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ABSTRACT

Pigeon's working memory for event duration was investi-
gated using variations of the delayed matching to sample
procedure. When a retention interval of variable length was
interposed between the sample and comparison stimuli, pigeons
responded as though a long-duration sample had been short
after retention intervals of 10 sec or greater. This "choose
short" effect occurred reliably 'in each subject, regardless
of whether the subject was naive or experienced, whether the
sample durations were represented by food-access or light,
or whether a two- or three-choice procedure was used,

In order to account for these findings, a "subjective
shortening" model of memory for event duration was proposed.
According to the model, the choose short effect is produced
‘by a discrepancy between‘a relatively static reference
memory of the sample durations and a dynamic working memory
of the sample durations that "shortens" over the retention
interval. This discrepancy produces the tendency to respond
as though the long sample was short,

A number of predictions, derived from the subjective
shoftening model, were confirmed in subsequent experiments.
'First,lafter a long retention interval, the point of subjec-

tive equality between the short and long samples shifted to
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a longer'duration. Second, stepwise increases in the reten-
tion interval produced a‘temporary choose shqrt effecf,
whereas stepwise decreases in the retention interval produced
a temporary choose lbng effect. Third, with extended
training at a given retention interval, the choose short

and choose long €ffects diminished and overall accuracy
improved. ‘These results provided strong suppdrt for the
subjective shortening model, whereas théf could not be
interpreted readily within the context of other conceptuali-

zations of working memory processes.
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INTRODUCTION

The concept of animal memory

It is difficult to imagine how an animal without a
capacity to remember past events could easily return to a
source of food or water, find its way to a nest or through a
burrow system, avoid cues previously associated with dangerous
or noxious events, or in fact show any changes in behaviour as
a result of its past experience. Until recently, however, the
study of animal memory has been systematically ignored by most
behavioural scientists.

Early views. Two major factors may have contributed to

the reluctance of early psychologists to study animal memory
processes. First, the possibility that animals possess higher-
order processing capacities, such as memory, had been viewed
with skepticism since the time of Aristotle (cf. Ruggiero &
Flagg, 1976). Early investigators therefore were reluctant
to attribute any apparent retention abilities in animals to
memory processes. For example, Hunter (1913) studied the re-
tentive abilities'of rats, dogs, racoons, and children, using
a delayed response procedure, Each subject was exposed to a
set of three spatial locations, one of which was illuminated
briefly. Following a delay period, the subject was permitted
to choose one of the locations and was rewarded'with food for

choosing the location that previously had been illuminated.



Hunter found that rats responded correctly after a maximum
delay of 10 sec, dogs after 5 ﬁin, racoons after 25 sec, and
children after 50 sec or 25 min, depending upon their age.
Hunter, however, wés by no means ready to attribute these
abilities to memory processes. He attributed the performance
6f the rats and dogs to their use of physical orientation
towards the correct location during the delay interval. Al-
though‘overt orientation was not used by racoons, Hunter
still did not attribute theif perfofmance,to:memory, but
instead to "sensory thought.” - In all likelihood, "sensory
thought" would not be viewed today as a more parsimonious
explanation of retention abilitieé than "memofy." Neverthe?
less, Hunter viewed "sensory thoughtﬁ-as,a process intermediate
to the high-level cognitive and memorialscapacities of humans,
and the low-level orienting capacities of dogs and rats.
Following Hunter's lead, most researchers in the 1920s
and 30s viewed the delayed response paradigm mainly as a pro-
cedure for comparing species; only a few investigators during
this period used'the delayed response'procedure to investigate
animal memory processes (e.g., Tinklepaugh, 1928). Accordingly,
considerable research was directed toward categorizing species
in terms of whether or not they could bridge a deléy without
the use of bodily ofientation, and toward ordering species in
terms of the maximum delay at which they could perform correct-

ly. Both areas of research proved to- be unproductive. First,



the results of several studies (e.g., Maier & Schneirla, 1935;
‘Ladieu, 1944) did not support Hunter's conclusion that "lower
animals" depend upon bodily orientation to bridge a retention
interval; even rats were found to delay responding success-
fully when orientation to the goal during the delay was elimi-
nated. Second,.attempts to order species in terms of their
retention capacities yielded inconclusive results; it soon

| became clear that procedural variables were far more important
in determining the limits of retention than was the type of
species studied (ef. Roberts & Grant, 1976).

A second factor that served to impede the study of animal
memory processes during the first half of the 20th century was
that most of the major behavioural theorists (e.g., Guthrie,
Hull, Pavlov, Skinner, Spence, Tolman) showed little interest
in memory processes.- None of these figures conducted any
research on memory, and none included the construct of memory
as a major part of their theories. Although Tolman's (1932)
cognitive theory of behaviour included the construet of
"expectancy" -- a construct that may imply a form of represen-
tational memory (cf; Ruggiero & Flagg, 1976) -- Tolman himself
did not include the construct of memory in his theory of
behaviour.

Most learning theorists (e.g., Guthrie, Hull, Pavlov,
Spence) were interested primarily in the acquisition of

learned responsés. Basically, they hypothesized that the



acquisition of a response was due to the development of
associations, either between conditioned and unconditioned
stimuli (e.g., Pavlov, 1927), or between stimuli and responses
(e.g., Hull, 1943). Performahce of a learned response was
thought to be determined by the strength of these associatiqns
and by the degree to which'the stimulus conditions of original
training had been reinstated. Furthermore, learning was often
~thought to be permanent unless interfered with by new learning
(e.g., Gﬁthrie, 1935). Mémory therefore was viewed as an
unnecessary hypothetical construct because the principles of
learning could be used to account for performance‘after a
retention interval (cf. Bolles, 1976) .

The results of experiments that were designed to test
these learning theories.did not offer a serious challenge to
the view that memory was an unnecessary construct. In fact}
the design of most‘learning experiments tended to obscure
memory phenomena. For example, the interstimulus and intér—
trial intervals used in these experiments were generally short
enough that. "forgetting" rérely occurred. In the rare instaﬁ—
ces in which the design of the experiment permitted the effects
of forgetting to occur (i.e., when there was a substantial .
interval between fraining-and testing) the fact that some
retention occurred was emphasized; the fact that substantial
forgetting occurred was ignored (cf. Bolles, 1976).

Although animal memory was viewed by many early learning



theorists as an unimportant contruct, this view could not be
shared by those researchers interested in the physiological
basis of memory (e.g., Lashley, 1950). The natﬁre of research
on the physiological basis. of memory demanded the use of animals
as subjects, and thus the tacit assumption that animals had
significant memory capacities was a necessary part of the
rationale for this research. However, apart from making this
assumption, psychoiogists.interested in the biological basis

of memory made little attempt to formalize global theories of
animal memory processes (cf. Spear, 1978).

. Challenges to the early views. Although learning theor-

ists believed that learned associations persisted-over time,
they maintained that any substantial delay between the events
to be associated would prevent learning (e.g., Hull, 1943;
Spence, 1947). Because learning sometimes did occur when the
events to be associated were separated by a short delay, some
of the early theorists (e.g., Hull, 1943; Pavlov, 1927) postu-
lated a minimal,.memory—like.process. Both Hull and Pavlov
conceptualized this process as a trace or after-effect of the
physical stimulus that persisted for a few seconds after the
offset of the stimulus, Spence (1947) attributea any learning
tha£ occurred when there was ‘a delay between a stimulus and a
response to immediate secondary reinforcement. None of these
learning-théorists bélieved that associative learning involved

any substantial memory mechanism.



Over the years, however, data gradually began to accumu-
late that could not be interpreted easily in the absence of a
more substantial associative memory mechanism. For example,
Petrinovich and Bolles (1957) found that rats could learn to
alternate their responding for reward between two different
spatial locations with intertrial intervals of up to 4 hours.
They concluded that the rats were able to remember where they
had gone on the previous trial and then choose the opposite
side.

Capaldi (1967) also postﬁlated'an associative memory
mechanism to account for the results of his reWard}alternation
studiéé (e.g., Capaldi & Cogan, 1963). In these studies rats
that alternately received reward and nonreward in a runway
developed appropriate alternations in running speeds: they
ran faster on rewarded trials than on nonrewarded trials even
with intertrial intervals of up to 24 hours (Capaldi & Spivey,
1964). Capaldi concluded that a memory of reward or nonreward
on the preceding trial could act as a étimulus to‘céntrol-
responding on the following trial. Although Capaldi did not
have a theory of memory processes per se, he was one of the
first theorists to have the construct of animal memory as an
essential component of a theory of learning.

A significant impetus for the postulation of an associa-
tive memory. mechanism in animals developed out of the work of

Garcia and his associates (e.g., Garcia, Ervin, & Koelling,



1966) . They found that rats exposed to a novel taste and sub-
sequently made sick by an injection éf a toxic substance, later
showed an aversion td the novel taste. This "conditioned food
aversion" was surprising in view of the fact that it could
occur with delays of up to 24 hours between taste and sickness
(Etscorn & Stephens, 1973), The traditional belief that
learning required close temporal contiguity bétween the events
to be associated was seribusly challenged bj these results.
'The most parsimonious explanation was that the rats must be
ableAto remember novel tastes for long periods of time in order
to associate theﬁ Qith subsequent illness (cf. Bolles, 1976).
This interpretation was elabofated into a theory of associative
memory by Revusky (1971).

Another convincing example of long-delay associative
learning was provided by Lett (1973; 1975). Lett trained rats
to go to one arm of a T-maze, but did not reward them for a
correct choice in the goal ‘box. Instead, she removed the
animals from the apparatus for intervals up to 1 hour, and
then placed them back in the start box where they received
reward. The fact that rats were able to learn this task
implied an associative memory mechanism capable of bridging a
long delay between the response and reward.

Parallel with research into long-delay associative con-
ditioning was a growing interest in the study of long-term

retention of learned responses in animals (e.g., Gleitman &



Holmes, 1967; Gleitman & Jung, 1963; Kamin, 1957; Gabriel,
1967). Some of this work was directed at assessing the empiri-
cal basis for the widespread assumption of the durability of
learning in animals, and with the interference theory of for-
getting in animals (cf. Gleitman, 1971). In addition, other
wdrk in this area was concerned with apparent nonmonotonic
retention functions (e.g., the "Kamin" and "incubation" effects;

cf. Spear, 1978), and with the factors that produced these
functions. This line of research further served to promote
interest in animal memory processes (see Spear, 1978, for a
“detailed review of this work). -

_Resistance to the study of ahimal memory abated further
during the early 1970s as the popularity'of traditional learning
theories declined (Seligman, 1970) and interest in cognitive
approaches to the study of animal behaviour increased (e.g.,
Bolles, 1975; Jarrard, 1971; Premack, 1971). These trends
provided a more supportive climate for the systematic study
of memory processes in animals. Consequently, research on
animal memory has accelerated dramatically during the past

decade, and is today a major field of study in animal behaviour.

Current trends in animal memory research

During the past decade, research on animal memory has
followed three general lines. One line of research has been

directed toward the study of long-term retention of acquired



responses. This retention of learned responses has been
referred to alterﬁately as long-term retention (Spear, 1978),
long-term memory (cf. Spear, 1978), retentive memory (Revusky,
1971), or reference memory (Honig, 1978). Other research has
been concerned with long-delay learning; i.e., where there is
a delay beﬁween~the events to be associated. The memory
process thought to be involved in this type of learning has
been called associative memory (Honig, 1978; Revusky, 1971).

A third line of research has been concerned with the retention
of specific events over a short delayiwhén associative’learning
already is complete. This kind of retention has been called
short-term retention (Riley, Cook, & Lamb, in press),. short-
tefm<memory (Roberts & Grant, 1976), or'wdrking memory (Honig,
1978).

In this thesis, the terminology of Honig'(1978) will be
used: the three types of memory described.above will be refer-
red to as reference memory, associative memory, and working
memory. The remainder of this thesis will be concerned primarily

with the study of working memory.

The concept of working memory

Honig (1978) has described working memory in terms of a
group of procedures that involve delayed conditional discrimi-
nations. Working memory is thought to be required whenever an

animal's discriminative responding is based upon a conditional
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stimulus that terminates before the response can be executed,
and that varies from trial to.trial; Consequéntly, in order to
respond correctly, the animal must remember which conditional
stimulus had been present at the beginning of the trial, and
avoid "confusion" with the memory of stimuli preSent on pre-
vious trials (Honig, 1978).

The relationship between working memory and reference

memory. - According to Honig (1978), reference memory refers to
the long-term maintenance of learned associations.].Because
most working memory tasks involve  the aoquisition and mainte~
nance of conditional discriminatiOns‘in reference memory, a
stable reference memory is necessary for stable performance on
these tasks. Thus, as Honig (1978) has pointed out, it is
important to be aware of the possibility that changes in per-
formance on a working memory task sometimes may‘reflect changes
in reference memory, as well as changes in working memory.

Procedures used to study working memory. There are a

number of procedures that can be used to study working memory
in animals, including-the delayed response task (Hunter, 1913),
reward substitution tasks (Tinklepaugh, 1928), delayed alterna-
tion tasksb(Capaldi, 1967), radialvarm'maze tasks (Olton,
1978), advancé key procedures (Honig, 1978),.and-the delayed
paired comparisons task (Shimp & Moffitt, 1977). Recently,
the delayed matching to sample task and its variations have

found wide use among researchers interested in working memory.
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These delayed matching procedures have advantages over some of
the earlier procedures (e.g.,>Hunter,Jl913) in that they
facilitate precise control over experimental stimuli, and
easily eliminate the possibility of simple orientation towards
the location of the correct stimulus during the delay.

In the delayed matching to sample (DMTS) task. (e.g.,
Blough, 1959) trials consist of three components: presentation
of a sample stimulus; a delay (i.e., retention) interval; and
presentation of two or more comparisbn stimuli, one of.which
physically matches the sample. Choice of the.comparison that
matches the.sample results in reinforcement. The stimuli used
as the samples are alternated randomly over trials. Consequently,
in order to choose the correct comparison stimulus, the animal
mustvremember,which.sample stimulus had been presented at the
‘beginning of the trial. Delayed oddity from sample taské (e.qg.,
Lydersen, Perkins, & Chairez, 1977) are identical to DMTS tasks
except that the subject is rewarded for choosing the comparisoh.
that does not match the sample:. Another variation of the DMTS
task 1is calledldglayed7symbolic-matching to sample (DSMTS;
e.g.,'Wilkie, 1978) . This task differs from the DMTS and the
delayed oddity tasks in that none of the comparison stimuli is
identical to the sample stimuli; the relationship between the
sample and the correct comparison is arbitrary. Finally, in
successive matching to sample tasks (e.g., Nelson & Wasserman,

1978), presentation of the sample is followed after a delay by
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a single test stimulus that either does or does not match the
sample. Reinforcement is available only when the test stimulus
matches the previously presented sample.  These tasks hereafter

will be referred to collectively as delayed matching tasks.

Current views of working memory in animals

There are a number of gquestions that might be asked about
the process of working memory in animals. For example, how is
‘information stored? How much information can be stored? What
is the form or content of the memory? How is it organized?

Ié information maintainéd actively or passively over a delay?
‘If it is maintained passively, how is it retrieved? What are
the sources of'forgetting?

In recent years, a number of views or hypotheses have
been proposed that address some of these issues. Before describ-
ing each of these views, it is important  to note‘that these
views do not always address all of the possible questions that
could be asked about working memory. Because these views often
focus upon different aspects of WOrking memory, they cannot |
always be contrasted easily.

Trace decay: theory. Roberts and Grant (Roberts, 1972;

Roberts & Grant, 1976) have developed a theory of working
memory based on the concept of a stimulus. trace. These investi-

gators hypothesized that presentation of a sample stimulus
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generates an internal trace of the sample that is strengthened
gradually during the exposure to the sample, and that decays
gradually in its absence. Thus, the storage of sample informa-
tiéﬁ is a simple function ofvexposure time: longer éxposure
times increase the strength of the memory trace. What is
stored (i.e., the "content" of the memory) is a representation
that is isomorphic with_the sample. Loss of the stored repre-
sentation is thought to correspond either to a passive decay
of the initial trace, ‘or to interference from coﬁpeting traces
(Roberts &xGrant, 1976).. This trace decay theory subsequently
has been modified to include an éctive rehearsal process that
serves to maintain the .sample trace during the delay (Grant .&-
Roberts, 1976); According to this revised trace theory, loss
of stored informétion could be produced by interference with
this active rehéarsal.process,.as well as by simple decay of

the trace, or interference from competing traces.

Temporal discrimination hypothesis; D'Amato (1973) and
_D'Amatq and Worsham (1974) have developed an hypothesis of |
working memory that is based on a temporal discrimination
process, rather than on a storagé proéess. Using the DMTS task
as an illustration, D'Amato conceptualized the problem for

the subject as in&olving a decision about which of the compari-
son stimuli has most recéntly-served as the sample. In this
conceptualization, the "storage” and "content" of the memory

are reduced to a process of temporal discrimination, and
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"forgetting" is attributed to discrimination failure rather
than to a loss of stored information. For example, the dele-
terious effects of long delays (i.e., retention intervals) on
matching accuracy are thought‘to occur because a discrimination
of which of the comparison stimuli was last seen as the sample
is more .difficult.

Although‘D'Amato's basic view is that the "storage" of
memories can be reduced to a process of discrimination, he does
invoke an "internal representation" process in order to account
for delayed symbolic matching. The addition of. this latter
process was necessary because the comparison stimuli in sym-
bolic matching are never seen as samples, and thus it would be
impossible to sélve this task on .the basis of their relative
recency. Therefore, the critical discrimination in symbolic
matching tasks is'between the relative recency of "internal
fepresentationsﬂ of the sample set (D'Amato, 1973).

Information processing theory. Wagner (Wagner, 1978;

Wagner, Rudy, & Whitlow, 1973) has proposed a model of animal
memory that is based in part upon Atkinson and Shiffrin's
(1968) two-process theory of human memory, Basically, Wagner's
‘model assumes that there is a short-term storage buffer in
"which a limited amount of information can be maintained through
"active rehearsal." ‘According to this model, working memory

is limited by a number of factors, including the size of the

short-term storage buffer, and the capacity of the rehearsal
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mechanism. As new items enter the short—tefm store, they may
displace old ones from the store, and”rehearéal of one item
may decrease the ability to rehearse another item.  The
"content" of memory is conceptualized as an éctivated repre-
sentation of the stimulus in:the short-term stdre; "fdrgetting"
is an inactivation of the stored representation due to either
a passive decay proéess, failure of rehearsal, or displacement
by a new item entering the short-term store.

Coding views of working memory. Recently, a number of

"coding" processes have been invoked to account for working
memory phenomena (Carter & Werner, 1978; Farthing, Wagnér,
Gilmour, & Waxman, 1977; Honig & Wasserman, 1981; Riley et al.,
in press; Roitblat, 1980). "Codes" have beénuconceptualiZed,
variously as a stimulus trace (Farthihg et al., 1977; Riley

et al.; in press), an abstract'representétion of‘the sample
stimulus (Farthing et al., 1977), a rebresentation of the test
stimulus (Roitbiat,'lQBO), a covert or overt mediating response
(Carterl&'Werner, 1978), a response decision, or. instruction
(Honig, 1978; Honig & Wasserman, 1981; Riley et al., in press),
a representation_of anticipated reinforcement (Spefch, Wilkie,
& Skelton, 1981), or, in fact, as any "transformation of the
sample stimulus that allows the organism to'function appropri-
ately at the time of the test" (Riley et al., in press, p. 7).
As can be seen, the coding hYpotheses as‘a group do not make

up an internally consistent "theory" of working memory.
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Individually, however, different coding hypotheses represent

distinct conceptualizations of the content or form of memory.

Variables thought to affect working memory

There are a number of factors that affect performance on
delayéd matching tasks. In general, most of these factors
have been assumed tp affect working memory (Roberts & Grant,
1976; Farthing e£ al., 1977; Roitblat, 1980; Cook, 1980; but
see Wilkie & Spetch, 1978; in press). These factors and their
effects on matching accuracy will be briefly described in the
following sections, along with a brief account of.how these
effects have been interpreted within the context of current

theories of working memory.

Delay between sample and comparison stimuli. One widely
studied variabie in delayed matching tasks is the duration of
the delay, or retention interval, between the sample and com-
" parison stimuli. Generally, matching aCcurécy has been found
. to decrease systématicallykwith increases in the delay, and
to approach chance level within a few seconds (e.g., Blough,
1959; Rdberts & Grant, 1976); although some instances of above-
chance matching'accuracy with delays of 25 sec . (Wilkiej: ..
1978), or even . 60.sec .- (Grant, 1976) have been reported.

According'to the trace decay model of working memory
(Roberts & Grant, 1976), the decline in matching accuracy oVer

the delay is due to a simple decay process, which is thought
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to occur as a negatively accelerated function of time since
the sample offset. ‘Wagner’s (1978) information processing
model also postulates a trace decay mechanism which can
account for the effect of delays.

An alternative interpretation of the effect of delay is
prqvided by’ the temporal discrimination'hypbthesis (D'Amato,
1973). According. to this view, performance after a delay
depends upon the animals' ability to make a temporal discrimina-
tion between thé»relative-recency of the samples. As the delay
interval increases, the ratio describing.the relative recency
of the samples decreases, which leads to poorer temporal dis-
crimination.

A similarvaiscrimination—like process has'been proposed -
within the context of certain versions of the coding view to
account for_decreased matching_accuracy at longer delays.
Roitblat (1980), for example, sﬁggested that piéeons maintain
a coded representation of the correct choice stimulus during
the delay, and that as the delay increases, this representation
increasingly becomes "confused" with other choice stimuli.

Exposﬁre.to the sample. Delayed matching by pigeons

improveé with increases in presentation time of the sample
(e.g., Nelson & Wasserman, 1978; Roberts & Grant, 1974; 1976)
and with increases in the number'of responses required to
terminate‘the sample (e.g., Roberts ‘& Grant, 1976; Wilkie &

Spetch, 1978).
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According to the trace decay theory, increases in the
duration of exposure to the sample are thought to strengthen
the memory trace and thereby'improve matéhing accuracy (e.g.,
Roberts & Grant, 1976). The effect of sample duration can
also be interpreted in terms of coding processes. For example,
a number of investigators (e.g., Farthing et al., 1977;
Roitblait, 1980) have suggested that a coded representation of
the sample is formed gradually during eiposures to the sample.
Increases in the sample duration improve the likelihood that
this coded’represéntation will be developed fully, thereby

increasing the probability of an accurate choice.

Intertrial interval. Delayed fnatching accuracy iﬁproves
with increasesiin the intértrial interval (Jarrard & Moise,
1971; Herman, 1975; Maki, Moe, & Bierley, 1977; Neison &
Wasserman, 1978).

Lengthening the intertrial interval impioves performance,
according to the trace decay theory, because it allows more
time for the decay of competing stimulus tfaces from the
previous trialsv(Roberts & Grant, 1976).. The facilifative
effect of increases in the intertrial interﬁal is also consis-
tent with the temporal discrimination'hypothesis (D'Amato,
1973). Temporal discrimination is facilitated with longer
intertrial intervals because the reiative recency ratio of
the samples is inéreased.

Interfering stimuli. Delayed matching performance is




19

adversely affected by  the presentatiqn_of certain extraneous
"interfering" stimuli (e.g.,‘ambient illuminetion) during the
‘delay interval (e.g., Cook, 1980; Roberts & Grant, 1976;

Wilkie, Summers, & Spetch, .1981l), Cook (1980) has demonstrated
that the degree ofiinterference pfoduced by extraneous delay
interval stimuli is related directly to the degree of stimulus
change, and Wilkie et al. (1981) have shown that the degree

to which sﬁimuli disrupt delayed-matching accuracy is correlated
positively with the degree to which these stimuli disrupt simple
operant responding.

Most views of working memory can account forethe deleter-
ious effects of some extraneous delay intefval stimnli. For
example; views that postulate active rehearsal mechanism (e.g.,
Grant & Roberts; 1976; Farthing et ai.,'l977; Roitblat, 1980;
Wagner, 1978) can account. for the interfering effects of
extraneous delay interval stimuli by assuming that these stimuli
disrupt the rehearsal process. Alternatively, the»simple
trace decay theofy (Roberts & Grant, 1976) dealt with inter-
-ference effects by assuming that.the delay interval stimuli
generate a memory trace that competes or interferes with the
trace of the sample. D'Amato (1973) interpreted the deleterious
effect of delay interval illumination on delayed matching per-
formance in terms of his temporal discrimination hypothesis by
assuming that ﬁvisual events will appear more recent after an

interval spent in darkness than after a like period filled with
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a myriad of visual perceptions." (D'Amato, 1973, p. 263).

"Forget" cues. Several recent studies (Grant, 1981; Maki

& Hegvik, 1980; Rilling, Kendrick, & Stonebraker, in press)
have examined the effect on matching perfdrmance of "forget“
and "remember" cues presented during the delay interval. In
these studiés, birds were trained under a delayed matching

task in which the presentation of a "remember" cue during the
delay signalled that the regular retention test (i.e., presen-
tation of the cdmparison stimuli) would occur‘at the end of

the delay, and the presentation of a "forget" cue indicated
that the retention test would be cancelled on that trial. To
test for the effect of the forget cues, "surprise" retention
tests were conducted on some forget-cue trials% matching accur-
acy on these trials has been found consistently to be lower
than on remember-cue or no-cue trials. The location of the
forget cue withiﬁ the delay interval also is important; the for-
gét cue has a greater detrimental effect upon matching accuracy
if it occurs early in the delay than if it occurs later in

the delay interval (Grant, 1981; Rilling et al., iﬁ press).

The deleterious effects of forget cues on matching
accuracy-aré inconsistent with a simple trace decay process
(Roberts & Grant, 1976), in which information is loét through
a passive decay of the trace, or an interference frqm competing
traces. There is no obvious reason to assume that forget cues

should affect the decay process, and because the stimuli serving
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as forget and remember cues. generally are counterbalanced, the
tracé'of the.forget cues should not compete with a trace of
the sample stimulus to any greater extent than would the trace
of the remember cue.

Grant (1981) has interpreted the effect of forget cues
in terms of active rehearsal processes. He suggested that the
forget cue decreases matching accuracy because it results in
a cessation of rehe