial length and number of rft/stimulus-on Proportion of
Group + and - trials programmed o time : trials followeq]
S, S, (in rft/min) by reinforcemed
number |length | number |length
1S4+ Sq-| (sec) [S,+ sz-. (sec) Fl/'r1 Fz/f,q2 for S, for S,
S"'Only 8 - 6.2 8 - 1202 N 90? 5.0 1.0 1.0
P-Only | 8 - [6.2 8 8 13.2 9.7 9.4 1.0 0.5
SP 8 - 6.2 8 8 6.2 9.7 4,8 1.0 0.5
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Fig. 5. Mean rate of response to S1 (open figures)
and to S, (filled figures) during single-stimulus training
(circles) and choice tests (triangles) in Exp. 3. Each point

is a mean for 10 birds.
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The fact that only choice trials were presented during
extinction does not prevent a comparison of groups in total
responses, however, As in Exp. 1, we can ask here whether
any effects analogous to between~subject PREs occurred by
simply comparing groups in total responses during extinction;
without regard to what stimulus was responded to. Three
analyses on overall response rates were carried out, similar
to those carried out in Exp. 1.

First, when total responses in all 12 extinction
sessions were considered, there were no significant differences
between groups. This had also been found in Exp. 1. However,
when responses in the last eleven extinction sessions were taken
as a proportion of responses in the first extinction session,
this proportion was‘found to be significantly lower in Group
P-Only than in Group S-Cnly (Mann-Whitney U = 20, two-tailed
p- € .05) and also lower in Group P-Only than in Group SP
(Mann-Whitney U = 22, two-talled p g:;05). A measure analogous
to this measure had shown no significant differences between
groups in Exp. 1. A third measure, one that had shown significant
differenes in Exp. 1, was the difference between average response
rate in the first extinction session and average response fate‘

in the last session of rewarded training. This measure showed

tade

no significant differences between groups in Exp. 3.
Only one of the three measures showed significant
differences between groupsg in Exp. 3. Moreover, even those

differences were of only marginal statistical significance.



107,

A Mann-Whitney U of 23 or less is required for significance

at two-tailed p < .05 with the number of subjects used in these
comparisons, and the U's described were only slightly below

that Qalue. However, assuming that these findings are replicable,
how would we interpret them? One difference between Group P-Only
and the other groups-is that Group P-Only was fhe only group with
3 sec trials during single-stimulus training. It is difficult to
see why that fact alone should cause more rapid extinction in
Group P-Only. Another stsibility is that the more rapid extinc-
tion in Group P-~Only was due to its high average value of rft/
stimulus-on time. If rft/stimulus-on time is calculated without
regard to the distinction between S1 and S,, that measure was
higher in Group P-Only than in the other two groups. This also
méans‘that. on the average, rft/response was higher in Group
P-Only than in the other two groups. The differences observed

in this experiment are therefore consistent with the argument

that the partial reinforcement effectAis determined by'différences
in the probébility of reinforcement given a response. They are
not consistent with the argument that the.termination of a trial
without reinforcement is an important factor causing the partial
reinforcement effect in this situation, for if that were the case

group S~Only would have been the group to extinguish most rapidly.

Conclusions

In summary, there was no evidence for within-subject

PREs in either Exp. 1 or Exp. 3. In each experiment, however,
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there was weak evidence for an effect consistent with a between- .
Subject PRE, The evidence for such an effect in each experiment
should be regarded as tentative, since in each case differences
were only found when an unusual measure was employed, and even
then the differences were of marginal statistical significance.
However, it is of some interest that in each case the differénces
were in a direction that could be explained by saying extinction
is more rapid the higher the number of rft/stimulus-on time, or

alternatively, the higher the number of rft/responsé.

.



APPENDIX 2

A MODEL OF CHOICE BEHAVIOR

No attempt is made to present a comprehensive model
of choice in this appendix. The model presented is sketched
only in sufficient detail to make a particular point. That
point is this: it is possible for a model to predict "recency"
effects, such as those observed in Exp. 4, without incorporating
any explicit axiom about forgetting. To-make this point I will
first sketch a simple model that cannot predict recency. Then
I will show that by adding an extra axiom to that model - an
axiom not apparently reiated to recency = effects of the soft
found in Exp. 4 can be predicted.

Before the models are described, it 1s important to
specify éxactly what we want to predict. Suppose a subject
receives only reinforced 5, trials and reinforced S, trials
throughout training. Suppose further that he first receives
an equal number of S1 and S, trials intermingled, then a block
of S1 trials, then another block of S2 trials. We wish to
predict that, if given a choice test near the end of any of
'fhe four biocks of trials, the subject would choose the stimulus
‘most recently experienced, Note that we must be able to predict
a choice of S, after a block of S, trials, despite the fact that

an equal nunber of reinforced Sq and 82 trials will have been

- 109 -
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received at that point. This is what is meant by a "recency
effect": even though S, and S, have been experienced an equal
number of times, the fact that experience with 82 has been more

recent at the time of the choice test causeg responses to S, to

2
occur more frequently on that choice test,

Model 1: Strength Model with Linear Operators

Model 1 cannot predict the desired effect, but will be
useful as a background for Model 2, which can predict the effect.,
Both models have two basic theoretical variables, "strength of
response to Si" (Vl) and "strength of response to S," (V2).

The values of V1 and V, are determiﬁed by the training conditions,
and behavior on choice tests is in turn a function of the values
of Vy; and V,. Here are the axioms of Model 1,

AXIOoM 1, IF trial n is a S1 trial and is followed
by reinforcement, then following that trial, V, increases
accofding to the formula

Viger = Vy,n * A(L - Vl,n)’
and V, increases according to the formula
v

=V + BA(L - V

2,n+1 2,n Z,n)'

where 0 € A <1, 0<£BS1, and LD 0.

AXIOM 2., If trial n is a So trial and is followed by
reinforcement, then following that trial, V1 increases according
to the formula

=V

Vl,n+1 1,n + BA(II - Vl,n),
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and V2 increases according to the formula

2,n+1 2,n

where O$A$l, 0<BL1, and L > 0.

AXIOM 3. If V. is greater than V2 at the time of a

1
| choice test, more responses will occur to S, than to S, on
that choice test, and if vV, is greater than V, at the time of
a choice test, more responsesg occur to 82 than to S1 on that
choice test.

Axioms 1 and 2 describe the way response strengths
increase during single-stimulus traihing. Notice that the
appropriate formulas are applied following every trial, not
following every response. These axioms are meant for a sit-
uvation in which trial-lengths are the same for S1 and SZ’ and

would have to be modified to take trial lengths into account

if S1 and S2 had different trial lengths. Also, no axioms are
presented for nonreinforced trials; we are concerned only with
positive trials in the present situation, |

Fach of the four formulas employs a linear operator.
The formulas are most easily understood if the three parameters

are described as follows:

A = learning rate
B = genecralization constant
L = limit or asymptotic value of strength

The model simply says that on reinforced trials with a

particular stimulus present, response strength to that



stimulus rises toward itsiasymptote at a certain rate, and
response strength to the other stimulus also rises toward
its asymptote, but at a less rapid rate. The difference in
rates is determined by parameter B, "If B =1, then general-
ization is complete, and following a reinforced trial with
one stimulus the response strengths to both stimuli rise at
the same rate., If B = 0, then there is no generalization,
and following a reinforced trial with cne stimulus.the
response strength to the other stimulus is unchanged. The
‘parameters A, B, and L are not given subscrips in this model,
since this is not necéssary for the point we wish to make.
Also, the predictlion concerning choice test responding in
Axiom 3 1is very weak in this model, but again it is sufficient
for the point we wish to make.

Model 1 cannot predict the desired recency effect,
Rather than.making this point formally, we will demonstrate
it with a set of examples. 1In each case we assume that at

the end of training on intermingled S1 and S, trials, V., and

1

V2 are equal. Then we Follow the strengths V1 and V, through

2

1 trials, and another

and V, are equél at the end

two Sl trials, two Sz trials, another tWo S
two 82 trials. It turns out that V1
of each set of S, trials, where the'toﬁa1 n&mbef”d%%fiﬁéé Si and -

S, have been experienced are egual..
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EXAMPLE 1: Model 1 with A=.20, 1=10, B=1.0 (complete general-

ization)
INITIAL VALUES: v, = 5.0 'v2 = 5.0

TRIALS: Syt 6.0 6.0
S+ 6.8 6.8 (V=V,)
S+ 7.952 7.952 (V1=V,)
Syt 8.3616 8.3616
S+ 8.68928 ' 8.68928 (Vi=V5)
St - 8.951k424 8.951420 |
S+ 9,1611392 9,1611392 (v1=v2)

This example is not very interesting: due to the complete
generalization (B=1.,0), Vl and V2 are always equal and there
cannot possibly be any recency effect,

EXAMPLE 2: Model 1 with A=.20, I1=10, B=0 (no generalization)

INITTAL VALUES: v, = 5.0 v, = 5,0

TRIALS: S+ 6.0 5.0
S, + 6.8 5.0 (v, larger)
Sz+ | 6.8 6.0
S+ . 6.8 | 6.8 (V1=V2)
Syt 7. 44 6.8
Sy+ | 7.952 6.8 (V1 larger)
S 7,952 7Ll '
S+ 7,952 | 7.952 (Vy=V,)



114,

In this example, with no generaligzation, there is again no

recency effect since V., = V, at the critical points,

1
EXAMPLE 3: Model 1 with A=.20, L=10, B=.50 (some generalization)

INITIAL VALUES: ' V1 = 5,0 V2 = 5,0
fRIALS: Sl+ 6.0 5.5

Sl+ 6.8 5.95 (V1 larger)
SZ+ 7.12 6.76

St 7.408 7.408 (V,=V5)
Si+ 7.9264 T 7.6672
Sl+ _ 8.34112 7.90048 (V1 larger)
SZ+ 8.507008 8.3203840
S+ 8.6563072 8.6563072  (V,=V,)

This example shows that even with an intermediate level of
generalization, no recency effect is found with Model 1,
Whenever an equal number of S1 and S2 trials have been received,

V1 and V2 are equal.,

Model 2: a Strencgth Model with Linear Operators and Diminishing

Generalization

Model 2 ig identical to Model 1 except that the following
axiom is added:

AXIOM 4. The value of the parameter B(the generalization
constant) diminishes over trials,
| This axiom simply states that'generélization from one
stimulus to anofher decreasés over.trials, Note that we could

have chosen to say decreases over time, since trials and time



115,

~are confounded in the situation we are concerned with. The
effect of this axiom is to allow the strength of responses to

A S2 to catch up and pass the strength of responses to S, during

1
82+ training. In other words, Model 2, with its axiom of
diminishing generalization, predicts the result we have referred
to as a "recency effect.,"

EXAMPLE 4: Model 2 with A=.20, L=10, and B diminishing over trials

INITIAL VALUES:  V, = 5.0 V, = 5.0

TRIALS: S+ (B=1,0) 6.0 6.0

‘ 5.+ (B=.9) 6.8 6.72 (v, larger)
S+ (B=.8) 7.312 7.376
S+ (B=.7) 7.68832 7.9008 (v, larger)
5.+ (B=.6) | 8.150656 8.152704 |
S+ (B=.5) 8.52052@8 8.3374336  (V, larger)
S+ (B=.4) 8.638882816 8.66994688
S+ (B=.3) 8.720549847 8.935957504 (V2 larger)

This example shows that a recency effect can be predicted with
Model 2. With that model, V2 is larger than Vl’ and therefore

more responges will occur to S, than to Sq is a choice test is

2
given, at points where S, and S, have occurred equally often

‘but 32 has occurred most recently. As shown in the example,

the diminishing genecralization between S, and S, allows response

1 2

strength to S, to grow considerably during early Sl+ trials.,

2
Then, during Sz+ trials, response strength to 82 continues

to grow but there is not as much generalization to S S0

1’
that response strength to 32 catches up to and passes response
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strength to S One might say that, due to diminishing

10
generalization, 82 gains more from S1 during early Sl+

training than it gives back to S, during later S_+ training.

1 2
Moreover, this effect can continue through several alternating

blocks of S1 and 82

continues to diminish.

training, so long as generalization

Conclusions

The point of this appendix has been that recency effects
such as those observed in Exp. 4 can be predicted without an
explicit axiom about "forgetting." Although Model 2 was sketched
is sufficient detail to make this point, the model as it stands
is certainly not adequate to explain all of the findings reported
in this thesis. Nor do the experiments reported here contain
evidence relavant to the central hypothesis of the model, that
generalization diminishes over trials. It is interesting to
note that some existing models of discrimination learning might
predict that generalization would increase, not decrease, over
trials. This prediction would be based on tre fhcl et the color of
the key predicted nothing about reinforcement in Exp. &, and
therefore might come to be "ignored" as training continued.
Evaluation of this and other possibilities must await further
experiments, For the moment, all we can say is that the finding
of a "recency effect" in Exp. 4 must be interpreted with caution.
The results of thatl experiment do not require the conclusgsion that
previous experience is forgotten as time passes or as further

trials are presented,



APPENDIX 3

PPARATUS

The apparatus used in the experiments reported in this
thesis was described in the General Method section of Chapter

2. Some additional details are described here,

Experimental Chambers

Six standard Lehigh Valley Electronics pigeon chambers
were modified in several ways. The original key hole or key
holes on the front panel were replaced by the two adjacent
square holes described earlier, Léhigh Valley Electronics
pigeon keys with clear plastic paddles were modified by gluing
to the back of each key a thin‘metal mask with a .6 inch diam-
eter holé punched in it, and then covering this hole with a
piece of 1/16 inch diffusing plastic. When lit from behind
‘with red or green light, a bright dot with sharp edges could
be seen., The entire front panel of the pigeon chamber was
painted flat gray. The side of the.metal key mask that could
be seen through the clear plastic from the inside of the pigeon
chamber was alsé painted flat gray. When no bulbs were 1lit
behind the keys, they appeared to contain black dots somewhat

darker than the rest of the key.

Previous experience had suggested that pigeons would
tenk to peck red dots more than green dots when the two were
presented together., In an attempt to reduce this color pref-

erence, the red dot was made dimmer than the green dot. Two

- 117 =
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green-filtered bulbs (#GE 1820) behind each key were 1lit
simultaneously to obtain a green dot, while only one red-
filtered bulb was 1lit to obtain the red dot. Moreover, the

" voltage across the green-filtered bulbs was 21 volts, while
the voltage across the red-filtered bulbs was only 15 volts.
This succeeded in making the red dot less bright than the
éreen dot« However, while each of sevefal human observers
agreed that the red dots were less bright than the green dots,
these observers also commented that the red dots nevertheless
appeared larger than the green dots and also "denser" or "more
saturated" or "more attractive" than the green dots. The use
of a dimmer red dot than green dot did seem to reduce color
preferenoes in these experimenfs. The data shown in Appendix
by (coiumﬁs at the far right) show no strong preferences across
birds for a partiqular color either during siﬁgle-stimulus

training or during choice tests.

Probably because of the lower voltage used across the
red-filtered bulbs, the green dot seemed té light slightly
before the red dot on choice trials. To some observers this
difference in onset time suggested apﬁarent movement from red
to green as a choice trial came on. However, examination of
the choice ‘test data across the four experiments showed that
the difference in onset time for red and green seemed to have

no strong effect on choice.



Control Apparatus

The control apparatus allowed one basic control unit
to present stimuli and record responses from six experimental
chambers. Since only brief trials were employed, it was poss-
ible for the control apparatus to deal with only one chamber
at a time. A five-channel paper tape reader essentially instruct-
ed the apparatus which experimental chamber was to be dealt with,
and .stimuli were then presented to that chamber and responses
recorded from it. This mode of operation allowed a large saving
of equipment, since large . segments of the apparatus were used
in common by all experimental chambers. The use of one basic
apparatus to control all chambers also had the advantage of
making the different chambers identical with respect to a
number of timing functions. For example, trial length for
all chambers was determined from the same basic timing cycle;
tray time for all chambers was determined from the same mechan-
ical timer; and pulse-formers used with responses for all
chambers were the same, Pulse‘formers were BRS CX-207 units,
which had a maximum following rate well in excess of ten inputs

per second,

The main control apparatus was built with standard
relay and timer equipment. The basic time base was taken from
a continuously moving synchrounous motor and so was quite acc-
urate, Electromagnetic impulse counters recorded the total

number of trials, responses to each key-color combination, and
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trays for each chamber. Between-trial responses were not
recorded, although we know from earlier experiments and from
occasional observation in these experiments that they were

"extremely infrequent.

As a secondary recording device, an 8m¢hannel paper
tape punch driven by BRS logic modules was employed. That
device recorded the occurence of every response, along with
the time of the response to the nearest 1/10th second. Data

from the punched paper tape are not reported in this thesis,

The basic configuration of the control apparatus is
shown in Table 4. A basic three-second timing cycle drove
»the equipment., Within each thfee~second cycle, the five-
channel paper tape reader was advanced and decoded. Then
one of four actions was taken depending on the“code that was
read: either a stimulus was sét up, or a trial was turned on
in a particular experimental chamber (ie, stimulus presented
to that chamber and responses reoorded from it), or no action
was taken (allowing the trial to continue), or the trial was
terminated (stimuli turned off, responses no longer effective,
and tray operated if required). In addition, the 1/10 sec
timer on the punched paper tape data recording device was
activated a% the start of each trial and reset at the end
of each trial. This timer was just a binary counter contain-
ing a code that would be punched along with each peck to in=-

dicate the time that the peck ocourfed on the data tape.
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(&

TABLE

BASIC STRUCTURE OF CONTROL APPARATUS

TIMING o
CYCLE 1 o T3
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decode operate proper set-up-
relay stimulus relay
advance
tree operate ,
control- proper start.
BEVENTS Hmm from ﬁﬁ relay wmmntrial-—on--gﬂmmmW 1/10 sec
tape in-box-X timer
control- ' relay
reader
tape _ present stop
tree tray to end bl and
reader F=% proper Ftrial[ ] reset
box timer
turn orf set-up stiuulus
relay and trial-on-in-
box~X relay
within-cycle timing: FB sec %
) ] ,
T1.. ! s T il l B { h
- ! |
T2, . { i AL A O O | 1.1 ] W y
TB‘ . 1 1 1 R | 1
between-cycle timing:
& 12 sec >
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set up boxX . ...l ... 1 ‘ '
end trisl............. e —
blevents: , ' »t
stimulus relay on ... .. ] b s
box relay on .......... s o L L———
responses recorded .... Mol b LUALLAL UL o
deliver-tray pulse .. ] peen n : fl I
tray up .. e ae e ’ : ’ bl d ot Sremsessrceomrrersn
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The entire sequence of setting up stimuii, delivering
trials to a given chamber, and terminating trials was controlled‘
by a five-channel paper tape. Intertrial intervals for a partic-
ular chamber were varied by varying the number of trials to
other chambers that intervened between two successive trials
to the chamber in question. Since stimull were set up sep-
arately for each trial, the stimull presented to different
chambers were independent. All of these factors meant that
the five-channel control tape for a particular session was
guite complex, but control tapes were generated and proofread

with the aid of a PDP-8 computer,



APPENDIX 4

DATA

The following pages present data from each of the four
experiments reported in the text., For each experiment, detailed
data from selected important sessions of the experiment are first
presented. Next one or more summary data sheets are presented,
oh which important data for several sessions are collected ;n
one sheef.-

It should be noted that since both stimuli were present
together during choice tests, total rate of response on a choice

test is the sum of rate of response to S1 and rate of response

to 52. The entries in the column labelled R1+R? however, are
-

the means of rate to 5, and 32, and therefore must be doubled

1
to be comparable to entries in this same column in sessions of
single-stimﬁlus training.

Wherever indicesg and means are shown on the following
pages, the calculation of those numbers was not based on other
numbers shown, but was based on those numbers before'they were
rounded off, Since all calculations were made before rounding,
there are occasional slight discrepancies between sets of numbers
shovn and the mean that is presented for those numbers. In all

cases the mean presented is more accurate than the mean that ca

be recalculated from the rounded numbers shown here.
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DATA FROM EXPERIMENT 1
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DATA FROM EXPERINENT 1,
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DATA FROM EXPERIMENT 1, SESSION 16

RATE OF RESPONSE
(responses per second)
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DATA FROM EXPERIMENT 1, SESSION 17 '
(SINGLE-STIMULUS TRAINING)

RATE OF RESPONSE ; S
(responses per second) INDICES ‘
Groups. =R ) , . Sq R
‘Biid O% G K1R Ki1iG K2R K2G R R ﬁl;ﬁé Rlv Kl ? 2
R 1 Rz 2 Ry+Ry Kq+K, Sz G
GROUP 0 | | .

1 R 2.3 3.2 2.5 2.9 2.4 3.1 2.7 A . 51 no no
2 R 4.7 4.1 3.9 4.4 4,3 4,3 4.3 . 51 .51 yes yes
-3 R 6.7 6.4 6.3 5.9 6.5 6,1 6.3 .52 .52 yes yes .
Iy G 4.9 3.9 5,0 4,54,2 5,0 4,6 L6 A48 no  yes
5 G 3.7 3.4 3.5 3.2 3.3 3.6 3.5 A8 . 51 no yes
6 G 0.9 0,8 0.8 0.8 0.8 0.8 0.8 Jig .50 no yes
MEAN 3.9 3.6 3.7 3.6 3.6 3.8 3.7 A8 . 51 2/6 5/6

GROUP & ' )

7 R 3.5 3.6 3.8 3.8 3.7 3.7 3.7 « 50 A48 no  no

8 R 4.9 4,1 4.3 4,9 4,6 4,5 4,5 .51 .50  yes yes

9 R1.91.51.0 1.7 1.5 1.6 1.5 U8 55 no no
10 G1.71.91.9 2.01.9 1.8 1.9 . 52 A8 yes no
11 G 1.2 0.9 1.4 1.,61.2 1.3 1.3 A48 A1 no ves
12 G 3.5 3.1 3.6 3.4 3.3 3.5 3.4 A8 0 49 no - yes
MEAN 2.8 2.5 2.7 2.9 2.7 2.7 2.7 49 19 2/6 3/6
GRGUP 0OS
13 R 3.1 3.2 3.0 3.2 3.1 3.2 3,1 49 . 50 no no
14 R 6.1 5,9 4.6 4.5 5,3 5,2 5,3 . 51 57 yes yes
15 R 2.3 2.4 2.7 2,72.,52,6 2.5 A9 A7 1o no
16 G 308 Be? 307 3&7'3'7 3-8 3'7 014’9 -51 no yes
17 G 2.6 2.6 2.3 2,3 2.5 2.5 2.5 . 50 . 54 - -
18 G 4.3 4.0 4,1 3.9 3.9 4,2 4,1 U9 .51  no yes
MEAN 3.7 3.7 3.4 3.4 3.5 3.6 3.5 L9 .51 1/5 3/5
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DATA FROM EXPERIMENT 15, SESSION 17 (CHOICE TEST)

RATE OF RESPONSE S
(responses per second) INDICES _

Groupy . =R N . Sq R

& br oG K> >
Bird K1R K1G K2R KZ2G Rl R2 R- +Ra K.4K S G

17482 hMTh2 2 :

GROUP 0O

1 R 1.1 8 0.1 1.5 0.6 2.1 22 71 no no
.2 R 2.1 b 1.9 2.3 2.0 2.3 A7 0 052 no no
3 R 0.8 4.6 0.9 4,1 0.8 4,k .16 .52 no no
14’ G 300 8 207 1.6 1.7 209 137 053 - no yeS

5 G 2.1 b 0.9 1.2 1.8 1.5 ¢ 5l 68 yes no

6 G 0.9 31.0 0.3 0.3 0.9 e23 A48  no yes
MEAN 1e7 2.4 1.3 1.8 1.2 2.4 33 W57 1/6 2/6
GROUP S . '

7 R 3.7 1.2 2.6 0.3 3.1 0.7 .81 63 yes yes

8 R 3.51.1 3.8 1.3 3.7 1.2 75 8 yes yes

9 R1.3 0.1 1.3 0.3 1.3 0.2 .86 A8 yes yes
10 G 0.0 1.5 0.7 2,7 2.1 0,4 .85 e 31 yes no
11 G 0.0 O.4 0.4 1.4 0.9 0.2 .80 .18 yes no
12 G 0.0 2.1 1.1 3.1 2.6 0.5 83 7 .33 yes no
NIE;AN lu? 1»:5 2-3 Ot5 '82 0140 6/6 3/6
GROUP 08 .
13 R 1 1.1 2.1 1.1 2.1 1.6 «35 49 no no
14 R A b9 1.2 407 0.7 2.7 .88 A yes  yes
15 R 3 2.30.,91.80,6 1.2 «75 .35 yes yes
16 G 9 0.7 2,9°2,9 0.7 1.8 .81 « 50 yes no
17 G 6 0.9 1.0 1.3 1.3 1.3 51 63  yes no
18 G .81.3 3.3 3.0 0.8 1.9 .78 W41 yes no
MEAN 51,9 1.9 2,51.0 1.7 .68 L7 5/60 2/6
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RATE OF RESPONSE
(responses per second)
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DATA FROM EXPERIMENT 1, SESSION 29(EXTINCTION)
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- DATA FROM EXPERIMENT 1, SESSION 30 (EXTINCTION)
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(EXTINCTION)

DATA TROM EXPERIMENT 1, SESSION 31
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DATA TROM EXPERIMENT 1, SESSION 32 (EXTINCTION)
RATE OF RESPONSE: -
, (responses per second) INDICES
Groups =R . Sl R
e [lg - Ry+Rp b By Ky > >
Bird KIR K1G K2R K26 Ry, Ry, 5 | Aame noiks S» &
1782 "MTh2 2

GROUFP O

1 R 0.1 0.2 0.0 0.0 0.1 0,1 0.1 %) 1.00° no no

2 R 0.5 0.3 0.0 0.6 0.3 0.5 0.4 . 36 « 59 no no

3 R 0.0 1.2 0.4 1.6 0.2 1.4 0.8 W12 <37 no no
L G 0.3 0.2 0.9 0.4 0.3 0.6 0.4 ¢35 .28 no yes

5 G 1.50.3 0.5 0.0 0.21.0 0.6 14 77 no yes

6 G 0.1 0.1 0.0 0.0 0.1 0.1 0.1 Lk .89  no yes
MEAN 0.4 0.4 0.3 0.4 0,2 0.6 0.4 . 30 .65 0/6 3/6
GROUP 8

7 R 0.31.40.91.2 0.6 1.3 0.9 31 N6 no no

8 R 2.9 0.9 2.7 0.7 2.8 0.8 1.8 e 77 ¢ 53 yes yes

9 R 0.3 0.0 0.0 0.3 0.1 0.2 0.2 Y o oh7 no no
10 G 0.3 0.5 0.4 0.1 0.3 0.4 0.3 Al 3 no yes
11 G 0.1 0.0 0.0 0.0 0.0 0.1 0.0 .09 01 no yes
12 G 1.0 0.8 14 1.0 0.9 1.2 1.1 A3 A2 no yes
MEAN 0.8 0.6 0.9 0.6 0.8 0.7 0.7 A2 W57 1/6 4/6
GROUP 0S ' ’
13 R 2.8 2.9 2.5 2.7 2.7 2.8 2.7 49 « 52 no no
14 R 0.9 1.0 0.1 0.0 0.5 0.5 0.5 g «96 no no
15 R 1.7 2.3 2.1 2.5 1.9 2.4 2.1 Ul A7 no no
16 G 0.0 0,1 0.1 0,0°0.0 0.0 0.0 . 56 A yes no
17 G 0.2 0.1 0.2 0.1 0.1 0.2 0.2 « 38 +55 no yes
18 G 0.7 0,7 1.3 1.1 0.9 1,0 0.9 JU7 ¢35 no yes
MEAN 1.01.21.01.,1 1.,01.1 1.1 A7 55 1/6 2/6



137

DATA FROM EXPERIMENT 1, SESSION 33 (EXTINCTION)
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DATA FROM EYPERIMENT 1, SESSION 34 (CHOICE TEST)

138.

RATE OF RESPONSE . -
(responses per second) INDICES

GroupslzR ' . Sq R

& R1+R R K \ :

& brc - e Y 1 1 > >

4 1TR2 hiTH2

GROUP © -

1 R 0.0 0.0 OQO 0.0 Olo O'O OaO bt hadiad - halhind

2 R 0.4 0.2 0.1 0.1 0.2 0,2 0.2 e 57 .83 - yes yes
3 R 0.0 0.3 0.1 0.8 0.1 0.6 0.3 11 28 no no
b G 0,4 0.0 0.4 0,0 0,0 0.4 0.2 Ol A8 no yes

5 G 1.8 0.0 1.6 0.1 0.1 1.7 0.9 .03 ¢ 53 no yves

6 G 0.2 0.0 0.2 0,0 0,0 0.2 0,1 13 . 58 no yes
MEAN 0.5 0.1 Ok 0,2 041 0.5 0.3 «23 .53 1/5 4/5
GROUP S _ ‘

7 R 0.5 0.7 0.0 0.3 0.3 0.5 0.4 e 34 .78 no no

8 R 1.4 0.0 1.2 0.1 1.3 0.1 0,7 .95 ¢ 52 yes yes

9 R 0.3 0.4 0,3 0.4 0.3 0.4 0.3 41 A5 no  no
10 G 0.3 0.0 0.2 0.0 0.0 043 0.1 14 ¢ 57 Nno yes
11 ¢ 0.5 0.1 0.5 0.1 0.1 0.5 0.3 .13 L8 no yes
12 G 2.0 0.0 1.4 0.0 0.0 1.7 0.9 .01 « 59 no yes
MEAN 0.8 0.2 0.6 0.2 0.3 0.6 0.5 .33 .57 1/6 4/6
GROUP O
13 R 0.8 0.6 0.5 0.6 0.6 0.6 0.6 .51 .57  yes yes
1“’ R On5 002 O.? Ool 053 092 052 066 c67 yeS 3’03
15 R 0.30.2 0.2 0.0 0.2 0.2 .0.2 . 58 71 yes yes
16 G 0.1 0.2 0.3 0.2°0.2 0.2 0,2 e 51 o LT yes no
17 G 0.4 0.0 0.3 0.1 0.0 0.4 0.2 .06 A48  no  yes
18 G 0.0 0.2 0.1 0.7 05 0.0 0.3 93 32 yes no
MEAN 0.2 0.3 0.3 0.3 0.3 0.3 0.3 « 5l 53 5/6 L/6



SUMIMARY DATA FOR EXP,

1

Ry/(Ry+R,) VALUES FOR INDIVIDUAL BIRDS DURING SINGLE-
STIMULUS TRAINING (SST) AND CHOICE TESTS (CT)

(decimal points are omitted to save space)

rounding) in these colunns are:

rS:+.03 in Group O
b in Group S

To=r, 5/\

r;z+.ﬂ9 in Group O3

Birdg . S E S S I
e |2
& %& G ,
Group  Single St.Training CT
nmean
12 13 14 15 16 17 12-16 17
GROUP 0O ' a a
1 R L3 44 b1 43 L2 L4 43 22
2 R 49 50 51 50 48 51 50 b
3 R 50 54 49 49 50 52 50 16
b G U3 Ls 46 bl 46 L6 by 37
5 G Ly by by obn 48 48 47 5l
6 G L5 bL2 48 45 49 49 46 23
MEAN LG Ly by b7 Ly 48 4y 33
GROUP S
7 R 53 49 50 51 50 50 51 81
8 R 54 51 52 50 51 51 52 75
9 R 44 48 Lo 4y L1 48 L6 86
10 G 46 51 55 52 58 52 52 85
11 G 52 51 54 54 55 48 53 80
12 G 49 49 49 51 51 4B 50 83
"MEAN 50 50 52 51 51 L9 51 82
GROUP 08 :
13 R 51 49 49 5049 49 50 35
14 R 51 52 51 52 51 51 1 88
15 R 52 51 50 47 54 L9 51 75
16 G 50 50 48 L9 52 L9. 50 81
17 G 48 50 45 49 50 50 49 51
18 G 48 46 L5 L8 43 49 46 78
MEAN 50 50 48 L9 50 49 49 68
aCorrelations between entries for

wWwEh oo N w2
O VWO D o W

s
3

51
50
37
49
55

51

L9

50
52
52
49
51

48

51

0

29
51
52
L7

-39

L8
1

L6

52
52
k3
X
51

A

i

50

50
Sh
51
49
4.3
52

51

N

30

59
L9
25
b7
33
56

b5

Ly
55
47
61
51
48

52

50
L6
50
50
35
47

Lg

31

50
53
L8
39
09
30

38

Q5
55
€0
64
69
49

" 57

L9

32

)
36
12

35
14
1y

30

o

Lg
49
Ll
56

38

v47

b7

13

T SST(extinction)

33

08
21
67
100
29

53

17
5h

-

68
100
43

56
sl
35
32
30
79
L6

CcT
34

57
11
ol
03
13

23

3k
95

14

13
01

33

51
66

58
51
06
93

5k

individual birds (pefors -
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DATA TROM EXPERIMENT 2
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RIMENT 2, SESSION 22
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DATA FROM EXPERIMENT 2, SESSION 24
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DATA FROM EXPERIMENT 2, SESSICN 25

RATE OF RESPONGE

» 14,

INDICES

(responses per second)

Groups]:R ' R AR . X Sq R

& : 1*R2 b ™ '
Bird 7 ©|KIR K1G K2R K26 R, R, —3 RR, ﬁfiﬁg g; 2
GROUP 0(H) ' |

1 R 6.0 5.6 6.5 6,0 6.3 5.8 6,0 e 52 M8 yes  yes

2 R 6.3 5.9 6.1 5.7 6.2 5.8 6.0 . 51 .51 yes yes
3 R 3.7 4.1 4.1 4.1 3.9 4.1 4,0 L9 W49 no no

L G 2,7 2.8 2,7 2.6 2.7 2.7 2.7 « 50 . 51 yes  no
5 G 0.7 1.4 3.4 3.7 2.6 2.1 2.3 .55 .23 yes no

6 G 4,7 4.1 4.3 3.2 3.7 4,5 4,1 A5 .54  no yes
13 R 8.2 7.7 8.5 8.3 8.4 8,0 8,2 e 51 49 yes yes
14 R 3.3 3.5 2.9 3.1 3.1 3.3 3.2 A9 53 no no
15 G 2,1 2.1 3.2 2.3 2.2 2.7 2.b g A3 no ves
ME AN o2 b1 b6 4.3 4,3 4,3 4,3 W50 L7 5/9 5/9
GROUF ¢(1.) :

7 R 3.4 3.0 5.3 3.7 4.3 3.4 3,9 . 56 A1 yes yes
8 R 2.2 209 2a1 206 2.1 2e? 2.“ cl‘l’L" 052 no no
.9 R1.51.2 1.2 0.6 1.3 0.9 1.1 60 .61 yes yes
10 G 2.7 2.3 2.3 2524 2,5 2.5 g i%e .51 no yes
11 G 2,9 2.3 3.0 2,9 2.6 3,0 2.8 Y A6 no  yes
12 G1.91.9 2.1 2.3 2,1 2.0 2.1 . 51 6 yes no
MEAN 2.4 2.3 2,7 2.4 2.5 2.4 2,5 .51 W49 3/6 0 4/6



145,

26
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DATA FROM EXPERIMENT 2,
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DATA FROM EXPERIMENT 2, SESSION 27 (CHOICE TEST)

RATE OF RESPONSE T
(responses per second) INDICES .

Groupy, =R ’ Sq R

& Lol RitRot By K > >

» TR Kythp 22

GROUP 0(11) ,

1 R 1:6 1.9 109 207 10? 2:3 2¢O 0”3 l1'¥'3 no '1’10

2 R 0.1 0.9 3.9 4.5 2.0 2.7 2.3 43 .10 no no
3 R 2.6 2.9 0.5 1.3 1.5 2.1 1.8 A2 .74 no  no
b G 0.5 0.9 1.7 2.1 1.5 1.1 1.3° e 57 e 28 yes no

5 G 0,9 1.0 1.8 1.1 1.1 1.4 1.2 43 L0 no  yes

6 G 2.0 4,0 0.5 2.4 3.2 1.3 2.2 .72 67 yes  no
13 R 6.3 4.2 3.9 1.4 5.1 2.8 4,0 b5 67  yes yes
14 R 0.1 2.2 0.3 1.7 0.2 1.9 1.1 .09 .55 no no
15 G 0,30.3 1,9 1.1 0.7 1.1 0.9 A1 .16 no  yes
MEAN - 1.6 2,0 1.8 2,0 1.9 1.9 1.9 L6 b5 3/9 3/9
GROUP o(1,) .

7 R'1.3 1.6 1.4 2.1 1.31.9 1.6 M2 45 Mo no

8 R 1.4 2.7 0.0 0.9 0.7 1,8 1.3 .29 .82 no  no

9 R 0.8 0.7 0.0 0.0 0.h 0.4 0.4 52,98 yes yes
10 G 1.9 0.9 1.5 0.7 0.8 1,7 1.2 31 .56 no o yes
11 G1.51.8 1,1 1.4 1.6 1.3 1.4 .55 .57 Yes no
12 G 0.2 1.0 0.0 1.0 1.0 0.1 0.6 .89 .55 Yes no
MEAN 1.2 1.5 0.7 1.0 1.0 1.2 1.1 .50 W65 3/6 2/6
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DATA FROM EXPERIMENT 2, SESSTION 34
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152,

DATA FROM EXPERIMENT 2, SESSION 38 (CHOICE TEST)

RATE OF RESPONSE

e » INDICES
(responses per second) ,
3o o S R
) or G . ‘
GROUP 0O(1) :
1 R 0.2 0.7 0.1 1.5 0.2 1.1 0.6 .13 0 37 no no
2 R 1.2 0.0 2.9 1.4 2.1 0.7 1.4 _ .74 .21 yes yes
-3 R1.11.9 0.3 1.7 0.7 1.8 1.2 e 28 .61 no no
L G Ol 0.6 2.4 2.3 1.5 1.4 1.4 .52 .17 yes no
5 G 0.7 1.1 1.9 1.8 1.4 1,3 1.4 .52 «33 yes no
6 G 2.6 2.5 0.7 1.6 2.1 1.7 1.9 e 56 69  yes no
13 R 2.7 2.2 4.2 3.7 3.5 2.9 3.2 . 5l » 38 yes yes
14 R 0.1 1.6 0.1 0.8 0,1 1.2 0.7 .06 65 no no
15 G Ocl 0.3 02 063 0.3 0.1 0.2 67 « 36 yes no
MEAN 1.0 1,2 1.4 1.7 1.3 1.4 1.3 L5 A2 6/9 2/9
GROUP 0{L) _
7 R 0.3 01 0.0 0.0 0.2 0.1 0,1 .76 .91  yes yes
8 R 1.8 2.4 0.4 0.8 1.1 1.6 1.4 S .78 no no
.9 R1.,01.3 0.0 0.0 0.5 0,7 0.6 2 .98 no  no
10 G 1.9 1.1 1.3 0.7 0.9 1.6 1.3 .36 .59 no  yes
11 G 0.9 0.3 1.2 0.8 0.5 1.1 0.8 + 33 « 38 no yes
12 G 0,1 1.3 0.1 1.7 1.5 0.1 0.8 93 G4l yes no
MEAN 1.0 1.1 0.5 0.7 0.8 0.9 0.8 . 54 68 2/6 3/6



DATA FROM EXPERTMENT 2, SESSION 50

RATE OF RESPONSE ‘
(responses per second) INDICES 4
STOURS =R Ry#Rp | By K 5>1 3
G 1o e Sy
Bird [T "[KIR K1G K2R K26 Ry R, =3 R +R, K{4+K, Sp G

GROUP O(H)

1 R 6,6 4,8 7.8 6.7 7.2 5.7 6.5 56 WAL yes yes
2 R 6.6 4,7 6.5 5.3 6,5 5.0 5,8 Y 49 yes yes
3 R 3.6 3.9 3.9 3.5 3.7 3.7 3.7 « 50 .50  yes yes
L G 2.7 2.8 2.7 26 2.7 2.7 2.7 « 50 ¢ 51 yes no
5 G 1.8 2.5 2.7 3.5 3.0 2.3 2.6 657 U1 yes no
6 G 4.3 3.8 4.3 4,1 3.9 4.3 4,1 A8 49 no  yes
13 R 7.8 7.9 7.6 8.4 7,7 8.2 79 R %e] 49 no no
14 R1.6 1.3 1.51.31.51.3 1.4 . 54 . 51 yes yes
15 G 3.6 2.9 2.7 2.5 2.7 3.1 2.9 JA7 <55 no yes
MEAN h.3 3.8 4.4 4.2 4.3 4.0 4.2 <52 b9 6/9 6/9
GROUP 0(L) .
7 R 6.2 5.5 6.0 5.5 6.1 5.5 5.8 ¢ 53 . 50 yes yes
8 R 3.1 3.0 3.1 2.8 3.1 2,9 3.0 e 51 « 50 yes yes
-9 R1.9 1.7 1.8 1.3 1.8 1.5 1.7 e 5 . 54 yes yes
10 G 3.1 2.9 2.7 2.9 2.9 2.9 2.9 « 50 e 52 no yves
11 G 3.0 2.9 3.7 3.4 3,1 3.3 3.2 A48 A5 no yes
12 G 2.5 2.8 2.4 2,7 2.7 2.5 2.6 . 52 . 51 yes no
MEAN 3.3 3.1 3.3 3.1 3.3 3.1 3.2 .52 .51 L/6 5/6



DATA FROM EXPERIMENT 2, SESSTON 51
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DATA FROM EXPERIMENT 2, SESSION 52

RATE OF REGSPONGE

155,

(responses per second) INDICES

GroupglzR Ra+R R K S1 R

& bra Y S WS > >
Bird KIR K1G K2R K26 Ry Ry ~ 3 | R3R, Ky« . Sz G
GROUP C{H)

1 R 5.8 4.8 7.4 6,9 6.6 5.9 6.2 <53 A3 yes yes

2 R 6.1 5.6 6.1 5.3 6.1 5.4 5,7 ¢ 53 .50 yes yes

3 R 3.8 4,0 4,3 4,3 4.1 4,1 L. e 50 A8 no  no
_ L G 2.8 2.5 2.7 2.7 2.6 2.7 2.7 49 U9 no - yes

5 G 1.9 2.6 2,8 2.5 2.6 2,4 2.5 .52 L6 yes no

6 G b .3 5,0 4.8 o5 4,7 4.6 H9 Ju7 no yes
13 R 6.7 7.1 6.2 7.4 6,4 7.3 6.8 U7 .51 no  no
14 R 2.4 1,8 2.02.,02.21.9 2,1. ¢ 53 . 51 yes yes
15 G 2.5 2.3 2.0 2.0 2,1 2,3 2.2 A8 e 55 no yes
MEAN - L,1 3.9 4.3 4.2 4.1 4.1 4.1 «50 W49 L/9 6/9
GROUP 0(1) _

7 R 5.8 5.0 6.0 5.1 5.9 5.0 5.5 . 54 49 yes yes

8 R 2.52.,9 2.9 2.8.2.7 2.9 2.8 9 49 no  no

9 R2.21.,21.51.01.91.1 1.5 .63 58  yes yes
10 G 2.8 2.6 2,6 2.8 2.7 2.7 2.7 . 50 « 50 no yes
11 1.1 0.91.,1 1.1 1.01.1 1.1 A48 L7 no yes
12 G 2.5 3,0 2.9 2.62.82.7 2.8 .51 . 50 yes no
MEAN 2.8 2,6 2.8:2,6 2,8 2,6 2,7 .52 W51 3/6 L4/6


http:51-J-.49

INDICES

RATE OF RESPONSE
(responses per second)

DATA FROM EYPERIMZNT

1
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RATE OF RESPONSE

DATA FROM EXPERIMENT 2, SESSION 5k

(responses per second) INDICES

Group: S R

. T By K >1 >
Bird K1R K1G K2R K2G Rl R2 R1+R2 K1+K2 32 C
GROUP 0(1)

i R 7.4 5.4 8.1 6.7 7.7 6.0 6.9 .56 L6 yes  yes

2 R 5.9 5.1 6.6 5,0 6,3 5.0 5,6 . 55 A9 yes yes

3 R 3.5 4,1 4,0 4.0 3.8 4.1 3.9 A8 L9 no  no
4 G 2.7 2.9 2.9 2.9 2,9 2,8 2.9 . 51 .50 yes no

5 G 205 301 [4'.0,3.6 3‘3 3.2 3‘3 .51 .”2 yOS o

6 G 4.3 3.7 4.5 3.8 3.8 4.4 L1 46 49 no  yes
13 R 7.1 5.2 5.2 6.5 6.2 5.8 6.0 . 51 « 51 yes yesg
1)"’ R‘ 2e2 lo? 200 109 2;1 108 109' l53 050 yeS yGS
15 G 3.0 2.3 2.8 2.5 2.4 2,9 2.6 s .51  no yes
MEAN 14"3 Jcr/ }‘Lol‘l’ Lf’el l‘.} ‘qfoo l‘%o] 051 0“9 ‘6/9 6/9
GROUP 0 :

7 R 6.6 5.3 5.9 5.6 6,2 5.4 .53 . 51 yes yes

8 R 2.9 3.0 3.1 2.1 3.0 2.6 . 5h .53 yes yes

9 R 2.3 1.8 2.4 1.6 2.0 1.7 « 58 .51 yes yes
10 G 3.1 2.7 2.9 2.6 2,7 3.0 L7 . 51 no yes
11 G 3.2 3.0 3.8 3.4,3.2 3¢5 U8 A6 no yes
12 G 2.7 2.8 2.8 3.0 2.9 2.7 e 51 A9 yes no
MEAN 3.4 3.1 3.5 3.1 3.4 3.1 e 52 « 50 4/6 5/6‘



DATA FROM LXPERIMENT 2, SESSION-55 (CHOICE TEST)

RATE OF RESPORGE

158'

(responses per second) INDICES

Groupk . - ' S R

& pi}"g B Xy oy
‘Bird KIR K1G K2R K26 Ry R+Rp Ki#k, Sp G
‘GROUP O(H) \ |

1 R 5.5 0,0 6.7 0.1 6,1 0.0 3.1 «99 A5 yes  yes

2 R 3.1 0.0 4.8 1.3 4.0 0.7 2.3 .86 34 yes yes

3 R 206 003 209 O~|8 208 0.6 1.7 083 01“4’3 yeS yes
. LL G Ool 10? Onl 1«7 107 001 OI9 ‘95 0""9 yOS no

5 G1.81.51.30.3 0.9 1.5 1.2 « 37 .67 no ves

6 G 0.6 3.0 009 3.1’;‘ 3.2 O.? 2.0 182 .1"”5 yes no
13 R 5.0 1.4 5.6 2.2 5.3 1.8 3.6 ¢75 A5 yes yes
11‘!’ R 107 th 1.0 0.1 1;4 O.?., Oe8 186 .66 yeS yeS
15 G 0.0 2.6 0.4 1.7 2.1 0,2 1.2 .02 «55 yes no
MEAN - 2.3 2.6 1.3 3.1 0.7 1.9 .81 .50  8/9 6/9
GROUP 0(L 3 '

7 R 5.9 5.8 0.0 5.9 0.1 2.9 « 99 . 51 yes yes

8 R 2.2 1.2 0.3 1.7 0.8 1.3 .68 .71 yes yes

9 R 2.1 1.6 0.0 1.8 0.0 0.9 .98 .57  yes yes
10 G 0.5 0.1 2.1 2.0 0.3 1.2 .87 . 51 yes no
11 . G 0.3 0.7 1.7 1.3 0.5 0.9 o 7U 34 yes no
12 G 0.1 0.0 3.0°'3.0 0.1 1.5 .98 . 51 yes no
MEAN 1.8 1.6 1.2 2.6 0.3 1.5 .87 .53 6/6 3/6



SUMMARY DATA FOR EXP, 2

Rl/(R1+R2) VALUES FOR INDIVIDUAL BIRDS DURING SINGLE-

STIMULUS TRAINING (SST) AND CHOICE TESTS

" (decimal points are omitted to save spa

Birds. . S E S S I 0
& ob G SST CT  SST  CT
Group - mean mean
: 22 23 24 25 26 22-26 27 33-37 38
~ a a b b
GROUP O (H)
1 R 51 50 52 52 53 52 L3 49 13
2 R 52 51 52 51 53 52 43 52 74
3 R 47 48 Li Lo 48 47 42 . 48 28
4 G 50 51 49 50 49 50 57 50 52
5 G 59 57 62 55 52 57 43 sh 52
6 G 48 48 47 L5 by Ly 72 50 56
13 R 48 51 .50 51 49 50 65 51 5l
14 R 45 48 46 Lo b3 46 09 43 06
15 G 49 47 45 b5 46 L6 b1 Ly 67
MEAN 50 50 50 50 49 50 46 L9 Ls

"GROUPO(T.)

7 :

8 R 48 51 44 L 52 48 .29 52 L

9 R 54 61 L5 60 59 56 52 51 42
10 G 50 45 50 49 51 L9 31 48 36
11 G 48 48 Lo b7 Ll 47 55 56 33
12 G 48 59 53 51 48 52 89 - 48 93
MEAN 51 52 50 51 52 51 50 51 54

ACorrelations between entries for individu

(before rounding)
in these two columns are rg=+.37 in Group
ro=+.09 in Group

beorrelations in these columns are r =+ 13

. l"S'S"'.37
CCorrelations in these columns are r.=+,28

re=t+.67

R 56 50 60 56 58 56 42 51 76

(cT)

ce)

N
S3T

‘mean
50-54

c

55
55
4.8
51
53
48
L9
5l
1;7

51

53
50
59
48
L9
52

52

al birds

O{H)
0(%)
in Group
in Group
‘in Group
in Group

CT

55

© 99

86
83
95

82

75
86

g2
81

99
68

98

7l
98

87

o(r)

o(L)
O(H)
0(L)
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e

SESSTON 12

_ou\fG

INDICES
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Rq{+tRs K{+K>p

DATA FROM EXPERIMENT 3,

RATE OF REGSPONSE
(responses per second)
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DATA FROM EXPERIMENT 3, SHESSION 13
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INDICES
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DATA FROM EXPERIMENT 3, SESSION 14

RATE OF RESPORGE
(responses per second)
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SUMMARY DATA FOR EXP.3

STIMULUS TRAINING (SST) AND CHOICE TESTS (CT)
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DATA FROM EXPERIMENT 4

Note: the followin¢ data sheets are the printout from
a data analysis program written on FOCAL on the PDP-8 computer,
The sixteen numberg above each table are counter readings
entered on the teletype by the operator, showing cumulative
responées to left key red, left key green, right key red, and

ght key green after trials %40, 42, W4, and 48 of each session,

The main tables show responses per‘second, and are parallel to
previous tables for Experimenis 1, 2, and 3. However, here
for the first time there are examples of res ponding on individual
choice trials. |

The main tables show mean regponsv rates over the first
Lo gingle~stimulus trials, response rates on each of the four
choice trisls, mean response rates over the four choice trials,
amd mean response rates over the last four single-stimulus trials.
Although the order of presentation of the choice tlrials within
trials leMZ and within trials 43-44 wag varied, the computer
program always wrole the data Irom those trials in the same
fixed order.

Entries in the "ALL" column are equivalent to entries in

the R,+R, column for previous experiments. Note that this means

the "ALL"™ column shows mean rate of response to S] and 82 on the

choice test (trials L1-44), not total) rate. In order to con

total rates of response during single-stimulus treining and on cholc

tests, entries in the "ALL" column in the row labelled "41-4" must

be doubled,
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3G 0 1159 . | 188,

$150 126 159
157 12846 126 159
) 12A0 G 22417

DAY:27 BIRD:!1 (51=RD
TRL KIR K1G KeR K2G R G ALL R/7R+G 17142 KEY

1- 45 1.45 1.2 1.37  1.37 0.531

41 4.68 DeB4 468 (G030 4. 68 1.000 1.068 1.%00
42 GelB 4019 4019 BHe40 4.192 1.0066 1.000 G.860
43 4. 52 . Ge Gl 4.52 B.00 4452 1.080 1.80689 1.6060

44 4.19 .00 BeBD 4019 4419 (.999 0.090 1.009

Al-4 4. 60 2.180 2.19 .00 335 l.ﬁﬁ 2.20 $.761 G.761 G761

45-8 4635 3867 4. 11 4a11 fe529
DATA:

20 2ATT 0 2466

230 2477 128 460

158 2501 128 460G

s s549 1 549

TRL KIR K1g K2R KagG K G AL, RZR+G 1/1+2 KEY

1 Ai) 3.85 3.71 3. 78 3.78 B 5HY
41 4AJ84 , (e B6 Ae 84 .G AeB 4 1
42 GeBf 452 L 52 e 10 V=R BN 51515
43 4452 O 5 452 G068 Ge 52 1. 3
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1= 40 6.20 5.58 5.89  5.89 0.526
41 G500 4019 0e00 4419 4419 G.G00 0.068 0.080
42 629 G.0i- D00 6429 629 0.0066 G000 1.600
43 G060 Ge81 B0 De81 0.81 0.000 G000 ©.000
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DATA:
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DATA:

cA33 ) 1381 103
$AAE ) 1410 1)
2490 10 1436 0
¢557 B 1503 ¢
DAY:2E8 BIkD:1
TRL K1k KI1G
1-40 3. 49

41 5.65

42 D00

A3  3.55

Ha4 0«00
Al-4 4.6 (.00
A5-8 ° 5.40
DATA?
1552 10 1536 0
1579 10 1564 10
606 127 1564 10
161 127 1620 10
DAY :28 BlkDh:2
TRL Kik K16

42 0.00
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44 4035
45-8 lie 4
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21339 6 1954 0
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TiL - K1 KiG
1"'/1@ 70()\

41 Te26

42 D00
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TAH:
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13 176 1624
:3 797 ) 24656
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DAY:28 BIRD:4 (Si=0@)
CTRL O KIR KIG K2R
1- 49 5.63
41 G.48
42 .61 B.00
43 9,060
44 5.32 0.00
41=4 B84 5.97 0.060
45-8 6.21
DATA: _
0 11116 03 ¢7726
133 1116 136 :726
$33 1116 :80 :1769
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PDAY:28 BIRD:S (S1=@)
TRL  KIR  KIG K2R
1- 4% 9 . G
41 5.32
49 G066 5.81
43 G006
44 G.0G T.10
41-4 De6h TG00  6e45
45-8 8.71
DATA:
$0 1658 10 :609
22 1668 10 647
29 1687 0 :659
26 759 10 3723
PDAY:28 BIRD:6 (Si=)
TRL  KIR  K1G K2R
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A3 1.13
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e 006

D276

ir1+2
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@-545
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1.668
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D.00G
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B.511
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1.6860
D+368
1.960



DATA:

$537 30 2569«<560 0
1563 i 1599 10
tH89 10 tA19 0
2642 100 1678 10
DAY :33 BIRD:1 (S1=R)D
TRL ' K1R KI1G K2R
1-4%  4+33 46 52
41 4.19
42 B0 4.84
43 4419
44 B00  4.68
A4Y-4  4e19 Q.00  4.76
458 4.27 e Th
DATA: .
$547 10 1556 0
2575 5 1578 18
2575 124 1570 :26
2632 124 :631 :126
DAY 33 BIRD:2 (S1=R)
TRL KIR Kif KeRr
1-40 441 Ae 48
A1 e 52
42 G0 2.26
43 Q.00
44 3.87 _@.0@
41-4 2.24 1.94 1.13
45-8 A 6D 4692
DATA:
1865 10 1819 16
2909 1858 10
t951 6 1983 149
16048 00 1991 :0
DAY:33 BIRD:3 (Si=iD
TRL K1R K1G K2R
1-40  6.98 6469
41 Te1D3
49 Bl (.29
43 6T7T
44 (G GRY] 7.25
41 ~ 4 694 De G Ge 1T
45-8  7.18 710
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b.00
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1.000
1.000

1.600

171+2

1.0006
1.800
BeBG0
e BOG

06457

171+2

1.060
1.6080
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DATA:

O 2734 13 sT37
782 18 782
0 1821 10 1820
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BIRD: 4

DAY £ 33 (S1=6G>
TRL K1k K1G K2R
1-40 5.92

41 e G

42 TeT4 B0

43 ‘@.@@

44 629 IR GIG
41-4 @f@B T2 G.00
45-8 6e 45
DATA:

B 977 0 1642

247 21622 10 1642
T47 11G64 10 1678
G 1166 2@ 2732
DAY:33 BIRD:S5 (Si=&
TRL KIR K1G K2R
1-4@ 7-88

41 T+ 58

42 T+26 (.00
A3 D.0B

44 677 D00
41=4 3.79  7.02 6.00
45-8 g.03
DATA:
1 1600 1 1562
t0 1638 1 1594
M 675 1 1630

@ 709

0 +744

DAY:33 BIRD:6 (S1=¢)
TRL  KIR K18 K2R
1“4(’) 408/1

41 .00

42 6.13 .00

43 0.69 |

44 5.97 0.60
M4 0.00 6.05 0.00
45-8 5.56

K2G
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T.26

Se 48

637

SRS

L]

R

0.00
ARRONS!
000
0.60

G.00

»
Sy

5

L]

*
DO D0;m
&

2O

1.99

GRG0
Ded
.08
De 00

el

Te26
TeTl4
6013
6.29

653
(e B
T.26
5.81
677
He 96

629

Te26
Tel4
6413
6.29

343

633

ALL
6«53

7458
7.24
5.81
677
343

J

629

ALL

4o 69
516
613
5.81
5.97

R/ZR+G

D000
B.000
G. 00

B.000 .

B.300

R/ZR+G

1.080
e
Gl
5000

De27T6

R/ZR+G

D.000
f1.2360
D005
BeQ

B.0080

1/71+2

1.6068
1.860
1.060
1.060

1.008

171+2

e 3O
1.6006
1.868
1.0606

Ge124

17142

1.000
i.0060
1.0080
1.000

1.080

KEY
Bes99
0.0680
1.0689
b.860
1.000

KEY

CP.693

1.0060
1.600
@..@C 1Y
1.0060

. 788

Beb654

KEY
Ze516
0.000
1.690
G.000
1.080

@- 524

O.466



NDATA:

20 1390 1090 562
$29 1390 131 562 196,
t57 £415 $31 1562
t0 14706 10 1555
PDAY:34 BIRD:1 (S1=R)
TRL  K1R  KI1G K2R  K2g R G ALL  R/R+G  1/1+2  KEY
1- 40 3.15 4.95 3,60 3.60 B.437
41 4468 , DB 4468 000  4.68 1.008 1.008 1.000
42 , G.00 5.00 S B0 B0 5.00 1.6006 1.000 G.0060
43 4452 GO0  4.52 G.00  4.52 1.000 1.000 1.000
44 4.03 .00 D60 4.03  4.03 0.000 0.000 1.060
A1=4 4460 2.02 2.50 8.00  3.55 1.81  2.28 06.779 06.779 0.726
45-8 b 44 4.27 435  4.35 0.509
DATA:
10 1554 10 549
116 1554 128 15564
142 1580 108 1556
G tHR9 1 615
DAY:34 BIRD:Z (S1=R)
TRL  KIR  KIG K2R  K2G R G ALL  R/R+G  1/1+2  KEY
1= 40 4o 27 4. 43 4045 4445 G502
41 2.58 1,13 258 1.13 3.71 0.696 60696 0.696
42 008  A.52 4.52 BB 4.52 1.0600 1.0600 0.080
44 4.19 D63 GeBD 4419 4419 0000 0.900 1.090
A1=4 339 2.10 2.26 Be56 2.82 1.33  2.08 G.680 0.680 0660
45-8 4.76 4.76 4076 4eT6 B.500
DATA:
2 tB8AY G 3741
t45 1903 ¢ 761
$AS 94l 35101
G 21833 @ 1861
DAY:34 BIRD:3 12RO
TRL  KIR  KI1G K2R  K2G R G ALL R/R+G  1/1+2  KEY
1- 40 6.94 6el4 .54 6454 G531
41 7.26 D00  T.26 (.08  Te26 1.000 1.0066 1.660
42 6eT7 (.00 000 6e77 6077 G060 0.000 1.0600
43 0060 6429 DGO 6.29 6.29 0.G00 0.000 0000
44 5.97  @.060 BeG8 5.97 5.97 $.000 0.000 1.6060
41=4  3.63 637 G080 3.15  1.81 4.76  3+29 §.0276 0.276 G.761
45"0 7'5\) 4092 6-21 6-21 (’356@4



NATA:
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DATA:
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