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ABSTRACT

THE EFFECTS OF DEL2Y, SIGNAL PLACEMENT AND HOUSELIGHTI
ILLUMINATION CN SIGNALLED REVERSAL LEARNING

by
PETER YARE NSKY
University of New Hampshire
May, 1983
The control of tehavior by prior responses and stimuli
was studied using pigeons in a signalled reversal learning
procelure. During reqular trials, an intertrial interval
was followed by illumination of two keys. 1Initially one key
was designated correct. A peck to either key turned off
both keys and, if ccrrect, produced food. After a criterion
number of consecutive correct responses occurred, a
reversal/nonreversal sequence wasS dinitiated. Fither the
reversal or nonreversal signal was presented briefly during
the next irtertrial interval. Following a reversal signal
only, the correct and incorrect keys were reversed. A
correct resrcrse on the next trial resulted in a larger food

reinforcer. BResponding on +this trial +tyre ¢grovided the

ix



major derendent mea sures of behavior. Follcwing this, the
reqular sequence was reinstated.

The duration of the intertrial interval was varied from
0 to 30 =sec on 1teversal/ncareversal trials, and the
reversal/nonreversal signal c¢ould occur either at the
beginning <c¢r erd of the interval. Accuracy was inversely
related to delay and was dgreater on late-signal trials.
Finally, during baseline, the houslight was omn for some
birds and off for others during the interval. In a later
phase, all birds were extrosed to both conditions. Baseline
illumination did not affect accuracy, but accuracy was
lowered by changes in illumina tion.

The Tesults were examined with respect to twc cognitive
accounts c¢f @memory ccding. However, a behavioral account
based on the effects of delays on stimulus ccntrol was

adequate, ard entailed fewer thecretical assumptions.



INTRO DUCT ION

An Overview.

dn2 of the earliest areas in experimental ©psychology
was the study of memory. It was believed by many
Associationists in the 1800's that consciousness was
composed of a number of elements that could be ccmbined to
produce the rperceptuval and cognitive phenomena that make up
consciousness (Boring, 1950). The first experimental study
of memory was conducted by Ebbinghaus in the 1870's. In the
Associationist tradition, he invented the nonsense syllable
as a tool fcr studying memory processes uncontaminated by
previously learned associations. His work was important not
only for its empirical content, but because it Was
considered the first experimental study of the higher mental
processes (Poring, 1950).

With the rise of Behaviorism, attempts at studyving
mental processes were largely abandoned. Watson (1913)
declared that the goal of psycholoqy was the prediction and
control of behavior, and that all reference to consciousness
shoull be abandoned. In the following vears, the emphasis

shifted tc the study of relationships betwean observable



stimuli and resronses. Behavioral psychologists put 1less
emphasis on the study of memory, the rationale and
methodology for which seemed closely tied to  the
introspective psychclcqgy of the past. Skinner (1950) arqued
that reference not only to mental events but to any concept
expressed at a level <cther than that of the observable
behavior or which it is based is counterproductive. Due to
this type <¢f arqument, the concept of memory itself fell
into iisfavor among behaviorists.

The new behavioral psycholoqy was concerned with
observable behavior and its determinants. Cne of the
earliast statements of such a relationship was made by
Thorndike ([1¢€11). His Law of Effect stated that those
actions in a situation that produce satisfacticn becone
associated with +that situvation and are more likely to be
repeated when the situation recurs. Much subsequent work
has been ccncerned with exploring the implications of the
law of Effect, and with providing objective @means for
predicting what sort of events "produce satisfaction" to an
organi sm.

Early agrroaches to the ccntrol of behavior by its
consequences, perhaps as a holdover from Associationisn,
tended to be guite rmclecular. For example, Guthrie believed
that every assoclation is learned from a single irnstance of

contiguity of a stimulus and a response. The apparent



gradualness <c¢f learring was explained through a molecular
view of stimuli and responses. These may be brcken down
into specific components, with the 1learned behavior
occurring reliably only after associations have been formed
between the various ccmpcnents of the stimuli and responses
(Schultz, 1960).

More recent apprcaches have questioned the utility of
this molecular analysis on several grounds (Skinper, 1935,
1953; Schoenfeld and Farmer, 1970). For one, it is
questionable that the stimuli and responses are really
identical <c¢n different occasions; thus, the @notion of
stimulus and respcnse classes se2ems more appropriate
(Skinner, 1935). The concept of the operant emerged from
this type cf ccnsideration. The operant is viewed as a unit
of behavior, but it is a functional unit, consisting of a
class of behavior that is controlled by its relationship to
a class of stimuli. TWo topographically dissimilar
responses may be instances of the same operant if they are
both controlled by the same classes of antecedent angd
consequent stimuli.

Another major advance in the study of behavior was the
clearx statement by Skinner {1938) of the three-tern
contingency btetween rrior discriminative stimuli, behavior,
and consequent stimuli. Certain consequences of behavior

may be seen either to increase or decrease the fregquency of



that Dbehavior. Consequences that increase the frequency of
a response are called reinforcers; those that decrease it
are called —tunishers. The nature of the behavior change
depenis on the nature of the consequence, and on tke mnature
of the relaticnshir between the response and the occurrence
of thz consequence. In addition, the occurrence c¢f behavior
depends ch antecedent (ox discriminative) stimuli.
Antecadent stimuli signal that certain respomses will have
certain consegquences. A stimulus sigralling that a response
will produce reinforcement may ke said to set the occasion
for the <cccurrence c¢f that response. The rate and pattern
of responding depends on the type of relationship between a
response and reinforcement that is signalled by a stimulus.
Thus, it mav be seen that a meaningful analysis of operant
behavior @must inccrrcrate the roles of both antecedent and
consequent stimuli. The recognition of the three-tern
contingency in operant conditioningy clarified the several
roles of stimuli and led to better formulations of important
issues in behavioral psychology. Particularly significant
for this dissertation was the realization of the importance
of stimuli that signal the likely ccnseguences of behavior.
The recognition of control of operant behavior by
antecedent as well as consequent events contributed to an
even more molar view of behavior in a paper by Schoenfeld

and Farmer {(1870) . Behavior was conceptualized as a



continuous stream of events. While recognizing that it
could be Lbrcken down into molecular units, they emphasized
the importarce cf the behavior stream as a whole, and the
context in which behavior occurs.

Some clarificaticn of the role of stimuli in the
behavior stream would be useful. If the stream is broken
into units fcr analytical purposes, certain responses may be
seen to produce consequences in +the form of a change in
stimulus ccnditicns. This stimulus change may act as a
discriminative stimulus, setting the occasion fer subsequeat
behavior in the stream, or as a reinforcer, strengthening
preceling behavior. Thus, the kehavior stream may be vieved

as a stream c¢f responses and stinmuli:

Since some stimuli and responses may be mwmore readily
discriminable to an observer than others, the degree to
which each response produces stigpulus consequences
presumably derends c¢n the way in shich the behavior streanm
is arbitrarily divided into units. This view contrasts with
the approach taken by Skinmner and others which views the
division into units as beinqg 1less arbitrary. In keeping
with the <ccncept <¢f the three-term contingency, this

approach emphasizes the alternation of responses and stimuli



to a yrzater extent. VWhichever approach is taken, it should
be noted that both Skinner [1950) and Schoenfeld ard Farnmer
[1970) cauticn against arbitrarily dividing behavior into
units to the point where lawful relationships are obscured.

Behavior at a given roint in the stream is presumably
controlled Jjointly by earlier stimuli (both discriminmative
and reinforcing) and prior behavior. The control of
behavior by earlier events in the stream may be referred to
as memory. Ir this rarer no further meaning will be given
to this concept. The current research will fccus on nmemory
for both stimuli and responses.

Recent behavioral research on memory for stipmuli has
made considerable use of the delayed matching-to-sample
(DMTS) paradiqm. The general matching-to-sancle (MIS)
paradigm invclves the presentation of a sample stimulus to
the organism, following which the organism must chcose which
of two (cr mcre) ccurarison stimuli matches the sample. A
correct choice 1is generally followed by reinforcement.
There are several forms of the MTS paradigme. In
simultaneous MTS, the sample and comparison stimauli are
presented together. In DMTS the onset of the comparison
stimuli fcllcws the offset of the standard stimulus by a
specifizd delay. Zero-delay MTS simply means that the
sanmple and ccuararison stimuli are presented successively

with po delay between then.



Tha DMTS paradigm allows for the study of memcry as it
is affected by the duration of the delay. For example, in
an early study with pigeons, Berryman, Cumming and Nevin
{(1963) studied simultaneous and <zZero-delay MTS and DMTS.
The accuracy c¢f MTS performance was found to decrease
monotonically with increasing delays, with fairly accurate
performance at delays of less than 4 sec, and abcve-chance
performance at delays of ur to 10 sec. Thus, although other
variables such as sample stimulus duraticn may affect
performance, the DMNTS procelure may be seen to be useful in
the study of functional relationships in the area c¢f memory.

Because the correct test stimulus depends on the sample
presented, +the DMTS paradigm is particularly suited to the
study of memcry for stimuli; very little research has been
done on memory for responses. Evidence for the control of
behavior by grior restonses may be traced to work by Hunter
in 1913 on delayed responses 1in animals ([(Maier and
Schneirla, 1S€é4). A more recent example may be seen in a
report by Hearst [{1962) of delayed alternaticn in pigeons
with delays cf up tc 10 sec. Following a peck at one of two
keys, a variable delay was presented in which the chamber
was darkened. After the Jdelay the keys were illurinated and
reinforcement was contingent uron pecking the key not pecked
earlier in the trial. The relationship between delay value

and performarce was similar to that obtained by Berryman et



al. [1963), although thers was some evidence for greater
accuracy at dintermediate values than at shorter values.
These results indicate control of behavior by responses
occurring earlier irn the behavior stream. Since responses
as well as stimuli are part of the kehavior stream, mnemory
for responses and stimuli may be expected to be functionally
similar.

This diszertation is concerned with the control of
behavior by prior stimuli and responses in the behavior
stream, and with the disrupticn of this control by the
intrusion of a stimulus into +the behavior strean. A
reversal- learring prccedure, which may be said to involve
responding on the basis of a strategy (rule for responding),
is used. In a reversal-learning procedure, one of two
responses is designated as correct, and 1is reinforced.
After a criterion for accuracy is reached, the <correct anmnd
incorrect responses are reversed. Across a wide variety of
species and experimental procedures, it has been found that
with practice subjects come to reverse their resronding
after as few as a single error [Bitterman, 1%¢%) . This
behavior has been 1interpreted [e.qg. Warren, 196b) as an
indication <¢f the 1learning of a win-stay, lose-shift
strategy: if a resronse is reinforced, keep emitting it; if

not, shift to the 2ther response.



In the usual reversal-learning procedure, a strategy
based solely cn the consequences of responding is sufficient
to produce accurate performance. In the present research,
the procedure has been modified to permit the study of joint
control by external stimuli and prior behavior by presenting
a signal during the intertrial interval (ITI) following the
completion cf the critericn for a reversal. Sometimes the
signal indicates that a reversal of the correct resronse has
been arranged. At cther times it dindicates a nonreversal
trial, in which the <correct response remains unchanged.
Thus, accurate performance on the following +trial reflects
joint control by (memory of) the prior restonse and the

signal.

Delaved- Matching-to-Sample-and-Hemory: -

A-Selective-Review-

In the study of memory through DMTS performance, the
major variables of interest have been the effects of varying
the delay interval and the effects of stimulus change within
the delay ipterval cn matching accuracy. As was mentioned
earlisr, Berryman et al. (1963) found a monotonic
decreasing function 1zrelating accuracy to the length of the
delay. This was confirmed by Roberts and Grant [1¢78), +who

also used riqeons as subjects and found that accuracy



10

decreased from cver 90% correct at zero delay to under 80%
correct with a 12-sec delay.

A major focus of DMTS research has beexr on the
interference with DHMTIS performance by a stimulus added
duriny part or all of the delay period. -This type of
experiment is frequently referred to as a <retroactive
interference study, because the interpolated stimulus 1is
assumed to interfere with the memory of a prior stimulus
event, the sample. While retroactive interference has been
explained ir many ways including the interference with a
memory trace or a rehearsal process, I believe that on the
basis of +the short 1life-spans of these theories it is
premature to propose any specific mechanisms. In this paper
the term retroactive interference will be used only to
describe the change in behavior resulting from a class of
experimental maripulaticns.

In addition to varying the delay interval, Rcberts and
Grant (1978 also studied the effects of an interpolated
stimulus during the delay with pigeons. During most
sessions, the chamgber was dark during delay intervals.
During testing the houselight ([HL) was turned on throughcout
the delay rpericd. At zero delay, not surprisingly, there
was no difference Letween HL on and HL off sessions.
However, at a 0.5-sec delay, accuracy decreased from 90% in

the HL-off ccndition tc 75% in the Hl-on condition. At
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delays of U sec or lcnger, accuracy in the HL-on condition
was under 60%. Thus, whereas no change in the function forn
resulted, the overall level of accuracy was markedly reduced
by tte additicn ¢f the HL during the delay.

A number of studies have focussed on the relationship
between the rarameters of the interfering stimulus and the
magnitude of the retroactive interference effect. Using
either HL c¢cr center-key illumination as interfering stimuli,
Grant and Roberts [1976) found that pigeons' accuracv was a
monotonic decreasing functicn <¢f interfering stimulus
intensity: accuracy decreased from 90% +to slightly above
chance as the interfering stimulus intensity was increased.
It seemed not to matter whether the added illumination was
localized@ (kevy light) or nonlocalized [HIL).

In most studies, the training and interfering stimuli
have been lights, frequently differing only in color. Some
research has investigated the relevance of the relationship
between training and interfering stimuli, both within and
across stimulus modalities. In one of the few
cross-modality investigations, Worsham and D'Amato ({1973)
studied the interference with visual DMTS in mcnkeys by
visual and auditory stimuli. Using delays of up tc 120 sec,
the HL was fcund to be a major disruptor of performance,
whereas the effects of white noise were inconsistert. Tapes

of monkey vccalizations and cclony roon noises were
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disruptive <cnly at the longest delays. Thus, in at least
one case, the stimulus mnodality was found to be a relevant
variable.

Withip the visual modality, a number of studies have
examined +the importance of the similarity betweer training
and interfering stimuli. Jarvik, Golifarb and Carley [1969)
present2d colored interfering stimuli to monkeys that were
identical tc either the correct or 1incorrect comparison
stimuli. The stimuli were presented for 3 sec at either the
beginning, riddle or end of 12-sec delay periods. They
found that whereas stimuli identical to the correct
conparison prcduced a mild facilitation effect, the negative
stimuli produced substantial interference. Thus, at least
in the extreme case 1in which the comparison stimuli
thems2lves were used as interpolated stimuli, similarity
appears to have been a factor. Zentall (1973) vraised the
furthar issue that stimalus salience might be a factor as
well as sirilarity. Using red and greem training stimuli
with pigeons, a yellow light on the center key was found to
te a more effective disruptor than was a white vertical
line. It was pointed out that this could be due to either
salience or similarity.

Grant and Roberts (1976) conducted a series of
experiments with pigecns to investigate these issues in more

depth. In one experiment, both colors and black-and-white
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patterns vwere used as samples. It was prorosed that 1if
similarity is the irmpcrtant factor, the interfering stimulus
from the same class would be more effective; if salience is
more important, one class of disruptors [most likely colors)
would be ncre effective with either sample type. In order
to assess the role of stimulus novelty as well, one new and
one o01ld stigpulus was used as a disruptor in each class.
Grant and Roberts found that all stimuli produced roughly
equal disruption, except the familiar pattern, which
produced slightly less disruption; however, this stimuluas
may have been darker than the others. In a second
experiment, stipmulus ccmplexity and amount of illumination
were studied. Using red and green lights as sarmples, the
disruptors were two white lines amnd two white <crosses on
black backqrounds, one of each being large and the other
small. The large stiruli produced more disruption than the
small ones, and if anything +the <crosses prcduced less
disruption; thus degree of illumination seams to be the
crucial variable in this experiment.

f7ithir the visual modality, similarity between training
and interfering stimuli appears not to be a major factor
except when the interrclated stimulus is nearly identical to
either the correct or 1incorrect compariscn stimulus.
Otherwise, the intersity of the stimulus is the major factor

in determining the deqree of interference.
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One of the most interesting areas of research on
retroactive interference <concerns the importance of the
locus of the interferinqg stimulus within the delay. This
has often been studied together with the amount of exposure
to ths stimulus. Most early studies of the 1lccus of the
interfering stimulus found that at best it was a minor
variable. In studies with monkeys, Jarvik et al. (1969) ,
using incorrect comrarison stimuli as disruptors, and Etkin
(1972) , using BL and white key illumination, found at best
sliqght eviderce for differential effects of the lccus of the
disrupting stimulus. Etkin found that whereas the locus was
unimportant, the duration of the disrupting stimulus was
significant. This finding was confirmed by Maki, Moe and
Bierlay (1877) for samples that were vresrdense- and
reinforcer- 1related as well as stimulus-related {a fuller
account of this experiment will appear later). Apparently
the duraticn cf an interfering stimulus acts similarly to
its intansity (Grant and Roberts, 1976).

In a mcre recent series of exreriments, Roberts and
Grant (1978 found that under certain circumstances the
locus of the interfering stimulus may te important. They
systematically replicated Etkin's (1972) experiment with
pigeons to investigate hiants in the Etkin and Maki et al.
experiments that interfering stimuli might be more effective

at the end of the delay than near the beginning. The HL was
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illuminated for 1, 2, 4 or 8 sec at either the beginning or
the end of 10-csec delays. TIllumination at the end was found
to be mOoreE disrurtive, especially with shorter HL
presentations. The lack of this beginning«end effect, as it
was termed, with lcrger HL presentations was thought to be
due to the presence of the HL closer to the end of the delay
in these ccnditions, which would obscure any differences.

Although the overall amount of illuminmation during the
delay has been one of the most important variables in the
experiments that have been cited, its importance has been
questioned in three studies vwhich have asked whether
retroactive interference is best explained in terms of the
sheer amount c¢f illumination or changes in illumination.
D'Amato and C'Neill (1971) asked whether the 1important
variable was a difference in the illumination level between
the delay period and that of the sample and comparison
periods. Using monkeys, they found that perfcrmance was
worse when the HL was on during the delay period regardless
of whether it was on or off during the sample and ccmparison
periods. Thus it arreared that absolute level of
illumination was the crucial variable.

The issue of relative vs. absolute illumination level
was restated by Tranberqg and Rilling [1980). Rather than
comparing ITI and delay illumination, they asked whether the

relevant variable might be a change in delay illumination
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from th2 training to testing situation. A successive DMTS
procedure was used, 1in which following the delay, one
comparison stimulus was presented. If it matched the
sample, responding produced food on a fixed-interval 5-sec
schedule. TIf it was a nonmatching stimulus, a blackout
occurred after 5 sec. The dependent variable was a ratio of
response Tates to matching and nonmatching comparison
stimuli. There were four training conditions, with the HL
either on or off during the ITI and during the delay
interval. Testing was done by changing the HL condition
duriny the delay interval. Thus, in two conditicns there
were the usual increases in illumination during testing, but
in two conditioms illumination in the test sessions was
decreased during the delay interval. 1In each case, matching
performance vwas substantially reduced during testing.
During training at 1least 75% of the responses were to the
matching stimuli, whereas during testing performance was at
best slightly above chi nce. Training and testing
performance were unaffected by the‘ initial HL conditioans
during the delay reriod. The cnly important variable was
the change in delay illumination.

The irpcrtance cf relative illumination was studied
furthar by Cook {1980) using more <conventicnal DHATS
procedures with pigqecrs. In addition to —replicating the

finding that performance was disrupted ty turning <ff the HL
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during the delay following training with the HL om, Cook
exanmined the effects of duration of HL-off pericds and of
different levels of decrease in HI intensity. The effects
were found to parallel those gemerally found when the HL is
turned on during delays following a HL-off baseline. Longer
HL off periods and greater dJecreases in HL intensity
resulted in greater disruption of ©performance. Thus,
further suppcrt 4is given to the idea that a single process
related to stimulus change is responsible for disruption of
performance, with the directicn of stimulus change being
unimportant.

Many of the firdirgs that have been discussed are known
to occur over a wide range of experimental conditicns. Many
features of the DMTS procedure have been varied rather
unsystematically across experiments with 1little if any
effect. These include, a mong others, the response
requirement to the sample stimulus; whether retroactive
interference testing wa s cond uc ted within sessions
containing reqular trials or in special sessicrs containing
only test trials; and whet:er the HI was on or off during
the presentation of sample and comparison stiguli. The
experiments have used a number of species and stimulas
type s. Thus, the tasic findings that have been discussed

have a fair degree c¢f generality.
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As was rmentioned earlier, a number of theoretical
accounts have been proposed. Although they have had rather
short lifespans, much of the work under consideration was
theoretically criented; therefcre, a brief discussion of the
theory of DMTS performance is in order. A commcn account
states that in DMTIS the subject compares the comparison
stimuli with a trace of the sample stored in short-term
memnory (STH) . A resgonse is mde to the stimulus matching
that memory trace most closely. The STM trace is assumed to
decay fairly rapidly. At =some point the STIM trace is
presumed to be consclidated into a long-term memory trace.
This account explains the delay=accuracy function, which
tends to fall rapidly at short delays and be somevwhat
flatter at longer delays {Peterson, 1966; Roberts and Grant,
1978). Retrcactive interference may be explained in terms
of the interfering stimulus deqrading the STM trace and thus
interfering with ccnsclidation. This account has run into
considerable trouble with the finding [Roberts and Grant,
1978) that a brief stimulus near the end of the delay period
is more disruptive than at +the beginning. Presumably a
stimul us near the beginning would degrade the STM trace,
thus preventing consclidation; later on it would have to
disrupt the more permanent long-term trace. Thus, according
to Roberts and Grant ([1978), the theory predicts that a

brief stimulus would be more disruptive if presented near
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the beginning of +the interval than near the end; however,
their data revealed the orposite pattern of 3disruption.

The research that has been considered up tc this point
has dealt primarily with memory for external stimuli.
However, it is clear that prior behavior may serve as a
discriminative stimulus as well. An early study of the
discriminative function of prior tehavior was conducted by
Reynolds [1S€€). He was interested in the control of
behavior by the temporal spacing of previocus responses.
Following twc recks at a red key, the key became blue for 30
sec. Reinforcement was available on a variable-interval
scheduls in the presence of blue if the pecks at the red key
were separated by at least 18 sec. It was found that,
although temporal «control of responding during red was
rather poor, there was fairly gcod control of response rate
duringy blue-key 1illumination by the temporal spacing of
red-key pecks.

A major effort at studying differemnt types <c¢f nmemory
under comrarable circumstances was conducted by Maki, Moe
and Blerley [(1977). A DMTS procedure was employved to study
memory for stimuli, =tesponses and reinforcers. Stimulus
memory was studied through the use o0f colored sample and
comparison stimuli. Restonse memory was studied in a
nonidentity M1S rrocedure [Cohen, Brady and Lowry, 1981) in

which the samples and correct comparison stimuli are related
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arbitrarily rather than being identical. The samgrles vwere
different fixed-ratic (FR) requirements. In the presence of
a white kev, the occurrence of either cne response [FR 1) or
twenty responses [(FR 20) produced a delay pericd, following

which the ccrrarison stimuli [{red and green key lights) were

presented. Responses to the comparison stinuli were
designated <ccrrect Jdepending cn the prior response
requirement. Reinforcer memory was studied in a similar

fashion. In the presence of a white key a response turned
off the key light and resulted in a 2-sec sample c¢f food or
no food. Again, the ccmparison stimuli were red and green
key Llights, each of which was related arbitrarily to omne of
the sample tyres. For each type of procedure, Maki et al.
studied the effects of HL illumination during the entire
delay interval, the significance of the locus of brief HL
illumination and the disruptive effects of very short ITIs.
It was found in each case that HL illumination reduced DMTS
accuracy from approximately 90% to slightly above chance;
that 2-sec periods of HL illumination at +the end of the
delay were slightly more disruptive than at the beginning
and less disruptive than continuous HL illumination [the
magnitude of the disruption being comparable across tasks);
and that short ITIs reduced accuracy by comparable amounts
for each task. In the Maki et al. study there was no

difference in weither the baseline performance or its
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disruptability as a furction of the type of memory involved.
Maki et al. rroposed that a ccmmon STM process may underlie
each type of memory. They proposed two possible mechanisns:
one based on the idea of rehearsal of a representation of
the sample throughcut the delay; the other based on
identical memory traces that would result if the sample were
encoded in terms of the restonse to be executed following
the d=1layvy.

Maki et al. (1977) demonstrated that behavior may be
controlled by a prior sample of behavior as well as by
previous external stigulation. Cohen, Looney, EFErady and
Aucella (1976), Urcuioli and Honig {1980), and Cohen, Brady
and Lowry {1981) have extended this in a series of
experiments that studied the relative importance of response
and stimulus memory under <circumstances in which either
could be used tc perfcrm accurately on a task.

Cohen et al. (1976) studied simultaneous MTS in
pigeons using both viswal stimuli and behavior as samples.
The visual stimuli were orange and green Xey cclors and
horizontal ard vertical lines. The behavioral samples were
performances controlled by FR 16 or differential
reinforcement c¢f 1lcw tTate [(DPRL) 3-sec schedules, in which
responses must be separated by a ninimum of 3 sec to be
reinforced. The MTS task «could te either identity or

nonidentity, as explained earlier. It could ke either
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differential c¢r nondifferential with respect to the response
required in the presence of the sample to prcduce the
comparison stimuli. Thus, for example, in a nonidentity,
differential task, a tird might be required to fulfill the
FR 16 recuirement in the presence of orange, or to fulfill
the DRL 3-sec schedule in the presence of green, 1in order to
produce 1line ccmparison stimuli. The correct comparison
stimulus would be arbitrarily related to the samgle color
and response requirement.

The rate of acquisition was found to be uniform and
more rapid when a differential response requirement was in
effect, regardless of the type of visual sample c¢r whether
an identity c¢r ncnidentity +task was used. On the other
hand, with a nondifferential response requirement, the rate
of acquisiticn was slower and ordered with respect to the
type of stimuli. Acquisition was most rapid in the hue
identity task, slowest in the 1line identity task, and
internediate for the nonidentity tasks. These findings
suggest that choice in an MTS task may be controlled by
sample-specific behavior related to the response
requirements when differential responding is required. In
the example mentioned above, thke tirds might learn to peck

vertical after FR and hcecrizontal after DRL.
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These findings were extended ¢ty Urucioli and Honig
(1980) in a series c¢f experiments using procedures similar
to those of Cohen et al. (1976). 1In one experiment pigeons
were trained on a differential identity MTS rprocedure using
lines as stiruli and reinforcement =schedules identical to
those of Cohen et al. {1976). Following training, the
reinforcement schedules associated with the two stimuli were
reversed for some tirds. If retrained on the MTS task
initial matching accuracy was below the chance 1level and
reacquisition was slower than the origimal acguisition. If
retrained ¢cn an oddity task, in which the nonmatching
comparison stimulus is correct rather than the matching one,
initial vperformance was above chance and reacquisition
proceeded rapidly. In the o0ddity <case, the ncnmatching
stimulus was the <c¢ne that had originally been correct
following the reinforcement schedule in effect during the
sample presentation. Thus, the relationship between the
behavior emitted during the sample periocd and the correct
comparison stimulus was more crucial than the relationship
between the viswal stimunli. It should be noted that the
visual relaticnship was relevant to performance. The oddity
group, Wwith the behavioral relationship intact, did not show
the level cf accuracy cf the ccntrol group which was simply
given a break from the experiment with no retraining for

samnple~-resrcnse requirement relationshins.
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The relative ccntributions of external stimuli and
behavioral cues were studied further by Cohen et al.
{1981 . Pigecns were given training on either identity or
nenidantity MTS procedures. Comparison stimuli were
produced acccrding to the same reinforcement schedules as in
Cohen et al. [1976). Some tirds were given differenmtial
response requirenents a nd others vere e xposed to
nondifferential procedures. If the response requirement was
differential, MTS perfcrmance would be learned on the basis
of either external stimuli or behavioral cues; in the
nondifferential procedures only visual cues were available.
Following +training they were given transfer tests with the
type of visual cues [identity or nonidentity) reversed, and
the behavioral component unchanged. Thus, if a bird was
trained on a differential identity task it would ke tested
on a differential ncnidentity task, with the same
correlation between a given response requirement and the
correct <ccmparison stimulus. In general it was found that
only birds given differential behavioral components
performed substantially better than chance during transfer
tests. These findings indicate that, if available, a
behavioral cue comes to be a determinant of MTS performance

even when visual cues are available simultaneocusly.
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The mcre rapid rate of learning with any differential
identity or nonidentity procedure than with norndifferemtial
hue identity rrccedures suggested that behavioral samples
might be more effective for pigeons than visual samples.
When delays were gradually introduced it was found that
performance on a nonident ity task was disrupted by
increasing delays in the nondifferential case, but in the
differential case, accuracy was maintained with delays of up
to 55 sec.

The research conducted by Maki et al. [1977) suggests
that there are ccmEcn processes governing memory for
responses and external stimuli. Fowever, the results of the
experiments by Cohen et al. (1981) and Urcuioli and Honig
{1980) <clearly indicate that, when both stirulus and
response related cues are available simultaneously, the
behavioral cues exert more control over behavior. Changing
the sample =stinuli while 1leaving the correlaticn between
behavioral sasrles and correct comparison stimuli intact
resulted in only partial disruption of rerformance.
However, with all visuwal relationships left intact,
reversing the response-comparison stimulus relationship

resulted in tctal disruption of performance.
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Reversal learning, Response Strategies and Memory-

Within the context of the MTS procedure, 1t has been
shown that an ocganism's previous behavior, as well as
external stiguli, may serve as discriminative stimuli ([Cohen
et al., 1976; Urcuioli and Honig, 1980; Cohen et al., 1981;
Maki et al., 1977). However, the MTS paradigm may not be
the one best suited for the study of response memory. The
behavioral sample occurs under conditions that are specially
arranged and different from thcse of other behavior in the
context. In a less constrained behavior stream it is likely
that behavicr is <ccntrolled by events, including prior
behavior, that occur in a less separated context. In the
reversal 1learning raradigm, the behavioral sample and the
choice response are similar in topography and occuxr at the
same point in the temporal seguence of a trial. Thus, the
use of this paradigm may fit in better with the ccncept of
behavior as a cocntinuous streanm.

The reversal learning paradiqm has been used widely in
experimental rsychology. One major use was by Bitterman and
his associates in the study of the comparative psychology of
learning (see Bitterman, 1965 for a discussion of this
research) . It was found that with successive reversals some
species wculd learn more rapidly whereas others would show

no improvement with practice. It was thought that the
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procelure was revealing fundamental differences ir learning
mechanisms acrcss srecies. Hovwever, this field has grown
more complicated with the finding that even withir a single
species the cccurrence and rate c¢f improvement depend on
details of experimental procedure such as the ITI and, in
related rrccedures emgloying external discriminative
stimuli, the sensory modality {Nigrosh, Slotnick and Nevin,
1975, Slotnik and Katz, 1974).

Another line of research, which gqrew out «c¢f an older
controversy ir experimental psychology over whether learming
is a continucus process, leads more directly toward the
study of response memory as it is being considered in this
paper. The «ccntinuity approach stressed the idea that
learning involves the gradual strengthening <c¢f behavior
through reinfcrcement, with some theorists also discussing
the gradual weakening of other behavior through
nonreinforcement. Acccrding to the noncontinuity theory,
organisms learn by testing hypotheses concerning the nature
of a problem rather than through graduwal selection of
behavior by reinforcement.

Harlow (1949) , using both reversal~learning and
object-quality discrimination protlems, demcnstrated that
these two arrrcaches <could be ccmbined to some extent.
Monkeys were trained to choose one of +two objects. A

correct choice produced food. After some number of trials,
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the problem <changed. In the reversal-learning frocedure,
the correct ard inccrrect responses were reversed; din the
object-quality problems, two new objects were presented,
with one arbitrarily designated correct. Early ir training,
the monkeys demonstrated behavior consistent with the
continuity approach: many errors were nmnade, with a graduval
increase 1in accuracy over trials. As training progressed,
it took fewer trials to learn each new problem. Finally, a
pattern emerqed which could easily be seen to fit a
noncontinuity model of Dbehavior. A single urreinforced
response was sufficient toc produce a switch in the choice on
the naxt trial. Thus, Harlow had demonstrated the emergence
of noncontinuity-like behavior from a gradual 1learning
process. The development of this pattern of rapid learning
of new prchlems was referred +o as the acquisition of a
learningy set.

The prcgressive improvement involved in the reversal
and object-quality learning set tasks has been characterized
as the learring of a response strategy [(Warren, 1966): a
general rTule that tells what response to make given the
outcome of the rrevicus response. The appropriate response
strateqy for ©both procedures has been called the win-stay,
lose-shift strateqgy. 2Another strategy that has been studied
together with this one at times is the win-shift, lose-stay

strategy: in this case, the appropriate pattern is to change
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responses fcllowing reinforcement and to continue emitting
the same response following nonreinforcement.

These strateqgies were studied by Shimp [1€76) with
pigeons. Unlike many other experiments, the strategies were
in effect <¢n a trial-by-trial tlasis rather than a
problen-by-rrcblem basis. Also unlike many experiments, the
strategies were in effect on a prokabilistic basis-. During
a trial the HL and twc keys were illumina ted. A peck to the
key for which reinforcement was arranged turned off the
lights and rrcduced a two-sec reinforcer. An incorrect
response turned off the key lights but not the HL.
Following a 5-sec interval, the trial was recycled. This
continued until a correct response was emitted. The ITI
between trials following a correct response vwas either 2.5,
4.0 or 6.0 sec, including the time of the reinforcer. An
equal amount of reinforcement was scheduled cr each key
overall, acccrding to the following rules. For group A, the
probability of reinforcement for staying on the same side as
the last reinforcer was 0.8, and the ©probability of
reinforcement for switching sides was 0.2. A win-stay,
lose~shift strategy would be optimal. Por group B, a
win-shift, lose-stay strateqy was optimal. For part of the
experiment the probabilities for gqroup B were <simrly the
reverse of thcse fer group A; at another point the

probabilities of reinforcement for staying and shifting were



30

0.0 and 1.0 respectively.

The results c¢f the experiment indicated .that the
appropriate resgrcnse strategies were learned: responding was
controlled ¢ty local reinforcement probabilities. The
appropriate re sponse stra tegies were learned. The
probability of emission of the optimal response ratrged fron
0.96 at the 2.5-sec delay to 0.74 at the 6.0-sec delay for
group A, and from 0.88 to 0.55 for the same delays for group
B. Shinmp ccncluded tha ¢ an optimal strateqgy was
approximated to the extent allowed ty the pigeocns? STM. The
level of accuracy was lower fcr group B than for group A.
This 1s consistent with Schusterman's ({1962) findings that
chimps dc¢ nct learn the win-shift, lose-stay strateqgy as
readily as the reverse strategy.

One interesting issue 1is the deqree to which an
organism learns a gereralized response strateqgy as opposed
to a strategy that 1is specific to a certain <class of
problems. Warren [1966) +trained <cats and monkeys on a
series of reversal-learning protlems. For some animals the
correct object was reversed after a criterion of 10
consecutive correct responses was reached; for others the
reversal was spatial in nature (left vs. right). Following
60 reversal rrcblems, all animals were transferred to a set
of 80 object-quality discrimination problems. Bcth groups

of monkeys were fcund to learn the object-quality
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discriminaticrs more rapidly than d4id a control group given
no prior training. Among the cats, there was very 1little
difference Letween groups. Thus, it appears that monkeys
learned a more general strateqy +than <cats which was
generalized tc¢ ©prcblems different in nature that could ke
responded to according to the same rule.

In summary, it may be seen that response strategies may
be +taught by procedures such as reversal liearring in which
they are optimal soluticns to the contingencies in effect.
They are limited by the organism's sensitivity to (STM £for)
its previous tehavior. Variaticans in the ITI seem to act
similarly to variaticrs in delay in the DMNTS paradigm; thus,
reversal-learning procedures are useful for studying

response mMemory.

The Current Research:- General Goals-and -Methcdology-

——— g —

The current research was concerned with the study of
response mencry, and the joint ccntrol of behavior by both
prior responses and stimuli. As was @nmentioned earlier,
reversal- learring grccedures may be less disruptive of the
ongoing behavior stream than TMTS procedures because the
behavioral =cangle and the choice responses are identical in
topography and in their temporal relationships tc the rest

of the prccedure. Thus, a modified reversal-learning
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procedure was used. It differs from other reversal-learning
procejures in that after the criterionm number of consecutive
correct responses was reached, one of two sigmal was
presented. The signal, which wusuvally replaced the last
reinforcer, was for either a reversal or a nonreversal of
the correct side cn the next trial. A correct response on
the trial following a signal depended on memory fcr both the
prior restrcnse and the signal: neither was adequate in
itselE.

The general prccedure, shown in diagram form in Figure
1, is as follows. The subjects were white Carneaux pigeons.
In ihe reqular trial sequenca, following an ITI of 6 sec the
HL and two response keys were illuminated by white lights.
At the Dbeqginnizrg c¢f a session one side was randonly
designated correct. A peck to either key turned c£f the HL
and key lights ard initia ted the next ITI. 1If the response
was correct, the hopper light was illuminated briefly and
sonetimes fccd was presented. After a criterion number of
consecutive correct responses e€ither the reversal or
nonreversal signal was presented briefly during the
following ITI, which was sometimes variable in duration.
This ITT will be referred to as the reversal/noanreversal
(R/NR) ITI. Red 1lights on the response keys signalled a
reversal, and green lights signalled a nonreversal. On the

next trial, a correct respconse produced a longer food
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reinforcer, ard an incorrect resrtonse resulted in a longer
ITI. At this point the regular sequence was regeated. Some
of the details c¢f prccedure differed from one experiment to
another. The data on which most analyses are tased are fron
the trials irmediately fcllowing the signals.

There were three major independent variables. A major
interest was ipn the lccus of the signal within the R/NR ITI:
it could occur either at the beginning or the end. If the
signal occurred at the beginning it was necessary for the
bird to rememkber both its previous response and *the signal
across the ITI. TIf the signal occurred at the end of the
ITI, the bird had to remember its last response across the
entire ITI, Lut the relationshigp of the signal to the next
response was equivalent to that of a zero-delay MTS
procedure regardless «c¢f the ITI length. Thus, it was
expected that performance would be more accurate with the
signal occurring at the end of the delay period. Another
variable was the R/NR ITI 1length. Several different ITI
values vwere systematically explored, ranging from zero to 20
sec, excluding the time during which the signal was present.
Varying the ITI in a reversal-learning experiment is
equivalent tc varying the delay in a DMTS procedure. It is
of interest to see how the effects of the delay value depend
on the locus cf the sigmal in the delay. The third variable

was stimulus change during the R/NR ITI. During training
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the HL was off during the ITI for some birds, and on for
others. The birds were tested with HL 1illumination
conditions reversed. The rate of acquisition with the HL on
or off was studied as well as the relaticmshir betveen
taseline ccnditicns and disruptability by stimulus change.
The differential disruptability of stimulus and response
nemory was cf interest. Although Maki et al. {(1977) found
no difference in disruptatility between stimulus and
response meBCcIyY using a DMTIS procedurse with separate groups
of subjects, the present method requires <joirt control
within a sirqle procedure and could result in a more
sensitive comparison, as 1n the research by Cclken et al.

{1976, 1981) and Urcuioli and Henig {1980).

Analysis of the Data

It would be reasonable to expect that, in a procedure
which 23llows a choice between continpuing to emit the sane
response and switching respronses, there might be a built-in
bias towards perseveration with the response that has been
reinforced cver the last several trials. If so, a simple
measure such as the percentaqe of correct respcrses would
underestimate the accuracy of reversing and overestimate the
accuracy of not reversing. A measure of performance that is

capable of separa ting sensitivity to reinforcement
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centingencies from any bias towards one response or the
other is needed. Such a measure may be drawn frcm signal
detection theory. Classical signal detection theory
proposes that a given stimulus, upon repeated rpresentation,
produces scrmewhat different sensory effects upon the
organism at different times. These sensory effects are
assumed tc Lte normally distributed around some mean value.
If another stimulus that differs along some dimension such
as intensity is scmetimes presented, it will produce its own
normal distribution of sensoryvy effects around a different
mean. The ability of an organism to discriminate between
the stimuli ({the organism's sensitivity) derends on the
separation between the distributions. Sensitivity is
considered to be independent of any tias which may be
introduced (for exanrle, by reinforcing one correct choice
more frequently than the other). In such an exgperiment, in
which one «c¢f two stipuli is presented and the subject must
respond to indicate which Stimulus it was exposed to, there
are four possible trial outcomes which may te described by

the following rayoff matrix.
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Generally, the occurrence of R1 in the presence of 351
or R2 in the rresence of S2 is reinforced, whereas the other
outcomes are extinguished or, sonmetimes, runished.
According tc classical signal detection, with 1its
assunmptions cf nornality ct distributions, if the
probabilities of R1 given S1 (R1/S1)y and R1/S2 are
transformed tc¢ normal deviates [z-scores), the dJdifference
between z~scores for hits and false alarms should remain
constant as long as the stimuli are held constant,
regardless cf any bias introduced toward one response or the
other. This constant measure of sensitivity is called 4‘.

The pigecn's task in the current research may be viewed
as the detection of reversals. Although arbitrary, it
permits the ccnsistent labelling of responses following red

and green stimuli as indicated in the following matrix.
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There is no reason to assume @normal distributions of
sensory effects in this research. In fact, there is no
reason to assume any distributions at all. 7Yet, the idea of
separating sernsitivity frem bias is crucial. Accordingly, a
set of statistics descrited by Nevin, Jenkins, Whittaker and
Yarensky (19€2) was enmnplovyed. These statistics make no
assumptions  about distributions. Furthermore, these
measures of sensitivity and bias, when used in logarithmic
form, share the prcperty of being unbounded with the
neasures used in classical signal detection thecry. The
measure of sensitivity is 4, and the measure for bias is b.
The calculation and properties of +these @measures are
discussed ir ccnsiderable detail by Nevin et al. (1982),
and the sensitivity measure is discussed by Davison and
Tustin (1€7€) . It <chould be noted that, although no

assumptions of underlying distributions are needed to
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estimate 4, log d is linearly related to 4. The eguations

for 4 and k are as fcllows.

= ™M FA |

7he rance cf 4 is frcm infinity when discrimination is
perfect to 0.0 when responses are always irnccrrect with
respect toc the stimuli; chance performance produces a value
of 1.0. The range of b is alsoc from 0.0 to infirity, w%ith
1.0 indicatirg noc bias. In the following experiments,
values of b less than 1.0 indicate a Ltias towards
perseveraticn c¢n the same key, whereas values greater than
1.0 1indicate a bias towards reversal. As is the case with
the measure 3d', for bcth 4@ and b the extreme wvalues {0.0,
infinity) are obtained for any sanple of behavior in which
one of the fcur rossible trial outcomes does not occur. For
exanple, a btias towards nonreversal aight result in a small
nunber of false alaras. If, due to the use of finite sanmrle
sizes, a particular sarrle did not include any false alarms,
d would be infinite and b would be equal to 0.0, even though
a 1larger sarxrle might result in less extreme values. Thus,
occasional extreme values of 4 and t are generally due o
sampling eIICI ra ther than to performance radically

differ=ent from that represented ty intermzediate values.
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The sensitivity and bias measures involve ratios of
response frequencies. Acs is frequently the case with ratio
data a logarithmic plot is advantaqeous and will be used
throughout. In the case of sensitivity, a logarithmic plot
causes points that represent equal sensitivity levels to be
displaced equa lly frcm the <chance 1line whether they
represent above-chance or below-chance performance. A
logarithmic tias plct causes equivalent degrees of bias
towards either reversal or nonreversal of response location
to be displayvyed equidistant from the no-bias line. Because
the measures used in this research require fairly large
samples for =stability, all calculations were done on at
least the last hundred trials in a condition. In many cases

the calculaticns are based on larger sample sizes.
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I. EXPERIMENT I

The first experiment was designed primarily tc explore
the possikility of stimulus control of a reversal strategy.
It was also designed to provide preliminary data concerning
some of tte variables relevant ¢to such control, and to
determine the range of values over which these variables
control nperfcrmance. Because of the exploratory nature of
this 2 xperiment, some procedural details were mcdified as

the need becamne apparent.

Subjects-

The subjects were three white Carneaux pigeons. Birds
8 and 227 had prior experience with autoshaping procedures
and bird 85 had prior experience with fixed- and variablé-

interval schedules.
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A standard two-key pigecn chamber was used. The
experiment was controlled by electromechanical rrcgramming

equipment.

Procedure-

Because cf the 'pilot nature of this research, some
procedural variables were changed unsystematically. The
basic procedure and <ome @wnajor modifications will be
described. A discrete-trials rrccedure was used. Sessions
lasted for 40 min throughout most of the experiment. The HL
was on thrcughocut the session except as noted. Following a
6-sec ITI, both kevys were illuminated white. Initially, ocne
key was randcmly designated ccrrect. A single peck to
either key initiated the next ITI. A correct response
produced reinfcrcerent, the duration of which was included
in the ITI time. The reinforcement duration was gradually
decreased frcm 2.25 sec to 1.25 sec. An incorrect response
reset the criterion counter. This procedure ccntinued until
the critericn number of consecutive correct responses
occurred. Throughout most of the experiment the criterion
was 5 restcnses, although the criterion was 10 responses

early in training. During much of +the -exrperiment a
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correction ¢groccedure was in effect following an incorrect
re spon se. On the next trial, only the correct key was 1lit.
A response rrcduced <reinforcement and an ITI, but was not
counted and 4id not advance tke <criterion counter. The
reqular prccedure then resunmed.

When the critericn was met, the reversal or nonreversal
(R/NR) sequence began. The ITI following the criterion
response [the R/NR ITI) was varied across sessions in the
following sequence: 6 sec {[41-48 sessions), 30 sec [25-28
sessijons), 12 sec {25-26 sessions) and 6 sec (37-43
sessions) . During this phase of the experiment the
correction procedﬁre was in effect. Following the ITI, the
keys were illurinated red or green. If both keys were red,
the correct side was reversed; qreen keys signalled a
nonreversal. A peck tc a colored key produced reinforcement
and advanced the criterion counter if correct amd tegqan the
reqular Ssequence again. Following this phase of the
experiment correction trials were eliminated, the reinforcer
following a ccrrect reversal or ncnreversal was lincreased to
3 sec, and the probability of a reversal was varied as a
tiasing operaticn. Because of ©poor performance on R/NR
trials, a number of aspects of the procedure were then
nmodified. Reinforcerent duraticn following regular trials
was decreased to 1 sec, and the duration £follcwing R/NR

trials was increased to 5 sec. Then over a series of 80
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sessions the F1 was turned off during ITIs preceding R/NR
trials for blocks c¢f 3 sessions, rTemaining on during
alternate 3-session blccks. As this vwork ©preceded the
publication of Tranberqg and Rilling {1980), it was expected

that performance would be more accurate with the HL off.

Results

Initial acquisition was fairly rapid. Accuracy on R/NR
trials was above <chance within 20 sessions for all birds.
The value cf 4 was greater thanm 7.0 for all birds by the end
of the baseline condition. As soon as the R/NR ITI was
lengthened tc 30 sec, accuracy decreased to near the <chance
level for all birds. It remained low for the 12-sec ITI
condition, but when the R/NR ITI was decreased to 6 sec,
baseline rerformance was recovered. Data for the last 200
trials of each condition are displayed 1im PFiqure 2. It
should be noted that the apparently divergent recovery point
for bird 8 is due in part to the high sensitivity of 4 +to
small variations in performance when discrimination is at a
high level of accuracy.

Figqure 3 chows resgonse bias as a function of delay for
the same experimental sessions. Two trends may be seen fron
the data. TFirst, there was a trend towards perseveration on

the sane keyvy. Incorrect responses were more likely to
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involve staving incorrectly rather than inccrrect response
reversals. Second, with 1increasing delay, response bias
tended to decrease. With longer delays there was at most a
slight bias tcwards perseveration.

The elimination of correctiomn +trials resulted in at
least a tergpcrary reduction 1in accuracy for all birds.
Birds 8 and 85 recovered completely, but bird 227 showed
only partial recovery at the end of that condition, with a
strony bias against reversing. At this Fcint the
probability «<¢f an E/NR trial teing a reversal was increased
to 0.8. Althcugh this was ezxpected to bias the birds
towards reversing on test trials, at most minor shifts in
bias were observed.

The most interesting findings of the £first experiment
concern the HL manipulation. For reasons that are no longer
clear to the experimenter, baseline training was conducted
with the HL c¢n during all ITIs, including the BR/NR ITI.
Thus, when the HL manipulation was <conducted, it was the
birds' first expcsure to darkness during an ITI, the reverse
of th> usual procedure in DMTS experiments. Fcr all three
birds, accuracy decreased when the HL was off, and recovered
when it was on. This effect persisted throughout +training
for bird 8%, remained strong for over 20 HL-off sessions for
bird 8, and weakened considerably for 227 after 18 HL-off

sessions.
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These trends were not reflected in the resrcnse bias
data in all cases. Birds 8 and 85 started with an increased
bias towards rerseveraticn in the HL-off condition, while
bird 227 showed the reverse tendency. The difference
Fetween the twc conditions disappeared more rapidly for bird
8 +than did sensitivity differences. For bird 85, whereas
sensitivity differernces persisted throughout, bias
differences disappeared after 9 HlL-off sessicns. For bird
227, the ccrvergence of sensitivity functions was not
reflected in the bias functions, which remained separated by
a fairly constant amount throughout. These data are

displayed in Figures 4 and S.

Most 1r1erorted research has demonstrated that HL
illuminaticr during the delay period produces substantial
disrution of DMTS performance. At the time this experiment
was conducted there was no reascn to believe the results of
this 2xperiment would depart from that pattern despite the
unusual baseline o¢f HL on during the R/NR ITIs. Thus, it
was quite surprising to observe a decrement in rterformance
with the introduction of HL-off ITIs. In light of research
by Tranberg and Rilling (1980) and others, these £findings

are less surgprising. Hovwever, they are still significant in
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that they surrcrt the notion that the critical variable is
change in stimulation <rather than the absclute level of
stimulaticon during the delay period. They also extend this
finding to a procedure that differs substantially from the
usual DNTS procedure.

The data on response bias are interesting as well as
the sensitivity data. The advantage of a signal detection
analysis is that it allows for the independent wmeasurenent
of sensitivity and bias. The data from the HL manipulation
phase of this experiment clearly indicate the value of such
a separaticn, as it was seen that a manipulation may affect
one aspect of behavior differently from the other. However,
as may be seen by ccmrarison of Figqures 2 and 3, sensitivity
and bias may not always be independent. In this experiment
there was a clear ccvariation between the two measures: as
sensitivity decreased, the degree of response Lias also
decreased. This is due to an unusual property of a reversal
procedure: urlike many signal detection procedures the
correct response depends on prior behavior as well as on the
stimuli presented. Thus, for example, 1in a brightness
discrimination experiment the right key miaht be recked if a
bright light is rresented and the 1left key given a dinm
ligh t. If the lights become less distirquishable
sensitivity shculd decrease, but the relationship of each

response to relative brightness remains coanstant. In a
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reversal procedure such as the one 1in this experiment, a
left-key resrcnse ray be a <reversal or a noareversal,
depeniing on the previous response. ¥With increasing delay,
sensitivity (memory) decreases. As the bird becomes less
able to discriminate its own prior behavior, the
relationship of the two available responses tc the R/NR
signal beccnmes less defined tc the bird. In the absence of
memory for the previous response, a consistent resromse bias
would be imrcssible. Thus, in a procedure of this sort, the
observed <covariation of sensitivity and bias is an expected
rTesult.

The first experiment demonstrated that stimulus control
over a win-stay, lose-shift strateqy could be established.
It also delineated the range of delay values that would
control a wide range cf sensitivity, thus setting the stage

for an analysis of memory in the remaining experimentsa.



II. EXPERIMENT II

Rather than continue with the first experiment, it was
felt that the research should be repeated ir a more
svstematiq fashion with new subjects. The procedure of the
second experiment was similar to that used in Exreriment I
with +two pmajor excerticns. First, R/NR signals were
presentad during the R/NR ITI, with trial stimuli always
being white key lights. Second, delays were variable within
sessions. Another significant difference was 1imn the
introducticn c¢f delay values. In the first experiment,
delays were introduced suddenly, changing from 6 sec to 30
sSec in one step. All trials in a session had the same
delayvy. The sudden increase in dJdifficulty may have been
unnecessarily disruptive to R/NR trial accuracye. Thus, in
the secord experiment, the wvalues of BR/NE 1ITIs vere
gradually increased from =zero to insure +that no =sudden
increase in Adifficulty would result in chance performance.
At all times, at least 25% of the R/NR trials had <zero
delays, so there wculd be some easy rproblems in all

sessions.
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The seccnd exreriment involved the systematic
exploration of performance with R/NR ITIs ranging from 0 to
20 sec, excluding the 1.5-sec signal times. During the
first half of the experiment the signal occurred immediately
following the critericn response; during the second half, it
occurred immediately preceding the R/NR trial. In each half
of the experiment, the effects of HI illumination during the
R/WR ITTI were studied. The Laseline was tte HL-off

condition.

Met hod-

Subiects-

Birds 481, 482 and 8483 served. Bird 481 was eliminated
from the seccnd half c¢f the experiment due to blindness.
All birds had extensive histories of exposure +to signal

detection and cther rrocedures.

Apparatus-

The exrverirmental chamter was as in Experiment 1I. The
first half <c¢f the experiment was conducted with standard
electromachanical equipment. The sequence of events within

a session was contrclled by an 8-channel tape reader. The
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second half was run by a MINC ccmputer.

)
¢}
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|
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1. General procedure. Fcllcwing a 6-sec ITI, both

keys and the HL were 1lit with white lights. A single peck
to either key turned off the keys and the HL apd initiated
the next ITI. If ccrrect, a shcrt reinforcer was presented
during the ITI [see below for actual durations of
reinforcers). Tcllcwing five consecutive correct responses,
the R/NR sequence was initiated. During the ITI following
thé' critericn restonse, the EL was off during the baseline
condition. During this ITI reinforcement was noct presented;
instead the red or green siqgnal was presented at either the
beginmning c¢r the end cf the ITI. The rest of the ITI was
spent in darkness for a variable amount of time rarging fron
0 to 20 sec. TFcllowing the ITI the HI and keys were vwhite
again. A correct response produced a long reirforcer as
part of a 6-sec ITI and an inccrrect response produces a
15-sec ITI. Then the reqular trial sequence was ccntinued.

2. Phase-I. In this rhase the R/NR signals occurred

at the beginning of the ITIs. The sequence of conditions is
outlined in Table 1. Initially all R/NR ITIs were of O=-sec
duration, excluding the time of thke R/NR signals. The short

reinforcers were 2 =ec and the 1long ones were 6 Sec.
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Following initial variatiom in length, sessions ccusisted of
32 R/NR trials. After approximately 80 sessions, the R/NR
ITIs were gradually leng thened over a period of
approximately 110 sessions to their final values. Each tape
had four ITI values including zero cccurring in an irregular
order, balanced between reversal and nonreversal trials.
Thus, each bird was exposed to seven delay values. The
delay values were 0, €.5, 1, 2, 4, 7 and 12 sec for bird
481, and 0, 1, 2, 4, 7, 12 and 16 sec for birds U4E€2 and 483.
After apprcxinately 8C sessions, the procedure was changed
to allow sessions of 64 R/NR trials. After approximately 10
more sessicns reinfcrcement during reqular trials was made
intermittent to keep the birds from gaining weight. Short
reinforcers vere delivered after only 20% of +the <correct
responsas. Cn othér trials a correct response rroduced a
2-sec hopper light but no food. Long reinforcers were
decreased +to 4.0 and then to 3.% sec. After arrrcximately
40 sessions, the HL was turned on during E/NR ITIs for half
the sessions 1in an irregular sequence. This procedure
continued for €6 sessions for all birds.

3. Phase-II. In the second phase of the exreriment,
the R/NR sigrals occurred at the end of the ITIs. With the
introduction cf computer technology, i1t was possible to
program all ITI values in each session. On 25% of the R/NR

ITIs, the zerc-delay condition was 1in effect. Due to



Sequence cf conditicns in Experiment II. Sece text
for additionmal details.

PHASE I: Farly Signal.

A. Initial training: Zero 79 €3 72
delay

B. Gradual introduction of 116 1CE€ 112
de lays

C. Final delay values: 96 ge 90

Irreqular tape alternmation

D. Modified procedure: ' 41 41 43
Intermitternt reinforcement
on reqular trials

E. Houselight variation: 96 96 96
Irregular altermation of
HL c¢cpn and HL off during
R/¥F ITT

PHASE II: 1Late Signal.

A. Raseline: HIL off during 1C¢ 111
R/NR ITI
B. Houselight variation: 4c 46

Irreqular alternaticn of
Bl on and HL off during
R/NR ITI.
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improvement in accuracy, the lcngest ITI was increased to 20
sec. This phase of the experiment consisted of a baseline
in which the HL was not on during R/NR ITIs, follcwed by a
test phase in which half the R/NR ITIs in each session had

the HL illuminated and half were dark.

Results

As all birds had extensive prior exterience,
acquisition was rapid. All birds were responding at above
the chance 1level within +the first ten sessions. The
introduction of delays between signals and BR/NR trials
proceeded with 1ittle disrupticn of performance in the
zero-iz2lay condition. Thus, it appears that graduvally
introducing lcnger R/NR ITI values while keeping some short
ITIs in each session was effective for raintaining
perfcrmance.

During the first phase of the experiment +the signals
occurred at the beginning of +the BRB/NR ITI. The major
variables of interest in this phase of the experizent vere
the effects c¢f varving delay and the effects of lighting the
HL during the delay on accuracy. As the HL was turned on
and off during the delays over a period of 96 sessions, it
is of interest to examine the changes in the effects of HL

illumination with extended ada rta tion.



59

The effects of delay value and HL illumination on
sensitivity may be seen in Fiqures 6 and 7, which display
data for each bird for the first third of the pericd of HL
variation. €ince this manipulation has typically been done
in fairly brief test phases in previoué research, the data
from this gcrtion o¢f the HIL variation phase are most
comparable to data from other research.

In a signal-detecticn experiment it is common to ©plot
the two 1independent response protabilities p(R1/S1) and
P(R1/52) agairst each other. Such a plot is shown in Fiqure
6. Although difficult to interpret in this form, it may be
seen that in general the ©points for HL-off terd to be
further intc the upper-left corner than those for the HL-on
condition, indicating greater sensitivity in the HL-off
condition. The madjcrity of points are to the left of the
minor diagqonal, indicating a tendency towards restonse
perseveraticn.

These trends may te seen more clearly in Figqure 7 in
which sensitivity is rlotted as a function of delay for the
Hi-on and off conditions. Accuracy was very high for all
birds in the =zerc-delay condition with the HL off. With
minor exceptions, accuracy decreased with longer R/NR ITIs,
although the extent tc which performance deteriorated varied

widely across birds.



Figure 6.
THE HL
PHASE | .

4 HI on 60

® HL off
1.0
N 4 °®
FYC NS
P\
A
48|
0
1.0 -1
ﬁ‘e ) o
a4
A
482
0
1.0
483
0
0 1.0

p (FA)

RESPONSE PROBABILITIES IN THE FIRST THIRD OF
VARIATION PORTION OF EXPERIMENT IT ,



61

,6?/ bird 48l
8

bird 483

(0<% NN WU SN VAN W NUU TN SN VS G SRS SUUY GHNNY U S W

0 2 4 8 8 10 12 14 |16
1Tl (sec)

Figure 7. SENSITIVITY AS A FUNCTION OF R/NR |IT! DURING
THE FIRST THIRD CF THE HL VARIATION PORTION OF
EXPERIMENT (! , PHASE 1.



62

Without exception, the introduction of HL illumination
during the R/NR ITI caused substantial decreases in accuracy
at all delay values. Bird 481 exhibited an unusual <change
in the relationship tetween delay and accuracy with the HL
on: performance was actually more accurate at 2 to 4 sec
than at shorter delays.

Figure 8 disrlays response tias as a function cf delay
and HL <ccndition. Particularly for birds 482 and 483, the
trend toward decreased bias with decreased sensitivity was
cont inued. There was no clear relationship between the HL
condition and response bias.

Fiqures ¢ and 10 display sensitivity data from the
second and last thirds of the HL alternation phase. With
further expcsure to the HL d uring the ITI, its
disrupti veness diminished <considerably. In fact, with
extended exrcsure, birds 481 (Fiqures 9 and 10) and 483
(Figure 10) show reversals at 1longer delays, with the
greater accuracy occurring with the HL on.

Sensitivity data from the HIL variation portiom of the
second phase of the experiment are displayed in Figure 11.
The data frcr this rhase are similar to those obtained in
the 1last portion of Phase I in that there is very little

disruption by the HL illumina tion.
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The decline in accuracy with the onset of HL
illumination during R/NR ITIs was expected on the basis of
previous research. The nonmonotonic form of the HL-on
function for bird 481 was unexpected. Although EHearst
{1962) noted a similar nonmonotonic delay functiom in a
delayed alternation task, it is not clear why this pattern
occurred. However, it should be noted that wuntil partial
reinforcement was introduced on reqular trials, 481 had
exhibited a similar nonmonotonic pattern of restonding with
the HL off.

Most research has involved only short teriods of
testing with the HL on during delay intervals. Thus, the
adaptation to the HL-on condition is of interest. The
decline in disruption by HL illuminmation is consistent with
Tranberg and EKilling's (1980) sucgestion that it 1is +the
change in HL illuminaticn that disrupts performance rather
than absolute illumination level. It is not clear why, with
extended ©practice, two birds had greater accuracy with the
HL on than off at longer delays. One possibility is that
some sSequence of behavior developed during the delay which
helpedl to maintain accuracy over longer ITI values. If so,
the tendency o¢f pigeons tc¢ be more active in a lighted

chamber than in darkness might have facilitated the
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occurrence of this behavior when the HL was on.

The results of the second rhase of the experiment are
less inforrative than those of the £first phase. The
adaptation effects observed in +the first phase continued
into the =eccnd phase. As a result, very little change in
performance was observed as a function of HL illumination.
The crossovers of the HL-on and HL-off functions observed
with longer delays in Phase I were not repeated.

Because of order effects due to the adaptaticn to HL
illuminaticn with extended exposure, and the need for a
large number of sessions 1in each condition in order to
obtain stable measures of performance, it was felt that the
experiment should be repeated with early and 1late signals
occurring in the sanme session. Thus, a third experiment was

conductsd to eliminate these order effects.



IIT. EXPERIMENT IIX

In the <earlier experiments, some variables were
manipulated across sessions, leading to the cccurrence of
order effects that ccnrlicated the interpretation of the
data. In the third experiment most of the exrerimental
manirulations were conducted on a within~-session basis, thas
circurventing these problens.

Tranberq and Rilling ([1980) and Cook {1980), using DMTS
procedures, found that visual stimulus change during the
delay period disrupted memcry regqardless of whether absolute
stinulus intensity was increased or decreased. This has
been extended tc the 1reversal learning paradigm in the
current series of experiments. Both turmning cff the HL
during the R/NR ITI fcllowing a baseline with the HL on
(Experiment I) amd illuminating it during the R/NR ITI
following a HL-off baseline [Experiment I1) produced
gqualitatively similar disruption of performance. The third
experiment attempted to stuldy this 1issue quantitatively.
Following a baseline in which tke HL was on during the R/NR
ITI for half the birds and off for the others, all birds

experienced ar equal rroportion of Hl-on and HL-off trials
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during testing. The symmetry of experimental <conditions
shou 14 ‘allcw for compariscons of both acquisition and
disruption cf reversal pezf ormance across baseline
conditions. Unfortunately, as will be discussed shortly, a
computer rrcgramging error interfered with this comparison.
Conceptually, this experiment was also somevwhat
different. It was designed to be more like Shimp's (1976)
experiment than a conventional reversal learning experiment.
Rather than requiring five consecutive correct responses for
an R/NR trial to occur, a single correct response sufficed.
The advantage to using this procedtre is that the proportion
of +trials on which useful data may be c¢cllected was

increased.

Subjects-

Four white Carneaux pigeons served. Birds 47€, 485 and
496 had lirited rricrc e xperience Wwith autoshaping
procedures. Eird 72 had experience with multigle schedules

of reinforcenent.
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As in Exreriment ITI phase II.

ocedure-

The procedure was sinrilar to that used in Experiment
IT, phase II, except that the criterion for reversal was one
correct resgcrse, and all trial types were presented in each
session during part of the experiment.

The ©pigecns were introduced to the experimental
procejure in much the same way as in Exreriment IT. A
summary of exrerimental conditions is displayed in Table 2.
Initial +training used a criterion of five ccnsecutive
correct resgcnses for a reversal. In this experiment
responsas on R/NR trials did not advance the criterion
counter. Reirfcrcement cccurred on all trials im which a
correct response occurred, except for the «c¢mne which
completed the <critericn. R/NR signals occurred at the
beginning of the R/NF ITI half the time, and at tte end the
rest of the time. Twc birxds (476, 495) were run with the HL
off during R/NE ITIs, and the others (496, 72) were run omn a

HL-on baseline. There vere 16 R/NR trials per session.
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Sequence of conditions in Experiment ITI.

for addit ional details.

Experimental Ccndition

I: Bacseline.
Initial training

Gradual intrcduction of
delays

Gradual reduction of
criterion

Baseline with programming
errcr

Corrected baseline
II: Exrerimental Condition.

Experimental Phase

36

49

62

92

58

31
35

44

61

93

61

28
33

4g

62

93

60

See text

72

15
27

46

62

92

61
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After approximately 20 sessions {8 for 72)
reinforcement was delivered <fcr only 20% of the correct
responses oh regular trials as in Experiment II. Sessions
were increased to 24 BR/NR trials. This conditicn was in
effect for 7 tc 10 sessions.

Following this, over a period of 27-36 sessicns, delay
values were introduced in seven steps in the same gradual
fashion as in Experiment II. The same final =series of
delays was used as in the seccnd phase of Experiment II.
When the final delay values were in effect, the <criterion
for a reversal was decreased gqradually to 1 over a period of
44-4S sessions. At the same time, sessions were inc;eased
to 64 R/NE trials.

After the final baseline condition had been in effect
for 61-62 sessions, it was discovered that an acciderntal
modificaticn c¢f the cecmrputer program had been made early in
the period of reducing the criteriom, remaining in effect
for 120 sessicns. During this pericd, all birds received
the HL-off condition with early signals and nonreversals on
all even-numhered trials. Odd-numbered trials were normal.
This error obviously confuses the interpretation cf data for
pigeons giver the HL-c¢n baseline, although it may not have

affected the birds given the HL-0off baseline very seriously.
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This errcr was corrected, and the birds vwere run
correctly for 92-¢3 sessions on the corrected baseline
procelure. At this point the final ccndition Wa s
introduced, in which for all birds the HL was on for 50% of
the B/NR ITIs, and off on the remaining trials. This

condition was in effect for 58~61 sessions.

Results

The procedure in this experiment was more cobflex than

in the second experiment with more variables being
manirulated simultanecusly. This 1is reflected to some
degqres in the data. Sensitivity levels for tte birds in

this experiment tended to be 1lcwer than in the second
experiment for equivalent delay values.

The sensitivity data for the baseline condition are
shown in Figure 12. As was usually the case in previous
experiments, sensitivity was a mcnotonic decreasing function
of the R/NF ITI value. Excluding the zero~-delay condition
for which both conditicns are identical and the longer-delay
conditions for which performance was near the chance level,
there was ccnesiderable separation of the delay functions
betwean the early and late signal conditiors. All birzds
responded more accurately during the late-signal condition

than during the early-signal condition. The bias data are
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displayed in Fiqure 13. The differences in sensitivity are
paralleled by <substantial differences 1in Dbias. In the
late-signal ccnditions, all birds exhibit considerable bias
towards nonreversals. In the early-signal conditions, the
tiases are less prcncunced, with three birds displaying
noderate biases towards reversals at some or nost delay
values.

Another way of viewing the data is to plot sensitivity
against bias for each exrerimental condition. This type of
plot is shown in Figure 14 for each bird. Several trends
are evident. In each case there is a convergence on no bias
as sensitivity approaches the chance level. In the
early-signal ccnditicn, the condition associated with the
highest sensitivity is also associated with the greatest
bias toward rcnieversals in each case. For three birds the
internediate sensitivity levels are associated with a shift
in kias tcwards reversals before converging on no bias at
low sensitivity levels. The baseline HL condition seems not
to have teer a factor. In the late signal condition, the
greatest deqree of sensitivity was associated with an
intermediate level cf bias towards nonreversals. At
intermediate sensitivity levels, all birds showed increased
bias towards ncnreversals, firally converging on no bias as
sensitivity approached chance. Thus, the relationship

between sensitivity and bias was quite reqular, although the
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plots for the early- and late-signal conditions are curved
in opposite directionms. This is most clearly secen in the
data for birds 476 and 72.

The data from the second phase are more conplex,
especially ccnsidering the fact that the birds nominally
given a AL-on baseline received considerable exrostre to the
HL-off «conditicn (although not when a reversal was to
occur) . Sensitivity data for the second phase are displayed
in Figure 15. A summary of these data and of the bias data
is przsented in Table 3. The added complexity of the
proced ure resulted in a slight further decrease 1in
sensitivity levels. The differences in sensitivity between
early and late signal conditions remained prcncunced for
three of the four birds. This my be seen most c¢learly by
comparing +the wearly- and late-signal conditicns separately
for the HL-cn and HL-off conditions. As in the first phase,
the data for intermediate delay values are most icformative.
For three birds, there were consistent, and frequently
rather large separations between the early- and late-signal
conditions for both HL conditions, with greater accuracy
occurring in the late-signal conditions. Bird 72 showed a
similar pattern in the HL-off <condition, but not 3in the

HL-on conditicn.
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TABLE 3

A sumnmary of the sensitivity and tias data for the second
phase of Experiment 3. See Figures 15 and 17 fcr a more
conplete presentaticn of these data. The 1l=2ft half of
the table <compares data for the early (E) and late (L)
conditions fcr both the Hl-cn and HL-off conditions. The
right half compares HL-on with HI-off for both the early
and late ccrditiors.

BIRD-  BASELINE - EARLY VS. IATE-  HL-ON ¥S. HL-QFF-

SENSITIVITY

476 HL-CFF OFF-E < OFF-L E-CN = E-OFF
CN-E < ON-L L-ON < L-OFF

495 HL-OFF OFF-E < OFF-L E-CN = E~OFF
ON~E < ON-1 L-ON < L-OFF

496 HL-ON OF¥-E < OFF-L E-ON > F-OFF
ON-E < ON-L L-ON = L-OFF

72 HL-ON OFF~-E < OFF-1 E-GN > E-OFF
ON-E = ON-L 1L-ON > L-OFF

BIAS

476 HI-CFF OFF-E > OFP-1 E-ON < E-OFF
ON-E > ON-L L-ON = L-OFF

495 HL-OFF OFF-E > OFF-L E-CN < E-OFF
ON-E > ON-L L-ON = L-OFF

496 HL-ON OFF-E > OFF-1L E-CN = E-OFF
ON-E > ON-L L-ON > L-OFP

72 HL-ON OFF-E > OFF-L E-ON > E-OFF
ON-E > ON-L L-ON > L-OFF

81
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The effects of HL illumination on sensitivity were not
so simple. Both birds givem the HI-off baseline showed
substantial decrements in per formance with the HL cn in the
late-signal cecnditicnm, but very 1little effect of HL
illumination in the early-signal condition. In the group
given the HL-on baseline, both birds showed substantial
decrements in performance with the HL off in the
early-signal ccnditicn.In the late-signal condition, bird 72
also showed a substantial effect of HL illumination, but
bird 496 <showed very 1little consistent difference in
perf ormance due t5 HL illumina tion.

In Figure 15 it was seen that sensitivity was gemerally
greater when the signal occurred at the end of the BR/NR ITI.
It was also shown that, in general, changes in HL
illuminaticn frecm that cf the baseline condition tended to
disrupt performance. A related issue 1is the relative
resistance c¢f performance to disruption by changes in HL
illumination. 2An analysis of this issue 1is rresented in
Fiqure 16. The dependent measure is the ratio of
sensitivity in the changed HL condition to sensitivity in
the conditicn identical to that presented during the
baseline phase. This ratio is plotted separately for the
early- and late~signal ccnditions for each delay value. A
ratio of 1.0 indicates no effect of HL illumiration on

perfecrmance. A ratio of less than one indicates disruption
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by the changed HL ccnditicrs, and a ratio of greater than
1.0 indicates facilitation. 2As in most of the fiqures, the
data from the intermediate delay values are the most
informative. Two ct the four birds showed greater
disruption by changes in HL illumination in the late~sigmal
condition, and two <showed greater disruption in the early
condition. Thus, there 1is no consistent relationship
tetween sigral locaticn and disruptability by changes in HL
illumination. A somewhat different picture wculd emerqe if
all sensitivity ratios were of HL on to HL off, regardless
of baseline condition. This would have the effect of
inverting the furcticn for birds 496 and 72. For all birds,
accuracy in the early-signal condition was the same or
greater with the HL c¢n than with it off. For three of the
four birds, accuracy in the late-signal conditicn was 1lowuwer
with the HL on. For all four birds the ratio of
sensitivities for HL on to HL off was greater in the
early-signal ccpndition than in the late-sigqnal condition.
Thus, in general, it seems thkat the HlL-on conditica favors
the early-siqnal ccndition, and the HL-off comndition favors
the late-signal condition.

The bias data for this «cordition are disglaved in
Figqure 17. As was the case during baseline, there was
greater bias towards nonreversals in the late-signal

condition than in the early-signal condition for all four
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birds. This findirg held ur for both HL conditions.
Although there was less bias towards nonreversals in the
early-sigqnal condition, the switch to a reversal bias
observed in the baseline condition was not present in this
phase; rather, the performance simply showed little bias in
most cases except at the shortest delay values.

The effects of HL on bias were more ccmplex. For birds
given the HL-cff baseline, there was no effect of HL omn bias
in the late-signal conditicn, and in the early-signal
condition there was more bias towards nonreversals in the
HL-on conditicr. Fcr birds given the HI-on baseline, in the
late-signal condition there was more bias towards
nonreversals with the HL cff; in the esarly-signal «condition
this held for one tird with the other bird showing no
difference. Thus, if any effect was present, changing the
HL condition resulted 1in 1increased perseveration on the

previously-pecked key.

S A, A S e

The third experiment produced a substantial amount of
data that gces beycnd that obtained in the first two
experiments. Three madjor varialkles were studied: delay, HL
jlluminaticn, and the locus of the R/NR signal within the

R/NR ITI. As in the earlier research, sensitivity was a
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monotonically decreasing function of the R/NR ITI. Also
replicating carlier findings, bias was generally greater at
ITI values for which sensitivity was well above the chance
level, with vervy little bias at longer ITI values.

Odne of the rnmajor 1issues being addressed by this
experiment was that of the effects of HL illumination.
Tranberg and Rilling {1980) and Cook {1SE0) have
demonstrated that, in a DMTS procedure, it is the change in
delay illuriraticn frecr training to ' testing +that disrupts
performance, and nct the absclute illumination level.
Although the data in Experiments I and II of this series
were suggestive, they were not conclusive in themselves.
The data from Experiment IITI are considerably stronger.
Although changes in HL illumination did not affect
sensitivity in all conditions, those behavior <changes that
did occur were all ccnsistent with the idea of relative
illumination being the determining factor. Birds civen the
HL-off baseline showed decrements in performance when the HL
was illuminated during R/NR ITIs, and birds given the HL-on
baseline <chcwed decrements in performance when the HL was
turned off during these periods. Thus, despite the fact
that HL effects may have been weakened by the programming
error during baseline, any effects that occurred supported

the relative illumiration approach.
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Changes in HL illumination alsoc affected response bias
in a wayv that suggests that relative illumination was the
crucial factor in the distuption of reversal rerformance.
Birds given the HL-off baseline showed greater bias towards
nonreversals when the HL was illuminated, and birds given
the HL-on baseline sh oved increased bias towards
nonreversals when the HL was turned off. Thus, in each case
in which bias shifts cccurred, a change in HI illumination,
whethar an increase or a decrease, produced a shift towards
perseveraticn cn the same key; absolute illumination was not
a factor.

Although changes in HL dillumination did not affect
either sensitivity or bias in all conditions, cne or the
other measure cf perfcrmnce was affected in each condition
with each bird. Both tirds given the HL-off baseline showed
sensitivity changes only in the late-siqnal <conditions and
bias shifts only in the early-signal conditiomns. Of the
birds given the HL-on baseline one showed sensitivity and
bias shifts in both the early- and late~-signal ccnditions,
and one showed sensitivity changes 1in the early-signal
condition and bias shifts in the late-siqmnal ccndition. It
is not clear why this rattern <should emerqe; however, it
points out the need for analyzing sensitivity and bias

separately ir this tyre of study.
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The delay and HL variables that have been considered up
to this point have direct analogs in the DMTS raradigm. The
third majcr variable, the locus of the R/NR signal within
the BR/NR ITI, does not have a direct analcg. The most
similar variable in the DMTS paradign 1is the 1locus of the
stimulus change [(e.g. HL illumination or darkenirqg) within
the delay. Roberts and Grant (19798 found that HL
illumination was more discuptive at the end of the delay
interval than at the beginning. The R/NR signal, although
inserted intc +the +trial sequence 1in the same fashion,
differs from EI illumination in a DMTS procedure in that it
functions as a discriminative stimulus. However, it may, at
least initiallyv, have some disruptive properties as well,
which would rresumably follcw the same pattern that was
found by Roberts and CGrant (1978).

Odne of the clearest findings in this experiment was
that the locus of the R/NR signal had major effects om both
sensitivity ard bias. All birds showed clear differences in
sensitivity except btird 72 in the HL-on ccndition, with
sensitivity being higher in the late-signal condition. This
result is opposite from the pattern observed when locus of a
disrupting stimulus 1is studied in a DMTS procedure.
However, the present findings would be expected based on the
idea that in the early-signal conditions the birds had to

renember both their own previous behavior and tke signal,
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but in the late-signal conditiom the birds need <c¢nly have
renembered their previous behavior across the delay because
the signal cccurred just prior to their making the required
responsa.

The effects of signal locus on bias were equally clear:
in all cases there was greater btias towards the ncnreversal
response fcllcwing the late signal. In part, this may
reflect the necessary decrease in tias as csensitivity
declines in this tyre cf rrocedure. However, as was seen in
Figqure 14, the function forms relating sensitivity to bias
differed between the early- and late-signal conditions
d uring baseliné; Since there were no cbvious differences in
reinforcenmert contirgercies to produce these effects, it 1is
not clear why such consistent tehavioral differences were
found.

Althouqgh the effects of signal location and changes in
HL illumiraticn c¢cn =csensitivity were gquite clear, the
resistance of sensitivity in +the early- and late-signal
conditions tc¢ disruption by changes in HL illumination was
more complex. Changes in HL illumination had no sinmple
effect on sersitivity as a function of the locus of the
signal within the R/NF ITI. However, it was clear that the
HL-on conditicn favcred the early-signal condition and the
HAL-off condition favored late-siqnal performance, regardless

of the baseline HL illumination. This is the only instance
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of an effect cf absolute HL illumination rather than change
in 1illumination relative to baseline. Although this finding
wvas quite clear in every bird, it is not clear why it should
have occurred. There is nothing in the concept of relative
illuminaticn as the important variable that would suggest
this pattern. Most theoretical accounts specifying absolute
illuwinaticn as a factor suggest that increased illumination
results in increased visual stimulation during a retention
interval, and thus <further disruption of visual memory.
This type of account would sucgest greater disruption of
performance by HL illumipation in the early-signal condition
than in the late-signal condition, as the pigeon need only
remember its rrevious resgonse in the late-signal condition,
but it mnust rTememkter +the signal color as well in the
early-signal ccnditicrn. Thus, the data clearly contradict
conventional accounts relving on absolute illumination.

In summary, althcugh relative resistance to disruption
by changes in HL illumination was not orderly wth respect to
signal locus, several ratterns emerged quite clearly fron
this experiment. Both sensitivity and tias were fcund to be
dependent cr rela tive, ra ther than absolute, HL
illumination. Changes in illumination resulted in decreased
sensitivity ard greater tendencies towards perseveration on
the mnost recently pecked key. The locus of the sigmal was

also found tc have clear effects. Sensitivity was greater
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when the =sigral occurred at the end of the delay, and more
bias was found towards response perseveration in this

condition.



IV. GENERAL DISCUSSIOCN

The major findings of this series of experiments may be
organized arcund the effects of the three major independent
variables on performance: duration of the RNR ITI, changes
in HL illumiration, and lccus of the R/NR signal. The first
section 1is concerned with the effects of varying the

duration of the R/NR ITI.

Duration of R/NR ITI-

In each experiment, with m@minor irreqularities, a
monotonic decreasing relationship was obtained between R/NR
ITTI duraticn and sensitivity. This finding is in agreement
with earlier findings using DMTS procedures {(e.g. Berryman
et al., 19€3). Although procedural differences prevent any
direct <comparison, the data suggest that the manner of
introducticn cf longer intervals and the complexity of the
experimental ©procedure wmay affect the deqree to which
sensitivity falls off with increasing delay. This may be
examined through gomparison of performance at a 12-sec delay

in different ccnditicns, as this delay value was used in

93
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each experimert. In Experiment I, with sudden introduction
of longer delavys, at 12 sec the sensitivity measure d ranged
from 1.02 to 1.33. 1In Experiment TII, with wmore gradual
introducticn c¢f delay, 4 ranged from 1.417 to 8.61 for the
same delay in the HL-off condition during the first third of
the test for HL effects. Thus, it is possible that gradual
introj uc tion of delay results in a shallovwer
delay-sensitivity gradient than does sudden introduction.
In Experiment IXII Phase 1, d ranged from 1.13 to 2.53 for
the 12-sec delay. As the manner of introduction of delays
was pnzarly identical for the two experiments, the greater
complaxity of the procedure may be responsible far steerer
sensitivity gradients in the latter.

The effects of delay value on bias were also quite
reqular acIcss exreriments. In general there was a bias
towards nonreversal of responding ([perseveraticr). This
bias tended to be strongest at short delay values,
decreasing to near zero as delay increased. As <sensitivity
decreased with increasing delay, it seemed likely that the
decrease in tkias was related tc the decrease in sensitivity.
This finding at first was rather disturbing, as a major
reason for using a signal-detection analysis was to obtain
independent measures of sensitivity and tias. Hcwever, in
the type c¢f rrccedure used in these experiments, whereas

sensitivity and bias may te measured inderendently, they are
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not behaviorally independernt. In this series cf
experiments, bias inplies switching responses or
perseverating independent of the R/NR signal. As the ITI
value increased, sensitivity, or the likelihood ¢f the bird
discriminatircg (remenmbering) its own previous behavior,
decreasad. As the bird became less able to emit a resgonse
based on its cwn prior behavior, it necessarily became less
able to maintain a consistent response bias. Thus,
covariaticn cf sensitivity and bias is simply a built-in
feature of the experiment, and does not reflect inadeguacies

in the signal-detecticn analysis.

Changes- in- HL- Ildumination-

For reascns that have been lcst to history, the first
experiment Was run with a HL-on baseline. As this
experiment was run before the appearance of Trarcberqg and
Rilling's ([19€0) paper, it was exrected that turning off the
HL would result in increased sensitivity. Therefore it was
a surprise when accuracy in this condition was lower than in
the baseline condition for all birds. The second experiment
wvas run with a more conventional HL-o0ff baseline in the
hopes of getting the expected disruption of performance by
turning on the HL. The data from this experiment were quite

clear: for all birds, and at all delays, performance was
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disrupted ccnsiderably by the introduction of HL
illumination during the R/NR ITI, with only gradual recovery
over time. Luring the period in which the seccnd experiment
vas being rur, the rarers by Tranberq and Rilling {1980) and
Cook ({1980) were published, and it tecame clear that the
results of the present research were consistent with their
findings. <The third experiment was designed to extend their
findings to the reversal learninqg paradigm more directly.
Two birds were given a HL-on baseline, and two a HL-off
baseline. In the second phase, each HL ccndition was
presented equally cften to each bird. Due to the computer
programming error mentioned earlier, the expected effects
may have Leen weakened; however, all birds showed clear
effects of HI illumination in at least ome cf two conditions
(early and late =sigral), and in each case any observed
effect was in accordance with a prediction ktased cn change
in intensity as the relevant variable. Birds given a HL=-on
baseline showed decrements in the HL-off <c¢cndition, and
birds given a HL-off baseline showed decrements in the HL-on
condition. Thus, the results of this experiment, taken
together with the <results <c¢f the first two experiments,
provile clear support for changes in illumination during the
R/NR ITI teinc the ccntrclling variable rather than absolute
stimulus intensity. Furthermore, these results rerresent an

extension «c¢f this pattern to a paradigm that differs
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significantly frcm the DMTS paradigm, particularly in that
the <correct response on 31 given trial depends on the
previous response as well as a discriminative stinulus.

In Experiment IT the irreqgular alternation of HL-on and
Hl-off sessions was continued for 96 sessions to explore the
effects of prclcnged exposure tc the new HL condi tion. The
effects of HIL illumination diminished considerably over
time, as wculd be exgected if stimulus change vwere the
relevant factor. With prolonged exposure, neither HL
condition wculd represent a change from conditions prevalent
in earlier sessions, so neither should be disruptive.
Interestingly, there was a tendency in 2 of 3 birds to be
more accurate in the EBEL-on conditiomn, particularly at longer
delays, fcllcwing extended trainming. It is possible that
some sequence of behavior developed during the delay which
maintained accurate responding over long delays. Such
behavior has frequently been ocbserved in procedures which
require the emission of temporal intervals (e.g. Laties,
Weiss and W®eiss, 1969), and might serve a similar function
in this procedure. As pigeons tend to be more active in a
lighted chamkter, +this behavior might be facilitated by the
illumipnation of the HI.

The effects of HL illumination on response Lkias were
consijerably less consistent. In Experiments I and II,

there was little evidernce for ccnsistent effects of changing
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HL illumiraticn on resronse bias. In the third experiment,
although differences were not otserved in all ccnditions for
each bird, those differences +that did occur wére in the
direction cf rcnreversal cf responding in the conditions
with changed HL illumination. Although not a strong effect,
it may represent a tendency towards response perseveration
under novel stimulus conditions. Perhaps more imrortantly,
response bias varied as a function of relative rather than
absolute illumination, a finding that strengthens the

pattern observed with sensitivity mea sures.

locus-of-the- R/NR- Signai-

The orly meaningful data ccncerning the effects of the
locus of the R/NR signal cn rerformance were obtained in the
third experiment. The pattern was quite clear: sensitivity
was greater 1in the late-signmal condition than in the
earlvy-signal condition, and there was also a strcnger bias
towards perseveraticn in the late-signal condition.

The sensitivity differences were consistent with
earlier exrectatiors. In both cases the birds had to
remember their previous responses across the delay interval.
In the early~signal case they had to remember the signal as
well, whereas in the 1late-signal condition +thke signal

occurred irrmediately before the availability of the next



99

response. Thus, the early-signal condition was expected to
be the more difficult of the two.

Although sensitivity was greater in the late-signal
condition, Lehavior in both ccnditions appeared to be
equally disruptable Lty changes in HL illumination.
Initially this aprears to be contrary to what might have
been expected. However, whereas differences in the
difficulty cf the discriminations affected absolute
sensitivity levels, the disruptability of established
discriminaticn rerfcrmzances may be more closely related to
the contingencies >f reinforcement. Ia both conditions a
single «correct respcnse on the R/NR trial was sufficient to
prod wce reinforcement; thus it might be expected that
behavior ir the two ccnditions would be equally resistant to

disruption.

Theoretical Itplications: What is Remembered-

Although every attempt has been made to discuss the
research presented 1in this paper at a behaviocral level,
certain assurrticns have been made that have much in common
with related cognitive theories of memory. Although this
research was rct conducted to test any of these theories, it
is worth examining the assumptions that have been made, and

any implicaticns of the current research for these theories.
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The major point of intersection tetween +thke current
research and the 1mcre cognitive side of the animal memory
field comes in the 1issue of what 1is remembered. In
behavioral terminology, it arppears reasonable to discuss
this research in terms of stimulus control of switching and
stayving; the delay variable may be viewed as simply a means
of deqrading control ty antecedent stimuli. However, when
the effects «c¢f the locus of the K/NR signal are examined,
the role of the delay period tecomes nore significant.
There dis still nc¢ rroblem with maintaining a behavioral
perspective; however, proper use of behavioral terminology
starts to beccme <cumbersome, and it is simpler to use the
more cognitive memory vocabularyv. Use of this vocabulary is
acceptable frcm a behavioral rerspective as long as the
words are used with consistent, behavioral meanings;
however, that rmay nct always be the case.

On several occasions in this ©paper, the following
analysis was given of the effects of locus of the R/NR
signal on performance. In the early-signal case, it was
stated that the bird must remember both its own previous
response and the signal across the ITI in order tc¢ respond
correctly c¢n the next trial. In the late—-signal case, the
bird need only rememl=r its last resronse acrcss the entire
interval, the relaticnship of the =signal to the next

response being equivalent to a =zero-delay MTS <situation
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reqardless of delay length. Cn the basis <c¢f such an
analysis, the ccrrect prediction was made that <sensitivity
would be greater at an equivalent delay value in the
late-signal condition, as less needed to be z1emembered
across the delay pericd.

As will be shown later, this discussion of memory could
be stated 4ir the more explicitly behavioral terminology of
stimulus control of behavior by antecedent events; I do not
btelieve that the behavioral aprroach was compromised in this
case by the use of memory terminology. However, tke use cf
memory terwmirclogy does pcint tc a more cognitively oriented
issue that is worth addressing: what is actually remembered?
Although this issue has previously been considered primarily
from a cognitive perspective, it is 1likely that a behavioral
approach will rrcvide a fresh view of the question.

The analysis of what was &remembered presented above
carries the assumpticn that pigeons remember what has
happened: what was the signal, and what was ttke bird's
previous resrcnse. This has been labelled the trace, or
retrospective theory of memory (Grant, 1681, 1982, Roitblat,
1980, 1982) because it imrlies that pigeons remember a trace
of the antecedent stimuli, or that they remember "what has
happened ™, An alternative viewpoint 1is that pigeons
remember "wkat tc dc', without necessarily remembering much

about antecedent conditions. This has been termed the
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prospective theory of memory. Grant (1981, 1982), Roitblat
{1980, 1982) and cthers have proposed that the r:iospective
view may be rncre valid than the retrospective view of
memory.

It is wcrth presenting a couple of examples of the type
of work that may permit this distinction to be made, as the
tasic research is clearly behavioral in nature. Cne clear
example was presented by Roitblat (1980) in an experiment
using a syrkclic DMTS procedure. Color samples vere
correlated with line-orientation test stimuli for two birds,
the reverse ccrrelaticn holding fcr the other two. There
were three stimuli from each dimension, two teing very
similar and the +third quite different. All three test
stimuli were presented on each trial. One inccrrect test
stimulus closely resetbled the correct one; the other was
associated with the sample <closely resembling the one
actually presented. The idea was that, if pigeons remember
retrospectively I[(what has haprened) , errors should involve
incorrectly pecking the test stimulus «correlated with the
similar sample. If rigqecns remember prospectively (what to
do), srrors should involve pecking at the test stinpulus
closely rTesenbling the correct cne. The results indicated
that the second pattern of errors occurred, and thus are
consistent with +the idea that pigeons in this experiment

remembered prospectively.
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Further evidence was presented by Grant [1982) in a
DMTS procedure with nmultirle sample presentaticns. One, two
or three camples Were Fre sented on each trial.
Multiple-sample trials WEre of either same- or
different-sangle tyrge. On same-sample trials, the same
sample was simply repeated successively. On
different-sanrrle +trials, the samples were physically
different but associatively identical: they each signalled
that the same resrcnse would be reinforced. Both the
prospective and retrospective theories should predict that a
single mercrial representaticn would be activated on
same-sample trials. There would presumably be surmation of
memory trace strength with repetition of the samples. On
different-sample trials, the prospective account wculd again
predict a single rerresentation, as each stimulus carried
the same implications of what tc¢ do. However, the
retrospective accourt would predict multiple memory traces
of weaker strength, as the animal would remember a trace of
each sample stimulus. Thus, the trospective theory predicts
equal accuracy in each trial type. The retrospective theory
would predict greater accuracy on same-sample trials, as
they would have a single, stronger memory trace than the
multiple memcry traces in the different-sample trials. The
results of the experiment were gquite <clear: although

perfcrmance irrroved with nultiprle sample presentations,



104

there was no difference between performance on same- and
different-santrle trials. Thus, again it was £fcund that
animals rerfcrmed in a ra nper consistent with the
prospactive account c¢f memory.

In light cf this recent evidence for the prospective
view of memory, it is worth examining the data in the

current research in the ccntext of these opposing views of

what 1is remenmbered. According to the retrostective view,
the pigecn remewmbers a trace of the stimulus {or,
presumably, response when relevant) presented in the

previous trial. This trace decays as a function of time.
On the Dbasis of availabkle information, the pigecn aprlies
some rule just pricr to emitting its next response to
determine which <chcice will be made. The prospective view
says that the pigeon immediately applies a rule and
remembers which resgcnse is to be made on the next trial.
There are three types of trials 1im the current research:
reqular trials, early-sigmal trials, and late-signal trials.
On regular trials, the retrospective theory would say that
the pigeon remembers 1its previous response, and then when
the next trial begins it applies a win-stay, lose-shift
Tule. The prospective theory would differ only in that the
rule would be applied earliert and the pigeon would remember
its next response. In the case of reqular trials there is

no major advantacge of one type c¢f memory over the other.
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In the case of early- and late-sigmnal trials, there are
clear differences irn the predictions made by the two
theories. Or early-signmal trials, the retrospective theory
would say that two memory representations are needed: the
pigeon's last response, and the cclor of the signal. Both
traces would decay over time, tut both are necessary in
order to arrly a rule and emit the correct response on the
next trial. On late-signal trials, according to the
retrospective theory, the bird would only have +tc¢ remember
its previous respcnse across the delay; the signal would
occur in a zero-delay relationship to the next trial. The
short response latencies that typically occur to trial onset
in this type of procedure suggest that the Tresgcnse rule
would be agrlied either during the signal or immediately
following its offset. Thus, the retrospective thecry makes
a clear prediction of more accurate performance in the
late-signal condition.

A

According tc the rrospec tive thequ, on early-signal
trials there would te only one thing to remember: the
response tc¢ make on the next trial. This would be
deternined immediately following the trial by the birds's
previous resgcnse and the signal color. On late-signal
trials, the bird's task would e @nore complex. There
wouldn't be encugh infcrmation following a trial to make a

final determination of the <correct response or the next
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trial. Memory would be coded prospectively in the form of
two conditicnal relaticnships. For example, if the previous
correct resgcrse were left, the pigeon might remember "“if
green, peck left; if red, peck right". This is clearly more
complex than in the early-sigqnal case, and a reasonable
prediction would be that the birds would rerform more
accurately cr early-signal trials.

The third experiment provides very clear data: with
only one exception, in both phases of the experiment all
birds did substantially better in the late-sigpal condition.
Thus, although this 1research was not designed to address
this issue it provides clear evidence that,.in the langquage
of these twc theories of memory, the birds were behaving in
a manner consistent with a retrospective coding hyrothesis.

It is reascnable tc ask why, given the recent evidence
for prospective c¢oding in DMIS procedures, the present
research on reversal learning provides egually clear
evidence fcr retrcsrective ccding. To approach this issue
fruitfully, a comparison of cognitive and behavicral views
may be helgpful. The cognitive approach appears to be
concerned oprimarily with i1dentifvying and studying by
inference) irternal nmechanisms that may explain observable
behavior. The behavioral approach is more «ccncerned with
explaining chservable behavior im terms of observable

antecedent and consequent events. If it deals with
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hypothetical internal processes at all, it tries to connect
them quite exrlicitly tc environmental determimnants. Thus,
in terms of the issue cf retrospective versus prospective
coding, the goal of a cognitive psychologist would be to
identify rossible memory mechanisms, and to ask which one
actually explains oltservable behavior. A behaviorist would
view the issue of what is remembered as being equivalent to
the 1issue of what discriminative events {stipuli or
responses) centrol behavior, and what reinforcement
parame tars determine this control. The behaviorist would be
unlikely tc¢ rropose these internmal mechanisms. However,
given that ttey have been proposed, a behaviorist interested‘
in this issue would be more 1likely to inguire into the
environmental deterrinants of memory coding: under what
circunstances does one or the other coding prccess occur.
In fact, Grant {1981, 1982) menticned the issue of stimulus
control of —retrospective and prospective coding briefly as
being worthy of future study.

If prosrective and retrostective coding may be accepted
provisionally for the purposes of this arqument, it is not
hard to understand the apparently contradictory £indings
that have been obtained from the tehavioral roint of view.
In a DMTS rprocedure, tgprosgective coding would work well, as
all information is available to allow for memcry cf what to

do. Prospective codirg would protakly te more efficient, as
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decision—~making would occur before any memory trace for the
sample stirulus had time to decay, and no decision-making
need occur at the time of making the response. In the Grant
{1982 experiment, rrcspective coding would be particularly
efficient, as it would allow for the use of a single memory
representaticr where retrospective coding would require
several. The situation is different 1in the present
research. In the early-sigmal ccondition, prospective coding
would again be more efficient, since only one thirg need be
remembered as crrosed to two with retrospective coding.
However, in the late-signal <c¢ase, the reverse is true:
retrospective <coding would be more efficient than
prospective c¢cding. Frcm a behavioral perspective, two
possibilities might be expected. The birds wmight adopt a
retrospective ccding process in the late-signal condition
and a prospective <coding process 1in the early-signal
condition. This would <rTesult in 1little difference in
performance as a function of signal 1locus. However, it
would result in +the need +to aprly an additional rule to
determine which coding process to use on a given trial; this
might make the overall level of complexity greater than if
one rule were adopted throughout. The results of Experiment
IIT indicate that the birds resronded in a manner consistent
with the retrospective coding hypothesis throughout. From a

behavioral rerspective this 1is quite reasonable. In the
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unfavorable condition with toth retrospective and

prospective ccding <there are +two things +to remember.

However, in the rfrrcspective <case both of these are
conditional representations; thus there right be
differential reinforcement for adopting retrospective
coding.

From the line c¢f reasoning suggested here, it may be
seen that, rather than looking for how memory wcrks im an
absolute sense, a behavioral approcach to this subject should
be 5 study how memory is <controlled by reinforcement
contingencies. Aprarently 1t 1is possible to arrange
contingencies that favor either retrospective or frrospective
coding; neither should be viewed as properties inherent in
the workings of the experimental organism. A logical
extension cf this line of reascning is that it should be
possible to obtain stimulus ccntrol of memory mechanisms.
In orier to obtain retrospective coding in one condition of
an experimert and prosgective coding in another, conditions
would have to be arranged in which the advantages of using
both mechanisrs wculd outweigh the advantage of simply
adopting one strateqy throughout.

Although the abcve argument demonstrates that a
behavioral approach may be used to examine ccgnitively
oriented issues in the memory literature, the results of the

third experiment may be explained quite easily without going
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beyond established principles of stimulus ccntrol. Behavior
in an R/NEF trial may be secen as being controlled by two
prior discririnative events: the pigeon's responsé on the
previous trial, and the R/NR signal. Ccntrol of tehavior by
a prior discrizinative stimulus has been shown to decrease
monotonically as a functioﬁ of the delay between signal
presentaticn and the opportunity to emit the response
{(Berryman et al., 1963). Control of behavicr ty a prior
response has been shcwrn to decrease similarly at loager
delays [(Hearst, 1962), although some evidence existed for
greater accuracy at intermediate delays than at the shortest
dela ys. Since behavior in Experiment IIT was controlled by
both stimuli ard recsronses, the dJdelay gradients should
reflect some combinatorial rule for the stimulus and
respense gradients. Ccntrol by the prior response vwould
always be the same for a given delay value. Ccntrol by the
R/NR signal wculd derend on the signal 1locus. In the
early-signal condition, the delay would be equal to the ITI
duration. In the late-signal condition, the delay would be
ZEeTO0. Any plausible combinatorial rule would thus predict
greater accuracy in the late~-signal condition, as was

observed in the third experiment.
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P~ o L e M . S R ST

There has been a disturbing trend recently in the study
of complex discrimination phencomena to resort to both the
vocabulary and the theoretical orientation of «cognitive
psychology. In a certain sense this is not hard to
understand, as the vocabulary of cognitive psycholeogy 1is
often easier to arrly to these situations than the
behavioral terminoloqgy which was often designed fcr use 1im
much simpler situaticns. Having adopted the cognitive
vocabulary, it is a rather small step tc 1inccrgcrate the
theoretical assumpticns +that qo with it. However, the
problems with speculating akout internal states of
organisms, rarticularly when nonverbal in nature, remain the
same as they were around the turn of the century vwhen they
caused pecple like Thorndike and Watson to adopt a
behavioral approach im the first place.

In this raper I have presented some research on fairly
complax discrimination performance in the —rpigeon while
maintaining a behavicral apprcach. Although it was
convenient to adopt the vocabulary of o@memory, the
terminology was not given added, nonbehavioral meaning. The
paper ended with a discussion of a cognitive issue which is
related to this research. Althcugh the issue 1is clearly

cognitive in nature, I have shown that a tehavioral approach
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was able to deal with it in a productive manner.

I do nct wish to suggest that behaviorists idgnore the
cognitive field. The differences in tteoretical
orientations lead to the likelihocd that each approach will
raise 1issues relevant to the others' interests that would
not have beer ccnsidered ctherwise. However, it does not
seem necessary or desirable at this point to abandon a
behavioral rcint of view simply because some interesting
issues are more conveniently discussed in cognitive terms.
as I have shown, the behavioral perspective has
contributions to make even to issues that have traditiomally

been viewed as quite cognitive in nature.
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