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Abstract
A series of five exper1ments examined the effect kﬁ
cu1ng retention 1nterval ]ength on pigeon s delayéd match1ng-v
i to~sample performance” The first exper1ment was basically a
repl1cat1on of Exper1ment 2 1n Wasserman Grocch and Nev1n [
d (1982b stUdy The effects on performance of -cues correlated
fw1th retent1on 1nterval length,were assessed by m1st1ng on.
some trials. Respond1ng to the sa:éle/cue compound and
-dur1ng the retent1on 1nterval was also recorded ans1stent
w1th earller research, it was fouﬁdﬁthat present1ng a "long"
cue before a short delay s1gn1f1cant1y reduced match1ng
| accuracy, relat:ve to trials on whlch,a short" cue préeceded
the short delay. In addition, rbfrds pecked the long cue at a A
much lower rate than the* did. the short cue. | g
. The second and third exper1ments tested the d1fferent1al‘

.
attent1on account . The d1fferent1al attention account of

- Wasserman et al. (see also Hon1gland Dodd, 1986) suggests
that 1nformat1ve cues presented in compound W1th the sample
st1mulus may on]y affect memory of the sample to the extent

' that they control‘the’amount of attention or ‘encod1ng time"
given to it. In-Experiment 2, the informatﬁve'cues were
moved into the retention interval and accuracy‘on cgrrectly‘
and incorrect]y cued trials was compared. Because the cues |
were pcesented'onjy during theﬁdelay'interval, they could not

infernce attention toﬂthe sample. In Experiment 3,_a - |

'

iv
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within subject comparison,of the relative effectiveness of-
cues presented in compound with. the sample versus cuesj .
' presented only 1n “the retention 1nterval was performed ' The‘jv
resuits of both exper1ments revealed no suppor.t for the
‘notlon that cuing would be effect1ve only when the cues and
sample stimuli are.compounded. ' ‘c
Given’theﬂfaflure”of Experiment5'2 and 3 to.support the
-dﬁfferential attention account Experlments 4 and 5 testeo an-
'alternat1ve account emphas1z1ng processes of rehearsal
‘Accord1ng to th1s account, the presentat1on of a "1ong cue
| may terminate por decrease rehearsat of sample information,
EJresuiting-tn“reduced matcning accurac;ﬁat tne tjme‘o} test.
“Expenﬁment Q»involved a manipulation of‘retention interval
durat1on Long and short-cuesfwere presented on an equa]
number of 1, 3 and 8 s'delay trials. If presentation of a
long cue decreases rehearsal or proceésing of sample . R

o

. information, the rate of forgetting shou]d be faster on ,
long-cued trials than on short-cued trials. In Experiment 5,
the long cue was presented at either the beginning or the end
Qf‘the retention interval.. [1f presentation of a long cue
terminates rehearsaJ of theiinformation contained in the
samp]e'stiﬁétusr miscuing atwthe beginning of the retention
interval should result in reduced matching accuracy relative
to trials on which the miscuing occurs at the end of the

retention interval. The results of both experiments were



inconsistent with the rehearsal‘acESLht.

It was concluded that cues asscciatedfﬁith a particular
retentioﬁiinterval length‘ihf1uence neither saqple processing
(attention or encoding)vnor postsample processing ‘

‘ﬂrehearsal) It appears such cues modulate accuracy Ry

influencing test respondmg-fnﬁependently of -rimory. One

possib111ty is that a cue assoc1ated with a long netent1on

interval may depress accuracy by, reduc1ng the mot1vataon to !5

- respond correctly t testing rather than by influenc1ng the

strength of the sample memory, The implications of this

interpretation were discussed.

vi
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. follows each trial outcome.

R

. 1. Introduction '
.
The delayed matching to- samplo procedure has been unod

: 3}tensively in: studies of pigeon short term retention (e.g., ¢

Grant, 1981; Maki 1979; Roberts & Grant 1976) A standard
delayed matohing tria] 1nvoives the pre;ghtation of a sample

’ stimulus (usually colored fields) for a fixodﬁduration ’ The

sample 1s Iollowed by ‘a retention or delay interval which may

vary in longth (usually between zero a

ton seoonds). | 4
a tgst 1s presented.” IN_~

the two ohoice version of matching;

Following_ the %etention interv
e test involves

. . T
presentation of two comparison stimuli, one of which matches
the sample and one of which does not. «A“reébonse to the
correct (match1nb) compar1son results in reinforcement, '

AN

whereas an incorrect response results in a brief blackout T/
period. In the success1ve or. go/no go version of match1ng.
the test 1nv61ves presentatlon of a single comparison
stlmulus. If the comparison-matches the ;ample. then the
first rééggnse after 5 seconds is reinforced. ,If the”
compar isen does not matCh the sample'stimuﬁus. the comoarison

terminates in nonreinforcemen after 5 secondsvlé.g., Nelson.

. » . I3 ’
versions, an intertrial interval

A typical seosion consists of
/Jliaulus presented equally .

& Wasserman, 1978). [n bot

50-100 trialé. with each samp

: often,uand pdsition.of the correct comparison stimulus

e

balanced within each sample tyirf
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Most stud1es dt p1geon short term memory use.two or
gmore d1fferent retentlon 1nterval values, scheduled randomly
,throughout each dally session. Typ1cally, matchlng accuracy
:decreases as . the retent1on 1nterval 1s lengthened\ﬁ In a’

:v-recent sér1es of experlments conducted by. Wasserman Grosch
and Nev1n (1982) the effect of s1gnal1ng the length of an
.'upcomlng retent1on 1nterval was stud1ed in a success1ve n ,f, ,
“5match1ng task : One: group of blrds rece1ved cues that werel .
ellably correlated w1th retent1on tnterval length in a
,;second group,acues and retent1on 1nterval length were |
.uncckrelated In bot groups the cues (l1ne or1entattons)
were presented in conJunct1on with the sample st1mulus’

"“(colored f1elds) “Wasberman et al. suggested that ‘signaling

the' duratton of an upcom1ng retent1on 1nterval m1ght

-fac1l1tq¢e retentﬁon f the sample stlmulus over the 1nterval

A

per1od and would thus lead to more accurate performance, <

' espec1ally at l'ng dela' values.v1n b1rds-rece1v1ng,

FaReR

;;correlated cueftv*‘( |
However results f ‘thetr‘first!experiment;showed |
that only match1ng accuracy at the short delay (1 s) was
‘yfac1l1tated by s1gnal1ng retent1on 1nterval length Match1ng
'(accuracy at the: long delay (5 s)'was lower than that for- |
-f.b1rds wh1ch wen tra1ned w1th uncorrelated cues "The‘%a;
retent1on functlon was thus steeper for the blPdS tra1ned
‘ththtcorrelatedwcues They also found that the b1rds exposed

- . R "o,

5 .
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to correlated cues pebked the sample at a h1gher rate when

“the short retent1on ]nterval cue was present. than when the

| l

' long retention 1nterval cue was present. Wasserman et al.

suggested that the b1rds thus had greater exposure to the

sample st1mulus on short cued tr1als and that this increased ,

3

: }
sample exposure led to 1ncreased test accuracy They

suggested that the reduced accuracy on long eued tr1als

~occurred because the raté of respondlng to the long |

cue/sample compound‘was not as h1gh as that to the short

cue/sample compound The b1rds thus had less exposure to ther

' sample st1mulus on long cued tr1als, and th1s decreased

sample exposure led to decneased test accuracy
In the1r second experlment m1scued‘tr1als were employed:

‘on wh1ch the short cue preceded a long delay, and the "long

: cue preceded a short delay They found that,accuracy at

¥

- “both delays was higher when preceded'byithe-“short" cue than

when preceded by the “long"’Cue Agaln: the birds pecked the
sample stimulus’ more on short cued tr1als than on. long- cued

trials. This® was true on both correctly cued and mtscued

«~trials THese results were taken as further ev1dence for a

v

d1fferent1al attention account. |
. Overall d1fferent;al attent1on to the sample st1mulus
~was suggested as the mechan1sm whereby cues signaling

retenblon interval length modulate performance  Wasserman et

al. proposed that the 1nformat1ve cues modulate performance
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//by d1fferent1a1]y el1c1t1ng Keypeck1ng (and presumably
/A'attentlon) dur1ng the sample st1mulus ‘ In particular, rate‘
of respond1ng to the sample is enhanced by presentat1on of a
“short“ cue and reduced by presentatwon of a "long" cue.
1n research COnducted 1ndependent1y of that of

Wasserman et a]., Dodd and Hon1g (1981; cited 1n’Hon1g &

Dodd, 1986)also eXplored‘the'effect of cuing retention
interval length on matchtng accuracy. They enpldyedma

delayed discrimination task SampTe stimult‘were hcrt;ontal s

and vertical ‘1ines; the compar1son stimulus was a white
i .

field. Responding to:the comparison was . re1nforced after«one“
1ine,orientation but not after the other. Informat1ve cuesw
.‘were cciored f}elds, and the cues were comb1ned w1th the
" sample stimu]us.. In‘the1r initial study, two-of the cues ”Mlj»
-~stgnaled the durahion of ‘an upccming retention tntervat“
(either shcrt or IOng),“whilq,a third cue provided no
. dlfferent1al 1nformat1on Miscued probe trrals resu]ted 1n’a‘
bstgn1f1cant reduct1on in d1scr1m1nat10n on lQng cued’ short R
1ay trials, and a s|1ght (but non- 51gn1f1cant) 1ncrease in
d1scr1m1nat1on on short-cued long” deJay jals. . A systematic
replication uSingtdnly*correlated cues;ZZinrevealeda
significant decrease in discriminatton on miscued short de]ay'
tfials,_and sheued no effect of mtching long delay trials. |
Like Wasserman et-at.'t1982), Honig and Dddd,t1986) suggested
"that pigeons may payjmore attention to the samplejstimu]us'on

I
i
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"delay. - -

short-cued trials, and this differential-attention may

explain the cuing effect.

The experiments reported here explored further the

cuing phenomenon discoVered by Wasserman. Grosch and Nevin

.(1982) and Do d and Honlg (1981, c1ted in Hon1g & Dodd , .

V‘ .

- 1986). In part1cular. 1nterest chused on the mechanism”

whereby retent1on«1nterval cues modulate delayed match1‘?)
accuracy. Although the data of both Wasserman et al. and .

Dodd and Hon1g_are cons1stent with the d1fferent1al sample

attention account, neither etudy included a direct test-of -

that interpretatlon. Such altest was conducted as part .of

'v ' ' v ‘ T Y .
the present investigation and is reported as Experiments- 2.
and 3. The results of those experTments failed to support‘

the d1fferent1al sample attention account. ‘and Exper1ment5*4'

“and 5 were conducted to assess alternat1ve accounts.
‘Exper1ment 1 of the present series replicated the finding of;‘

Wasserman et al. “(Experiment 2) and Dodd & Honig that

m1scu1ng retent1on interval length tends to decrease accuracy -

at the shoré\gelay and to increase. accuracy»at the long

<
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The first exper1ment was de51gned to rep11cate\¢he
miscu1ng effect reportedvby Wasserman et al. Jﬁ982) and Dodd
and.Honig (1981)" Wasserman’et al. used a success1ve
- matching task Dodd and Hon1g used a delayed s1mple |
dlscr1mjnatjon. A1 the’ exper1ments reported here used a
delayed,Matching-¢o samp]e cho1ce procedune w1th colors as
sample and compar1son st1mul1 Informattve cues were either
line.or shape st1mul1 Birds were trained: with correlated
cues only,_and the effects of these cues on performance was ’
assessed by m1scu1ng some tr1als durqng test sess1ons Two
‘groups of birds. were trained and tested In1t1al data frjom
Group A (Wh1te K1ng) birds was somewhat d1ffenent than that

-
obta1ned by Wasserman.et al using S11ver K1ng p1geons

\\ o

Therefore, Group B (Silver K1ng) birds were run as a ~_
repltcatlon to ensure that the obta1ned resu]ts were . !
“reliable. " s S . §
. Method . |
‘ . . , T

’ Subjects. Group A consisted of six experimenta]ly
naiyefadult White King pigeons. Group B consisted of five -
experimentallybnaive adult Silver King pigeons. A1l birds
| Were‘reduced to and maintained at 80% of‘their free-feeding
‘,'weight by restricted Feeding. The'birds”were individually.
housed under 24-h illumination, w?th water and grit alwaysf

available in the.home cages.

-
- o]
N &y -
‘ ‘
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. Aggaratus;(Traini?g-snd testing was ngﬁﬁcfed in
idéntica1 modular tesf éhambers Three peck1ng keys were
mounted in-a hor1zonta1 -row, 20 cm above ‘the gr1d floor. An
1ndustr1a1 Electronic Engfneer. Inc. (IEE) 1n line prOJector‘°
: mountQN behind each key was used to pPOJeCt st1mu11 ‘onto the
peck1ng keyf The stimuli employed in the experiments were a
,b1ack.uot Ongaﬂwhite’grqund;'a whife,horizontai or vertical
| 1ihe’on‘a black ground,’é‘whﬁtey;rianglé or "X" on a black
ground'and‘red and greeh'fields A graﬁﬁ feeder was mouqted
‘below the center peck1ng Key. A 28 v house 11ght was moun ted
”aboye ‘the center peck1ng key. The house llght was pos1t10ned
‘ so that the light eqitted was directed toward the~ce1l1ng of’
fhe ghamber.' The(]ight was'ilTuminated'continuously. éxcept
for brief blackout"perjuds following incorrect responses.
The tesf'chémber was inside!a sound and light-attenuating
‘enclosure. Masking noise was provided by an exhaust fan in
the enclosure, and byyWhite noiséfdeWiVéred thrdugh.a speaker
in the testing room. : Cziu/
B The presentation'of events within the_chambers and the
resording of data was controlled using‘microcomputefs}
Pﬁoc;durs, ~Training for both groups of birds was
jdengical. The birds were first mag?zineffrained, and then |

autoShaped to the black dot/white ground stimulus: which

- served as thémprebaratohy stimulus during training and -

4

testing. The birds then began training on a simullanéous
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\‘matchinQJto-sample (SMTS) procedure using red and, green
fields as sample and test stimuti N | AV
Each trial began with the 111um1nat1on of the center
| key %y the preparatory st1mulus A s1ngle peck to th1s |
stimulus terminated it, and resulted in immediate sample
presentation. 1%-ch bird did not respond within five
seconds, the preparatory stimulus was ext1ngu1shed and the
sample was presented. After the sample stimulus had been
presented for 5 s, 1ndependent of responding, the two side
- pegking Keys-were iTluminated by the test stimuli (red and
‘fields). A Single response to the‘correct teat1

greem
Lt . . .
sti ulu; (red sample-red test or green sample-green test)

ulted infrein?orcement— a 2.5 s period of grain access~ -
Incorrect responses resulted in a 2¢5 s blackout period,
dur1ng which the houselight was extinguished. Each trial’was
‘followed by a 20 s intertrial interval durJgg whlch all

: péckzng\heys were darkened. The houselaght remalned on

r;.dugwngﬁthjg interval.

'fﬁg~' xA.Sess1on cons1sted of exghty trials, with each sample

v

F1y ‘ -~

i bccurr1ng forty times. Position of the match1ng test
st1mulus was balanced for each sample type
rwA correction procedure‘was in effect for the early
-trainiﬁb seSsions, to speed acquisjtion of
matching-to-samp]e. In this procedure, an incorrect match

and subsequent blackoutZWere followed by re-presentation of



the sample and test stimuli from the trial. A correCt mafoh
resulted in reinforcement, and ended'the trial. - An incorrect
Match again resulted in a blackout, and rejpresentation of
the sample and tesfstimuli. A trial did not end‘until a
correct match was made. | |
Affer’acquisition of matchihg-to-Sample. the correction

procedure was d1scont1nued and the usual matching-to-sample
.. procedure (w1th no correction for error) began.
| SMTS training was.followed by zero- delay matching, in
;Whioh the sample stimulus was extinguished immediately before
presentationvof test sfimu]i. Following acquisition of
?ero-delay'MTS, two retention intervals were introduoed.
Delays were éhort initially, and were gradually increased
v'overosessions to the}ﬁjnal values of 1 add 5 s. Phase t of
preliminary trainjng lasted for a total of 136 sessions for
;The birds in Group A. Preliminary training lasted on]y 68
sessions for the birds in Group B, because they- acqu1red the
matching problem more quickly than the Group A birds.

| When performance stab111zed_on the delayed matohing'
task at both‘Short (1 s) and long (5 s)'retention intervals,_
correlated cues were introduoed. For half of the birds in
each Group. these cues;were'a horizontal line (signa]iné a
short retenfion interval) and a vertical line (signaling a

«

long retention interval). -For.the remaining birds in each

Y
4

Group, the correlated cues were a triangle stimulus (short
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retention interval) and a "X" (long retention interval). As
Figure 1 illustrates, the cues were presented in compound
with the sample during the last two seconds of the sample
st1mulus presentat1on The cues remained illuminated for the
first second of the retention 1nterval Training with the

!

correlated cues continued for a total of 44 sessions fo;.both
Groups . | |

Exper1ment 1 consisted of base|1ne and test sessions.
Baseline sessions contained 80 trials, and were 1dent1ca1
with, those of training. Test sessions’'consisted of 96
trials. The.majority of;toe-trials (64) were basellne_
~ trials. Sixteen of the test session trials were hiscdéb?*‘On

3 . @
*these tc1ggs a "short" cue was presented before a long delay

\m ¥ N

(8 trials oer session) and a "long". cue was presented before
a short delay'(8 trials per session). Data from miscued
trials was compared with fhat from an equal number of
appropr1ately cued trials. Testing contihued‘for 24
‘sessions, with baseline (12 sessions) and test sessions (12
sessions) occurr1ng on alternateodays.
Results |

The mean peccentage of correct responses on correctly:
and incorrectfy cued trials as a functionﬂo% delay for both.
Groups is illustrated in ?igure 2. The‘percentage of correct

responses declined from the 1 to 5 second deday on correctly

cued trials_in both Gﬁoups - This decrease was not evident on
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PREPARATORY

STIMULUS o
Ss
SAMPLE 3s
SAMPLE + CUE 2

DELAY + CUE

DELAY

TEST

 REINFORCEMENT TIMEOUT REINFORCEMENT TIMEQUT
INTERTRIAL \\\\\ /////

INTERVAL | . 20s

Figure 1. Illustration of signaled retention intervel DMTS.
The trials shown here involve ared sample. Substituting

. green for red represeqts a triat- Anvolving a green sample.

The cues shown here ake lines, which were the informative
cues for half of the birds ("V" = vertical line; "H" = horizontal
line). Substituting a trigngle for the horizontal line and a
"X" for the vertical line iNustrates the cues for the

~ remaining birds. ’
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Figure 2. Mean percentage of correct rg&ponges on correctly .
cued and miscued trials as a function of retention interval

for each group in Experiment 1.

) .
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16!5irectly cued trials. Averaged over groups, matching
accuracy was 20.1% bercentage points lower on’long-cued short
delay trials than on short-cued short delay trials. Ag the
long dglay. matching accuracy was 4.6% percentage points
higher'on short-cued trials than on lcngicued grials.

A three-factor analysis of va;iance was performed on
the data for each Group. Factors were Blocks bf éight
sessions, Trial type (correctly vs. incorrectly cued) and R
Delay. The only significapt‘méin éffect$in Group A was trial
type, F(1,5) = 8.42, p(:OS. | The only significant main
effect in Group‘B was delay, F(1,4) = 8.93, p<.05.‘ fhe Trial
type by Delay interaction was highly reliable in both Groups .
of birds (Group A: f(J,Sb = 31.05, p<.01; Group B: F(1,4) = |
29.26, p(.Ol)u Presentation of the long retention interval
cue decreased ﬁ%tching éccuracy significantly at the éhort'
delay (Group A: t(5) = 3.88, p<.01; Group B: t(4) = 2.64,
p<.05) as compared to correctly cued trials. Preseqtatidn‘of
the short delgx,cde produced a slight but non-signi}icént
.increé§e in’matchingtaécuracy at theljong‘delay (GEoup A:

t(5) = 1.21, p>.05:,éroup B: t(4) = .38, p>.05). No other
intéraétions approached significance. _ _

Keypecking during the sample and”feféntion-ﬁntefval was
~ recorded for bdth‘GroUps. Data was collapsed ovér groups and
blocks of sessions. ‘Ratekbf sample re#ponding was higher in

the presence of the "short" cue (2.19 pecks/s) than in the



presence of the "long" cue (0.61 pecks/s). Alao, rate of
retention interval responding was higher on "short" cued
trials (1.7 pecks/s) than on "long" cued trials (0.72
pecks/s) . _Qne way ANOVA's revealed that both effects were
reliable, F(1 10) = 15.53. p<.01, for sample response rates
.and F(1,10) = 9.01, p<¢.01 for retention interviliresponse
rates. | |

Dischssion'

P & :
These.findings are similar to those -of Dodd and Honig
(1981, reported in Honig & Dodd, 1986). Théy used a delayed
simple discrimination procedure, with line stimulj as saﬁbles
and colors as inforhétive cues. Miscuing resulted in
51gn1f1cant1y poorer d1scr1m1nat1on ratlos on short trials
(long cue) 1n ‘compar ison to correctly cued tr1als N
Dwscr1m1nat1on ratios on long delay trials (short cue) were
slightly better than correcbly cued trlals.‘although the

difference was not statlstwcally significant. A systemat1¢

~replication,revealed a similar reductiop of discrimination on -

short delay trials following the long cue.

Both Dodd and Honig's (1981)vreéults and the results of

the present experiment failed tp'reveal enhanced matchjng°
accuraéy en long delay‘miscued t?ials. Wasserman et ‘al.
'{1982) found s1gn1f1cantly better discrimination ratios on
miscued long delay tr1als than on correctly cued qonéldelay

“trials (Expt. 2). Wasserman et al. employed a successive

L
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match1ng to- samplewprocedure, Fnd the1r results may be

related to the usefqritg;s procedure | It appears ﬁhat for s
the choxce DMTS (present Experlment 1) and delayed s1mple ;
L d1scr1m1nat1on procedures (Dodd & Hon1g, 1981, c1ted 1n Hon1g
& Dodd 1986) the pr1mary cu1ng effect 1s one of decreased

: match1ng accuracy on’ long cued " S rt delay tr1als, relat1ve

"to correct]y cued tr1als Present tion of - the "shcrtf cue
does not s1gn1f1cant1y enhance match1n accuracy on lpng
delay tr1als. relative -to correct]f |
. As 1n the Wasserman et al. (1982) study p1geons 1n the
present eRper1ment pecked the sample st1mu1us at a h1gher
rate when the short\retentwon anterval cue.was present.than
vawhen the long 1nterval cue was present Thts@finding is
conststent w1th the suggest1on of Wasserman et al and-Dodd

and Honwg that 1nformat1ve cues may vnf1uence accuracy by

el

'modu]at1ng;attent1on't ‘tﬁe,sample stimulus. The second

”xexperiment_tested t .shhypothests directlyt“ ' '(



| 111. Exger1ment 2 - S
Wasserman et al. (1982) agp Dodd and Honﬁ@M(1981)
suggested that the d1fferent1al performance obsenwed with "

short and- 1ong cued retention 1ntervals was probab]y due to
: ‘$

vd1fferent1a1 attent1on to the sample st1mu1us oS
- long cued tr1als The 1nformat1ve cues may affect match1ng '
accuracy s1mply by controll1ng the amount of attent1d% or -~ ¢
encod1ng g1ven to the sample st1mulus Present1ng the !
f1nformat1ve cues durlng the retention 1nterval only ensures
% that the cues can not affect sample respond1ng If the cuing
effect occurs when post- samé]e cues are presented, the effect
can not be attrqbuted to d1fferent1a1uattentuxkto the sample
stimulus., The informative~cues were moved into the retention
%ntem}al in Experiment 2 to test the differential attention ;
_‘hypothes1s directly. ‘The proéedure was identical with the
prevaous exper1ment but the cues were presented only dur1n%pv
the retent1on 1nterva1 rather than in compound w1th the_
sample., ’ ‘ - ’
Method : o

Subjects and Apparatus. The subJects for th1s

/_\Exper1ment were the six Group A b1rds ' The«apparatus'was the

\me as that described [f_gr/Egpemment 1. o 3

Procedure. Birds were returned to baseline tgm1n1ng -

for 16 seesions after Experiment 1, pr1or1to'Exoer1ment 2.

. . _ , ; I i
Expériment 2 consisted of baseline and test sessions. The

l\ 16
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baseline sessions were identical with those d?“Expeﬁiment‘1\,

'Vand those'qf t;aining {shown in Figure 1).w Test éessions

~ were fdehtiéal to those 6% Experiment 1, except the
{nformative cues'werewnét preéented in‘cémpound with the
sémple sfimulus on cued and miséued trials,_  The cues were
“presented immediafely'after sample termination, and remained
i 1luminated duriﬁg the first 1 s of the retenfion intgrvaT.

Baseline énd test sessions occurred on alternate days. A

. totai of 8 baseline and 8 test sessions. were run.
q .

-

Results

 The mean percentage‘of'corrgct“responses on correét]y x
and inéorféct!y cue& tfials is shown in Figure.3. Clearly,
the results of E@periment 2’ére similar to those of
EXberimenf‘1 (see top panel,, Figure 2]. In Exberiment'i,

there was audecréase of 20ﬂ1vpercenqage points at the short

-

delay on miscued trials, relztive to\correctly cued trials.

' This decrease was 20.5 percentage poihts~ih the present
exper iment. Agcuracy increased 4.6 pércentage points at the
Qeagzde+ay on miscu;d trials, relative takpoﬁrectly cued
tfials 1n’Expehiment 1;’thfs increase was 1,8‘percentage
poinfs in the present experiment. As in Expériment 1, the
retehtion'functiqn in thé preée?t'experiment was markedly
"flattened” on iptorrectly cued trials» :

A 3;factor analysis of var;ance was perforﬁ%d*on‘the

data. The three factors were Blocks, Trial type (correctiy

17



Figure 3. Mean percentage of correct responses on correctly

cued and miscued triqls fuhction of reténtjon interval
; . | -
in Experiment 2. |
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. i/

vs incorrectly cued) and Delay (1 er 5 s)“' As in Experiment

‘ f, there was a significant effect of Tr1a1 type F(1,5)'-

Py

13.90, p<.01 , and a s1gn1flcant Trial Qype x Delay

. interac%ioh F(1, 5) = 16, 63 p<. 01 - Matching accuracQ‘on

.pn-ﬁ-

¢ correctly cued trials was s1gn1f1cant1y higher “than that on

 miscued trials at the short. delay ‘(t(5) = 3.73, p«<. 01) “fhe" J

',d1fference in match1ng accura y between correctly and

‘(t(5) = 1.8, p>.05). No}other main effects;or 1nteractjcns

were significant. v

Keypeck1ng durlng retent1on 1nter0al cue presentat1on =
was recorded. Data was collapsed over blocks of se551ons
Rate ef respcnd1ng was higher in the presence of the' short"
cue‘(3.051pecks/s) than in the presence of the "long cue=e~
(0.91 pecks/s). A one way ANOVA revealed that this effect
was re]*%ble (F(1 5) = 5.83, p<.05.
Discussion e %35 “L |
The reeults'of the second»Expeb;ment areerhywsim{Ter_

to those of Experiment 1. Pﬁesehtatibn of ‘a 1ong cue on

- short delay trials greatly reduced matching accuracy, fn??

comparison to correctly cued trials. Presentation of a:

—

"short“ cue on long delay trials did not. resu1t

significantly 1ncreased matching accuracy. relatlve to.

correctly cued trials. That this effect ‘occurs when the cues

"are presented only during the retention interval suggests
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‘that the miscuing effect is' not due“to differential attention
. K (; . |

to the sample stimulus. | .



IV. "Experiment 3 o

Based on the results of the previous two expe™ments,
L)

N

it is clear that cues 51gna11ng the length of an upcoming
\;2 retentiqg interval affect matching-to-sample accuracy. The@
fpresentat1on of a "long cue on short delay trials results in
a slgn1f1cant reduction in match1ng accuracy, relative to
5¢orrectly cued trlals. JThis effect occurs when the cues are
. presented indcompouﬁd With‘the samp]e‘(Experjment 1) or when
the cuesmare presentedfduring the retentton interval only
(E;periment 2) . MoreoverJ‘a companison of Experiments 1 and
2 sugdests that the magnttUde of the miscuing effect is
unaffected by whether the cues‘are or are not present during
sample presentatioﬁ@ The present experiment involved a
d1rect compar1son of the m1scu1ng effect produced by both
types of cue.presentat1on. Test sessions 1nc1uded compound
cue/sample trials and pos;-sample cued trials. Both types of
cued trials were compared with equal»numbers of miscued
trials.

Method

SubJects and Apparatus The five Group 8 birds Were

used. The apparatusvwas the same as that used in the
previous two experiments. |

| Procedure; The five Group B birds receiued 12 sessions
of baseline training after Experiment 1 and prior to

Experiment 2. Baseline sessions were identical with those
= o o

21



described in Experiments 1 and 2. Experfﬁent 2 test sessions
consisted of 96 trials, 64 of which were were basefine; On
baselﬂne trials, the cue was presented in compouhd with the:
sample and continued into the retention interval for 1 s
Test trials consisted of 16 correetly cued trials, and 16
1ncorrectly cued trials.. On half of the correctly eued
trials, and helf of the fncorrectly cued trials, the cue was
presented in compbund with the sample ("Compound® trials).
On the remaining half of both types of test trials, the cue
was presented in the retention 1nterval on]y, post-sample
("Post” tria¥8). Two base11ne sessions -were run after every
test session to insure that the cues did not lose their

1nformat1ve value due to the number of miscued probe trials

presgnted during test sessions. Four test sessions were rup\qk

Results ’
The mean pereentage of correct responses on correctly

and'on‘the two types of incorrectly cued triais is shown in

Figure 4. Performg;ge on the two types of miscued tr1als was

highly similar at each retention interval. A Procedure

( compound and'post) X Delay (1 and 5 s) ANOVA performed on

the data from miscued trials revealed that matching accuracy

was unaffected by the method of cuing, F < 1.0. One-tailed t

tests revealed that. accuracy at the short delay was
significantly lower on both types of miscued trials than on

>correct1y‘cued trials (t(4) = 3.07 and 2.80, both ps<.05, for

22



Figure 4. Mean percentage of correct responses on correct]
cued, "Compound! miscued, and "Post" miscued trials as a

function of retention interval in Experiment 3.
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Compound and Post miscued‘trials. respectively). At the long
delay, matching accuracy on m1scued trials did not differ

significantly from thaqgon correctly cued trials (t < 1, 0 in
. N

" both cases).:

Discussion | -

. The present findings reveal that d1fferent1al
respond1ng to the sample obtained when cues and samples are
compounded contributes little, if at all, to the
effectiveness of those cues in modulailng match1ng accuracy.
Interestingly, both Brown, Cook, Lamb and Riley (1984) and
Saq§1'and,R09erts (1985) have concluded that the-relationship
between keypecking and matching accuracy is not a strang one.
The results of the present experiment support this
ggnclusion. In%ﬁrmatiye cues presented during the réténtion
interval continued to affect matching accuracy, suggesting
‘that sample keypecking is not an important determinant of the

miscuing effect.

(
o

S
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The results of Experiments 2 and 3 rule out the

V. Experiment 4

bdésibility that informative cues modu1gte matching adéurgcy
by influencing sample‘proceéstﬁu (i.e., strength of
_encoding). However, the observation in Experiméﬁts 1 and 2 °
.'that birds pecked during the retkntion interval at a higher
rate on short -cued trials than on long-cued trials suggests

* that informative cues may modulate matching accuracy by
influencing post-sample processing. Stonebraker and R1lling
(1981) found a high corfeaation between matching accuracy and
keypecking during the delay interval,'and suggeéted that
keypécking may be a cblateral of cognitive rehearsal.
According to this view, presentation of a short'cug may
provoke more intense and/or persistent post-sample
processingi Presentation of a long cue may-decreasé or
terminate post-sample processing.

The purpose of the present»exbériment was to test the
‘natiqn that differential post-sample processing is fhe
méchanism resbonsible for: the cuing effect; If presentation
of a "long" cue reduces tge level of processing,-then the
rate of forgetting should be faster on long-cued tria{s than " -
on short-cued trials, and the magnitude of the difference iﬁ
~matching accuraéy on short- and long-cued trials should be
greater at longer delay Qalues.‘ Experimént 4 involved the

presentation'of long\and short cues at each of three

25
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retention interval durations (1, 3 and 8's).,.

Method

\

" subjects and Apparatus. Because a longer delay value
(8 s) was used in this experiment only birds that matched at

~a high level of accuracy at long delays served as subgects
s
Three Group A birds and all five of the Group B birds were

12

,used The apparatus was the same as. that employed in the

prev1ous experiments

# . . L. N . v
Procedure As in Experiment 3, two baseline sessions

PR

p\identical with those of training (delays- 1 and 5 s) were run
after every test session. ‘Test seSSions conSisted of 80
trials. On all test trials, the inform iyeycues were
presented in compound wwth the sample st lus and remained.
illuminated 1 s 1nto\§;e retention interval Each test
{}se551on COnSisted of\ 6% /baseline trials (delays-'l and 8 s) ’
- On the 12 of the test trials, the "short" cue was presented.
the "long" cue was-also presented on 12 trials. ‘Thesei24
test trials were divided into 3-delay values' 1, 3 and 8 s.
‘The "short" cue was presented four times at each delay value
and the "long" cue was presented at each delay value four
times. A total of four test sessions werevrpn.
Results | , i o 'j " -

l -The mean percentage of correct responses”is. shown in

FiQUre 5. As is ev1dent from the Figure matching accuracy

declined across the three delays on short- cued trials This



;

;
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,FigUre 5. Mean percentage of correct responses on short-cued

and~lohg=cué3ftrialslas'a‘function f retention interval.in

”L\“f;pehiment“4.
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decl1ne did not occur on long cued trials. Further' matchiné

28

accuracy was much lower on long cued trials at the fand 3 s

delays than on short cued trials. At the longest delay (8

s), ‘the level of match1ng accuracy. converged on short- and

-
o -

long cued tr1als 4 e “w |
An analysis of the data with Cue type {short or long)'

and Delay (1,3 ‘or 8 s) as the factors revealed a significant

effect of Cue type. F(1, 7Y = 12.75, p<.01, and Delay,

Fr2 14) = 3.81, p&.05. The: Cue type x Delay 1nteract1on‘was

calso s1gn1f1cant F(2, 14) = 4.01, p<.05. One-tailed t tests

revealed that the level of performance at the shortest delay .

{1 s) was s1gn1f1cant1y lower on long-cued trials thanwon_

- short-cued trraﬂs (t(7) = 3.96, p<.05). Accuracy.on

1ong cued tr1a1s was 1ower ‘than on short cued trlals at the 3

s de]ay as well, although this d1fference was somewhat less

. than at the t's’de]ay (t(7) = 2.t9,\p<;05)..sThe differeqce
between short-and long-cued trials at the longest delay &5@7'
not statistically Signtficant (t(7)v= .44;.p<105): | |
"Discussion o

The present f1nd1ngs clearly are not in accordance

w1th the view that presentat1on of 37"1ong" cﬂ!,affectswﬂhe
processwng of the samp]e st1mu1us memory. If the lofg cue
preduces the‘ayouﬁt“o¥76{ccess1ng of the sample‘memOry; and

thus increases the rate of forgetting, the;magnitude of the

difference in-matching accuracy on shor t-and 1ong-cued\trials
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should be greafest at long. delays. The difference in
'matchiné accuracy should be leasi at short delays. This was
clgifly not the case in~the‘present éxpgriment. Thus, no
‘ support was obtainéd for the notion that presentation qf the
"long" cue reduces.posféample processing or rehearsal.

| The present experiment also revealed that matching
accuraéy‘at the 8 s delay was unaffected by cUinél Honig and
Dodd (1986)"have sugges ted that informative cues may generate
antiéipafiohs of trial characteristics, such as thé duration
~ of the retention {ntervél."'These ahticipations, 1ike the
ﬂmemory of the sample stimulus, may be forgotten after loné :
delays.. Thus: the'informétiye cues may not be effecEive at
long delays. This may explain'fhe‘convergence of matching

.- accuracy on short and long-cued trials at the longest delay. '

4



VI. ‘Expefiment 5

The results;gf,tne previous experiment suggested that
‘cuing retention intervei‘length msy not affegt the rehearsal
or.processing of information. To test this possibility
iurther; the point of cue presentation within the retention
interval was h ; nulatedv The: "“long" cue was presented at
either the beginning or the end of the r%tention interval on
short delay trials. If the "iong cue terminates or reduces
'processing of\tne information contained in memory, the point
of cue plecepent should be anximportant‘determinant of
matching eccuracy at test. SpeCifica]ly, a "long" cue
presented early in the retention interval should be max1ma11y
effective in redUCing matching aécuracy As the 1nterva1
be tween sample’ termination and cue presentation is |
lengthened, the cue should be progre551vely less é?fective.

oK,

Me thod S : T o

»

" Sibjects and Apparatus. - The subjects were the same 8

~a

birds‘thet were empioyed in Experiment 4. The epparatus-was
‘the same as that used in aii brevious exper iments.
Proeedure Two baseline sessions were run after'every

Y
test session and were identical w1th those of the prev1ous

experiments. Test sessions conSisted of 80 trials, 64 of
which were baseline. On 16 of the test triais,.a
"long" cue was bresented during the short delay. On 8 of

these miscued trials, the cue was presented during the first

30



asecond'of the.retention interva1. On the remaining 8‘miscued
tria]s: the cue was preeented during the lest second ef the
retention interval. Data from these miscued trials Waeu
compared with data from 8 correctly cﬁed trials (cue
preeented during firsf s of'retentibn interval). Two tests
were run. ‘Ih_Tesi 1 (4 sessions) test tria1,de1ay was 2.s |

and in Test 2 (4 sessions) test trial -delay was 3 s.

. Results

The ‘mean percentage. of correct responses on test
triale_1s shown in Table 1. Clearly, the point of cue
»placemeht within the retention interval did not
differentially affect matching‘accuracy in either‘Test. The
"1ong" cue reduced matching accuracy regardlesshof whether
_the cue was presented at the beginning or the end of the |
retent1on 1nterval A;?ana]ys1s of the data on long-cued
tr1als revealed no significant effect of po1nt of cue
Zplacement._ There was no d1fferenee in the level of match1ng

eccuracj'when the cue was presented at the beginning or the .
-end of the retention intepYal. Matchi;g accubacy on
correctly cued short‘delay tria]s was significantly higher
than‘aecuracy on either the miscued4beginning‘or miscued-end
tria] types. One-way ANOVA' s revealed that both effects were
reliab]e'(beg1nn1ng. F(1,7) = 5.35, p=.05; end: F(1, 7) =

9.34, p<.05). .

31



Accuracy on long cued trials in Experiment 5 as a f

¥

Table 1

of point of cue interpolation.

Long cue

32

dgz:;on

Deﬁay‘ *“'Beginning End Short cue

2 s 81.6 78.1 85.1

3 s 7.8 76.6 86.7

l\;éan 7\7,’:7 ‘. 77.4 85.9
Begﬁghing = cue during first 1 s of delay. FEnd = cue

Note:

during final 1 s of delay.
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Discussion D
The results of this e*pér%ment)provide flr ther

. evidence aga;nst the hybothesis that the informative cues
affect the processing of the sample stimulus memory. ylf the -
‘lohg cue depressed postsample p;ocesging, then accuracy

- should have bgen decreased more ﬁquedlyvby.prééent}ng that -
cue at the begfnningw rather tha@ﬁ}he'end. of the deléy
interval. The failure to obtain such an effect in the “
pfesent experiment, taken in conjunction With the findings of
Experiment 4, permit rejec%ion‘of‘the reheaf 1 account of

the cuingieffect.
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VII. General Discussion

o EXperimgnts 1, 2 and 3 of the present study have shown

that the cuing effect reported by Wasserman et al.'(198§) ?hd-
Dodd and Honig (1981) is very robust. The'first experiment\
constituted an extended replication of Wasserman et al.’s
Experiment 2. The effect Waé demonstrated in the present

Experiment 1 using a two-choice'aelayed matching-to-sample

. procedure, with two independent groups of birds. Signaling a

“long" delay but presenting a short one significantly .
decreased matching accuracy relative to correctly cbeq

trials.

Experiments 2 and 3 revealed that the effect is not

" due to differential attention to the sample stimulus. The

cues continued to affect matching accuracy when presented .
only during the retention inferval, the post-sample cUing
pcocedure (Experiments 2 and 3). This ?ffectively rules out.
the possibility that the informative cués control the amount
of attcntion or encoding given to fhe sample. A | |
within-supject compariéon between cues presented in compcund
with the sample stimulus and cues pcesented during the d@lay
was a further demon§}ration of the inadequacy of the
differential attention explanation. Both types .of cue
presentation were of appro;imately equal effectiveness in
producing the cuing effect (Experiment 3J.

The cuing effect has also been demonstrated in humans ..

34
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Hinrichs and Grunke (1975) presented informative time-tags
: correlated*with‘retention interval length for a
naiged-associate learning task. The cues‘increased
- performance at short delays, relative to uneued controll
items. Performance was not facilitated at long delays. fhey”
argued that subjects differentially allocated resources or
rehearsal strateg1es on short-cued 1tems |

However, the results of Exper1ments 4‘|nd 5 in the
present series ‘suggest that, 1n p}geons,_1nformat1ve cues
correlated withlretention intervaTllength do not affect the
processing of tne information contained in memory.
Presentation ef a "long“ cue resulted.in a uniform reduction
in matching accunacy ecress a range of delay‘valuesn
indicating that the "1969" cue does not affect the rate of
forgetting (Experiment 4). In'Ekeeriment 5 the point of
"ldng" cue placement withjn a short retentigp interval was
nanipu1aﬁbd. Matching accuracy waeldecregeed>equally when
the cue was presented at the beg{nning-oé’}he end of the
' interva]. The r' 1ts of the two eXberinents‘argué strongly
against a processing or rehe?rsal'interpreﬁetion of_tne cuing

effect. - ' . o

i ! ~

The performance decremenf'observed on long-cued trials
may be due to d1fferences in reinforcer va]ue on short and
1ong cued trxals  Short delay tr1als offer proport1onate1y

more re1nforcement per m1nute than do long delay trials.
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Rachlin and Green ﬁ1972) made birds wait differing lengths of
time for reinforcement of differing durations. They |
sugéested that reinforcement rate is equal to reinforcement
duration divided by the delay of reinforéement delivery.
Extrapolat;ng from that notion, Wasserman et al. (1982)
suggeéted that reinforcement rate is equal to4t6é probability
of reinforcement divided by the delay of reinforcemen£
deliyery. They employed this'revised formula in their
vExperiment 3 to equate reinforcemént H&E@ on short and léﬁg
delay trials. The probabil%ty of!reiﬁforcement de]ivery
after a correct match following é short delay was reduced to
0.25; the probability of reinforcement del{very after a
. correct match following a long delay remained at [.d. Thus,
pigéons received reinforcement-four times more often
fdllowing the long delay (8 s) than after the short delay (2
5); This manipulation, accobding to the revised formula,
equéted the different rates of reinforcementcon the two types
- of trials. Asiin their previous experiment, a flatter
retention function was obseryed with correlated cues,
indicating that rate of reinforcement is not a primary
determinant of the cuing effect. \

However, the Rachlin and Green (1972) formula for
calcu]ating‘rate of reinforcement“may not be applicable in
the case of delayed matchihg-to-samplé. Contemporary notions

of matching suggest that pigeons actively process sample

€
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information during the retention interval (e.g. Grant, 1951

Grant, 1984; Maki, 1981). In a DMTS procedure. birds are not

simply required to wait a-certain period of time before

re1nforcement del1very (as in the Rachlin % Green study) but
may process sample information during the dEldy interval.
Delayed reinforcers in this procedure‘may be more heav.ily
discounted, and the Rachlin and Green formula may not
actually equate reinforcer value on short gnd long déiay
trials.

o The cuing effect. then, may occur beéause of
differen¢es in overall reinforcer value on short and long
delay trials. Them}nformative cues may genefate
anticipations of reinforcer value and these anticipations may'
have controlled matching accuracy by affebting motivation to
respond correctly at the ftime of test. Presentation of a
"long" cue correlated with~Jow reinforcer valué may have

reduced motivation to respbnd accurately. Research directed

at controlling the dxf?erences in réinforcer va]ue on short

and long delay tr1als is necessary to determine the mechanism

{\‘\of the cuing effeci

e

- V*J
-

The results of the series of experiments reported heré
suggest that informative cues signaling the length of an
upcoming delay interval influence neither sample encoding nor
post-sample proceséihgx It appears that the cues modulate

accuracy by influencing test résponding independently of

[}
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Previous research on pigeon short-term memory has

&Y,
memery .

also shown that errors in matching-to-sample tasks do not *
necessarily reflect memory loss. Roberts and Grant (1978)

" proposed that gn autoéhaped orc%laésica1ly'conditioned
"elicitation" process operatescin delayed matching tasks.
They.guggested that this ®licitation process results in a
tenQency to peck at a compar ison stimulus wi thout comparing
'the information contained on the pecking Key to that
contained in memory. According to Roberts and Grant, sohe
proportion of the erfors that occur in a delayed matchiﬁg
task are due to thisgnon~memorial eljcitation piocess.

Wilkie and Spetch (1981) have also‘suggested}tha}

‘ .delayed matching-to-éample errdrs are not always‘dug to
forgetting. They st?&ied pigeons’ matching behavior Tb;?

/hodified DMTS task. A single response to one of thé ]
comparison stimiy i resulted in the termination of the
alternative comparison. Twenty-mrine additional responses to
the illuminated comparison were required before~reinforcement
or:nbnreinforcement occurred. They f&ung fhat the bjrds took
mo:e time to compltete the peck requirement after an incorrect
match than after a correct match. They suggested that the
birds were making "impUlsive" errors, and the increased*ﬁ&t
coméletibn time after errors was due.to the anticipation of
nonreWard. Wilkie and Spetch concluded that errors in a

~delayed matching task may arise in the abégﬁce of forgetting.

Id
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The present results may have important lmplications for
short-term memory research using delayed matching techniques
It is possible that the passage of twme in a typical DMTS ‘
task functions as an’ implicit long de]ay cue. As suggested
by the present results, long delay values may reduce the
dmot1vat1on to respond correctly at the time of test. The
reduced match1ng accuracy typically observed at long delay

values may be Hue, in part. to this non-memorial m9t1{atlonal

fector If this is the case delayed match1n taskspmay
overestmate the rate of forgettmg .‘ \s
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