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False recognition can occur at high levels after participants study lists of associated words and are
tested with semantically related lures. Israel and Schacter (1997) reported that robust false recognition
effects are reduced substantially when young adults also study pictures representing each associate.
In Experiment 1, we found that older adults, who have previously shown increased susceptibility to
false recognition of semantic associates, also exhibit substantial suppression of false recognition after
pictorial encoding. In Experiment 2, we tested the hypothesis that suppression effects in Experiment
1 are attributable to the operation of what we calfistinctiveness heuristia response mode in
which participants demand access to detailed recollections to support a positive recognition decision.
Consistent with this hypothesis, we found that when encoding conditions were manipulated to render
a distinctiveness heuristic ineffective, false recognition suppression after pictorial encoding was
eliminated in younger and older adultse 1999 Academic Press

False recognition—the mistaken claim thatures (i.e., new words preceded by an associate
one has previously encountered a novel item-word), and unrelated lures (i.e., new words that
has been well-established experimentally (Ro&re not preceded by an associated word). Fals
diger, McDermott, & Robinson, 1998) and an+ecognition in this paradigm is typically ex-
alyzed from a variety of theoretical perspectivepressed as a small increase in false alarms t
(cf., Hintzman, 1988; Hirshman & Arndt, 1997;related lures compared to unrelated lures. How:
Jacoby & Whitehouse, 1989; Johnson & Rayesver, more robust false recognition effects have
in press; Reyna & Brainerd, 1995; Schactelheen reported under conditions in which partic-
Norman, & Koutstaal, 1998; Wallace, Stewartipants study large numbers of items that are
Shaffer, & Wilson, 1998). Early studies of falseconceptually or perceptually similar to a novel
recognition used variants of a continuous regest item (Hintzman, 1988; Shiffrin, Huber, &
ognition paradigm introduced by Underwoodyiarinelli, 1995).

(1965), in which partiCipantS make old/new de- Roediger and McDermott (1995) recent|y pro-
cisions about previously studied words, relategided a particularly striking demonstration of ro-
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2 SCHACTER, ISRAEL, AND RACINE

words. Roediger and McDermott (1995) reportedible neurobiological bases of similarity and
exceptionally high levels of false recognition (e.g.distinctiveness, see Schacter et al. [1998] an
80%) to related lures. These false recognition redso McClelland, McNaughton, & O’Reilley
sponses were accompanied by high confidendd;995]).
moreover, when asked to make remember/know According to this analysis, false recognition
judgments (Gardiner & Java, 1993; Tulvingshould be reduced following study conditions
1985) about test items, participants often claimetthat promote encoding of distinctive informa-
to “remember” the false targets. Subsequent stutlon about particular items. Israel and Schactel
ies have delineated characteristics of this powerf{d997) tested this idea experimentally. To in-
false recognition effect (e.g., Mather, Henkel, &rease encoding of distinctive information
Johnson, 1997; McDermott, 1997; Norman &about individual items, Israel and Schacter pre-
Schacter, 1997; Payne, Elie, Blackwell, & Neussented one group of participants with lists of
chatz, 1996; Robinson & Roediger, 1997semantic associates in which each word wa:
Seamon, Luo, & Gallo, 1998; Tussing & Greenepresented auditorily and was accompanied by :
1997), examined the phenomenon in such popuaerresponding picture. A second group was ex-
lations as amnesic patients (Schacter, Verfaellippsed to the same words auditorily, accompa:
& Pradere, 1996) and elderly adults (Norman &nied by a visual presentation of the word. Israel
Schacter, 1997; Tun, Wingfield, Rosen, & Blanand Schacter found that pictorial encoding
chard, 1998), and explored the neural bases wielded lower levels of false recognition to both
robust false recognition using event-related potesemantically related and unrelated lures thar
tials (Duzel, Yonelinas, Mangun, Heinze, & Tulv-did word encoding. In the picture encoding con-
ing, 1997; Johnson, Nolde, Mather, Kouniosgition, there was a somewhat greater suppres
Schacter, & Curran, 1997) and such functionaion effect when pictures rather than auditory
neuroimaging techniques as positron emission terords were presented on the recognition test.
mography (Schacter, Reiman, Curran, Yun, Israel and Schacter argued that participants ir
Bandy, McDermott, & Roediger, 1996) and functhe picture condition rejected new words be-
tional magnetic resonance imaging (Schactecause they lacked the distinctive qualities asso
Buckner, Koutstaal, Dale, & Rosen, 1997). ciated with remembered pictures. As suggestel
Schacter et al. (1998) argued that high levelgreviously by Strack and Bless (1994), when
of false recognition in the Deese/Roedigerstudied stimuli are made so memorable tha
McDermott paradigm are partly attributable tgparticipants feel confident that they would re-
the fact that presentation of numerous strongnember them vividly, the absence of detailed
associates during study emphasizes common seeollections provide diagnostic evidence that
mantic features of the studied words (i.e., gisin item is novel. After studying numerous se-
[Reyna & Brainerd, 1995] or general similaritymantic associates without any pictures, differ-
information [Hintzman & Curran, 1994]) more ences between the qualities of true and false
than distinctive details of particular items (othememories are subtle (see Mather et al., 1997
related factors, such as implicit associative reNorman & Schacter, 1997). However, when
sponses and subsequent source memory confiemantic associates are studied with pictures
sions, likely also contribute to this false recogphenomenological differences between true ant
nition effect [see Roediger et al., in pressfalse memories are likely to be increased,
Schacter et al., 1998]). Schacter et al. (1998hereby encouraging participants to demand ac
hypothesized that robust false recognition oaess to distinctive details about a particular item
curs when participants retain the common sésefore calling it “old.” A similar interpretation
mantic features of presented words, but do ndias been offered by Smith and Hunt (in press).
encode or retain distinctive details of individuaWwho reported reduced false recognition of re-
items (for general discussion of similarity andated lures after visual study of words compared
distinctiveness effects in memory, see Hunt &o the standard auditory study condition. They
McDaniel [1993]; for further discussion of pos-proposed that “visual presentation provides a
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better means for discriminating between studiedries were predominantly associated with ac-
items and the related critical items than doesess to semantic/associative information in
auditory presentation” (p. 4). older and younger adults, with both age groups
In the present experiments, we explore furshowing relatively little access to perceptual/
ther the nature and characteristics of false recontextual information (see also Mather et al.,
ognition after pictorial encoding. Experiment 11997). While true memories were associatec
examines the performance of older adults in theith greater access to perceptual/contextual in
paradigm reported previously by Israel andormation than were false memories, this differ-
Schacter (1997, Experiment 2). Compared tence was less pronounced in elderly adults thal
younger adults, older adults sometimes exhibin younger adults. These results suggest tha
as much or more false recognition of relate@lderly adults are able to encode and retrieve th
lures in the Deese/Roediger-McDermott parsgsemantic similarities that drive false recogni-
digm, despite showing lower levels of true rection, but are less likely than younger adults to
ognition (Norman & Schacter, 1997; Tun et al.encode or retrieve distinctive details about in-
1998). Koutstaal and Schacter (1997) have ulividual items that support true recognition.
covered large age-related increases in false rec-If increased false recognition in elderly adults
ognition using a paradigm in which participantdollowing encoding conditions that emphasize
study varying numbers of pictures from differ-similarities among items (Koutstaal & Schacter,
ent categories and later make false alarms #997; Norman & Schacter, 1997; Tun et al.,
novel pictures from the studied categories (fot998) reflects reliance on overly general encod
review of these and previous findings on agin#9, then providing elderly participants with dis-
and false recognition, see Schacter, Koutstadinctive pictures should significantly reduce
and Norman [1997]). false recognition, just as Israel and Schactel
Schacter et al. (1997) hypothesized that in1997) found with younger adults. Indeed, if
creased susceptibility to false recognition in ef@de-related increases in false recognition are
derly adults is in part attributable to an age€xclusively produced by reliance on overly gen-
related tendency for generic or indistinceral encoding, then pictorial encoding could
encoding of target information (Rabinowitz,liminate age effects in false recognition. Ex-
Craik, & Ackerman, 1982). Indistinct encodingPeriment 1 examines these possibilities.
may produce selective impairments in remem- !N Experiment 2, we attempt to specify the
bering distinctive details of individual items!0CUS Of false recognition suppression after pic-
(Spencer & Raz, 1995) that in turn increas&rial encoding in younger and older adults by

susceptibility to various kinds of memory dis-€valuating the hypothesis that suppression is
tortions (e.g., Mcintyre & Craik, 1987; produced by reliance on what we caltlstinc-

Schacter, Koutstaal, Johnson, Gross, & Angelfiveness heuristie-a mode of responding based

1997). In experiments that used a modified ve" Participants’ metamemorial awareness tha

sion of the Deese/Roediger-McDermott parat_rue recognition of studied items should include

digm and probed the qualitative characteristic@econecm?n of distinctive detall's. To test this
of true and false memories. Norman an@ypothe&s, we developed a variant of Israel anc

Schacter (1997) found that both types of memSchacter’s paradigm in which reliance on a dis-
tinctiveness heuristic should not produce lower

1 As Smith and Hunt (in press) point out, their finding of]calse recognltlon.after pictorial encoding than
reduced false recognition after study of visual versus audfter word encoding.

tory words contrasts with Israel and Schacter’s (1997) find-
ing that levels of false recognition did not differ after study EXPERIMENT 1

of auditory words compared to visual words accompanied In Experiment 1. older and younger adults

by auditory words. Smith and Hunt suggested that when . L . .
visual and auditory words are presented simultaneously, §£Udled aUdltonly presented lists of semantic

in Israel and Schacter's experiment (1997), visual proces&SSociates that were each accompanied by eith
ing of the studied words may be truncated. a picture or a visual word. Picture versus word
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encoding was manipulated as a between-groupsed by Roediger and McDermott (1995). Study
variable. On the recognition test, participantfists were constructed by selecting the 12 high-
made old/new recognition judgments abougst associates that could be represented pictor
studied words, related lures, or unrelated luregjly. Words on each list were presented in ordet
half of the test items from each encoding conef decreasing associative strength to the non
dition were presented as auditory words, and th@resented related lure (i.e., the most strongly
other half were presented in a manner that r@ssociated word was presented first, the nex
instated initial encoding condition (auditorymost strongly associated word was presente
words plus pictures for the picture encodingecond, and so forth). The 21 lists were divided
condition, and auditory words plus visual wordsnto three sets for counterbalancing purposes
for the word encoding condition). In addition towithin each set, lists were presented in the sam
old/new judgments, we explored qualitativeorder to all participants. Participants studied 14
characteristics of true and false recognition biists and were given a 63-item recognition test.
requiring participants to make remember/knowhe test consisted of 28 studied itemstare
judgments (Gardiner & Java, 1993; Tulvingtargets (drawn from the first and seventh list
1985) about each item. positions of each of the 14 studied lists), 14 new
unrelated lures otrue target controls(drawn
Methods from the 1st and 7th list positions of each of the
Participants. Thirty-six younger adults and 7 nonstudied lists), 14 related lures false
36 older adults participated in the experimentargets (the related lure on which all studied
The younger adults were all Harvard Universitytems semantically converge for each of the 14
undergraduates, with a mean age of 19.8 yeastudied lists), and 7 new unrelated luredaise
(range, 18-22 years), who were recruited vitarget controls(the related lure on which all
mailings to Harvard clubs, classes, and organstudied items semantically converge for each of
zations; a partial analysis of their data has beghe seven nonstudied lists).
provided separately by Israel and Schacter In the picture encoding condition, each list
(1997, Experiment 2). The older adults weréem was presented as an auditory word with &
recruited via flyers and posters and were intecorresponding picture; in the word encoding
viewed individually to exclude those with anycondition, each list item was presented as ar
of the following conditions: a history of alco- auditory word with its corresponding visual
holism or substance abuse, cerebrovascular agerd. Items on the recognition test were ran-
cident, recent myocardial infarction, present odomly assigned to a test presentation mode
previous treatment for psychiatric illness, curvisual + auditory or auditory; no more than
rent treatment with psychoactive medicationthree items were presented consecutively in the
metabolic or drug toxicity, primary degenerassame mode. In the picture encoding condition,
tive disorders (e.g., Alzheimer's disease, Pathe visual+ auditory test mode involved simul-
kinson’s disease, or Huntington’s disease), artdneous presentation of a picture and an audi
brain damage from a known cause (e.g., hytery word, whereas in the word encoding con-
poxia). Older participants’ mean age was 67.8ition the visual + auditory mode involved
years (range 61-74 years), and they had amultaneous presentation of a visual word anc
average 15.8 years of formal education. Eighan auditory word. The recognition test was
teen younger and 18 older participants wereounterbalanced so that (1) each type of iter
included in each of two main experimental confi.e., true target, true target control, false target,
ditions (word encoding and picture encoding)and false target control) was presented equally
Participants were paid $8. often in each of the two presentation modes anc
Materials and design.Twenty-one study (2) each type of item appeared equally often in
lists, each composed of 12 items, were createéle first and second half of the test. Further-
using the Russell and Jenkins (1954) word asnore, items taken from the same study list were
sociation norms and adapting some of the listst least eight positions apart on the recognitior
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test, and no more than two items of the sam@ew” (i.e., had not appeared on the study lists)
type appeared consecutively. by pressing “0” or “n” on the keyboard. When
The pictorial stimuli were black and white given both visual and auditory cues, participants
line drawings of list items and varied in sizewere told to consider both components when
(ranging from approximately & 3 cmto 17X making recognition judgments. Participants in
18 cm, with a modal size of approximately ¥0 the picture condition were also assured that ar
11 cm). In general, the drawings contained sinold picture would never be presented with a new
ilar amounts of detail, although this feature wasuditory label, nor a new picture presented with
not systematically controlled. Pictures weran old auditory label. Whenever they called a
scanned on a PowerMacintosh 7600/132 usinigst item “old,” participants made remember/
VistaScan and a UMAX Vista-S6E scannerknow judgments (Tulving, 1985) using instruc-
Auditory stimuli were recorded on a Macintoshtions adapted from Rajaram (1993). After par-
Quadra 150 using SoundEdit Pro. Word stimuliicipants completed their judgments, they
were presented in uppercase in 55-point Genepaessed the space bar for presentation of th
typefont. All stimuli were presented on a Pownext test item. When items were presented ir
erComputing PowerCenter 132 using PsyScopiditory test mode, a cross-hair appeared in th
1.2b2. Participants heard auditory stimulcenter of the computer screen.
through headphones.
The main design consisted of two betweerXeSUlts
group variables, age (young vs old) and encod- Table 1 presents the proportion of “old” re-
ing condition (word vs picture), and two within- sponses to true targets, true target controls, fals
group variables, test presentation mod#argets, and false target controls as a function o
(visual + auditory vs auditory) and item typetest presentation mode in the word and picture
(true target, true target control, false target, anencoding conditions for older and younger
false target control). adults. Table 2 displays the results of signal
Procedure.Participants were tested individ-detection analyses that provide estimates of ser
ually. They were told that 14 lists of 12 itemssitivity (A’) and response biaBf) in three
each would be presented and that each item westical comparisons. Table 3 presents the pro-
composed of an auditory and a visual compgeortions of remember and know responses ftc
nent. Participants were instructed to pay carefaach of the item types, together with corre-
attention to both parts of the item because thegponding estimates of recollection and familiar-
would be tested on the items later. Additionallyjty that were obtained from remember and know
participants were told that they would have Yesponses, respectively, using procedures de
min to work on a puzzle after presentation oscribed by Yonelinas, Kroll, Dobbins, Lazzara,
each study list, and that a beep would sounand Knight (1998). We first consider the overall
before presentation of the next study list (puzdata, next discuss the signal detection analyse:
zles included a math subtraction task, a mathnd conclude by considering the remember,
addition task, and mazes). The visual compdnow judgments.
nent of each study item was displayed for 1.5 s; .
all auditory components were presented simufverall Data: True Recognition
taneously in a female voice. Approximately Hit rates were generally higher for younger
1.5 s elapsed between each study item. Presghan older adults and were higher in the vi-
tation of each list took approximately 40 ssual + auditory than auditory test mode, al-
Following presentation of all 14 lists, partici-though this latter effect was much larger in the
pants received 3 min to work on mazes. picture than the word encoding condition. Al-
After this filler task, participants were giventhough hit rates were virtually identical in the
instructions for the recognition test. Participantpicture and word encoding conditions, the dis-
were asked to indicate if each item was “old’criminability of old and new items, as indicated
(i.e., had appeared on one of the study lists) doy corrected recognition scores that were ob-
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TABLE 1

Proportion of “Old” Responses on the Recognition Test as a Function of Item Type, Test Presentation Mode,
Age, and Encoding Condition in Experiment 1

Encoding condition

Young adults Elderly adults
Item type Test presentation mode Word Picture Word Picture
True targets .79 .78 72 71
Auditory a7 71 72 .62
Visual + Auditory .82 .85 .73 .81
True target controls .21 .09 .18 A1
Auditory .18 12 17 A2
Visual + Auditory .23 .06 .20 .10
False targets .66 .35 72 .46
Auditory .64 41 .68 .46
Visual + Auditory .68 .30 .76 .45
False target controls .28 .08 17 .16
Auditory .26 .08 .20 .18
Visual + Auditory 31 .07 .14 14

tained by subtracting the proportion of “old” Overall Data: False Recognition
responses to true target controls from the pro-
portion of “old” responses to true targets, was The data in Table 1 indicate that within each
higher in the picture encoding condition than irencoding condition, older adults showed some-
the word encoding condition for both groups ofvhat higher rates of false recognition to related
participants, with younger adults showindures than did younger adultg(1,68) = 2.97,
somewhat higher levels of corrected recognitioMS, = .086, p = .089. However, the most
in both conditions. striking finding is that older adults, like younger
An ANOVA on corrected hit rates revealed aadults, showed a dramatic decrease in the prc
significant main effects for Encoding Conditionportion of “old” responses to false targets after
F(1,68) = 4.75,MS, = .060,p = <.05, and studying pictures than wordg(1,68) = 33.03,
Test Mode F(1,68) = 12.35,MS, = .029,p < MS, = .086,p < .0001. Younger adults also
.001, and a trend for a main effect of Ageshowed similar reductions in the proportions of
F(1,68) = 2.87,MS, = .060,p = .095. The “old” responses to false target controls in the
Encoding ConditionX Test Mode interaction picture encoding condition compared to the
was significantF(1,68) = 14.91,MS, = .029, word encoding condition, whereas elderly
p < .001, and there were no further interactionadults showed similarly low levels of false
with Age, Fs < 1. The interaction indicates thatalarms to false target controls in both encoding
for both older and younger adults, recognitiorronditions. Analysis of “old” responses to false
accuracy in the picture encoding condition watarget controls revealed a significant Age
higher when pictures and their auditory label&ncoding Condition interactionf(1,68) =
were presented at test than when only auditoy.62,MS, = .056,p < .05. Note, however, that
words were presented, whereas there were both older and younger adults showed lower
differences between the visual auditory and levels of false alarms to true target controls after
auditory test presentation modes in the wordicture encoding than word encoding, as indi-
encoding condition. cated by a main effect of Encoding Condition,
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TABLE 2 indicating higher false recognition rates in older

Signal Detection Analyses of Sensitivit) and Bias than younger adults.
(B}) as a Function of ltem Type, Test Presentation Mode, There were no main effects or interactions
Age, and Encoding Condition in Experiment 1 involving Test Mode for overall or corrected
false recognitionFs < 2.76, except for a mar-
ginally significant Agex Test Mode interac-

Encoding condition/ _tior_l, F(1,68) = 3.65,MS, = .078,p = .OQO,
Test presentation mode A’ BY, A B, indicating that younger adults showed slightly
less corrected false recognition in the visual
Item specific memory (true  guditory test mode than in the auditory test

targets compared to true mode, whereas elderly adults showed the oppo
target controls)

Young Elderly
adults adults

site trend.
Word .85 .05 .83 25
Auditory 85 19 .83 .36 Signal Detection Analyses
Pi;ﬂfrtéal * Auditory '_%50 7'%34 '?837 '%54 To determine whether the main findings dis-
Auditory 87 39 83 53 cussed thus far can be attributed specifically tc
Visual + Auditory .93 30 .90 .34 changes in sensitivity or response bias, we per

formed signal detection analyses based on pro
Item specific memory (true  cedures used and described by Koutstaal an

targets compared to Schacter (1997) and Schacter, Verfaellie, Anes
false targets) and Racine (in press; see also Tussing &

Word 60 -50 .50 -.44 Greene, 1997). We usef as an estimate of
Auditory 57 =39 .54 —4l gensitivity andBl, as an estimate of response
Pi;ﬁiaw Auditory '_672 ::gi :g; ::g; bias (Donaldson, 1992; Snodgrass & Corwin,
Auditory 72 —07 62 —.10 1988).Values oA’ can vary between zero and
Visual + Auditory 85 —34 .74 —36 1.00; higher values indicate greater sensitivity,

with .50 indicating chance performance. Values
Gist memory (false targets  of the bias measureBf, can vary between

compared to false —1.00 (indicating extremely liberal responding)
target controls) and +1.00 (indicating extremely conservative
Word 70 05 .79 .08 responding). Because these measures are unc
Auditory 12 10 .78 .13 fined with hit rates of zero or one, the data were
Pi;ﬁ'jrial * Auditory '%% 7'(.)536 'E_;ée '?56 first transformed, as recommended by Snodgras
Auditory 65 46 67 3g and Corwin (1988), by computing(x) as & +
Visual + Auditory .64 67 .66 33 .5)n + 1 rather thanx/n. In addition, when

individual subjects showed below chance sen
sitivity (hits < false alarms, oA’ < .50), mod-
F(1,68)= 11.18,MS, = .032,p < .005, with no ified formulas provided by Aaronson and Watts
Age X Encoding Condition interactiors < 1. (1987) were used.

We also analyzed corrected recognition Following Koutstaal and Schacter (1997) and
scores in which the proportion of “old” re- Schacter et al. (in press), we provide three dif-
sponses to false target controls was subtractéetent types of signal detection analyses, showr
from the proportion of “old” responses to falsein the top, middle, and bottom panels of Table
targets. This analysis revealed a significant eR. The top panel of Table 2 shows estimates o
fect of Encoding Conditionf(1,68) = 10.29, sensitivity and bias comparing hits to true tar-
MS, = .114,p < .005, indicating lower false gets with false alarms to true target controls,
recognition rates following picture than wordwhich are measures of item-specific memory
encoding, and a marginally significant effect ofreferred to asA’ unrelated and{, unrelated
Age, F(1,68) = 3.55,MS, = .114,p = .064, for sensitivity and bias, respectively). The mid-
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TABLE 3

(A) Estimates of RecollectionR) and Familiarity F(d’)) Based on a Dual Process Signal Detection Model (Yonelinas
et al., in press); (B) Raw Proportions of Remembgy &nd Know K) Responses That Contribute to the Estimates of
Recollection and Familiarity, Respectively, for Experiment 1

A.

Encoding condition

Young adults Elderly adults

Word Picture Word Picture
Item type/

Test presentation mode R Hd") R Hd") R Hd") R Hd")
True target .58 1.21 .70 1.36 .49 .99 .54 1.00
Auditory .61 .78 .62 1.04 .50 .82 .48 .54
Visual + Auditory .54 1.64 .78 1.67 48 1.15 .59 1.45
False target A2 .64 .22 .14 A7 1.23 .31 .29
Auditory .40 .84 .28 .24 43 .95 .30 .34
Visual + Auditory 43 43 .16 .03 .50 1.56 .32 .24

B.
R K R K R K R K
True target .62 17 71 .07 .55 A7 .58 13
Auditory .64 13 .63 .08 .54 .18 .51 .10
Visual + Auditory .60 .22 .78 .07 .56 A7 .65 .16
False target A7 .19 .24 A1 .52 .20 .36 .10
Auditory .45 .19 31 .10 .48 .20 .34 12
Visual + Auditory 49 .19 A7 13 .56 .20 .37 .09
True target controls .08 13 .04 .05 12 .06 .08 .03
Auditory .05 13 .05 .07 .08 .09 .06 .06
Visual + Auditory .10 13 .02 .03 .16 .04 .10 .00
False target controls .13 15 .03 .05 A1 .06 A3 .03
Auditory A2 14 .03 .05 A1 .09 15 .03
Visual + Auditory 14 A7 .02 .05 A1 .03 A1 .03

dle panel compares hits with “old” responses toalled false target controls “old.” In this com-
false targets, which provides a different meaparison we call the measures of sensitivity and
sure of item-specific memoryA( related and biasA’ gist andB}, gist, respectively.

b related for sensitivity and bias, respec- True targets compared to true target controls
tively). In the bottom panel of Table 2, false alarmgitem-specific memory)Overall ANOVAs in-
to related lures are depicted as a form of mentluding Age and Encoding Condition as be-
ory for the “gist” of the study list (cf., Brainerd tween-subjects variables and Test Mode as
et al., 1995; Koutstaal & Schacter, 1997) anavithin-subject variable were performed on the
thus are treated in the same manner as hits in tAé unrelated andBf, unrelated values shown in
previous two analyses. For this analysis, “oldthe first panel of Table 2. Analysis &f' unre-
responses to false targets are compared wildted revealed main effects of Encoding Condi-
“old” responses to false target controls’ in- tion, F(1,68) = 4.70, MS, = .013,p < .05,
dicates the extent to which participants callethdicating greater discriminability between
false targets “old,” compared to how often theytudied items and unrelated lures after picture
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than word encoding, and Test Modg1,68)= recognition responses. As indicated by the third
8.08, MS, = .006,p < .01, indicating greater panel in Table 2, values &’ gist were higher
discriminability in the visual+ auditory than after word than after picture encoding for both
auditory test mode. There was also a significaiyounger and older adults, although the differ-
Encoding Conditionx Test Mode interaction, ence between conditions was more pronounce
F(1,68)= 6.63,MS, = .006,p < .05, reflecting in the older group. In addition, elderly adults
the fact that the advantage of picture over wordiere characterized by high@f gist values than
encoding was greater in the visual auditory younger adults, particularly after word encod-
than the auditory test mode. ing. However, an overall ANOVA revealed
Analyses of the criterion measurBf, unre- only a main effect of Encoding Condition,
lated, revealed significantly more conservativé(1,68) = 7.43,MS, = .041,p < .01, with a
responding after picture than word encodingrend for an effect of Agef(1,68) = 2.68,MS,
F(1,68)= 5.09,MS, = .405,p < .05, and inthe = .041,p = .106. Although the Encoding Con-
auditory than in the visuat auditory test con- dition X Age interaction did not approach sig-
dition, F(1,68)= 4.92,MS, = .278,p < .05. No nificance F(1,68)= 1.38,MS, = .041, it should
other effects approached significance. be noted that (a) the main effect of Encoding
True targets compared to false targets (itemCondition onA’ gist values was significant in
specific memory)As shown in the second panelelderly adultsF(1,34)= 7.93,MS, = .039,p <
of Table 2, discrimination between studied01, but not in younger adult§; < 1, and (b)
items and related lures was influenced by eaakhereas there was no difference betwééngist
of the main variables in the experimerd’ values for old and young after picture encoding,
related was greater after picture than word erk < 1, A’ gist was significantly higher in older
coding, as reflected by a main effect of Encodthan younger adults after word encoding,
ing Condition, F(1,68) = 33.46,MS, = .036, F(1,34)= 4.45,MS, = .036,p = <.05.
p < .0001, was greater in the visual auditory BS values in the lower panel of Table 2 indicate
than the auditory test mode, as indicated by eonsistently more conservative responding aftel
main effect of Test Moder(1,68) = 5.45,MS, picture than word encoding, as shown by a signif-
=.024,p < .05, and was higher in younger tharicant main effect of Encoding ConditioR(1,68)
older adults, as indicated by a main effect of= 20.24,MS, = .286,p < .0001. No other effects
Age, F(1,68) = 10.18,MS, = .026,p < .001. were significantFs < 1.92.
There was also an Encoding ConditiohTest . .
Mode interactionF(1,68) = 6.69,MS, = .024, Recollection and Familiarity:
p < .05, indicating that the greater discrim- Reémember/Know Responses
inability between studied items and related lures The proportions of remember and know re-
in the picture encoding condition compared t@ponses in the various experimental conditions
the word encoding condition was increased iare presented in Table 3, together with estimate
the visual+ auditory test mode compared to theof recollection and familiarity derived using the
auditory test mode. procedures of Yonelinas et al. (1998). Yoneli-
Analyses ofBf, indicate more conservative nas et al. have noted several problems that ca
responding after picture than word encodingarise when analyzing the raw proportions of
F(1,68)= 6.27,MS, = .359,p < .05, and in the remember and know responses as a function ¢
auditory test mode compared to the visual experimental manipulations, as had been don

auditory test modefF(1,68) = 9.43, MS, = frequently in previous remember/know studies
153, p < .01. No other effects approachedsee also Donaldson, 1996; Gardiner & Gregg,
significance. 1997; Hirshman & Master, 1997). Most nota-

False targets compared to false target conbly, estimates of know responses may be
trols (gist memory). Agist indicates the degreeskewed in conventional analyses by failing to
to which participants are willing to rely on gisttake into account that when remember re-
or general similarity information when makingsponses change as a function of an experiment:
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manipulation, so do the number of opportunities False recognition.False recollection was
to make know responses. Yonelinas et al. havauch lower after picture than word encoding,
developed a model that addresses this issu€(1,68) = 11.06,MS, = .098,p < .005. False
More specifically, they have described a dudbhmiliarity was also considerably lower after
process account in which remember responspgture than word encoding;(1,68) = 14.13,
are used to model recollection as a highMS, = 1.37,p < .0005, and was higher in older
threshold process, and know responses are ugbdn in younger adults;(1,68) = 4.01,MS, =

to model familiarity as a signal detectiod’) 1.37,p <.05. No other effects were significant,
process. Fs < 3.12.

We analyzed our data both in the conven- ,
tional manner and using the procedures driscussion
Yonelinas et al., and generally found similar Israel and Schacter (1997) reported thai
patterns of results. We will report the results oftudying semantic associates as pictures pro
statistical analyses that were performed on théuced lower levels of false recognition to re-
estimates derived from the Yonelinas et al. prdated lure words than did a standard encoding
cedures. Specifically, we estimated recollectiopondition in which only words were studied.
by dividing the proportion of remember re-Experiment 1 has extended this finding to older
sponses to true or false targets by the proportic@dults by showing that, just as in younger
of remember responses to true or false targgglults, false recognition to related lures is re-
controls R= (‘Rgq — ‘Ruew/(1 — ‘R,ew]- duced after picture encoding compared to word
We estimated familiarity by computing, sepa€ncoding. In line with previous results (Norman
rately for old and new know responses, thé& Schacter, 1997; Tun et al., 1998), we found
probability that an item is familiar and also notsome evidence that older adults are relatively
recollected [Foq = ‘K o/l — ‘Ro); (Frew = More susceptible to false recognition of seman:
‘Kol — ‘Riew]. We then obtained esti- tic associates than are younger adults. Overal
mates ofd’ from standard tables. analyses of recognition performance showec

True recognition.Analysis of remember re- marginally lower levels of true recognition and
sponses indicates that recollection was consigharginally higher levels of false recognition in
erably higher in younger than in older adultsolder than younger adults. Analyses of recollec-
F(1,68) = 6.18,MS, = .087,p < .05. There tion and familiarity based on remember and
was also a significant Encoding Condition know responses provided stronger evidence o
Test Mode interactiorf(1,68)= 15.00,MS, = age differences. Consistent with earlier studies
.020, p < .0005, reflecting higher levels of (€.g., Parkin & Walter, 1992), elderly adults
recollection after pictorial than word encodingshowed lower levels of true recollection than
in the visual+ auditory test mode but not in thedid younger adults, with no significant differ-
auditory test mode. ences in familiarity.

Estimates of familiarity were considerably The overall pattern of results is in line with
higher in the visualt- auditory test mode than in OUr suggestion that if age-related increases ir
the auditory test modé;(1,68)= 24.31,MS, = false recognition following encoding conditions
.694,p < .0001. No other effects were Signiﬁ_that emphasize similarities among items reflect
cant,Fs < 2.14. the influence of overly general encoding, then

providing elderly participants with distinctive
2\We used A (see Tables 2 and 5) rather thdnfor our  Pictures should significantly reduce false recog-
basic signal detection analyses becausenakes less strin- nition. We also noted earlier that if increased
gent assumptions than dods (see Snodgrass & Corwin, false recognition in elderly adults is entirely
1988).andthus is usefglin providing estimgtes ofsensit?vit)éttributame to overly general encoding, then
and bias that are relatively free of theoretical assumptions.. . . . . .
In using thed” analysis described by Yonelinas et al. (1998)OICtorIaI enCOdmg mlght e“mmate age dlﬁe_r'
to estimate familiarity (see Tables 3 and 6), we are accepRNCES. Although we did not obtain conclusive
ing the fundamental assumptions of their theoretical modesupport for this suggestion, we obtained some
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positive evidence: signal detection analyses re- general shift in responding based on partici-
vealed significant age differences Al gist— pants’ metamemorial assessments of the kind
the tendency to rely on general similarity or gisbf information they feel theyshouldremember
information—after word encoding but not after(Strack & Bless, 1994). Having encountered
picture encoding. pictures with each of the presented words, par-
Signal detection analyses also revealed th#tipants in the picture encoding condition may
reduced false recognition after picture encodingmploy a general rule of thumb whereby they
was reflected both in lower levels &' gist, demand access to detailed pictorial information
indicating reduced influence of general similarin order to support a positive recognition deci-
ity or gist information, and in higher levels of sion; failure to gain access to such distinctive
Bp, gist, indicating more conservative respondinformation when tested with related lures will
ing. Indeed, the clearest result from the signdénd to result in a negative recognition decision.
detection analyses was that both younger anthportantly, suppression based on metamemo
older adults consistently responded more comial assessments can function without access t
servatively after picture encoding than aftefist-specific distinctive informatiomabout stud-
word encoding. This result was obtained in eacted items. For instance, when presented with the
of the three types of signal detection analyse®lated lure item “bread” on the recognition test,
we performed, with values oB"; unrelated, either as an auditory word or auditory woti
Bp, related, and}, gist all significantly higher picture, participants in the picture encoding
in the picture encoding condition than in thecondition may have recalled seeing pictures of
word encoding condition. The only exception tesuch presented associates as “milk,” “butter,”
this general pattern was that older adults did nétlour,” or “dough”; because they could remem-
show reduced false alarms to false target cofver pictures of these presented words, but failec
trols after pictorial encoding, but in view of theto recall a corresponding picture for “bread,”
generally low levels of false alarms to thesgarticipants may have used their recollections o
items by the older adults, this result may bearticular list items to suppress false recogni-
attributable to a floor effect. tion responses. Consistent with the idea tha
The signal detection analyses also revealesippression based on a distinctiveness heuristi
that in the picture encoding condition, particineed not involve access to such list-specific
pants were better able than in the word encodirigformation, hit rates were virtually identical in
condition to distinguish between studied itemshe word and picture encoding groups, yet we
and either related lures or unrelated lures, adill observed a significant reduction in false
indicated by significant effects of encoding conrecognition in the picture encoding group. Thus,
dition on A’ unrelated andA’ related. These we hypothesize that suppression relies on a ger
effects were especially pronounced in the vieral expectation that a test item should elicit a
sual + auditory test condition, as shown byvivid perceptual recollection if, indeed, it had
significant Encoding Conditiork Test Mode been presented previously. Participants in the
interactions for bot\" unrelated an@\'’ related. word encoding condition, by contrast, do not
The interactions indicate that reinstating encodexpect to retrieve distinctive representations of
ing conditions increased participants’ abilitiegreviously studied items and, hence, are muct
to distinguish between studied and nonstudidéss likely to demand access to detailed recol
items following picture encoding, but not fol- lections.
lowing word encoding. We refer to the hypothesized “rule of thumb”
The foregoing analyses provide evidence reln the picture encoding condition asdsstinc-
evant to understanding the observed suppretiveness heuristicWe use the termheuristic
sion of false recognition following picture en-(e.g., Kahneman, Slovic, & Tversky, 1982) in
coding. We suggest that the consistently morerder to emphasize aspects of heuristic proces:
conservative bias we observed after picture eing that have been delineated previously by
coding than after word encoding may depend o@haiken, Lieberman, and Eagly (1989) in the
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context of persuasion research, and by Johnsdalse recognition following picture than word
Hashtroudi, and Lindsay (1993) in the contexéncoding. Accordingly, if false recognition sup-
of memory research. Chaiken et al. (1989, pression after pictorial encoding is entirely at-
212) observed that “When processing heuristiributable to reliance on a distinctiveness heu-
cally, people focus on that subset of availabléstic, then the suppression effect should be
information that enables them to use simpleliminated in Experiment 2. By contrast, if the
inferential rules, schemata, or cognitive heurissuppression effect also involves access to list
tics to formulate their judgments and decispecific distinctive information, then false rec-
sions.” Johnson et al. (1993; see also Jacobggnition should be lower after picture encoding
Kelley, & Dywan, 1989) have argued that heuthan after word encoding in Experiment 2.
ristic processes play an important role in source
monitoring, noting that “...heuristic judgments'vlethOd
involve criteria such as ‘if the familiarity level  Participants. Participants were 24 younger
is above X, the event probably happened’, or ‘idults and 24 older adults recruited according tc
the amount of perceptual detail exceeds X, théhe same criteria as in Experiment 1. Mean age
event was probably perceived.” We suggestf younger adults was 20.2 years (range, 17-2’
that when using a distinctiveness heuristic, pagears), and they had on average 13.2 years ¢
ticipants are especially attuned to whether thegducation. Mean age of older adults was 68.¢
recollect distinctive details about an item angears (range, 63—-75 years), and they had ol
use criteria such as “if | do not remember seeingverage 15.8 years of education.
a picture of an item, it is probably new.” Material and designStudy and test stimuli
In Experiment 2, we attempt to test the ideavere identical to those used in Experiment 1,
that false recognition suppression after pictoriddut the manner in which they were presentec
encoding relies on a distinctiveness heuristic bgliffered between experiments. As in Experi-
altering a critical feature of the encoding conment 1, twenty-one 12-item study lists were
ditions from Experiment 1. divided into three sets for counterbalancing pur-
poses. Participants studied 14 lists and were
EXPERIMENT 2 given a 63-item recognition test. However, for
To evaluate the distinctiveness heuristic hyeach participant in Experiment 2, half of the
pothesis, we attempted to create conditions istudy lists were presented in pictorial form and
which reliance on a distinctiveness heuristithe other half were presented in word form (i.e.,
alone could not produce suppression of falsé of the 14 study lists were presented as picture
recognition after picture encoding compared twith their corresponding auditory labels, and 7
word encoding. In Experiment 1, picture versustudy lists were presented as words with their
word encoding was manipulated on a betweercorresponding auditory labels). Across partici-
groups basis, thereby allowing participants ipants, each list appeared equally often in picture
the picture encoding condition to invoke a diser word form. Within participants, no more than
tinctiveness heuristic and respond more consewo lists appeared consecutively in the same
vatively to false targets than participants in th@resentation mode. All items on the recognition
word encoding condition. In Experiment 2, wetest were presented as either picture and audi
manipulated picture versus word encoding on ®ry word or as a visual word and auditory
within-groups basis. Having studied some listsvord.
with pictures and others with words only, reli- The main design consisted of two between-
ance on a distinctiveness heuristic alone woulgroup variables, age (young vs old) and test
not produce differential suppression of fals@resentation mode (picture vs word), and two
recognition for lists studied with pictures com-within-group variables, encoding condition
pared to those studied with words alone. In{picture vs word) and item type (true target, true
stead, access to list-specific information woultarget control, false target, and false target con
be necessary in order to achieve lower levels afol).
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TABLE 4

Proportion of “Old” Responses on the Recognition Test as a Function of Item Type, Test Presentation Mode,
Age, and Encoding Condition in Experiment 2

Young adults Elderly adults
Item type/
Test presentation mode WE PE T WE PE T
True targets .75 .83 17 .60 a7 .22
Word .79 a7 .16 71 71 .26
Picture .70 .88 .18 .49 .82 .18
False targets .49 A7 .25 .66 .63 .26
Word .54 .55 .24 .76 .68 .25
Picture 44 .39 .26 .56 .58 .27

Note.WE, word encoding condition; PE, picture encoding condition; TC, target controls.
2 Because encoding condition was manipulated within-groups, the same true target controls (upper three rows) anc
target controls (lower three rows) were used in the word and picture encoding conditions.

Procedure.The procedure was in most re-icant main effects of Ager(1,44) = 8.88,MS,
spects identical to that of Experiment 1. Partic= .065, p < .005, and Encoding Condition,
ipants were presented with 14 study lists of 1E(1,44)= 24.54,MS, = .015,p = <.0001, and
items each. They were instructed to pay carefan Encoding ConditiorX Test Mode interac-
attention to the visual and auditory componertion, F(1,44) = 27.05,MS, = .015,p < .0001,
of each item because they would be tested amith no other significant effects.
the items later. After presentation of each list, -
participants had 1 min to work on a puzzle©verall Data: False Recognition
Once all lists were presented, participants re- In sharp contrast to Experiment 1, the pro-
ceived 3 min to work on mazes before performportions of false alarms to related lures in both
ing the remember/know recognition test. younger and older adults were unaffected by

Results.Table 4 presents the proportion ofpicture versus word encoding (Table 4). Older
“old” responses to true targets, true target coradults showed higher levels of false alarms to
trols, false targets, and false target controls asrelated lures than did younger adults in all con-
function of experimental conditions for youngerditions, F(1,44) = 7.51,MS, = .088,p < .01,
and older adults. Table 5 displays the results e¢ind both younger and older adults showed les:
the signal detection analyses, and Table 6 prealse recognition in the picture test mode than in
sents the remember/know data and recollectiotde word test modef(1,44) = 5.09, MS, =
familiarity estimates. .088,p < .05. A similar pattern was evident for
corrected false recognition, with near significant
main effects for AgeF(1,44) = 3.74,MS, =

Hit rates were higher in younger than older153,p = .059, and Test Conditior(1,44) =
adults, and for both younger and older adults h#.06, MS, = .153, p = .051. There were no
rates were higher following picture than wordother significant effectdrs < 1.20.
encoding in the picture test mode, but not in the . )
word test mode. A similar pattern was observegd'dnal Detection Analyses
with corrected recognition scores that were ob- As in Experiment 1, we provide three differ-
tained by subtracting the proportion of “old”ent types of signal detection analyses, shown ir
responses to true target controls from the prahe upper, middle, and lower panels of Table 5.
portion of “old” responses to true targets. An True targets compared to true target controls
ANOVA on corrected hit rates revealed signif-(item-specific memoryAn ANOVA on A’ un-

Overall Data: True Recognition



14 SCHACTER, ISRAEL, AND RACINE

TABLE 5 test condition but not in the word test condition.
Signal Detection Analyses of SensitivitA’) and Bias A_ge dlfferenc_es were larger after word th?n
(B},) as a Function of Item Type, Test Presentation Modepicture encoding, as reflected by an Encoding
Age, and Encoding Condition in Experiment 2 Condition X Age interaction,F(1,44) = 5.22,
MS., = .003,p < .05.

Young adults ggj{g Analyses of the criterion measurBy, unre-
Encoding condition/ lated, revealed more conservative responding it
Test presentation mode A’ B!, A B, the word encoding condition compared to the

picture encoding conditionf-(1,44) = 12.40,
Item-specific memory (true  MS, = .082,p = .001. However, this effect was
targets compared to frue  ghseryed only in the picture test condition, as
target controls) documented by an Encoding Condition Test
Word -85 23 .75 29 Mode interaction,F(1,44) = 13.96, MS, =

Word 87 A479 .08 082, p < .00l. No other effects approached
Picture .82 31 .72 .56 significance Fs< 1

Picture .88 .03 .84 .08 ’ ’ .
Word 87 13 80 o7  True targets compared to false targets (item-
Picture 89 -—.08 .87 .10 specific memory)As shown in the second panel

of Table 5, discrimination between studied
Item-specific memory (true  jtems and related lured\( related) was higher

tar?elts compare to in younger than older adult§;,(1,44) = 22.19,
alse targets) MS, = .033,p < .0001 and was higher after
Word 67 -29 47 -.28 npicture than word encodind;(1,44) = 10.19,
Wword 68 —43 47 -48 Mg = 024, p < .005. There was also an
Pleture 06 —15 46 08 oding Conditionx Test Mode interaction
Picture 74 —49 60 —.45 9 Lo
Word 68 —44 52 -3 F(1,44)=6.33,MS, =.024,p< .05, indicating
Picture 80 -54 68 —.54 thatthe increased discriminability between true

and false targets after picture encoding was

Gist memory (false targets |arger in the picture test mode than in the word
compare to false test mode.

target controls L .
g ) Analyses of By, indicate more conservative

Word 65 34 .75 .08 responding after word than picture encoding,
Wword 68 35 8l -.08 p(]44)= 651,MS, = .125,p < .05. As in the
Picture .61 .33 .70 .23 . . . .

Picture 65 39 72 15 Previous analyss_,_thls effect was found only in the
Word 71 35 75 10 Ppicture test condition, as documented by a signif-
Picture .59 44 68 .20 icant Encoding Conditionx Test Mode interac-

tion, F(1,44)= 11.16,MS, = .125,p < .005. No
other effects were significarf, < 3.16.

related values revealed main effects of Encod- False targets compared to false target con-
ing Condition,F(1,44) = 25.33,MS, = .003, trols (gist memory)ln contrast to Experiment 1,
p < .0001, indicating greater discriminabilitythe bottom panel in Table 5 indicates that levels
between studied items and unrelated lures aftef A’ gist (which indicate the degree to which
picture than word encoding, and Age(l,44) participants are willing to rely on gist or general
= 10.85, MS, = .011, p < .005, indicating similarity information when making recognition
greater discriminability in younger than olderresponses) were unaffected by Encoding Con
adults. The effect of encoding was modified bylition, F < 1. Elderly adults were characterized
an Encoding Condition< Test Mode interac- by somewhat higheA’ gist values than were
tion, F(1,44)= 22.76,MS, = .003,p < .0001, younger adults after both picture and word en-
showing that heightened discriminability aftercoding, as indicated by a trend for a main effect
pictorial encoding was observed in the picturef Age, F(1,44)= 3.20,MS, = .057,p = .081.
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TABLE 6

(A) Estimates of RecollectionR) and Familiarity F(d’)) Based on a Dual Process Signal Detection Model (Yonelinas

et al., in press); (B) Raw Proportions of Remembgy &nd Know K) Responses That Contribute to the Estimates of
Recollection and Familiarity, Respectively, for Experiment 2

A.

Encoding condition

Young adults Elderly adults
Word Picture Word Picture
Item type/
Test presentation mode R Hd") R Hd") R Hd") R Hd")
True target .53 1.06 .69 1.21 41 .63 .56 1.10
Word .56 1.22 .60 1.16 .54 .75 .46 .78
Picture .49 91 77 1.25 .28 51 .65 1.42
False target .19 .59 .20 31 43 1.01 .38 73
Word A2 .80 .15 .73 .59 1.38 41 1.02
Picture .26 .22 .24 —-.09 .28 .64 .35 44
B.
Word Picture TC Word Picture TC
R K R K R K R K R K R K
True target .55 .19 .70 .13 .05 12 51 .09 .62 .14 15 .07
Word 57 .22 .60 A7 .03 13 .61 .10 .54 17 .16 .10
Picture .53 17 .79 .09 .07 A1 41 .08 .70 A1 14 .04
False target .27 21 .27 .20 .08 A7 .55 A1 .53 .10 21 .0€
Word .24 .30 .25 .30 .10 .14 .64 12 .54 .14 .19 .06
Picture 31 .13 .29 .10 .06 .20 .46 .10 .51 .07 .23 .05

Note.TC, target controls.

2 Because encoding condition was manipulated within-groups, the same true target controls (upper three rows of B
false target controls (lower three rows of B) were used in the word and picture encoding conditions.

There was also a marginally significant effect oadults,F(1,44) = 5.89, MS, = .060,p < .05.
Test Mode,F(1,44) = 3.78,MS, = .057,p = Recollection was also considerably higher after
.058, indicating generally higher levels &f picture than word encodinds;(1,44) = 21.13,
gist in the word test mode compared to th&S, = .026,p < .0001. However, recollection
picture test mode. was higher following picture encoding than
BS values in the lower panel of Table 5 indicatavord encoding in the picture test condition, but
a near-significant trend for more conservative rexot in the word test condition, as shown by a
sponding in younger than older adulg1,44)=  significant Encoding Conditiork Test Mode

3.57,MS, = .440,p = .066. No other effects interaction,F(1,44)= 27.30,MS, = .026,p <
approached significancEs < 1.83. .0001.

i o Estimates of familiarity were also higher after

Recollection and Familiarity: picture than word encodind;(1,44) = 4.72,
Remember/Know Responses MS, = .475,p < .05. As with recollection,

True recognition.As in Experiment 1, true however, this effect was observed only in the

recollection was higher in younger than in oldepicture test condition, as confirmed by an En-
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coding Condition X Test Mode interaction, necessary for differential suppression of false
F(1,44)= 5.25,MS, = .475,p < .05. No other recognition. By contrast, because encoding con
effects were significans < 2.45. dition was manipulated between-groups in Ex-
False Recognitionln contrast to Experiment periment 1, a generalized shift in responding
1, estimates of false recollection were virtuallpbased on a distinctiveness heuristic was suffi
identical after picture and word encodirg,< cientto produce differential suppression of false
1. Older adults showed higher levels of falseecognition after picture encoding compared to
recollection than did younger adults(1,44)= word encoding.
8.18,MS, = .134,p < .01. This main effect of  Signal detection analyses are consistent wit
Age was modified by an Agex Test Mode these conclusions. In Experiment 1, each of the
interaction,F(1,44) = 4.08,MS, = .134,p < three signal detection analyses revealed evi
.05, reflecting that the age-related increase itlence of more conservative responding in the
false recollection was more pronounced in thpicture encoding condition than in the word
word test mode than in the picture test mode.encoding condition. In Experiment 2, by con-
As in Experiment 1, false familiarity was trast, there was no evidence of more conserva
higher in older than in younger adults(1,44) tive responding after pictorial encoding. Levels
= 4.07,MS, = 1.22,p < .05, but in contrast to of Bf, gist were indistinguishable in the picture
Experiment 1, there was no effect of Encodingnd word encoding conditions, and levels of
Condition on false familiarityF(1,44) = 1.58, B[, unrelated andB[, related indicated more
MS, = .842. False familiarity was also higher inconservative responding after word than picture

the word than picture test modé&(1,44) = encoding. Note, however, that these latter dif-
9.13,MS, = 1.22,p < .005. No other effects ferences were observed only in the picture tes
approached significancés < 1.29. mode and might reflect the fact that participants

in this condition were sometimes given new
pictures at test for items they had studied as
In Experiment 2 there were no differences irwords, perhaps eliciting conservative responst
false recognition after picture and word encodbiases (the finding of highdsf, unrelated after
ing in either the picture or the word test modesyord than picture encoding might simply reflect
thereby supporting the idea that suppression tiie fact that, because a single unrelated lure
false recognition depends on the use of a difalse alarm rate was used for the two encoding
tinctiveness heuristic without access to listeonditions, the condition that produces a lower
specific information. The picture encoding conhit rate also necessarily produces more consel
dition was associated with higher levels of botlvative responding). Yet even in the word test
true recollection and familiarity than was themode, there was no evidence of more conser
word encoding in Experiment 2, although benvative responding in the picture encoding con-
eficial effects of pictorial encoding on recogni-dition than in the word encoding condition.
tion accuracy were observed only when pictureghus, the important point for our purposes is
were presented at test. These findings suggdbat the consistently conservative responding
that pictorial encoding provided participantobserved in the picture encoding condition
with access to more distinctive recollection€ompared to the word encoding condition in
than did word encoding, at least in the picturé&xperiment 1—which we attribute to the use of
test condition. In Experiment 2, however, dea distinctiveness heuristic—was not observed ir
manding access to distinctive recollections ifExperiment 2.
order to make a positive recognition response Consistent with the foregoing points, we
was not sufficient to produce differential supfound that participants in the picture test mode
pression of false recognition following pictureshowed less false recognition of related lures
and word encoding: all participants had enthan did participants in the word test mode.
coded some lists as pictures and others &gecause type of test was manipulated betwee
words, so access to list-specific information wagroups, this effect likely reflects the operation

Discussion
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of a distinctiveness heuristic: participants in thevidence in Experiment 2. These observation:
picture test mode, who were provided withsuggest that elderly adults may be able to use
more distinctive cues than participants in thelistinctiveness heuristic based on prior encod:
word test mode, may have demanded more dag of pictures to partially or entirely overcome
tailed recollections to support a positive recogtheir increased tendency (compared to younge
nition decision than did participants in the wordadults) to respond positively to semantically
mode. Although signal detection analyses dicelated false targets (Experiment 1). However,
not demonstrate significantly more conservativeehen a distinctiveness heuristic does not pro-
responding in the picture than word test modejuce differential suppression for picture encod-
there were numerical trends in this direction fomg compared to word encoding (Experiment 2),
each of the three analyses. age-related increases in false recognition ar
As noted earlier, analysis of the true recogeomparable after encoding of pictures and
nition data indicated that in the picture testvords.
mode, participants showed levels of recognition
higher for items studied as pictures than for GENERAL DISCUSSION
those studied as words, whereas no such effectThe two experiments reported here extenc
was present in the word test mode. Analysis dhe Israel and Schacter (1997) finding of false
remember/know responses indicated that in thlrecognition suppression after pictorial encoding
picture test mode, there were much higher levto elderly adults and also provide evidence im-
els of recollection for old items studied as picplicating a specific mechanism of suppression
tures than for old items studied as words onlywhich we have called the distinctiveness heu-
there were no such differences in recollection inistic. In Experiment 1, where a between-groups
the word test conditions. manipulation of picture and word encoding al-
These findings indicate that participants whéowed for the effective operation of a distinc-
were shown pictures at test had some basis ftiveness heuristic, younger and older adults
demanding more specific recollections than didach exhibited 30—40% reductions in overall
participants who were shown words at test. Bdevels of false alarms to related lures after pic-
cause false targets did not provide access tore encoding compared to word encoding.
representations with these distinctive propertiesjowever, in Experiment 2, where a within-
participants in the picture test mode respondegroups manipulation of picture versus word en-
“old” less often to false targets than did particcoding rendered the distinctiveness heuristic in-
ipants in the word test mode. However, particeffective for differentially suppressing false
ipants in both test modes were unable to usdarms after pictorial encoding relative to word
related lures to gain access to list-specific inforencoding, there was no evidence of significant
mation about whether associated items wemippression. These contrasting patterns of re
studied as pictures or words; accordingly maksults are shown together in Fig. 1.
ing fewer “old” responses to false targets in the Our findings support and extend previous
picture test mode did not provide a basis fowork by Strack and Bless (1994), who dis-
differentially suppressing false recognition aceussed the operation of a metamemorial strateg
cording to whether the relevant lists of associsimilar to the distinctiveness heuristic in a dif-
ates had been studied with pictures or word®rent experimental context (see also Hirshmar
only. and Arndt [1997] for a related distinction be-
As in Experiment 1, elderly adults in Exper-tween decision-based and memory-based moc
iment 2 showed higher levels of false recogniulation of false alarms). In the experiments by
tion than did younger adults. However, whereaStrack and Bless, participants studied pictures
in Experiment 1 there was some evidence thatost of which came from a single large cate-
age-related increases in susceptibility to falsgory (i.e., tools); the study list also contained a
recognition were reduced after picture encodinfgw pictures from outside the category. On a
compared to word encoding, there was no sugdubsequent recognition test, participants mad
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FIG. 1. Proportions of false alarms to related lures words by younger and older adults as a function of word
encoding and picture encoding in Experiment 1 (left) and Experiment 2 (right). Results are collapsed across test
presentation mode. Both age groups showed marked reductions in false recognition after picture encoding in
Experiment 1, where a distinctiveness heuristic could be used to suppress false alarms after picture encoding
relative to word encoding, but not in Experiment 2, where a distinctiveness heuristic could not be used to
suppress false alarms after picture encoding relative to word encoding.

significant numbers of false alarms (e.g., 25#on of semantic associates can be reduced b
30%) to lure items from within the dominantinducing participants to adopt more stringent
category (i.e., nonstudied tools), but never madesponse criteria. For instance, Gallo, Roberts
false alarms to lures from outside the dominardnd Seamon (1997) and McDermott and Roe-
category. Strack and Bless argued that becaudiger (in press) have found that warning partic-
the few studied items from outside the dominaripants about the presence of related lure item:
category were highly salient, participants reareduces (but does not eliminate) the false rec
soned that they would have possessed a detailegnition effect. Although such warning effects
recollection of such items had those items beeto not depend specifically on a distinctiveness
presented on the study list—in our terms, thedeeuristic (no distinctive information is pre-
participants may have invoked a distinctivenessented at the time of encoding), they do involve
heuristic. Note, however, that there is no reasageneral shifts toward more conservative re-
to assume that participants in these experimergponding that also characterize the operation o
would have made high levels of false alarms tthe distinctiveness heuristic.

items from outside the dominant category even Our findings also highlight the limits of a
if these items had been presented in the contedistinctiveness heuristic as a means of suppres:
of other unrelated items. Thus, our findingsng robust false recognition effects. When ac-
indicate that the kinds of metamemorial process to list-specific information is required to
cesses discussed by Strack and Bless can $igow reduced false recognition after pictorial
invoked to suppress, at least partially, powerfutncoding, as in Experiment 2, reliance on a
false recognition effects of the kind typicallydistinctiveness heuristic cannot produce differ-
observed with procedures described by Roedential false recognition suppression after picto-
ger and McDermott (1995) and others. In sweial encoding compared to word encoding. Of
doing, our findings also support the claims o€ourse, the fact that we failed to observe evi-
Johnson and colleagues (e.g., Johnson et alence of differential suppression in Experiment
1993; Johnson & Raye, in press) that heuristiz need not mean that access to list-specific
processes can play an important role in memoipformation can never be used to suppress fals
and source monitoring decisions. Our data alsecognition in our paradigm; it is entirely con-
add to other demonstrations that false recognieivable that experimental conditions could be
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created in which participants are able to supsponse criteria (Gallo et al., 1997; McDermott
press false recognition of related lures based & Roediger, in press).
access to list-specific information. Note also Nonetheless, the possibility that some false
that accessing list-specific information and rerecognition suppression effects are attributable
lying on a distinctiveness heuristic need not bt reliance on a distinctiveness heuristic,
mutually exclusive modes of suppressing fals¢/hereas others may involve access to list-
recognition. For example, if experimental conspecific or item-specific information, has possi-
ditions can be created that allow participants tbly important implications for other findings
use list- or item-specific information to suppres§oncerning false recognition. As noted earlier,
false recognition of related lures, this list-speSMmith and Hunt (in press) reported reduced
cific suppression may operate in conjunctioh@lse recognition in the Deese/Roediger-
with, rather than in the place of, a distinctiveMcDermott paradigm after visual study com-
ness heuristic. pared to auditory study, and argued that visua
Moreover, related research on false reCOgnp_rocessing is more readily discriminable from

tion has already provided evidence of suppred€ amodal processing that contributes to false
sion based on mechanisms that likely involv&ecognition than is auditory processing. Viewed

more than reliance on a distinctiveness heurid@M the perspective developed here, it is pos:

tic. Brainerd, Reyna, and Kneer (1995) reporteaible that reduced false recognition in the Smith
that false recognition of a related lure word tha?nq I—_|unt_ paradigm |s_at_tr|butab|e_ to the use of
had been preceded earlier in a list by a singl% distinctiveness heuristic: after visual study of

semantic associate could be suppressed bel&@\;ge:lwok:ds, zartlmplicmt;s_ mayk?e;mand aé:ces_st
baseline levels of false alarms to unrelatef > 2" Pased recoliections oelore endorsing

. . .ltems as old. Alternatively, when making rec-
words by presenting the studied word again_ .~ . .
) . : - ognition decisions about a false target, partici-
immediately prior to the related lure. According . . i

Pants might recall seeing associated words dur

to Brainerd et al. (1995), this phenomenon Omg study and reject the false target based or

falsg recognition revergal oceurs becguse P eir access to this list-specific information. Be-
senting the target word immediately prior to th%ause Smith and Hunt manipulated visual ver-
related lure permits participants to gain acces§ g auditory encoding between groups (as in ou
to a specific recollection of their initial encoun-EXIoeriment 1), a distinctiveness heuristic could
ter with the target, which in turns allows them e the source of the effects that they observec
note that the immediately following lure item is ¢ so, then these effects should disappear whe

not identical to the studied target. However, thgig,a| versus auditory encoding is manipulated
magnitude of.the false recognition effect obyithin groups (as in our Experiment 2). By
served by Brainerd et al. when the lure Wi contrast, if access to list-specific information is
preceded immediately by a target word wagyyolved, then false recognition should be lower
considerably smaller than the false recognitiogsier visual than auditory study even when study
effects observed after word encoding in oUgonditions are manipulated within groups.
experiments and in similar studies using the similar considerations arise when consider-
Roediger and McDermott (1995) proceduresng false recognition in older adults. As we have
Thus, it is not known whether item-specificnoted, our data extend previous findings from
retrieval processes of the kind studied by Brainsimilar paradigms showing relatively increased
erd et al. can be used to suppress the large falsgsceptibility to false recognition of semantic
recognition effects observed in our experimentassociates (Norman & Schacter, 1997; Tun e
and in related studies (see Brainerd & Reyna, ial., 1998) and categorized pictures (Koutstaa
press) or whether suppression of robust falsend Schacter, 1997) in older adults. The Kout-
recognition depends mainly—or perhaps excluwstaal and Schacter findings are particularly strik-
sively—on the distinctiveness heuristic and reing, with older adults showing false alarm rates
lated means of inducing global shifts in re-of 60—70%—twice that of younger adults—to
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within-category lures after studying 18 picturesiot possible to distinguish between these two
of objects from a particular category. In morealternative interpretations of the Koutstaal et al.
recent studies, Koutstaal, Schacter, Galluccidata. To do so, the presence or absence c
and Stofer (in press) examined whether providdistinctive elaborators could be manipulated
ing participants with distinctive elaborators forwithin groups, which would render a distinc-
each studied picture would reduce false recodgiveness heuristic ineffective in producing dif-
nition and contribute to narrowing or even elimferential suppression of false recognition for
inating previously observed age differencexategorized pictures studied with distinctive
Thus, for example, whereas in the control corelaborators compared to those studied withou
dition participants studied 18 pictures of variouglaborators. Under these conditions, access t
cars, shoes, and objects from other categoriesgtegory-specific information would be re-
in the experimental condition participants studquired to produce differential suppression of
ied these same pictures, but accompanied liglse recognition in the experimental condition
brief verbal descriptions designed to highlightompared to the control condition.
the distinctive properties of each picture relative Recent data from another type of false rec-
to all the others within the category. Koutstaabgnition suppression paradigm raise the possi
et al. found that false recognition was reducedility that whereas older adults show normal
sharply in the experimental condition compareéhlse recognition suppression when suppressiol
to the control condition and that the reductions produced by a distinctiveness heuristic, they
was greater for older than for younger adultsnay fail to show normal suppression when
(however, even in the experimental conditiomther mechanisms are involved. Schacter et al
older adults still made significantly more falsgin press) reported that when lists of semantic
alarms to within-category lures than didassociates similar to those used here are repee
younger adults). edly studied and tested, healthy volunteers
As with the Smith and Hunt (in press) studyshowed significant suppression of false alarm:
when viewed from the theoretical perspectivéo related lures across trials: true recognition
developed here, false recognition suppression increased significantly from the first to the fifth
the Koutstaal et al. experiments could be attrittrial, whereas false recognition decreased sig
utable to the operation of a distinctiveness heuificantly from the first to the fifth trial (see
ristic: participants in the experimental condiMcDermott [1996] for a similar finding with
tion, knowing they had been given distinctivefalse recall). Schacter et al. also reported tha
elaborators for each picture, may have deamnesic patients failed to demonstrate signifi-
manded access to detailed recollections of thmant suppression and even showed evidence ¢
distinctive information before responding “old” increasing false recognition across trials. Recen
to similar but novel pictures. Alternatively, par-work in our laboratory has extended the false
ticipants in the experimental condition, wherrecognition suppression paradigm used by
confronted with a novel item from a studiedSchacter et al. (in press) to the study of cogni-
category, may have recalled category-specifitve aging and found little or no evidence of
distinctive information that allowed them to de-false recognition suppression across trials ir
termine that the lure item had not been studiedlder adults, even though younger adults
previously. For instance, when confronted witlshowed robust suppression effects and bott
a novel picture of a car, participants may havelder and younger adults showed increased hit
recalled some of the distinctive elaborators ascross trials (Kensinger & Schacter, 1998).
sociated with previously studied cars; based o&imilar patterns of results have been obtained ir
their failure to recall any such information forexperiments using categorized word lists (A.
the novel car, they called the item “new.” Wagner, D. L. Schacter, & C. Racine, unpub-
Because the presence or absence of distintshed observations).
tive elaborators was manipulated between These failures to observe suppression of false
groups in the Koutstaal et al. experiments, it isecognition across trials in older adults provide
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a striking contrast to the normal suppression dhilure to invoke an appropriate heuristic-based
false recognition in elderly adults observed imshift in responding.
our experiments and by Koutstaal et al. (1998). To determine whether suppression in the
Although the exact reasons for the contrastin§chacter et al. (in press) repetition paradigm is
patterns remain to be elucidated, Schacter et alttributable to increasing access to item/list-
(in press) argued that across-trial suppression specific information on the one hand or a heu-
false recognition in healthy volunteers is basedstic-based shift in responding on the other, it
on the increasing accessibility of item-specifiavill be necessary to manipulate repetitions on &
recollections of studied items: with repetitionwithin-groups basis (e.g., participants study
participants recall more accurately the exadome lists once and others five times prior to
items that were presented on a particular listesting). Under these conditions, reliance on &
which in turns allows them to note that a relatedistinctiveness or similar heuristic would not
lure word had not been presented previouslyroduce differential suppression of false recog-
According to Schacter et al., amnesic patientsition for lists studied five times compared to
do not build up such item-specific recollectiondists studied only once (for the same reasor
across trials and thus are unable to suppress thieture encoding did not produce false recogni-
strengthening influence of the semantic similaition suppression compared to word encoding in
ity or gist information that does build acrossour Experiment 2). Thus, if suppression effects
trials. were observed under these conditions, they
A similar interpretation could be applied tocould be confidently attributed to the use of
older adults: if across-trial suppression of fals@éem/list-specific information about the repeated
recognition depends on developing detailedems. If elderly adults failed to show suppres-
item-specific recollections, and elderly adultsion effects under these conditions, impaired
do not build up sufficient item-specific informa-access to item/list specific information would be
tion across trials, then older individuals willstrongly implicated.
exhibit impaired suppression compared to Whatever the outcome of such research, the
younger adults. By this view, fundamentallypresent results indicate that older adults car
different mechanisms are involved in the supshow normal suppression of false recognition
pression effects observed after pictorial encodnder conditions in which suppression is attrib-
ing in our paradigm (distinctiveness heuristicutable to the operation of a distinctiveness heu
and suppression effects observed across trialsrigtic. We suggested at the outset that providing
the Schacter et al. (in press) paradigm (accessp@tures during study would encourage partici-
list- or item-specific information). pants to focus on the distinctive features of
However, one important link is missing inotherwise highly similar lists of associates. We
this argument. It is logically possible that thealso hypothesized that if age-related increases i
suppression effects observed in the Schacterfetse recognition depend, at least in part, on
al. (in press) repetition paradigm could be atindistinct encoding of target information, in-
tributed to the operation of processes similar toreased focus on distinctive properties of items
the distinctiveness heuristic described here: akiring study would be especially helpful to
true recognition increases across trials, particelder adults. Consistent with these suggestions
pants may demand increasingly strong or dén Experiment 1 there was some evidence tha
tailed representations in order to make a possignificant age differences in false recognition
tive recognition response—that is, because thdinllowing word encoding were eliminated after
veridical recollections are more accurate angicture encoding.
compelling after repetition, participants may re- The overall pattern of results, however, indi-
spond in a generally more cautious manner toates that conditions that promote distinctive
false targets. If so, then the observed failures @ncoding provide a basis for older (and
older adults to show significant suppression ofounger) participants to set a more stringent
false recognition across trials could reflect theicriterion for responding “old” to test items.
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When increasing distinctive encoding does ndtents with severe memory disorders. We have
provide a basis for suppressing false recognitiomssumed that in order to employ a distinctive-
with more conservative responding (Experiness heuristic in our experiments, participants
ment 2), neither group exhibits encoding-basechust be able to recollect during the recognition
suppression effects. These observations suggéssit that they saw pictures earlier. There is nc
that age differences in retrieval mechanisms, asason to assume that older adults would hav
well as encoding, are implicated in false recogany difficulty recalling such general informa-
nition effects. As Schacter et al. (1997) sugtion, and the results of Experiment 1 support
gested, it may be most fruitful to focus onthis assumption. However, patients with severe
interactions between encoding and retrievalmnesic syndromes might have serious difficul-
when theorizing about age differences in falsées remembering on the recognition test
recognition. Indistinct encoding processes mayhether they saw any pictures earlier and,
promote the use of excessively liberal criteridnence, might fail to show suppression effects
during retrieval in older adults; increasing disthat are based on a distinctiveness heuristic
tinctive encoding at study allows older individ-Schacter et al. (in press) have already providec
uals to set more appropriate criteria at tesevidence of impaired suppression of false rec-
While theories of veridical memory have longognition in amnesic patients, but the mecha-
recognized the importance of interactions benisms underlying this deficit remain to be spec-
tween encoding and retrieval (e.g., Tulving &ified. Further neuropsychological investigations
Thompson, 1973), it is also useful to focus omwf false recognition suppression could provide
encoding/retrieval interactions in thinking aboutnsights into the brain mechanisms that are nec
false memory phenomena. essary to support the operation of the distinc-
Although we have invoked the concept of diveness heuristic.
_dlstmctlveness heuristic to e_x_plaln the con_tras_t- REEERENCES
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