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Suppressing False Recognition in Younger and Older Adults:
The Distinctiveness Heuristic
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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 call adistinctiveness heuristic:a 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 adults.© 1999 Academic Press
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False recognition—the mistaken claim t
one has previously encountered a novel ite
has been well-established experimentally (R
diger, McDermott, & Robinson, 1998) and a
alyzed from a variety of theoretical perspecti
(cf., Hintzman, 1988; Hirshman & Arndt, 199
Jacoby & Whitehouse, 1989; Johnson & Ra
in press; Reyna & Brainerd, 1995; Schac
Norman, & Koutstaal, 1998; Wallace, Stew
Shaffer, & Wilson, 1998). Early studies of fa
recognition used variants of a continuous
ognition paradigm introduced by Underwo
(1965), in which participants make old/new
cisions about previously studied words, rela
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lures (i.e., new words preceded by an assoc
word), and unrelated lures (i.e., new words
are not preceded by an associated word). F
recognition in this paradigm is typically e
pressed as a small increase in false alarm
related lures compared to unrelated lures. H
ever, more robust false recognition effects h
been reported under conditions in which par
ipants study large numbers of items that
conceptually or perceptually similar to a no
test item (Hintzman, 1988; Shiffrin, Huber,
Marinelli, 1995).

Roediger and McDermott (1995) recently p
vided a particularly striking demonstration of
bust false recognition, using a modified versio
a procedure introduced by Deese (1959; see
Read, 1996). In the Roediger and McDerm
paradigm, participants hear lists of 15 sema
associates and are then tested with previously
sented words, semantically related lures that w

e

-

nt
not presented previously, and unrelated lure
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2 SCHACTER, ISRAEL, AND RACINE
words. Roediger and McDermott (1995) repo
exceptionally high levels of false recognition (e
80%) to related lures. These false recognition
sponses were accompanied by high confide
moreover, when asked to make remember/k
judgments (Gardiner & Java, 1993; Tulvin
1985) about test items, participants often claim
to “remember” the false targets. Subsequent s
ies have delineated characteristics of this pow
false recognition effect (e.g., Mather, Henkel
Johnson, 1997; McDermott, 1997; Norman
Schacter, 1997; Payne, Elie, Blackwell, & Ne
chatz, 1996; Robinson & Roediger, 19
Seamon, Luo, & Gallo, 1998; Tussing & Gree
1997), examined the phenomenon in such p
lations as amnesic patients (Schacter, Verfa
& Pradere, 1996) and elderly adults (Norman
Schacter, 1997; Tun, Wingfield, Rosen, & Bl
chard, 1998), and explored the neural base
robust false recognition using event-related po
tials (Duzel, Yonelinas, Mangun, Heinze, & Tu
ing, 1997; Johnson, Nolde, Mather, Koun
Schacter, & Curran, 1997) and such functio
neuroimaging techniques as positron emissio
mography (Schacter, Reiman, Curran, Y
Bandy, McDermott, & Roediger, 1996) and fu
tional magnetic resonance imaging (Scha
Buckner, Koutstaal, Dale, & Rosen, 1997).

Schacter et al. (1998) argued that high le
of false recognition in the Deese/Roedig
McDermott paradigm are partly attributable
the fact that presentation of numerous str
associates during study emphasizes commo
mantic features of the studied words (i.e.,
[Reyna & Brainerd, 1995] or general similar
information [Hintzman & Curran, 1994]) mo
than distinctive details of particular items (ot
related factors, such as implicit associative
sponses and subsequent source memory c
sions, likely also contribute to this false rec
nition effect [see Roediger et al., in pre
Schacter et al., 1998]). Schacter et al. (19
hypothesized that robust false recognition
curs when participants retain the common
mantic features of presented words, but do
encode or retain distinctive details of individ
items (for general discussion of similarity a
distinctiveness effects in memory, see Hun

McDaniel [1993]; for further discussion of pos-
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sible neurobiological bases of similarity a
distinctiveness, see Schacter et al. [1998]
also McClelland, McNaughton, & O’Reille
[1995]).

According to this analysis, false recognit
should be reduced following study conditio
that promote encoding of distinctive inform
tion about particular items. Israel and Scha
(1997) tested this idea experimentally. To
crease encoding of distinctive informati
about individual items, Israel and Schacter p
sented one group of participants with lists
semantic associates in which each word
presented auditorily and was accompanied
corresponding picture. A second group was
posed to the same words auditorily, accom
nied by a visual presentation of the word. Isr
and Schacter found that pictorial encod
yielded lower levels of false recognition to bo
semantically related and unrelated lures t
did word encoding. In the picture encoding c
dition, there was a somewhat greater supp
sion effect when pictures rather than audit
words were presented on the recognition te

Israel and Schacter argued that participan
the picture condition rejected new words
cause they lacked the distinctive qualities a
ciated with remembered pictures. As sugge
previously by Strack and Bless (1994), wh
studied stimuli are made so memorable
participants feel confident that they would
member them vividly, the absence of deta
recollections provide diagnostic evidence
an item is novel. After studying numerous
mantic associates without any pictures, dif
ences between the qualities of true and f
memories are subtle (see Mather et al., 1
Norman & Schacter, 1997). However, wh
semantic associates are studied with pictu
phenomenological differences between true
false memories are likely to be increas
thereby encouraging participants to demand
cess to distinctive details about a particular i
before calling it “old.” A similar interpretatio
has been offered by Smith and Hunt (in pre
who reported reduced false recognition of
lated lures after visual study of words compa
to the standard auditory study condition. Th

proposed that “visual presentation provides a
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3FALSE RECOGNITION SUPPRESSION
better means for discriminating between stud
items and the related critical items than d
auditory presentation” (p. 4).1

In the present experiments, we explore
ther the nature and characteristics of false
ognition after pictorial encoding. Experimen
examines the performance of older adults in
paradigm reported previously by Israel a
Schacter (1997, Experiment 2). Compared
younger adults, older adults sometimes exh
as much or more false recognition of rela
lures in the Deese/Roediger-McDermott pa
digm, despite showing lower levels of true r
ognition (Norman & Schacter, 1997; Tun et
1998). Koutstaal and Schacter (1997) have
covered large age-related increases in false
ognition using a paradigm in which participa
study varying numbers of pictures from diff
ent categories and later make false alarm
novel pictures from the studied categories
review of these and previous findings on ag
and false recognition, see Schacter, Kouts
and Norman [1997]).

Schacter et al. (1997) hypothesized that
creased susceptibility to false recognition in
derly adults is in part attributable to an a
related tendency for generic or indistin
encoding of target information (Rabinowi
Craik, & Ackerman, 1982). Indistinct encodi
may produce selective impairments in rem
bering distinctive details of individual item
(Spencer & Raz, 1995) that in turn incre
susceptibility to various kinds of memory d
tortions (e.g., McIntyre & Craik, 1987
Schacter, Koutstaal, Johnson, Gross, & Ang
1997). In experiments that used a modified
sion of the Deese/Roediger-McDermott pa
digm and probed the qualitative characteris
of true and false memories, Norman a
Schacter (1997) found that both types of m

1 As Smith and Hunt (in press) point out, their finding
reduced false recognition after study of visual versus a
tory words contrasts with Israel and Schacter’s (1997)
ing that levels of false recognition did not differ after stu
of auditory words compared to visual words accompa
by auditory words. Smith and Hunt suggested that w
visual and auditory words are presented simultaneous
in Israel and Schacter’s experiment (1997), visual proc

ing of the studied words may be truncated.
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ories were predominantly associated with
cess to semantic/associative information
older and younger adults, with both age gro
showing relatively little access to perceptu
contextual information (see also Mather et
1997). While true memories were associa
with greater access to perceptual/contextua
formation than were false memories, this diff
ence was less pronounced in elderly adults
in younger adults. These results suggest
elderly adults are able to encode and retrieve
semantic similarities that drive false recog
tion, but are less likely than younger adults
encode or retrieve distinctive details about
dividual items that support true recognition.

If increased false recognition in elderly adu
following encoding conditions that emphas
similarities among items (Koutstaal & Schac
1997; Norman & Schacter, 1997; Tun et
1998) reflects reliance on overly general enc
ing, then providing elderly participants with d
tinctive pictures should significantly redu
false recognition, just as Israel and Scha
(1997) found with younger adults. Indeed
age-related increases in false recognition
exclusively produced by reliance on overly g
eral encoding, then pictorial encoding co
eliminate age effects in false recognition. E
periment 1 examines these possibilities.

In Experiment 2, we attempt to specify t
locus of false recognition suppression after
torial encoding in younger and older adults
evaluating the hypothesis that suppressio
produced by reliance on what we call adistinc-
tiveness heuristic—a mode of responding bas
on participants’ metamemorial awareness
true recognition of studied items should inclu
recollection of distinctive details. To test th
hypothesis, we developed a variant of Israel
Schacter’s paradigm in which reliance on a
tinctiveness heuristic should not produce lo
false recognition after pictorial encoding th
after word encoding.

EXPERIMENT 1

In Experiment 1, older and younger adu
studied auditorily presented lists of sema
associates that were each accompanied by e
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-
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n
s
-

a picture or a visual word. Picture versus word
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4 SCHACTER, ISRAEL, AND RACINE
encoding was manipulated as a between-gr
variable. On the recognition test, participa
made old/new recognition judgments ab
studied words, related lures, or unrelated lu
half of the test items from each encoding c
dition were presented as auditory words, and
other half were presented in a manner tha
instated initial encoding condition (audito
words plus pictures for the picture encod
condition, and auditory words plus visual wo
for the word encoding condition). In addition
old/new judgments, we explored qualitat
characteristics of true and false recognition
requiring participants to make remember/kn
judgments (Gardiner & Java, 1993; Tulvin
1985) about each item.

Methods

Participants. Thirty-six younger adults an
36 older adults participated in the experime
The younger adults were all Harvard Univers
undergraduates, with a mean age of 19.8 y
(range, 18–22 years), who were recruited
mailings to Harvard clubs, classes, and org
zations; a partial analysis of their data has b
provided separately by Israel and Scha
(1997, Experiment 2). The older adults w
recruited via flyers and posters and were in
viewed individually to exclude those with a
of the following conditions: a history of alc
holism or substance abuse, cerebrovascula
cident, recent myocardial infarction, presen
previous treatment for psychiatric illness, c
rent treatment with psychoactive medicati
metabolic or drug toxicity, primary degene
tive disorders (e.g., Alzheimer’s disease, P
kinson’s disease, or Huntington’s disease),
brain damage from a known cause (e.g.,
poxia). Older participants’ mean age was 6
years (range 61–74 years), and they had
average 15.8 years of formal education. E
teen younger and 18 older participants w
included in each of two main experimental c
ditions (word encoding and picture encodin
Participants were paid $8.

Materials and design.Twenty-one stud
lists, each composed of 12 items, were cre
using the Russell and Jenkins (1954) word

sociation norms and adapting some of the list
s
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used by Roediger and McDermott (1995). St
lists were constructed by selecting the 12 h
est associates that could be represented pi
ally. Words on each list were presented in or
of decreasing associative strength to the n
presented related lure (i.e., the most stron
associated word was presented first, the
most strongly associated word was prese
second, and so forth). The 21 lists were divi
into three sets for counterbalancing purpo
within each set, lists were presented in the s
order to all participants. Participants studied
lists and were given a 63-item recognition t
The test consisted of 28 studied items ortrue
targets (drawn from the first and seventh l
positions of each of the 14 studied lists), 14 n
unrelated lures ortrue target controls(drawn
from the 1st and 7th list positions of each of
7 nonstudied lists), 14 related lures orfalse
targets (the related lure on which all studi
items semantically converge for each of the
studied lists), and 7 new unrelated lures orfalse
target controls(the related lure on which a
studied items semantically converge for eac
the seven nonstudied lists).

In the picture encoding condition, each
item was presented as an auditory word wi
corresponding picture; in the word encod
condition, each list item was presented as
auditory word with its corresponding visu
word. Items on the recognition test were r
domly assigned to a test presentation m
visual 1 auditory or auditory; no more tha
three items were presented consecutively in
same mode. In the picture encoding condit
the visual1 auditory test mode involved simu
taneous presentation of a picture and an a
tory word, whereas in the word encoding c
dition the visual 1 auditory mode involve
simultaneous presentation of a visual word
an auditory word. The recognition test w
counterbalanced so that (1) each type of i
(i.e., true target, true target control, false tar
and false target control) was presented equ
often in each of the two presentation modes
(2) each type of item appeared equally ofte
the first and second half of the test. Furth
more, items taken from the same study list w

sat least eight positions apart on the recognition
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5FALSE RECOGNITION SUPPRESSION
test, and no more than two items of the sa
type appeared consecutively.

The pictorial stimuli were black and wh
line drawings of list items and varied in s
(ranging from approximately 33 3 cm to 173
18 cm, with a modal size of approximately 103
11 cm). In general, the drawings contained s
ilar amounts of detail, although this feature w
not systematically controlled. Pictures w
scanned on a PowerMacintosh 7600/132 u
VistaScan and a UMAX Vista-S6E scann
Auditory stimuli were recorded on a Macinto
Quadra 150 using SoundEdit Pro. Word stim
were presented in uppercase in 55-point Ge
typefont. All stimuli were presented on a Po
erComputing PowerCenter 132 using PsySc
1.2b2. Participants heard auditory stim
through headphones.

The main design consisted of two betwe
group variables, age (young vs old) and enc
ing condition (word vs picture), and two withi
group variables, test presentation mo
(visual 1 auditory vs auditory) and item typ
(true target, true target control, false target,
false target control).

Procedure.Participants were tested indiv
ually. They were told that 14 lists of 12 item
each would be presented and that each item
composed of an auditory and a visual com
nent. Participants were instructed to pay car
attention to both parts of the item because
would be tested on the items later. Additiona
participants were told that they would have
min to work on a puzzle after presentation
each study list, and that a beep would so
before presentation of the next study list (p
zles included a math subtraction task, a m
addition task, and mazes). The visual com
nent of each study item was displayed for 1.
all auditory components were presented sim
taneously in a female voice. Approximat
1.5 s elapsed between each study item. Pre
tation of each list took approximately 40
Following presentation of all 14 lists, parti
pants received 3 min to work on mazes.

After this filler task, participants were giv
instructions for the recognition test. Participa
were asked to indicate if each item was “o

(i.e., had appeared on one of the study lists) o
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“new” (i.e., had not appeared on the study li
by pressing “o” or “n” on the keyboard. Wh
given both visual and auditory cues, participa
were told to consider both components w
making recognition judgments. Participants
the picture condition were also assured tha
old picture would never be presented with a n
auditory label, nor a new picture presented w
an old auditory label. Whenever they calle
test item “old,” participants made rememb
know judgments (Tulving, 1985) using instru
tions adapted from Rajaram (1993). After p
ticipants completed their judgments, th
pressed the space bar for presentation of
next test item. When items were presente
auditory test mode, a cross-hair appeared in
center of the computer screen.

Results

Table 1 presents the proportion of “old”
sponses to true targets, true target controls,
targets, and false target controls as a functio
test presentation mode in the word and pic
encoding conditions for older and young
adults. Table 2 displays the results of sig
detection analyses that provide estimates of
sitivity (A9) and response bias (B0D) in three
critical comparisons. Table 3 presents the
portions of remember and know response
each of the item types, together with cor
sponding estimates of recollection and famil
ity that were obtained from remember and kn
responses, respectively, using procedures
scribed by Yonelinas, Kroll, Dobbins, Lazza
and Knight (1998). We first consider the ove
data, next discuss the signal detection analy
and conclude by considering the remem
know judgments.

Overall Data: True Recognition

Hit rates were generally higher for young
than older adults and were higher in the
sual 1 auditory than auditory test mode,
though this latter effect was much larger in
picture than the word encoding condition.
though hit rates were virtually identical in t
picture and word encoding conditions, the d
criminability of old and new items, as indicat

rby corrected recognition scores that were ob-
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6 SCHACTER, ISRAEL, AND RACINE
tained by subtracting the proportion of “ol
responses to true target controls from the
portion of “old” responses to true targets, w
higher in the picture encoding condition than
the word encoding condition for both groups
participants, with younger adults showi
somewhat higher levels of corrected recogni
in both conditions.

An ANOVA on corrected hit rates revealed
significant main effects for Encoding Conditio
F(1,68) 5 4.75, MSe 5 .060, p 5 ,.05, and
Test Mode,F(1,68)5 12.35,MSe 5 .029,p ,
.001, and a trend for a main effect of Ag
F(1,68) 5 2.87, MSe 5 .060, p 5 .095. The
Encoding Condition3 Test Mode interactio
was significant,F(1,68) 5 14.91,MSe 5 .029,
p , .001, and there were no further interacti
with Age,Fs , 1. The interaction indicates th
for both older and younger adults, recognit
accuracy in the picture encoding condition w
higher when pictures and their auditory lab
were presented at test than when only aud
words were presented, whereas there wer
differences between the visual1 auditory and
auditory test presentation modes in the w

TAB

Proportion of “Old” Responses on the Recognitio
Age, and Encoding

Item type Test presentation mode

True targets
Auditory
Visual 1 Auditory

True target controls
Auditory
Visual 1 Auditory

False targets
Auditory
Visual 1 Auditory

False target controls
Auditory
Visual 1 Auditory
encoding condition. c
-

y
o

Overall Data: False Recognition

The data in Table 1 indicate that within ea
encoding condition, older adults showed so
what higher rates of false recognition to rela
lures than did younger adults,F(1,68) 5 2.97,
MSe 5 .086, p 5 .089. However, the mo
striking finding is that older adults, like young
adults, showed a dramatic decrease in the
portion of “old” responses to false targets a
studying pictures than words,F(1,68)5 33.03
MSe 5 .086, p , .0001. Younger adults al
showed similar reductions in the proportions
“old” responses to false target controls in
picture encoding condition compared to
word encoding condition, whereas elde
adults showed similarly low levels of fal
alarms to false target controls in both encod
conditions. Analysis of “old” responses to fa
target controls revealed a significant Age3
Encoding Condition interaction,F(1,68) 5
5.62,MSe 5 .056,p , .05. Note, however, th

oth older and younger adults showed lo
evels of false alarms to true target controls a
icture encoding than word encoding, as in

1

est as a Function of Item Type, Test Presentation Mo
dition in Experiment 1

Encoding condition

Young adults Elderly adults

Word Picture Word Pictur

.79 .78 .72 .71
.77 .71 .72 .62
.82 .85 .73 .81

.21 .09 .18 .11
.18 .12 .17 .12
.23 .06 .20 .10

.66 .35 .72 .46
.64 .41 .68 .46
.68 .30 .76 .45

.28 .08 .17 .1
.26 .08 .20 .18
.31 .07 .14 .14
LE

n T
Con
ated by a main effect of Encoding Condition,
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7FALSE RECOGNITION SUPPRESSION
F(1,68)5 11.18,MSe 5 .032,p , .005, with no
Age 3 Encoding Condition interaction,F , 1.

We also analyzed corrected recognit
scores in which the proportion of “old” r
sponses to false target controls was subtra
from the proportion of “old” responses to fa
targets. This analysis revealed a significan
fect of Encoding Condition,F(1,68) 5 10.29
MSe 5 .114, p , .005, indicating lower fals
ecognition rates following picture than wo
ncoding, and a marginally significant effec

TABLE 2

Signal Detection Analyses of Sensitivity (A9) and Bias
B0D) as a Function of Item Type, Test Presentation M
ge, and Encoding Condition in Experiment 1

Encoding condition/
Test presentation mode

Young
adults

Elderly
adults

A9 B0D A9 B0D

Item specific memory (true
targets compared to true

target controls)

Word .85 .05 .83 .2
Auditory .85 .19 .83 .3
Visual 1 Auditory .85 2.10 .83 .15

Picture .90 .34 .87 .4
Auditory .87 .39 .83 .5
Visual 1 Auditory .93 .30 .90 .3

Item specific memory (true
targets compared to

false targets)

Word .60 2.50 .50 2.44
Auditory .57 2.39 .54 2.41
Visual 1 Auditory .63 2.61 .47 2.47

Picture .79 2.21 .68 2.23
Auditory .72 2.07 .62 2.10
Visual 1 Auditory .85 2.34 .74 2.36

Gist memory (false targets
compared to false
target controls)

Word .70 .05 .79 .0
Auditory .72 .10 .78 .1
Visual 1 Auditory .68 2.03 .81 .03

Picture .65 .56 .66 .3
Auditory .65 .46 .67 .3
Visual 1 Auditory .64 .67 .66 .3
ge, F(1,68) 5 3.55, MSe 5 .114, p 5 .064,
d

f-

indicating higher false recognition rates in ol
than younger adults.

There were no main effects or interactio
involving Test Mode for overall or correct
false recognition,Fs , 2.76, except for a ma
ginally significant Age3 Test Mode interac
tion, F(1,68) 5 3.65, MSe 5 .078, p 5 .060,
ndicating that younger adults showed sligh
ess corrected false recognition in the visua1
uditory test mode than in the auditory t
ode, whereas elderly adults showed the o

ite trend.

ignal Detection Analyses

To determine whether the main findings d
ussed thus far can be attributed specificall
hanges in sensitivity or response bias, we
ormed signal detection analyses based on
edures used and described by Koutstaal
chacter (1997) and Schacter, Verfaellie, A
nd Racine (in press; see also Tussing
reene, 1997). We usedA9 as an estimate

sensitivity andB0D as an estimate of respon
bias (Donaldson, 1992; Snodgrass & Corw
1988). Values ofA9 can vary between zero a

.00; higher values indicate greater sensitiv
ith .50 indicating chance performance. Val
f the bias measure,B0D, can vary betwee

21.00 (indicating extremely liberal respondin
and 11.00 (indicating extremely conservat
responding). Because these measures are
fined with hit rates of zero or one, the data w
first transformed, as recommended by Snodg
and Corwin (1988), by computingp(x) as (x 1
.5)/n 1 1 rather thanx/n. In addition, when
ndividual subjects showed below chance s
itivity (hits , false alarms, orA9 , .50), mod

ified formulas provided by Aaronson and Wa
(1987) were used.

Following Koutstaal and Schacter (1997) a
Schacter et al. (in press), we provide three
ferent types of signal detection analyses, sh
in the top, middle, and bottom panels of Ta
2. The top panel of Table 2 shows estimate
sensitivity and bias comparing hits to true
gets with false alarms to true target contr
which are measures of item-specific mem
(referred to asA9 unrelated andB0D unrelated

,

for sensitivity and bias, respectively). The mid-
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8 SCHACTER, ISRAEL, AND RACINE
dle panel compares hits with “old” response
false targets, which provides a different m
sure of item-specific memory (A9 related an
B0D related for sensitivity and bias, resp
ively). In the bottom panel of Table 2, false alar
o related lures are depicted as a form of m
ry for the “gist” of the study list (cf., Brainer
t al., 1995; Koutstaal & Schacter, 1997) a

hus are treated in the same manner as hits i
revious two analyses. For this analysis, “o
esponses to false targets are compared
old” responses to false target controls;A9 in-

dicates the extent to which participants ca

TAB

(A) Estimates of Recollection (R) and Familiarity (F(d9))
et al., in press); (B) Raw Proportions of Remember (R) a
Recollection and Familiarity, Respectively, for Experim

Item type/
Test presentation mode

Young adults

Word

R F(d9) R

True target .58 1.21 .
Auditory .61 .78 .6
Visual 1 Auditory .54 1.64 .7

False target .42 .64 .
Auditory .40 .84 .2
Visual 1 Auditory .43 .43 .1

R K R

True target .62 .17 .7
Auditory .64 .13 .6
Visual 1 Auditory .60 .22 .7

False target .47 .19 .
Auditory .45 .19 .3
Visual 1 Auditory .49 .19 .1

True target controls .08 .13 .
Auditory .05 .13 .0
Visual 1 Auditory .10 .13 .0

False target controls .13 .15
Auditory .12 .14 .0
Visual 1 Auditory .14 .17 .0
false targets “old,” compared to how often they
-

-

e

th

called false target controls “old.” In this com
parison we call the measures of sensitivity
biasA9 gist andB0D gist, respectively.

True targets compared to true target contr
(item-specific memory).Overall ANOVAs in-
cluding Age and Encoding Condition as
tween-subjects variables and Test Mode a
within-subject variable were performed on
A9 unrelated andB0D unrelated values shown
the first panel of Table 2. Analysis ofA9 unre-
lated revealed main effects of Encoding Con
tion, F(1,68) 5 4.70, MSe 5 .013, p , .05,
indicating greater discriminability betwe

3

sed on a Dual Process Signal Detection Model (Yone
Know (K) Responses That Contribute to the Estimate
t 1

A.

Encoding condition

Elderly adults

icture Word Picture

F(d9) R F(d9) R F(d9)

1.36 .49 .99 .54 1
1.04 .50 .82 .48 .5
1.67 .48 1.15 .59 1.

.14 .47 1.23 .31
.24 .43 .95 .30 .3
.03 .50 1.56 .32 .2

B.

K R K R K

.07 .55 .17 .58
.08 .54 .18 .51 .1
.07 .56 .17 .65 .1

.11 .52 .20 .36
.10 .48 .20 .34 .1
.13 .56 .20 .37 .0

.05 .12 .06 .08
.07 .08 .09 .06 .0
.03 .16 .04 .10 .0

.05 .11 .06 .13
.05 .11 .09 .15 .0
.05 .11 .03 .11 .0
LE

Ba
nd
en

P

70
2
8
22
8
6

1
3
8
24
1
7
04
5
2
.03
3
2

studied items and unrelated lures after picture
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9FALSE RECOGNITION SUPPRESSION
than word encoding, and Test Mode,F(1,68)5
8.08, MSe 5 .006, p , .01, indicating greate

iscriminability in the visual1 auditory than
uditory test mode. There was also a signific
ncoding Condition3 Test Mode interaction

F(1,68)5 6.63,MSe 5 .006,p , .05, reflecting
the fact that the advantage of picture over w
encoding was greater in the visual1 auditory
than the auditory test mode.

Analyses of the criterion measure,B0D unre-
ated, revealed significantly more conserva
esponding after picture than word encod
(1,68)5 5.09,MSe 5 .405,p , .05, and in th

auditory than in the visual1 auditory test con
ition,F(1,68)5 4.92,MSe 5 .278,p , .05. No
ther effects approached significance.
True targets compared to false targets (ite

pecific memory).As shown in the second pan
f Table 2, discrimination between stud

tems and related lures was influenced by e
f the main variables in the experiment.A9

related was greater after picture than word
coding, as reflected by a main effect of Enc
ing Condition,F(1,68) 5 33.46,MSe 5 .036,
p , .0001, was greater in the visual1 auditory
han the auditory test mode, as indicated b
ain effect of Test Mode,F(1,68)5 5.45,MSe

5 .024,p , .05, and was higher in younger th
lder adults, as indicated by a main effec
ge, F(1,68) 5 10.18,MSe 5 .026,p , .001.
here was also an Encoding Condition3 Test
ode interaction,F(1,68)5 6.69,MSe 5 .024,

p , .05, indicating that the greater discri
nability between studied items and related lu
n the picture encoding condition compared
he word encoding condition was increased
he visual1 auditory test mode compared to
auditory test mode.

Analyses ofB0D indicate more conservati
responding after picture than word encod
F(1,68)5 6.27,MSe 5 .359,p , .05, and in th
auditory test mode compared to the visua1
auditory test mode,F(1,68) 5 9.43, MSe 5
153, p , .01. No other effects approach
ignificance.
False targets compared to false target c

rols (gist memory). A9 gist indicates the degr
o which participants are willing to rely on g

r general similarity information when making
t

,

-

h

-
-

a

f

s

,

-

ecognition responses. As indicated by the t
anel in Table 2, values ofA9 gist were highe
fter word than after picture encoding for b
ounger and older adults, although the dif
nce between conditions was more pronoun

n the older group. In addition, elderly adu
ere characterized by higherA9 gist values tha
ounger adults, particularly after word enc
ng. However, an overall ANOVA reveale
nly a main effect of Encoding Conditio
(1,68) 5 7.43, MSe 5 .041, p , .01, with a

trend for an effect of Age,F(1,68)5 2.68,MSe

5 .041,p 5 .106. Although the Encoding Co
dition 3 Age interaction did not approach s
nificance,F(1,68)5 1.38,MSe 5 .041, it should
be noted that (a) the main effect of Encod
Condition onA9 gist values was significant
elderly adults,F(1,34)5 7.93,MSe 5 .039,p ,
.01, but not in younger adults,F , 1, and (b
whereas there was no difference betweenA9 gist
values for old and young after picture encod
F , 1, A9 gist was significantly higher in old
than younger adults after word encodi
F(1,34)5 4.45,MSe 5 .036,p 5 ,.05.

B0D values in the lower panel of Table 2 indic
consistently more conservative responding a
picture than word encoding, as shown by a sig
icant main effect of Encoding Condition,F(1,68)
5 20.24,MSe 5 .286,p , .0001. No other effec
were significant,Fs , 1.92.

Recollection and Familiarity:
Remember/Know Responses

The proportions of remember and know
sponses in the various experimental condit
are presented in Table 3, together with estim
of recollection and familiarity derived using t
procedures of Yonelinas et al. (1998). Yon
nas et al. have noted several problems that
arise when analyzing the raw proportions
remember and know responses as a functio
experimental manipulations, as had been d
frequently in previous remember/know stud
(see also Donaldson, 1996; Gardiner & Gre
1997; Hirshman & Master, 1997). Most no
bly, estimates of know responses may
skewed in conventional analyses by failing
take into account that when remember

sponses change as a function of an experimental
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10 SCHACTER, ISRAEL, AND RACINE
manipulation, so do the number of opportuni
to make know responses. Yonelinas et al. h
developed a model that addresses this is
More specifically, they have described a d
process account in which remember respo
are used to model recollection as a hi
threshold process, and know responses are
to model familiarity as a signal detection (d9)
process.

We analyzed our data both in the conv
tional manner and using the procedures
Yonelinas et al., and generally found sim
patterns of results. We will report the results
statistical analyses that were performed on
estimates derived from the Yonelinas et al. p
cedures. Specifically, we estimated recollec
by dividing the proportion of remember r
sponses to true or false targets by the propo
of remember responses to true or false ta
controls [R 5 (‘R’ old 2 ‘R’ new)/(1 2 ‘R’ new)].

e estimated familiarity by computing, sep
ately for old and new know responses,
robability that an item is familiar and also n
ecollected [(Fold 5 ‘K’ old/1 2 ‘R’ old); (Fnew 5

‘K’ new/1 2 ‘R’ new)]. We then obtained es
ates ofd9 from standard tables.2

True recognition.Analysis of remember re
sponses indicates that recollection was con
erably higher in younger than in older adu
F(1,68) 5 6.18, MSe 5 .087, p , .05. There
was also a significant Encoding Condition3
Test Mode interaction,F(1,68)5 15.00,MSe 5
.020, p , .0005, reflecting higher levels
recollection after pictorial than word encod
in the visual1 auditory test mode but not in t
auditory test mode.

Estimates of familiarity were considerab
higher in the visual1 auditory test mode than
the auditory test mode,F(1,68)5 24.31,MSe 5
.694,p , .0001. No other effects were sign
cant,Fs , 2.14.

2 We used A9 (see Tables 2 and 5) rather thand9 for our
asic signal detection analyses because A9 makes less strin
ent assumptions than doesd9 (see Snodgrass & Corwi

1988) and thus is useful in providing estimates of sensit
and bias that are relatively free of theoretical assumpt
In using thed9 analysis described by Yonelinas et al. (19
to estimate familiarity (see Tables 3 and 6), we are ac
sing the fundamental assumptions of their theoretical mode
e
e.
l
s

-
ed

-
f

f
e
-
n

n
t

-
,

False recognition.False recollection wa
much lower after picture than word encodi
F(1,68)5 11.06,MSe 5 .098,p , .005. Fals
amiliarity was also considerably lower af
icture than word encoding,F(1,68) 5 14.13
Se 5 1.37,p , .0005, and was higher in old

than in younger adults,F(1,68)5 4.01,MSe 5
1.37,p , .05. No other effects were significa

s , 3.12.

iscussion

Israel and Schacter (1997) reported
tudying semantic associates as pictures
uced lower levels of false recognition to

ated lure words than did a standard encod
ondition in which only words were studie
xperiment 1 has extended this finding to o
dults by showing that, just as in youn
dults, false recognition to related lures is
uced after picture encoding compared to w
ncoding. In line with previous results (Norm
Schacter, 1997; Tun et al., 1998), we fou

ome evidence that older adults are relati
ore susceptible to false recognition of sem

ic associates than are younger adults. Ov
nalyses of recognition performance sho
arginally lower levels of true recognition a
arginally higher levels of false recognition
lder than younger adults. Analyses of recol

ion and familiarity based on remember a
now responses provided stronger evidenc
ge differences. Consistent with earlier stu
e.g., Parkin & Walter, 1992), elderly adu
howed lower levels of true recollection th
id younger adults, with no significant diffe
nces in familiarity.
The overall pattern of results is in line w

ur suggestion that if age-related increase
alse recognition following encoding conditio
hat emphasize similarities among items refl
he influence of overly general encoding, th
roviding elderly participants with distinctiv
ictures should significantly reduce false rec
ition. We also noted earlier that if increas

alse recognition in elderly adults is entire
ttributable to overly general encoding, th
ictorial encoding might eliminate age diffe
nces. Although we did not obtain conclus

.

t-

upport for this suggestion, we obtained somel.
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11FALSE RECOGNITION SUPPRESSION
positive evidence: signal detection analyses
vealed significant age differences inA9 gist—
the tendency to rely on general similarity or g
information—after word encoding but not af
picture encoding.

Signal detection analyses also revealed
reduced false recognition after picture encod
was reflected both in lower levels ofA9 gist,
indicating reduced influence of general simi
ity or gist information, and in higher levels
B0D gist, indicating more conservative respo
ing. Indeed, the clearest result from the sig
detection analyses was that both younger
older adults consistently responded more c
servatively after picture encoding than a
word encoding. This result was obtained in e
of the three types of signal detection analy
we performed, with values ofB0D unrelated
B0D related, andB0D gist all significantly highe
in the picture encoding condition than in
word encoding condition. The only exception
this general pattern was that older adults did
show reduced false alarms to false target
trols after pictorial encoding, but in view of t
generally low levels of false alarms to the
items by the older adults, this result may
attributable to a floor effect.

The signal detection analyses also reve
that in the picture encoding condition, part
pants were better able than in the word enco
condition to distinguish between studied ite
and either related lures or unrelated lures
indicated by significant effects of encoding c
dition on A9 unrelated andA9 related. Thes

ffects were especially pronounced in the
ual 1 auditory test condition, as shown
ignificant Encoding Condition3 Test Mode

interactions for bothA9 unrelated andA9 related
The interactions indicate that reinstating enc
ing conditions increased participants’ abilit
to distinguish between studied and nonstu
items following picture encoding, but not fo
lowing word encoding.

The foregoing analyses provide evidence
evant to understanding the observed supp
sion of false recognition following picture e
coding. We suggest that the consistently m
conservative bias we observed after picture

coding than after word encoding may depend oC
-

t
g

-
l
d
-

h
s

t
-

d

g

s

-

-

d

-
s-

e
-

a general shift in responding based on par
pants’ metamemorial assessments of the k
of information they feel theyshouldremembe
Strack & Bless, 1994). Having encounte
ictures with each of the presented words,

icipants in the picture encoding condition m
mploy a general rule of thumb whereby th
emand access to detailed pictorial informa

n order to support a positive recognition de
ion; failure to gain access to such distinc
nformation when tested with related lures w
end to result in a negative recognition decis
mportantly, suppression based on metame
ial assessments can function without acces
ist-specific distinctive informationabout stud
ed items. For instance, when presented with
elated lure item “bread” on the recognition te
ither as an auditory word or auditory word1
icture, participants in the picture encod
ondition may have recalled seeing picture
uch presented associates as “milk,” “butt
flour,” or “dough”; because they could reme
er pictures of these presented words, but fa

o recall a corresponding picture for “brea
articipants may have used their recollection
articular list items to suppress false reco

ion responses. Consistent with the idea
uppression based on a distinctiveness heu
eed not involve access to such list-spe

nformation, hit rates were virtually identical
he word and picture encoding groups, yet
till observed a significant reduction in fa
ecognition in the picture encoding group. Th
e hypothesize that suppression relies on a
ral expectation that a test item should elic
ivid perceptual recollection if, indeed, it h
een presented previously. Participants in
ord encoding condition, by contrast, do
xpect to retrieve distinctive representation
reviously studied items and, hence, are m

ess likely to demand access to detailed re
ections.

We refer to the hypothesized “rule of thum
n the picture encoding condition as adistinc-
iveness heuristic.We use the termheuristic
e.g., Kahneman, Slovic, & Tversky, 1982)
rder to emphasize aspects of heuristic proc

ng that have been delineated previously

nhaiken, Lieberman, and Eagly (1989) in the



so
ex
, p
isti
ble
ple
ris
ci-
ob
eu-
rc
ts

el
r ‘if
th
es

par
he
nd
in

ea
ria
b

on-

hy
s i
stic
als

to
sus
en
in

is-
se
the
we
n

ists
li-
ul
lse
m-
In
uld

rd
p-
at-
eu-
be

he
list-
c-

ing

er
g to
age
–27
rs of
8.8
on

li
t 1,
ted
ri-

ere
ur-
ere

for
he
nd
.e.,
ures
d 7
heir
ici-
ture
an
me
ion
udi-
ry

en-
test
two
on
rue
on-

12 SCHACTER, ISRAEL, AND RACINE
context of persuasion research, and by John
Hashtroudi, and Lindsay (1993) in the cont
of memory research. Chaiken et al. (1989
212) observed that “When processing heur
cally, people focus on that subset of availa
information that enables them to use sim
inferential rules, schemata, or cognitive heu
tics to formulate their judgments and de
sions.” Johnson et al. (1993; see also Jac
Kelley, & Dywan, 1989) have argued that h
ristic processes play an important role in sou
monitoring, noting that “…heuristic judgmen
involve criteria such as ‘if the familiarity lev
is above X, the event probably happened’, o
the amount of perceptual detail exceeds X,
event was probably perceived.’” We sugg
that when using a distinctiveness heuristic,
ticipants are especially attuned to whether t
recollect distinctive details about an item a
use criteria such as “if I do not remember see
a picture of an item, it is probably new.”

In Experiment 2, we attempt to test the id
that false recognition suppression after picto
encoding relies on a distinctiveness heuristic
altering a critical feature of the encoding c
ditions from Experiment 1.

EXPERIMENT 2

To evaluate the distinctiveness heuristic
pothesis, we attempted to create condition
which reliance on a distinctiveness heuri
alone could not produce suppression of f
recognition after picture encoding compared
word encoding. In Experiment 1, picture ver
word encoding was manipulated on a betwe
groups basis, thereby allowing participants
the picture encoding condition to invoke a d
tinctiveness heuristic and respond more con
vatively to false targets than participants in
word encoding condition. In Experiment 2,
manipulated picture versus word encoding o
within-groups basis. Having studied some l
with pictures and others with words only, re
ance on a distinctiveness heuristic alone wo
not produce differential suppression of fa
recognition for lists studied with pictures co
pared to those studied with words alone.
stead, access to list-specific information wo

be necessary in order to achieve lower levels o
n,
t
.
-

-

y,

e

e
t
-
y

g

l
y

-
n

e

-

r-

a

d

-

false recognition following picture than wo
encoding. Accordingly, if false recognition su
pression after pictorial encoding is entirely
tributable to reliance on a distinctiveness h
ristic, then the suppression effect should
eliminated in Experiment 2. By contrast, if t
suppression effect also involves access to
specific distinctive information, then false re
ognition should be lower after picture encod
than after word encoding in Experiment 2.

Method

Participants. Participants were 24 young
adults and 24 older adults recruited accordin
the same criteria as in Experiment 1. Mean
of younger adults was 20.2 years (range, 17
years), and they had on average 13.2 yea
education. Mean age of older adults was 6
years (range, 63–75 years), and they had
average 15.8 years of education.

Material and design.Study and test stimu
were identical to those used in Experimen
but the manner in which they were presen
differed between experiments. As in Expe
ment 1, twenty-one 12-item study lists w
divided into three sets for counterbalancing p
poses. Participants studied 14 lists and w
given a 63-item recognition test. However,
each participant in Experiment 2, half of t
study lists were presented in pictorial form a
the other half were presented in word form (i
7 of the 14 study lists were presented as pict
with their corresponding auditory labels, an
study lists were presented as words with t
corresponding auditory labels). Across part
pants, each list appeared equally often in pic
or word form. Within participants, no more th
two lists appeared consecutively in the sa
presentation mode. All items on the recognit
test were presented as either picture and a
tory word or as a visual word and audito
word.

The main design consisted of two betwe
group variables, age (young vs old) and
presentation mode (picture vs word), and
within-group variables, encoding conditi
(picture vs word) and item type (true target, t
target control, false target, and false target c

ftrol).



re-
tic
12

efu
en

o
list
le.
re

rm

of
on
as
er
s o
pre
tion

der
h
rd
the
ve
ob
d”
pro
An

n,
F

-
,

ro-
oth
by

der
s to
on-

less
n in

or
ant

o

S

r-
e n in
t e 5.

ols

de,

22
6
8
26
5
7

) and false
rd

13FALSE RECOGNITION SUPPRESSION
Procedure.The procedure was in most
spects identical to that of Experiment 1. Par
ipants were presented with 14 study lists of
items each. They were instructed to pay car
attention to the visual and auditory compon
of each item because they would be tested
the items later. After presentation of each
participants had 1 min to work on a puzz
Once all lists were presented, participants
ceived 3 min to work on mazes before perfo
ing the remember/know recognition test.

Results.Table 4 presents the proportion
“old” responses to true targets, true target c
trols, false targets, and false target controls
function of experimental conditions for young
and older adults. Table 5 displays the result
the signal detection analyses, and Table 6
sents the remember/know data and recollec
familiarity estimates.

Overall Data: True Recognition

Hit rates were higher in younger than ol
adults, and for both younger and older adults
rates were higher following picture than wo
encoding in the picture test mode, but not in
word test mode. A similar pattern was obser
with corrected recognition scores that were
tained by subtracting the proportion of “ol
responses to true target controls from the
portion of “old” responses to true targets.

TAB

Proportion of “Old” Responses on the Recognitio
Age, and Encoding

Item type/
Test presentation mode

Young adu

WE PE

True targets .75 .83
Word .79 .77
Picture .70 .88

False targets .49 .47
Word .54 .55
Picture .44 .39

Note.WE, word encoding condition; PE, picture enc
a Because encoding condition was manipulated withi

target controls (lower three rows) were used in the wo
ANOVA on corrected hit rates revealed signif-(
-

l
t
n
,

-
-

-
a

f
-
/

it

d
-

-

icant main effects of Age,F(1,44)5 8.88,MSe

5 .065, p , .005, and Encoding Conditio
(1,44)5 24.54,MSe 5 .015,p 5 ,.0001, and

an Encoding Condition3 Test Mode interac
tion, F(1,44)5 27.05,MSe 5 .015,p , .0001
with no other significant effects.

Overall Data: False Recognition

In sharp contrast to Experiment 1, the p
portions of false alarms to related lures in b
younger and older adults were unaffected
picture versus word encoding (Table 4). Ol
adults showed higher levels of false alarm
related lures than did younger adults in all c
ditions, F(1,44) 5 7.51,MSe 5 .088,p , .01,
and both younger and older adults showed
false recognition in the picture test mode tha
the word test mode,F(1,44) 5 5.09, MSe 5
.088,p , .05. A similar pattern was evident f
corrected false recognition, with near signific
main effects for Age,F(1,44) 5 3.74, MSe 5
.153,p 5 .059, and Test Condition,F(1,44)5
4.06, MSe 5 .153, p 5 .051. There were n
other significant effects,Fs , 1.20.

ignal Detection Analyses

As in Experiment 1, we provide three diffe
nt types of signal detection analyses, show

he upper, middle, and lower panels of Tabl
True targets compared to true target contr

4

est as a Function of Item Type, Test Presentation Mo
dition in Experiment 2

Elderly adults

TCa WE PE TCa

.17 .60 .77 .
.16 .71 .71 .2
.18 .49 .82 .1
.25 .66 .63 .

.24 .76 .68 .2
.26 .56 .58 .2

g condition; TC, target controls.
roups, the same true target controls (upper three rows
and picture encoding conditions.
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Con
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14 SCHACTER, ISRAEL, AND RACINE
related values revealed main effects of Enc
ing Condition,F(1,44) 5 25.33,MSe 5 .003,
p , .0001, indicating greater discriminabil
between studied items and unrelated lures
picture than word encoding, and Age,F(1,44)
5 10.85, MSe 5 .011, p , .005, indicating

reater discriminability in younger than old
dults. The effect of encoding was modified
n Encoding Condition3 Test Mode interac

ion, F(1,44)5 22.76,MSe 5 .003,p , .0001
showing that heightened discriminability af

TABLE 5

Signal Detection Analyses of Sensitivity (A9) and Bias
B0D) as a Function of Item Type, Test Presentation M
ge, and Encoding Condition in Experiment 2

Encoding condition/
Test presentation mode

Young adults
Elderly
adults

A9 B0D A9 B0D

Item-specific memory (true
targets compared to true

target controls)

Word .85 .23 .75 .2
Word .87 .14 .79 .0
Picture .82 .31 .72 .5

Picture .88 .03 .84 .0
Word .87 .13 .80 .0
Picture .89 2.08 .87 .10

Item-specific memory (true
targets compare to

false targets)

Word .67 2.29 .47 2.28
Word .68 2.43 .47 2.48
Picture .66 2.15 .46 2.08

Picture .74 2.49 .60 2.45
Word .68 2.44 .52 2.36
Picture .80 2.54 .68 2.54

Gist memory (false targets
compare to false
target controls)

Word .65 .34 .75 .0
Word .68 .35 .81 2.08
Picture .61 .33 .70 .2

Picture .65 .39 .72 .1
Word .71 .35 .75 .1
Picture .59 .44 .68 .2
pictorial encoding was observed in the picture
-

r

test condition but not in the word test conditi
Age differences were larger after word th
picture encoding, as reflected by an Encod
Condition 3 Age interaction,F(1,44) 5 5.22,
MSe 5 .003,p , .05.

Analyses of the criterion measure,B0D unre-
lated, revealed more conservative respondin
the word encoding condition compared to
picture encoding condition,F(1,44) 5 12.40
MSe 5 .082,p 5 .001. However, this effect wa
observed only in the picture test condition,
documented by an Encoding Condition3 Test
Mode interaction,F(1,44) 5 13.96, MSe 5
.082, p , .00l. No other effects approach
significance,Fs , 1.

True targets compared to false targets (ite
specific memory).As shown in the second pan
of Table 5, discrimination between stud
items and related lures (A9 related) was highe
in younger than older adults,F(1,44) 5 22.19
MSe 5 .033, p , .0001 and was higher aft
picture than word encoding,F(1,44) 5 10.19
MSe 5 .024, p , .005. There was also

ncoding Condition3 Test Mode interaction
F(1,44)5 6.33,MSe 5 .024,p , .05, indicating
that the increased discriminability between t
and false targets after picture encoding
larger in the picture test mode than in the w
test mode.

Analyses of B0D indicate more conservati
responding after word than picture encod
F(1,44)5 6.51,MSe 5 .125,p , .05. As in the
previous analysis, this effect was found only in
picture test condition, as documented by a sig
icant Encoding Condition3 Test Mode interac
ion, F(1,44)5 11.16,MSe 5 .125,p , .005. No
other effects were significant,F , 3.16.

False targets compared to false target c
trols (gist memory).In contrast to Experiment
the bottom panel in Table 5 indicates that lev
of A9 gist (which indicate the degree to wh
participants are willing to rely on gist or gene
similarity information when making recognitio
responses) were unaffected by Encoding C
dition, F , 1. Elderly adults were characteriz
by somewhat higherA9 gist values than we
younger adults after both picture and word
coding, as indicated by a trend for a main ef

,

of Age,F(1,44)5 3.20,MSe 5 .057,p 5 .081.
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15FALSE RECOGNITION SUPPRESSION
There was also a marginally significant effec
Test Mode,F(1,44) 5 3.78,MSe 5 .057,p 5
058, indicating generally higher levels ofA9
gist in the word test mode compared to
picture test mode.

B0D values in the lower panel of Table 5 indic
a near-significant trend for more conservative
sponding in younger than older adults,F(1,44)5
3.57, MSe 5 .440, p 5 .066. No other effec
pproached significance,Fs , 1.83.

Recollection and Familiarity:
Remember/Know Responses

True recognition.As in Experiment 1, tru

TAB

(A) Estimates of Recollection (R) and Familiarity (F(d9))
et al., in press); (B) Raw Proportions of Remember (R) a
Recollection and Familiarity, Respectively, for Experim

Item type/
Test presentation mode

Young adults

Word

R F(d9) R

True target .53 1.06 .
Word .56 1.22 .6
Picture .49 .91 .7

False target .19 .59 .
Word .12 .80 .1
Picture .26 .22 .2

Word Picture

R K R K R

True target .55 .19 .70 .13 .0
Word .57 .22 .60 .17 .03
Picture .53 .17 .79 .09 .0

False target .27 .21 .27 .20 .0
Word .24 .30 .25 .30 .10
Picture .31 .13 .29 .10 .0

Note.TC, target controls.
a Because encoding condition was manipulated with

false target controls (lower three rows of B) were used
recollection was higher in younger than in older
f

-

adults,F(1,44) 5 5.89, MSe 5 .060, p , .05.
Recollection was also considerably higher a
picture than word encoding,F(1,44) 5 21.13
MSe 5 .026,p , .0001. However, recollectio
was higher following picture encoding th
word encoding in the picture test condition,
not in the word test condition, as shown b
significant Encoding Condition3 Test Mode
interaction,F(1,44)5 27.30,MSe 5 .026,p ,
.0001.

Estimates of familiarity were also higher af
picture than word encoding,F(1,44) 5 4.72,
MSe 5 .475, p , .05. As with recollection
however, this effect was observed only in

6

sed on a Dual Process Signal Detection Model (Yone
Know (K) Responses That Contribute to the Estimate
t 2

A.

Encoding condition

Elderly adults

icture Word Picture

F(d9) R F(d9) R F(d9)

1.21 .41 .63 .56 1
1.16 .54 .75 .46 .7
1.25 .28 .51 .65 1.

.31 .43 1.01 .38
.73 .59 1.38 .41 1.0

2.09 .28 .64 .35 .44

B.

Word Picture TCa

K R K R K R K

.12 .51 .09 .62 .14 .15
.13 .61 .10 .54 .17 .16
.11 .41 .08 .70 .11 .14
.17 .55 .11 .53 .10 .21

.14 .64 .12 .54 .14 .19
.20 .46 .10 .51 .07 .23

roups, the same true target controls (upper three rows
the word and picture encoding conditions.
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0
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picture test condition, as confirmed by an En-
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16 SCHACTER, ISRAEL, AND RACINE
coding Condition3 Test Mode interaction
F(1,44)5 5.25,MSe 5 .475,p , .05. No othe
effects were significant,Fs , 2.45.

False Recognition.In contrast to Experime
1, estimates of false recollection were virtua
identical after picture and word encoding,F ,
1. Older adults showed higher levels of fa
recollection than did younger adults,F(1,44)5
8.18,MSe 5 .134,p , .01. This main effect o
Age was modified by an Age3 Test Mode
interaction,F(1,44) 5 4.08, MSe 5 .134, p ,
.05, reflecting that the age-related increas
false recollection was more pronounced in
word test mode than in the picture test mod

As in Experiment 1, false familiarity wa
higher in older than in younger adults,F(1,44)
5 4.07,MSe 5 1.22,p , .05, but in contrast t

xperiment 1, there was no effect of Encod
ondition on false familiarity,F(1,44)5 1.58,

MSe 5 .842. False familiarity was also higher
the word than picture test mode,F(1,44) 5
9.13, MSe 5 1.22, p , .005. No other effec
approached significance,Fs , 1.29.

Discussion

In Experiment 2 there were no differences
false recognition after picture and word enc
ing in either the picture or the word test mod
thereby supporting the idea that suppressio
false recognition depends on the use of a
tinctiveness heuristic without access to l
specific information. The picture encoding c
dition was associated with higher levels of b
true recollection and familiarity than was t
word encoding in Experiment 2, although b
eficial effects of pictorial encoding on recog
tion accuracy were observed only when pictu
were presented at test. These findings sug
that pictorial encoding provided participa
with access to more distinctive recollectio
than did word encoding, at least in the pict
test condition. In Experiment 2, however,
manding access to distinctive recollections
order to make a positive recognition respo
was not sufficient to produce differential su
pression of false recognition following pictu
and word encoding: all participants had
coded some lists as pictures and others

words, so access to list-specific information wa
n

-
,
f
-

-

s
st

e

-
s

necessary for differential suppression of fa
recognition. By contrast, because encoding
dition was manipulated between-groups in
periment 1, a generalized shift in respond
based on a distinctiveness heuristic was s
cient to produce differential suppression of fa
recognition after picture encoding compared
word encoding.

Signal detection analyses are consistent
these conclusions. In Experiment 1, each of
three signal detection analyses revealed
dence of more conservative responding in
picture encoding condition than in the wo
encoding condition. In Experiment 2, by co
trast, there was no evidence of more conse
tive responding after pictorial encoding. Lev
of B0D gist were indistinguishable in the pictu
and word encoding conditions, and levels
B0D unrelated andB0D related indicated mo
conservative responding after word than pic
encoding. Note, however, that these latter
ferences were observed only in the picture
mode and might reflect the fact that participa
in this condition were sometimes given n
pictures at test for items they had studied
words, perhaps eliciting conservative respo
biases (the finding of higherB0D unrelated afte
word than picture encoding might simply refl
the fact that, because a single unrelated
false alarm rate was used for the two encod
conditions, the condition that produces a lo
hit rate also necessarily produces more con
vative responding). Yet even in the word t
mode, there was no evidence of more con
vative responding in the picture encoding c
dition than in the word encoding conditio
Thus, the important point for our purposes
that the consistently conservative respond
observed in the picture encoding condit
compared to the word encoding condition
Experiment 1—which we attribute to the use
a distinctiveness heuristic—was not observe
Experiment 2.

Consistent with the foregoing points,
found that participants in the picture test m
showed less false recognition of related lu
than did participants in the word test mo
Because type of test was manipulated betw

sgroups, this effect likely reflects the operation
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17FALSE RECOGNITION SUPPRESSION
of a distinctiveness heuristic: participants in
picture test mode, who were provided w
more distinctive cues than participants in
word test mode, may have demanded more
tailed recollections to support a positive rec
nition decision than did participants in the wo
mode. Although signal detection analyses
not demonstrate significantly more conserva
responding in the picture than word test mo
there were numerical trends in this direction
each of the three analyses.

As noted earlier, analysis of the true rec
nition data indicated that in the picture t
mode, participants showed levels of recogni
higher for items studied as pictures than
those studied as words, whereas no such e
was present in the word test mode. Analysi
remember/know responses indicated that in
picture test mode, there were much higher
els of recollection for old items studied as p
tures than for old items studied as words o
there were no such differences in recollectio
the word test conditions.

These findings indicate that participants w
were shown pictures at test had some basi
demanding more specific recollections than
participants who were shown words at test.
cause false targets did not provide acces
representations with these distinctive proper
participants in the picture test mode respon
“old” less often to false targets than did par
ipants in the word test mode. However, par
ipants in both test modes were unable to
related lures to gain access to list-specific in
mation about whether associated items w
studied as pictures or words; accordingly m
ing fewer “old” responses to false targets in
picture test mode did not provide a basis
differentially suppressing false recognition
cording to whether the relevant lists of ass
ates had been studied with pictures or wo
only.

As in Experiment 1, elderly adults in Expe
iment 2 showed higher levels of false recog
tion than did younger adults. However, wher
in Experiment 1 there was some evidence
age-related increases in susceptibility to f
recognition were reduced after picture encod

compared to word encoding, there was no suc
e-
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evidence in Experiment 2. These observat
suggest that elderly adults may be able to u
distinctiveness heuristic based on prior enc
ing of pictures to partially or entirely overcom
their increased tendency (compared to you
adults) to respond positively to semantica
related false targets (Experiment 1). Howe
when a distinctiveness heuristic does not
duce differential suppression for picture enc
ing compared to word encoding (Experiment
age-related increases in false recognition
comparable after encoding of pictures a
words.

GENERAL DISCUSSION

The two experiments reported here ext
the Israel and Schacter (1997) finding of fa
recognition suppression after pictorial encod
to elderly adults and also provide evidence
plicating a specific mechanism of suppress
which we have called the distinctiveness h
ristic. In Experiment 1, where a between-gro
manipulation of picture and word encoding
lowed for the effective operation of a distin
tiveness heuristic, younger and older ad
each exhibited 30–40% reductions in ove
levels of false alarms to related lures after
ture encoding compared to word encod
However, in Experiment 2, where a with
groups manipulation of picture versus word
coding rendered the distinctiveness heuristic
effective for differentially suppressing fal
alarms after pictorial encoding relative to wo
encoding, there was no evidence of signific
suppression. These contrasting patterns o
sults are shown together in Fig. 1.

Our findings support and extend previo
work by Strack and Bless (1994), who d
cussed the operation of a metamemorial stra
similar to the distinctiveness heuristic in a d
ferent experimental context (see also Hirshm
and Arndt [1997] for a related distinction b
tween decision-based and memory-based m
ulation of false alarms). In the experiments
Strack and Bless, participants studied pictu
most of which came from a single large ca
gory (i.e., tools); the study list also containe
few pictures from outside the category. O

hsubsequent recognition test, participants made
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18 SCHACTER, ISRAEL, AND RACINE
significant numbers of false alarms (e.g.,
30%) to lure items from within the domina
category (i.e., nonstudied tools), but never m
false alarms to lures from outside the domin
category. Strack and Bless argued that bec
the few studied items from outside the domin
category were highly salient, participants r
soned that they would have possessed a de
recollection of such items had those items b
presented on the study list—in our terms, th
participants may have invoked a distinctiven
heuristic. Note, however, that there is no rea
to assume that participants in these experim
would have made high levels of false alarm
items from outside the dominant category e
if these items had been presented in the con
of other unrelated items. Thus, our findin
indicate that the kinds of metamemorial p
cesses discussed by Strack and Bless ca
invoked to suppress, at least partially, powe
false recognition effects of the kind typica
observed with procedures described by Ro
ger and McDermott (1995) and others. In
doing, our findings also support the claims
Johnson and colleagues (e.g., Johnson e
1993; Johnson & Raye, in press) that heur
processes can play an important role in mem
and source monitoring decisions. Our data

FIG. 1. Proportions of false alarms to related lu
encoding and picture encoding in Experiment 1 (le
presentation mode. Both age groups showed ma
Experiment 1, where a distinctiveness heuristic c
relative to word encoding, but not in Experimen
suppress false alarms after picture encoding rela
add to other demonstrations that false recogn
e
t
se
t
-
ed
n
e
s
n
ts

n
xt

be
l

i-

f
l.,
c
y
o

tion of semantic associates can be reduce
inducing participants to adopt more string
response criteria. For instance, Gallo, Rob
and Seamon (1997) and McDermott and R
diger (in press) have found that warning par
ipants about the presence of related lure it
reduces (but does not eliminate) the false
ognition effect. Although such warning effe
do not depend specifically on a distinctiven
heuristic (no distinctive information is pr
sented at the time of encoding), they do invo
general shifts toward more conservative
sponding that also characterize the operatio
the distinctiveness heuristic.

Our findings also highlight the limits of
distinctiveness heuristic as a means of supp
ing robust false recognition effects. When
cess to list-specific information is required
show reduced false recognition after picto
encoding, as in Experiment 2, reliance o
distinctiveness heuristic cannot produce dif
ential false recognition suppression after pi
rial encoding compared to word encoding.
course, the fact that we failed to observe
dence of differential suppression in Experim
2 need not mean that access to list-spe
information can never be used to suppress
recognition in our paradigm; it is entirely co

words by younger and older adults as a function of wo
and Experiment 2 (right). Results are collapsed across
d reductions in false recognition after picture encodin
d be used to suppress false alarms after picture enco
where a distinctiveness heuristic could not be used
to word encoding.
res
ft)
rke
oul
t 2,
tive
i-ceivable that experimental conditions could be
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19FALSE RECOGNITION SUPPRESSION
created in which participants are able to s
press false recognition of related lures base
access to list-specific information. Note a
that accessing list-specific information and
lying on a distinctiveness heuristic need no
mutually exclusive modes of suppressing fa
recognition. For example, if experimental c
ditions can be created that allow participant
use list- or item-specific information to suppr
false recognition of related lures, this list-s
cific suppression may operate in conjunc
with, rather than in the place of, a distinctiv
ness heuristic.

Moreover, related research on false reco
tion has already provided evidence of supp
sion based on mechanisms that likely invo
more than reliance on a distinctiveness heu
tic. Brainerd, Reyna, and Kneer (1995) repo
that false recognition of a related lure word t
had been preceded earlier in a list by a sin
semantic associate could be suppressed b
baseline levels of false alarms to unrela
words by presenting the studied word ag
immediately prior to the related lure. Accordi
to Brainerd et al. (1995), this phenomenon
false recognition reversal occurs because
senting the target word immediately prior to
related lure permits participants to gain acc
to a specific recollection of their initial encou
ter with the target, which in turns allows them
note that the immediately following lure item
not identical to the studied target. However,
magnitude of the false recognition effect
served by Brainerd et al. when the lure wasnot
preceded immediately by a target word w
considerably smaller than the false recogni
effects observed after word encoding in
experiments and in similar studies using
Roediger and McDermott (1995) procedu
Thus, it is not known whether item-spec
retrieval processes of the kind studied by Br
erd et al. can be used to suppress the large
recognition effects observed in our experime
and in related studies (see Brainerd & Reyna
press) or whether suppression of robust f
recognition depends mainly—or perhaps ex
sively—on the distinctiveness heuristic and

lated means of inducing global shifts in re-
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sponse criteria (Gallo et al., 1997; McDerm
& Roediger, in press).

Nonetheless, the possibility that some fa
recognition suppression effects are attribut
to reliance on a distinctiveness heuris
whereas others may involve access to
specific or item-specific information, has pos
bly important implications for other finding
concerning false recognition. As noted ear
Smith and Hunt (in press) reported redu
false recognition in the Deese/Roedig
McDermott paradigm after visual study co
pared to auditory study, and argued that vis
processing is more readily discriminable fr
the amodal processing that contributes to f
recognition than is auditory processing. View
from the perspective developed here, it is p
sible that reduced false recognition in the Sm
and Hunt paradigm is attributable to the use
a distinctiveness heuristic: after visual study
target words, participants may demand acce
visually based recollections before endors
items as old. Alternatively, when making re
ognition decisions about a false target, par
pants might recall seeing associated words
ing study and reject the false target based
their access to this list-specific information. B
cause Smith and Hunt manipulated visual
sus auditory encoding between groups (as in
Experiment 1), a distinctiveness heuristic co
be the source of the effects that they obser
If so, then these effects should disappear w
visual versus auditory encoding is manipula
within groups (as in our Experiment 2). B
contrast, if access to list-specific information
involved, then false recognition should be low
after visual than auditory study even when st
conditions are manipulated within groups.

Similar considerations arise when consid
ing false recognition in older adults. As we ha
noted, our data extend previous findings fr
similar paradigms showing relatively increa
susceptibility to false recognition of seman
associates (Norman & Schacter, 1997; Tu
al., 1998) and categorized pictures (Kouts
and Schacter, 1997) in older adults. The Ko
staal and Schacter findings are particularly s
ing, with older adults showing false alarm ra

of 60–70%—twice that of younger adults—to
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20 SCHACTER, ISRAEL, AND RACINE
within-category lures after studying 18 pictu
of objects from a particular category. In mo
recent studies, Koutstaal, Schacter, Galluc
and Stofer (in press) examined whether pro
ing participants with distinctive elaborators
each studied picture would reduce false rec
nition and contribute to narrowing or even eli
inating previously observed age differenc
Thus, for example, whereas in the control c
dition participants studied 18 pictures of vario
cars, shoes, and objects from other catego
in the experimental condition participants st
ied these same pictures, but accompanie
brief verbal descriptions designed to highli
the distinctive properties of each picture rela
to all the others within the category. Koutst
et al. found that false recognition was redu
sharply in the experimental condition compa
to the control condition and that the reduct
was greater for older than for younger ad
(however, even in the experimental condit
older adults still made significantly more fa
alarms to within-category lures than d
younger adults).

As with the Smith and Hunt (in press) stu
when viewed from the theoretical perspec
developed here, false recognition suppressio
the Koutstaal et al. experiments could be att
utable to the operation of a distinctiveness h
ristic: participants in the experimental con
tion, knowing they had been given distinct
elaborators for each picture, may have
manded access to detailed recollections of
distinctive information before responding “ol
to similar but novel pictures. Alternatively, pa
ticipants in the experimental condition, wh
confronted with a novel item from a studi
category, may have recalled category-spe
distinctive information that allowed them to d
termine that the lure item had not been stud
previously. For instance, when confronted w
a novel picture of a car, participants may h
recalled some of the distinctive elaborators
sociated with previously studied cars; based
their failure to recall any such information f
the novel car, they called the item “new.”

Because the presence or absence of dis
tive elaborators was manipulated betw

groups in the Koutstaal et al. experiments, it is
,
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not possible to distinguish between these
alternative interpretations of the Koutstaal e
data. To do so, the presence or absenc
distinctive elaborators could be manipula
within groups, which would render a distin
tiveness heuristic ineffective in producing d
ferential suppression of false recognition
categorized pictures studied with distinct
elaborators compared to those studied with
elaborators. Under these conditions, acces
category-specific information would be
quired to produce differential suppression
false recognition in the experimental condit
compared to the control condition.

Recent data from another type of false r
ognition suppression paradigm raise the po
bility that whereas older adults show norm
false recognition suppression when suppres
is produced by a distinctiveness heuristic, t
may fail to show normal suppression wh
other mechanisms are involved. Schacter e
(in press) reported that when lists of sema
associates similar to those used here are re
edly studied and tested, healthy volunte
showed significant suppression of false ala
to related lures across trials: true recogni
increased significantly from the first to the fi
trial, whereas false recognition decreased
nificantly from the first to the fifth trial (se
McDermott [1996] for a similar finding wit
false recall). Schacter et al. also reported
amnesic patients failed to demonstrate sig
cant suppression and even showed eviden
increasing false recognition across trials. Re
work in our laboratory has extended the fa
recognition suppression paradigm used
Schacter et al. (in press) to the study of co
tive aging and found little or no evidence
false recognition suppression across trials
older adults, even though younger adu
showed robust suppression effects and
older and younger adults showed increased
across trials (Kensinger & Schacter, 199
Similar patterns of results have been obtaine
experiments using categorized word lists
Wagner, D. L. Schacter, & C. Racine, unp
lished observations).

These failures to observe suppression of f

recognition across trials in older adults provide
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a striking contrast to the normal suppressio
false recognition in elderly adults observed
our experiments and by Koutstaal et al. (19
Although the exact reasons for the contras
patterns remain to be elucidated, Schacter e
(in press) argued that across-trial suppressio
false recognition in healthy volunteers is ba
on the increasing accessibility of item-spec
recollections of studied items: with repetitio
participants recall more accurately the ex
items that were presented on a particular
which in turns allows them to note that a rela
lure word had not been presented previou
According to Schacter et al., amnesic patie
do not build up such item-specific recollectio
across trials and thus are unable to suppres
strengthening influence of the semantic sim
ity or gist information that does build acro
trials.

A similar interpretation could be applied
older adults: if across-trial suppression of fa
recognition depends on developing deta
item-specific recollections, and elderly adu
do not build up sufficient item-specific inform
tion across trials, then older individuals w
exhibit impaired suppression compared
younger adults. By this view, fundamenta
different mechanisms are involved in the s
pression effects observed after pictorial enc
ing in our paradigm (distinctiveness heuris
and suppression effects observed across tria
the Schacter et al. (in press) paradigm (acce
list- or item-specific information).

However, one important link is missing
this argument. It is logically possible that t
suppression effects observed in the Schact
al. (in press) repetition paradigm could be
tributed to the operation of processes simila
the distinctiveness heuristic described here
true recognition increases across trials, par
pants may demand increasingly strong or
tailed representations in order to make a p
tive recognition response—that is, because
veridical recollections are more accurate
compelling after repetition, participants may
spond in a generally more cautious manne
false targets. If so, then the observed failure
older adults to show significant suppression

false recognition across trials could reflect thei
f
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failure to invoke an appropriate heuristic-ba
shift in responding.

To determine whether suppression in
Schacter et al. (in press) repetition paradigm
attributable to increasing access to item/
specific information on the one hand or a h
ristic-based shift in responding on the othe
will be necessary to manipulate repetitions o
within-groups basis (e.g., participants stu
some lists once and others five times prio
testing). Under these conditions, reliance o
distinctiveness or similar heuristic would n
produce differential suppression of false rec
nition for lists studied five times compared
lists studied only once (for the same rea
picture encoding did not produce false reco
tion suppression compared to word encodin
our Experiment 2). Thus, if suppression effe
were observed under these conditions, t
could be confidently attributed to the use
item/list-specific information about the repea
items. If elderly adults failed to show suppr
sion effects under these conditions, impa
access to item/list specific information would
strongly implicated.

Whatever the outcome of such research,
present results indicate that older adults
show normal suppression of false recogni
under conditions in which suppression is att
utable to the operation of a distinctiveness h
ristic. We suggested at the outset that provid
pictures during study would encourage par
pants to focus on the distinctive features
otherwise highly similar lists of associates.
also hypothesized that if age-related increas
false recognition depend, at least in part,
indistinct encoding of target information, i
creased focus on distinctive properties of ite
during study would be especially helpful
older adults. Consistent with these suggesti
in Experiment 1 there was some evidence
significant age differences in false recognit
following word encoding were eliminated af
picture encoding.

The overall pattern of results, however, in
cates that conditions that promote distinc
encoding provide a basis for older (a
younger) participants to set a more string

rcriterion for responding “old” to test items.
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22 SCHACTER, ISRAEL, AND RACINE
When increasing distinctive encoding does
provide a basis for suppressing false recogn
with more conservative responding (Exp
ment 2), neither group exhibits encoding-ba
suppression effects. These observations su
that age differences in retrieval mechanisms
well as encoding, are implicated in false rec
nition effects. As Schacter et al. (1997) s
gested, it may be most fruitful to focus
interactions between encoding and retrie
when theorizing about age differences in fa
recognition. Indistinct encoding processes m
promote the use of excessively liberal crite
during retrieval in older adults; increasing d
tinctive encoding at study allows older indiv
uals to set more appropriate criteria at t
While theories of veridical memory have lo
recognized the importance of interactions
tween encoding and retrieval (e.g., Tulving
Thompson, 1973), it is also useful to focus
encoding/retrieval interactions in thinking ab
false memory phenomena.

Although we have invoked the concept o
distinctiveness heuristic to explain the contr
ing patterns of false recognition suppressio
Experiments 1 and 2, it is important to emp
size that our only evidence for this claim h
been provided by pictorial encoding. Thus,
contrast to general conclusions about the o
ation of a “distinctiveness heuristic,” our da
may speak only to the operation of a “pict
heuristic”—that is, the effects we observed m
be specific to the use of pictures. One reaso
believe that our conclusions apply more ge
ally to the domain of “distinctive information
is that picture superiority effects on mem
have been attributed to more distinctive enc
ing of pictures than words (e.g., Dewhurst a
Conway, 1994). Nonetheless, to assess the
erality of our conclusions it will be necessary
obtain evidence using other manipulations
increase the distinctiveness of studied mate
(see, for example, Hunt & McDaniel, 199
Hunt & Smith, 1996; Schmidt, 1991). The e
periments by Koutstaal et al. (1998), noted
lier, represent one step in this direction.

Further insight into the necessary conditi
for using the distinctiveness heuristic could a

be obtained by examining its operation in pa
t
n

d
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s
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to
-

-

n-

t
ls

-

tients with severe memory disorders. We h
assumed that in order to employ a distinct
ness heuristic in our experiments, participa
must be able to recollect during the recogni
test that they saw pictures earlier. There is
reason to assume that older adults would h
any difficulty recalling such general inform
tion, and the results of Experiment 1 supp
this assumption. However, patients with sev
amnesic syndromes might have serious diffi
ties remembering on the recognition t
whether they saw any pictures earlier a
hence, might fail to show suppression effe
that are based on a distinctiveness heuri
Schacter et al. (in press) have already prov
evidence of impaired suppression of false
ognition in amnesic patients, but the mec
nisms underlying this deficit remain to be sp
ified. Further neuropsychological investigatio
of false recognition suppression could prov
insights into the brain mechanisms that are
essary to support the operation of the dist
tiveness heuristic.
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