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False memories, the mistaken belief that an event has
previously occurred, have long been of interest to psychol-
ogists (see Roediger, 1996). These memory errors are typ-
ically consistent with the gist of previous experience and
often go unnoticed, but these errors can have deleterious
consequences in certain situations. Eyewitnesses, for ex-
ample, may falsely identify suspects in criminal investiga-
tions (Loftus, 1993), or patients may misremember the
source of important medical information (Skurnik, Park,
& Schwarz, 2000). In the present investigation,we exam-
ined some of the factors that affect the veracity of memory
performance, using a paradigm that has generated a great
deal of recent research: the Deese–Roediger–McDermott
(DRM) converging associates paradigm (Deese, 1959;
Roediger & McDermott, 1995). The typical DRM proce-
dure involves having participants listen to lists of words
(e.g., bed, rest, awake, etc.) that are semantically associ-
ated with a nonpresented critical lure word (e.g., sleep).

Subsequent recall and/or recognition tests reveal that par-
ticipants remember the critical lure at rates comparable to
those for list items (Roediger & McDermott, 1995).

Several theoretical explanationshavebeen offered to ex-
plain these robust false memory effects. One possible expla-
nation, suggested by Roediger and McDermott (1995), is
that the critical lure is repeatedly activated by the studied
words through implicit associative responses (Underwood,
1965), resulting in the critical lure’s coming to mind (ei-
ther consciouslyor unconsciously)during the studyepisode.
According to this account, the subsequent false memories
can be understood as reality-monitoring errors in which a
participant cannot recollect whether the critical lure was
simply imagined during study or was actually perceived.
This explanation is consistent with the source-monitoring
framework proposed by Johnson and colleagues (Johnson,
Hashtroudi, & Lindsay, 1993; Mather, Henkel, & Johnson,
1997), which suggests that remembering is a decision-
making process driven both by information stored at encod-
ing and by the context in which the information is retrieved.

The source-monitoring framework specifies two gen-
eral types of decision-making processes involved in re-
membering: heuristic and systematic. Heuristic decision
making involves using simple rules in deciding whether
an event has occurred and is usually done with little de-
liberation, whereas systematic decision making involves
the use of more contemplative, controlled processing.
Whether heuristic or systematic decisionmaking is used at
retrieval depends on many factors, including the quantity
and quality of the information available from the study
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In the present experiments , we examined adult age differences in the ability to suppress false mem-
ories, using the Deese–Roediger–McDermott (DRM) paradigm (Deese, 1959; Roediger & McDermott,
1995). Participants studied lists of words (e.g., bed, rest, awake, etc.), each related to a nonpresented
critical lure word (e.g., sleep). Typically, recognition tests reveal false alarms to critical lures at rates
comparable to those for hits for studied words. In two experiments, separate groups of young and older
adults were unwarned about the false memory effect, warned before studying the lists, or warned after
study and before test. Listswere presentedat either a slow rate (4 sec/word) or a faster rate (2 sec/word).
Young adults were better able to discriminate between studied words and critical lures when warned
about the DRM effect either before study or after study but before retrieval,and their performance im-
proved with a slower presentation rate. Older adults were able to discriminate between studied words
and critical lures when given warnings before study, but not when given warnings after study but before
retrieval. Performance on a working memory capacity measure predicted false recognition following
study and retrieval warnings. The results suggest that effective use of warnings to reduce false memo-
ries is contingent on the quality and type of encoded information, as well as on whether that informa-
tion is accessed at retrieval. Furthermore, discriminating between similar sources of activation is de-
pendent on working memory capacity, which declines with advancing age.
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episode, as well as strategic processes. In the words of
Johnson et al. (1993), source-monitoring decisions rely
“fundamentallyon the quality of the information recorded
about events initially. These memory records are the prod-
uct of specific perceptual and reflective processes en-
gaged during the initial experience” (p. 5).

Warnings in the DRM Paradigm
One research strategy, the aim of which is to study strate-

gic monitoring processes at encoding and retrieval, is to
use explicit warnings about the false memory effect in
order to examine whether participantscan reduce or avoid
false memories (Gallo, Roberts, & Seamon, 1997; McDer-
mott & Roediger, 1998). Research to date has indicated
that giving explicit warnings before presentation of the
lists reduces, but does not eliminate, false recognition(Gallo
et al., 1997; Gallo, Roediger, & McDermott, 2001; Mc-
Dermott & Roediger, 1998).Furthermore, the strategy used
most often by the participants who were warned about the
false memory effect, and the strategy that was most effec-
tive, involvedattempting to identify the critical lure during
presentationof the lists. Research in which the questionof
whether warnings at retrieval can reduce false recognition
has been examined has led to mixed results. Anastasi,
Rhodes, and Burns (2000) and Gallo et al. (2001) found
small but significant reductions in false recognition be-
tween participantswho were warned before test and those
who were not, but Neuschatz, Payne, Lampinen, and
Toglia (2001) failed to find a significant difference. These
findings suggest that once the lists are encoded, decision
processes at retrieval are of little help in reducing false
recognition.

Although none of the warning experiments led to elim-
ination of false recognition, the possibility remains that
warnings might be more effectively used to reduce false
recognitionundermore favorableconditions.Alternatively,
if DRM false memories are memory illusions in the same
sense as perceptual illusions, warnings would not elimi-
nate the effect, which should be obtained as a normal by-
product of cognition. Of particular relevance to the pres-
ent investigation,the presentationrates in previouswarning
studies were between 1 and 2 sec, allowing little time for
effectiveprocessing of item-specific information.Accord-
ing to the implicit associative response hypothesis (Roedi-
ger & McDermott, 1995; Underwood, 1965), any occur-
renceof a wordwill automaticallyactivaterelatedassociates,
which would be expected to result in high levels of false
recognition. However, if more time is available to study a
word, more item-specific information can be encoded,
and this elaborated information could be used to oppose
the influence of automatically activated semantic infor-
mation following warnings at retrieval. Stated differently,
increasing the amount of study time will enhance one’s
knowledge of what was presented, and this information
could be used to reject what was not presented.

Using a converging associates paradigm similar to the
DRM paradigm, Arndt and Hirshman (1998) manipulated
presentation rate as a means of testing predictions of the

MINERVA2 model. Their results showed that veridical
recognition increased to a greater degree than false recog-
nition when words were presented at a slower presentation
rate (e.g., 3 vs. 1 sec/word). More recently, McDermott and
Watson (2001) found that veridical recall increased mo-
notonically as a function of presentation rate. False recall
initiallyincreasedas well (from 50 to 250msec) but declined
as presentation rates increased from 250 msec through
5,000 msec. In the present experiments, both a slow (4 sec/
word) and a fast (2 sec/word) presentation rate were used,
in conjunction with explicit warnings about the DRM
false memory effect either before study or after study but
before retrieval. Our basic prediction was that presenting
words at a slower rate during study would result in partic-
ipants’ processingmore item-specific information, which
should result in enhanced veridical recognition.However,
without knowledge of the false memory effect, presenta-
tion rate would have little or no effect on false recogni-
tion, because recognition decisions would be made in a
heuristic, familiarity-based fashion. That is, participants
who were unwarned about the false memory effect would
use the highly salient semantic information to make their
recognition decisions following either presentation rate.
Conversely, the group warned at retrieval would use more
systematic decision criteria on the recognition test and
would be able to benefit from the enhanced item-specific
processing that would occur during study following a
slower presentation rate. Finally, when warnings were
given at study, the slower presentation rate would allow
the participants more time for strategic processing (i.e.,
identifying the critical lure), which would result in reduc-
tions of false recognition.

Age Differences in False Memories
Previous research has revealed greater rates of false

recognition for older adults (Cohen & Faulkner, 1989;
Smith, 1975). For example, Norman and Schacter (1997)
found no differences in subjective ratings of semantic in-
formation for studied words and critical lures for either a
young or an older adults group. Younger adults, however,
were better able to discriminate between studied words and
critical lures on the basis of both sound and list position
(item-specific information), and they showed less false
recognition.

The effect of warnings on age differences in the DRM
paradigm may shed light on the mechanisms underlying
the effect. Balota et al. (1999) suggested that warnings
about the DRM effect might benefit older adults more
than young adults, since older adults might not sponta-
neously use source-specifying (item-specific) informa-
tion that is nevertheless available.This hypothesis is based
on previous research in which age differences in false
fame were examined (Dywan & Jacoby, 1990), indicating
that older adults can reduce false memories to a greater
degree than can young adults when encouraged to moni-
tor source at retrieval (Multhaup, 1995). The contention is
that older adults may have item-specific information
available at retrieval but that they simply do not use it
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underconditionsthat promote lax decisioncriteria, whereas
young adults often spontaneously use this information.
Thus, whereas research in which the DRM paradigm has
been used indicated that older adults do not use item-
specific information to reduce false recognition, the in-
corporation of explicit warnings at retrieval in the present
experiments would determine whether they can actively
suppress false recognition.

Balota et al. (1999) explained age differences in the dis-
criminability of veridical and false memories as resulting
from age-related declines in attentionalcontrol of relevant
processingpathways. The spreading activationassumed to
give rise to false memories in the DRM paradigm is rela-
tively automatic and is not expected to declinewith normal
aging, but the processes that support veridical recollec-
tion, including discriminating similar sources of activa-
tion, rely on frontal lobe functioning that is known to de-
cline in old age (see West, 1996). Although Balota and
colleagues did not find a correlation between frontal lobe
measures and false recall in their older adult sample, they
suggested that this result may have been due to a poorly
targeted battery of frontal lobe tests (the tests used were
the Boston Naming Test, word fluency, and MentalControl,
which were administered as part of a longitudinal study).

In the present experiments, we tested whether a mea-
sure of working memory capacity would correlate with
false recognition. If the Balota et al. (1999) hypothesis is
correct and increases in false memories result from source
confusions caused by decreased frontal lobe functioning,
working memory capacity should correlate with false
memories. This conclusion follows from theories that
view the central executive component of working mem-
ory as synonymous with frontal lobe functioning (e.g.,
Kane & Engle, in press). Toward this end, we have devel-
oped a task that we call Stroop span to examine the rela-
tion between false recognition suppression and working
memory capacity. In this task, Stroop color words (e.g.,
the word green in red font; Stroop, 1935) appear on the
screen at a 1-sec rate, and participants must remember the
color of each color word. After all of the color words for
a given trial have appeared (trials range from two to seven
color words in length), participants must recall the color
of the words in their correct serial order. This measure is
consistent with the conceptualizationof working memory
capacity as the ability to concurrently process and main-
tain information (Daneman & Carpenter, 1980). That is,
requiring participants to resolve Stroop interference (i.e.,
suppressing the word-reading response) while actively
maintaining the names of previously identified colors
should tax working memory capacity.

It is important to note that we expected working mem-
ory capacity to be related to false recognition only in the
conditionsin which the participantswere actively attempt-
ing to reduce false recognition. These conditions should
also show age differences in false recognition, since pre-
vious research has indicated that working memory capac-
ity decreases with increased age (Park et al., 1996). We
expected age differences to be small or nonexistent in the

unwarned group, because most of the participants in both
age groups would use a heuristic decisioncriterion, so that
words that were consistent with the theme of previously
studied lists would be endorsed as old. When the partici-
pants were warned about the DRM effect prior to study,
they would likely use a strategy of attempting to identify
the critical lure during list presentation, a strategy that es-
sentially transforms the study episode into a dual-task sit-
uation, a situation that requires working memory capacity
for effective performance. Therefore, we were expecting
age differences in this condition, and we expected an in-
verse relation between Stroop span performance and false
recognition. When the participants were warned after
study but prior to retrieval, they were faced with a very dif-
ferent task, but it should have required working memory
capacity nevertheless. In this condition, the participants
were being asked to compare directly two highlyactivated,
similar sources of information.Specifically, when the par-
ticipants encountered a critical lure on the recognitiontest,
semantic information associated with the studied list
would be activated, and the participants were being asked
to discriminatedirectlybetween these highly similar sources
of activation.

To summarize, the ability of young and older adults to
suppress false recognition in the DRM paradigm was
tested by providingexplicit warnings before study or after
study but before retrieval. Age differences were expected
to be largest in the warning conditions, which should tax
working memory. In Experiment 1, we examined presen-
tation rate within groups, and in Experiment 2, we exam-
ined presentation rate between groups for young adults
and examined only the slower presentation rate for older
adults. False recognition was predicted to decline with a
slow (4 sec) presentation rate, relative to a fast presenta-
tion rate (2 sec), but only for young adults.

EXPERIMENT 1

In Experiment 1, young and older adults studied four
10-word DRM lists at a 4-sec presentation rate and four
10-word DRM lists at a 2-sec presentation rate. The partic-
ipants were unwarned about the false memory effect (the
control condition),were warned prior to studying the lists,
or were warned after study but before the recognition test.
The slower lists were presented before the faster lists be-
cause we suspected that older adultswould choosea nonop-
timal rehearsal strategy (e.g., repetition) if they encoun-
tered the faster lists first. In addition, the study warning
group was encouraged to use a strategy of identifying the
critical lure during list presentation, since we wanted to
tax working memory during study in this group.

Method
Participants. The participants were 72 young adults with an age

range of 18–22 years (M 5 19.75, SD 5 1.32) and 72 older adults
with an age range of 60–80 years (M 5 71.36, SD 5 5.21). The
young adults were undergraduate students at Georgia Institute of
Technology, and the older adults were recruited from newspaper ad-
vertisements in the Atlanta area. The young adults received course
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credit, and the older adults received monetary compensation for
their participation. Individuals with recent stroke or head injury were
excluded. The same experimenter (the first author) tested all of the
participants in the experiment.

Design . A 2 (age: young or old) 3 3 (instruction group: unwarned,
retrieval warning, or study warning) 3 2 (presentation rate: slow or
fast) 3 4 (word type: studied targets, critical lures, unstudied tar-
gets, or distractor lures) mixed design was used. The first two vari-
ables were manipulated between participants, with repeated mea-
sures on the last two variables.

Materials . The word lists used were 12 of the 18 lists that led to
the highest false recognition rates in the Stadler, Roediger, and Mc-
Dermott (1999) norms. The first 10 associates from each of these lists
were used (the normed lists are 15 words in length). List words for
each critical lure were ordered from highest to lowest associative
strength (i.e., the probability of the critical lure’s eliciting the list words
in free association norms). The 12 lists were used to create three 40-
word list sets for counterbalanc ing purposes. The average normed false
recognition rates for these three sets were equal (M 5 80%). Each
participant heard two of these three 40-word lists: one presented at
a slow rate (4 sec/word), and one at a faster rate (2 sec/word). Each
of the three 40-word lists was recorded at both a slow and a fast rate,
and they were counterbalanced so that each list was presented an
equal number of times at each rate across the experiment. The list
that was not presented provided distractors for the recognition test.
The word lists were digitally recorded by the experimenter and played
on a Macintosh computer using Labtec speakers (Model LC-1030).
The recognition test consisted of 48 words presented one at a time on
a computer monitor in 72-point Arial font. Test items included 3 words
from each of the studied lists (studied words), the nonpresented lure
word for each of these lists (critical lures), and the corresponding words
for each distractor list (unstudied distractors and distractor lures, re-
spectively). The 3 list words were taken from the first, fourth, and
eighth list positions from each of the lists.

Procedure. All the participants were told that they would be lis-
tening to eight 10-word lists in immediate succession and that they
should attempt to remember the words for a memory test that they
would be given a few minutes afterwards. Each 10-word list was pre-
ceded by a “camera click” sound to indicate that a new list was be-
ginning. The participants were informed that they would be hearing
the first four lists presented at a rate of 1 word every 4 sec, followed
by the last four lists at a rate of 1 word every 2 sec. The study warn-
ing group was also given an explicit warning regarding the nature of
the lists, and an example list (corresponding to the lure word needle)
was read to them. These participants were instructed that trying to
figure out what the nonpresented critical lure word was while the list
was presented would be an effective strategy. They were further in-
structed that some of the words on the recognition test would be crit-
ical lures and that they should avoid falsely recognizing them. After
any questions were answered, and the experimenter confirmed that
the instructions were understood, the study lists were presented.

The retrieval warning group received the explicit warning about
the nature of the lists after study but before test. To equate the time
between study and test for all groups, the unwarned and study warn-
ing groups completed the pattern comparison test (described below)
as a filler task. On the recognition test, the participants were in-
structed that they would have to make one of four responses for each
word on the recognition test. The participants indicated sure old,
probably old, probably new, or sure new by pressing the 4, 5, 6, or
1 key on the computer number pad that were labeled “SO,” “PO,”
“PN,” and “SN,” respectively. All the participants were told that
there was no time limit and that they should be as accurate as possi-
ble. After the recognition test, the participants were asked what strat-
egy they had used during study. For the study warning group, this in-
cluded whether they had attempted to identify the lure word during
study. During the debriefing, the unwarned and retrieval warning
participants were asked whether they had become aware of the pur-
pose of the experiment during the study phase (i.e., to evoke false

alarms to the critical lures on the recognition test). Because they be-
came aware of the purpose of the experiment, data from 4 young and
6 older adults were replaced.

Several other measures were administered to each participant as
well; some were used as filler tasks, and others were used in the in-
dividual difference analysis. All of these measures were adminis-
tered after the recognition test, except for the letter comparison task,
which occurred before the study phase for all the groups, and the pat-
tern comparison test, which served as a filler task for the unwarned
and the study warning groups between study and test (for reasons al-
ready described). The retrieval warning group was given the pattern
comparison task after the strategy questionnaire.

The letter comparison and pattern comparison tasks are percep-
tual speed tests in which participants compare strings of letters or
simple line drawings (respectively) and decide whether they are the
same or different as quickly as possible. These were both filler tasks
in the context of the present study.

Stroop span was used as a measure of working memory capacity.
The participants were seated at a comfortable viewing distance from
the computer screen (approximately 24 in.), and all stimuli were pre-
sented in the center of the screen. An answer sheet consisted of
columns of answer blanks, which the participants used to record
their responses. The task began with the participants briefly practic-
ing naming the color of four congruent (e.g., the word blue in blue
font) and four incongruent (e.g., the word blue in red font) color
words. After this practice, the participants were told that they would
see color words of both types presented on the screen one at a time
and that they were to remember the color of each of the words pre-
sented. After several (between two and seven) had been presented,
they would see a screen with the word RECALL prompting them to re-
call the first letter of each of the colors they had been remembering,
in order. Words were presented for 1 sec each.

There were two 2-word practice trials presented before the begin-
ning of the actual task. Trials proceeded from shortest to longest.
There were three 2-word trials, five 3-word, 4-word, 5-word, and 6-
word trials, and three 7-word trials. The stimuli used were the words
blue, green, red, and yellow presented on the computer screen in
lower case 100-point Arial Black font (note that “Black” refers to the
name of the font, not its color). Each word was presented as a con-
gruent color word and an incongruent color word (in each of the in-
congruent colors) approximately an equal number of times across
the task. For trials with even numbers of words (i.e., two, four, and
six), there were equal numbers of congruent and incongruent words
on each trial; for trials with an odd number of words (i.e., three, five,
and seven), there was one extra incongruent word for the majority of
the trials and one extra congruent word for the remaining trials. The
same two color words never appeared consecutively, nor did the same
two colors (with one exception, owing to a programming error).

The participants pressed the space bar to begin each trial, which
began with a blank screen appearing for 1 sec, followed by the color
words. A recall screen displayed the word RECALL in capital letters
after the words had been presented; after 2,500 msec, this screen was
replaced by a screen with the instruction, “Please press any key to
continue,” which the participants pressed when they were ready to
begin the next trial. All the stimuli were presented on a black back-
ground to maximize contrast. The total number of trials on which all
the colors were correctly recalled was used as a measure of working
memory capacity.

After completing Stroop span, the Shipley Institute of Living Vocab-
ulary , a standardized multiple-choice synonym vocabulary test
(Zachary, 1986), was administered. On this test, the participants
viewed a capitalized word and were asked to choose a synonym from
four possible answer choices.

Results
All results reported as significant were significant at

p , .05.
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Descriptive statistics. Descriptivestatisticsare displayed
in Table 1. Older adults reported more years of education
[t(142) 5 6.18] and had highervocabularyscores [t(142) 5
8.49]. Older adults had slower response times on the pat-
tern comparison test [t(136) 5 12.17] and on the letter
comparison test as well [t(141) 5 9.16]. Young adults cor-
rectly recalled more trials on computation span [t(136) 5
29.88] and Stroop span [t(139) 5 26.56]. There were no
significant age differences in self-reported health
[t(142) 5 1.80]. These results are consistent with those
typically found in the literature.

Overall recognition performance. The proportionof
responses called sure old or probably old on the recogni-
tion test are presented for each word type in Table 2. To

correct for baseline rates of false alarms, corrected means
for each participantwere calculated by subtracting the hit
rates for unstudied targets from those for studied targets,
giving a measure of veridical recognition, and those for
distractor lures from those for critical lures, giving a mea-
sure of false recognition. These corrected scores are used
throughout. As a measure of the ability to discriminate
presented from nonpresented items, we also calculated the
difference between veridical and false recognition and in-
cluded these results in the last set of rows in the table.

We began by conducting a 2 (age: young or older) 3 3
(instruction group: unwarned, study warning, or retrieval
warning) 3 2 (item type:veridicalor false) analysisof vari-
ance (ANOVA), with recognition scores collapsed across
presentation rate. This analysis yielded a main effect of
item type [F(1,138) 5 77.16, MSe 5 4.38], an age 3 item
type interaction [F(2,138) 5 4.60, MSe 5 0.26], and an
instructiongroup3 item type interaction[F(3,138)5 9.04,
MSe 5 0.51]. The three-way interaction was not signifi-
cant [F(4,138) 5 0.35, MSe 5 0.02]. We followed up by
considering age and item type separately. Examining the
effect of instructiongroup (unwarned, study warning, or re-
trieval warning) on veridical recognition for young adults
revealed no significant differences between the three in-
struction groups for young adults [F(2,69) 5 0.71, MSe 5
0.03]. Thus, warnings did not affect veridical recognition,
and planned comparisons between the unwarned and each
warning group separately did not yield any significantdif-
ferences (all p values . .10). Turning to false recognition,
there was a significant effect of instruction group for
young adults [F(2,69) 5 6.17, MSe 5 0.48]. Planned com-

Table 1
Descriptive Statistics for Experiments 1 and 2

Young Adults Older Adults

Measure M SD M SD

Experiment 1
Chronological age 19.75 1.32 71.36 5.21
Education (in years) 13.67 1.30 15.78 2.59
Vocabulary 30.90 3.25 35.88 3.77
Stroop span* 15.93 4.20 10.81 5.05

Experiment 2
Chronological age 20.70 1.31 70.27 5.31
Education (in years) 14.78 2.52 14.07 1.31
Vocabulary 31.94 2.96 34.56 3.95
Stroop span 23.74 3.72 15.53 5.10

Note—Stroop span had 26 trials in Experiment 1 and 36 trials in Ex-
periment 2.

Table 2
Experiment 1: Proportion of Old Responses as a Function of Item Type, Instruction Group,

Age Group, and Presentation Rate

Young Adults Older Adults

4 sec 2 sec 4 sec 2 sec

Item Type Instruction Group M SD M SD M SD M SD

Studied targets unwarned .91 .11 .81 .13 .82 .14 .69 .19
study warning .82 .11 .74 .18 .79 .19 .75 .15
retrieval warning .86 .09 .72 .18 .75 .16 .69 .18

Critical lures unwarned .79 .23 .77 .23 .81 .24 .73 .27
study warning .45 .29 .40 .24 .52 .29 .58 .30
retrieval warning .56 .27 .63 .23 .74 .21 .74 .21

Unstudied targets unwarned .17 .18 .17 .18 .16 .15 .16 .15
study warning .14 .18 .14 .18 .18 .13 .18 .13
retrieval warning .16 .12 .16 .12 .23 .18 .23 .18

Unstudied lures unwarned .31 .22 .31 .22 .29 .25 .29 .25
study warning .23 .25 .23 .25 .34 .28 .34 .28
retrieval warning .21 .24 .21 .24 .30 .24 .30 .24

Corrected veridical recognition unwarned .74 .22 .65 .23 .66 .19 .53 .22
study warning .68 .20 .60 .25 .61 .21 .57 .18
retrieval warning .70 .16 .56 .19 .53 .22 .47 .24

Corrected false recognition unwarned .48 .27 .46 .34 .52 .30 .44 .35
study warning .22 .32 .17 .28 .18 .34 .24 .42
retrieval warning .35 .40 .42 .27 .44 .31 .44 .28

Veridical minus false recognition unwarned .26 .31 .19 .26 .14 .37 .09 .40
study warning .47 .37 .44 .31 .43 .45 .33 .46
retrieval warning .35 .40 .14 .34 .09 .36 .03 .37

Note—Unstudied targets and unstudied lures do not differ at each presentation rate, because there was only one recognition test.
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parisons revealed a significant reduction in false recogni-
tion for the study warning group [F(1,46) 5 12.10,MSe 5
0.91], but not for the retrieval warning group [F(1,46) 5
1.06, MSe 5 0.08], when each was compared with the un-
warned group. Nearly all (23 of 24) of the participants in
the study warning group reported using the strategy of
identifyingthe critical lure during list presentation.So, al-
though warnings did not significantly reduce veridical
memory, false memory was reduced when warnings oc-
curred before, but not after, the lists were studied.

Examining the memory performance of older adults led
to a somewhat different pattern of results. There was no
significant effect of the instruction group variable on
veridical recognition [F(2,69) 5 2.00, MSe 5 0.07]. How-
ever, plannedcomparisons of each warning group with the
unwarned group separately did indicate a marginally sig-
nificant drop in veridical recognition following the re-
trieval warning [F(1,46) 5 3.18, MSe 5 0.12, p 5 .081].
Thus, if anything,warning older adults after study but be-
fore retrieval actuallyhurt theirveridicalrecognitionslightly.
Consistent with the data from young adults, false recog-
nition for older adults revealed a significant effect of in-
struction group [F(2,69) 5 5.46, MSe 5 0.51]. Planned
comparisons of each warning group to the unwarned
group indicated that false recognition was significantly
reduced in the studywarning group [F(1,46)5 8.29,MSe 5
0.88], but not in the retrieval warning group [F(1,46) 5
0.26, MSe 5 0.02]. This pattern of results indicates that,
like young adults, older adults benefited from warnings
given prior to the study episode. Furthermore, as was the
case for young adults, the majority of older participants
(21 of 24) reported using the strategy of identifying the
critical lure during presentationof the study lists. Because
there were so few data points for the participants who did
not attempt to identify the critical lure, we could not con-
duct reliable statistical tests to compare them with those
who had. Although both age groups were able to reduce
false recognition following study warnings, neither age
group significantly reduced false recognition when warn-
ings were given after study but prior to retrieval. If any-
thing, older adults’ veridical recognitionactually suffered
when a warning was given at retrieval, although this com-
parison was only marginally significant.

The effect of presentation rate on recognition. Next,
we used a 3 (instructiongroup:unwarned, studywarning, or
retrieval warning) 3 2 (presentation rate: 4 sec or 2 sec)
mixed model ANOVA to examine whether presentation
rate affected the pattern of results in veridical and false
recognition differently. Examining veridical recognition
in the young adult group, we found a significant effect of
presentationrate, with the slower rate leading to higher hit
rates [F(1,69) 5 26.10, MSe 5 0.42], but no instruction
group 3 presentation rate interaction [F(2,69) 5 1.01,
MSe 5 0.02]. Thus, a slower presentation rate resulted in
enhanced veridical recognition for all three instruction
groups. The same instruction group 3 presentation rate
ANOVA, in which false recognition for young adults was
examined, revealed no difference as a function of presen-

tation rate [F(1,69) 5 0.01, MSe 5 0.0001] and no instruc-
tiongroup3 presentationrate interaction[F(2,69) 5 0.97,
MSe 5 0.04]. It should be noted, however, that the differ-
ence between Veridical and false recognition was signifi-
cantly greater at the slower presentation rate for the re-
trieval warning group (.70 2 .35 5 .35) than it was at the
fast presentation rate (.56 2 .42 5 .14). Thus, despite no
absolute differences in false recognition as a function of
presentation rate for the young retrieval warning group,
they did display better memory performance with a slower
presentation rate. This was confirmed by a 2 (presentation
rate: slow or fast) 3 2 (recognition: veridical or false) re-
peated measures ANOVA for the retrieval warning group
[F(1,23) 5 7.05, MSe 5 0.27]. This same comparison did
not reach significance for either the unwarned group
[F(1,23) 5 1.44, MSe 5 0.03] or the study warning group
[F(1,23) 5 0.24, MSe 5 0.005].

For older adults, a 3 (instruction group: unwarned, study
warning, or retrieval warning) 3 2 (presentation rate: 4 or
2 sec) mixed model ANOVA in which veridical recogni-
tion was examined yielded a significant effect of presen-
tation rate, with the slower rate leading to higher rates of
veridical recognition [F(1,69) 5 13.01, MSe 5 0.21] but
no instruction group 3 presentation rate interaction
[F(2,69) 5 1.57, MSe 5 0.02]. Thus, as with young adults,
a slower presentation rate resulted in enhanced veridical
recognition for all three instruction groups. Also consis-
tent with young adults, an instruction group 3 presenta-
tion rate ANOVA in which false recognition was exam-
ined revealed no difference in false recognition as a
functionof presentationrate [F(1,69)5 0.04,MSe 5 0.002]
and no instruction group 3 presentation rate interaction
[F(2,69) 5 1.58, MSe 5 0.06]. Contrary to the data for
young adults, however, the difference between corrected
veridical and false recognition was not significantly
greater at the 4-sec rate (.53 2 .44 5 .09) than at the 2-sec
rate (.47 2 .44 5 .03) for older adults. This was con-
firmed by a 2 (presentation rate: 4 or 2 sec) 3 2 (recogni-
tion: veridical or false) repeated measures ANOVA con-
ducted separately for the unwarned [F(1,23) 5 1.11,
MSe 5 0.01], study warning [F(1,23) 5 2.14, MSe 5 0.06],
and retrieval warning [F(1,23)5 0.85,MSe 5 0.02] groups.

Finally, as was expected,a 2 (age) 3 3 (instructiongroup)
ANOVA revealed that, overall, young adults had higher
rates of veridical recognition [F(1,138) 5 8.81, MSe 5
0.32] but did not differ from older adults in false recogni-
tion [F(1,138) 5 0.29, MSe 5 0.02]. The age 3 presenta-
tion rate interactionwas not significant [F(1,138) 5 0.20,
MSe 5 0.07].

Individual difference measures. We postpone an ex-
amination of the individual difference measures for Ex-
periment 1 until after the second experiment has been dis-
cussed.

Discussion
Both young and older adults were able to use warnings

given prior to the study episode to reduce false recogni-
tion, as compared with an unwarned control group, and
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this reduction came without a cost to veridical recogni-
tion. Furthermore, the vast majority of the participants in
both age groups reported using the strategy suggested by
the experimenter—namely, identifying the critical lure
word during list presentation. This lack of an age differ-
ence in false recognition is somewhat at odds with our
working memory capacity hypothesis, which predicted
that older adults would be less able to use this strategy,
since it required concurrent processing and storage of in-
formation. This result will be considered further in the re-
gression analyses following Experiment 2.

Neither age group was able to reduce false recognition
when warnings were given after study but prior to re-
trieval. If anything, this warning reduced the veridical
recognition of older adults. However, there was some ev-
idence that a slower presentation rate led to better mem-
ory performance. Specifically, veridical recognition was
greater for both young and older adults at a slower pre-
sentation rate, meaning that discriminationbetween veridi-
cal and false recognition was greater following the slower
presentation rate. Furthermore, there was some indication
that a slower rate of presentationimproved the performance
of young adults following retrieval warnings, and there
was a trend toward a reduction in false recognitionoverall
(i.e., an 8% reduction in corrected false recognition, rela-
tive to the unwarned participants). It should also be noted
that, consistent with our hypotheses, for young adults re-
trieval warnings reduced the hit rate for critical lures for
the retrieval warning group (.59), as compared with the
unwarned group [.78; F(1,46) 5 13.07,MSe 5 0.42]. This
same comparison was not significant for older adults
[F(1,46) 5 0.31, MSe 5 0.01], with the retrieval warning
group and the unwarned group having similar hit rates for
critical lures (.77 and .74, respectively).

EXPERIMENT 2

Our second experiment was conducted to address sev-
eral methodological shortcomings of Experiment 1. The
primary issue was that presentation rate was manipulated
within subjects and, consequently, there were only four
critical lures associated with presented lists at each pre-
sentation rate (and four distractor lures to correct by), giv-
ing us very little power to detect differences in false recog-
nition. Another issue complicating our interpretation of
the results is that there were differences in hits for studied
words between the two presentation rates but there was
only one false alarm rate for unstudied distractors. It is
possible that false alarm rates would have differed for
these groups had presentation rate been manipulated be-
tween lists (e.g., higher hit rates for studied targets at the
4-sec rate likely would have resulted in lower false alarm
rates to unstudied targets). We also did not counterbalance
the order of the lists, instead electing to present all the
slow lists, followed by all the faster lists, for each partici-
pant. As was mentioned in the introduction,this was done
because older adults likelywould have used a less optimal
strategy to rehearse the lists had the faster lists been pre-

sented first. Nevertheless, the order of presentation for
these lists may have interactedwith age or warnings in un-
foreseen ways. To address the above-mentionedconcerns,
we manipulated presentation rate between groups for the
young adults and included the slower rate only for the
older adults (presentation rate did not interact with any
other measures for the older adults in the first experiment,
so we felt confident that including only the slower rate
would be sufficient to address most of our concerns). Ma-
nipulating presentation rate between groups allowed us to
calculate false alarms to unstudied distractors separately
for each group, gave us more power to detect significant
differences between groups, and eliminated the confound
of presentation order.

Another change made in the second experiment was
that we used the instructions of Gallo et al. (2001), except
that we did not include an explicit instruction to the par-
ticipants in the study warning group to attempt to identify
the critical lure during list presentation. Instead, the in-
structions simply explained the nature of the lists and gave
an example list. We had encouraged the strategy of iden-
tifying the critical lure in the first experiment because of
our interest in taxing the working memory capacity of the
participants in this group, but including this instruction
makes it difficult to make comparisons with other pub-
lished studies using similar warnings, but without explicit
identification instructions.

Method
Participants. The participants were 108 young adults with an age

range of 18–22 years (M 519.75, SD 5 1.32) and 54 older adults
with an age range of 60–80 years (M 5 71.36, SD 5 5.21).

Design. A 2 (age: young or old) 3 3 (instruction group: unwarned,
retrieval warning, or study warning) 3 2 (presentation rate: slow or
fast) 3 4 (word type: studied words, critical lures, unstudied distrac-
tors, or distractor lures) mixed design was used. The first two vari-
ables were manipulated between groups. Presentation rate was a nested
between-groups variable for the young group, and word type was
manipulated within subjects.

Materials . The materials used in Experiment 2 were the same as
those in Experiment 1, with a few exceptions. The number of 10-word
DRM lists was increased from 12 to 16, creating two sets of 8 lists
for counterbalancing purposes. The set that was not presented pro-
vided distractors for the recognition test, which resulted in 64 words on
the recognition test, taken from the same list positions as those in
Experiment 1.

Procedure. The instructions for the memory test were the same,
except that the study warning group was not encouraged to try to
figure out what the nonpresented critical lure word was during list
presentation. Also, in an effort to discourage the use of a liberal cri-
terion by the unwarned group, all the groups were explicitly told that
false alarms to distractors would be deducted from their hit rate for
studied words. The vocabulary and Stroop span measures were the
same as those in Experiment 1, except that the number of trials on
the Stroop span task was increased to six trials at each set size (be-
tween two and seven) and the presentation order of trials was ran-
domized.

Results
Descriptive statistics. Descriptive statistics for Exper-

iment 2 are displayed in Table 1, and all of the relevant
comparisons were consistent with those of Experiment 1.
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Recognition: 4-sec presentation rate. The recognition
results for Experiment 2 are presented in Table 3, and the
corrected recognitionscores are graphed in Figure 1.We first
will consider the recognition performance at the slower
presentation rate and examine age differences therein, fol-
lowed by a considerationof the faster presentation rate for
young adults. A 2 (age: young or older) 3 3 (instruction
group: unwarned, study warning, or retrieval warning) 3
2 (item type: veridical or false) ANOVA revealed a sig-
nificant main effect of item type [F(1,102)5 43.83,MSe 5
1.33], a significantage 3 item type interaction[F(2,102)5
7.16, MSe 5 0.22], and a significant age 3 instruction
group interaction [F(3,102) 5 14.30, MSe 5 0.43]. The
three-way interaction was not significant [F(4,102) 5
1.07, MSe 5 0.03]. We followed up this analysis by ex-
amining the effect of instruction group (unwarned, study
warning, or retrieval warning) on corrected veridical
recognition for young adults, which was not significant
[F(2,51) 5 1.90, MSe 5 0.05]. Planned comparisons re-
vealed a marginally significant difference between the un-
warned and the study warning groups [F(2,51) 5 3.90,
MSe 5 0.08, p 5 .056], so that the study warning group

actually improved their veridical recognition, relative to
the unwarned group. There was no difference between the
unwarned and the retrieval warning groups [F(2,51) 5
0.001, MSe 5 0.0001]. There was a significant effect of
instructiongroup for corrected false recognition for young
adults [F(2,51) 5 5.27, MSe 5 0.44]. Planned compar-
isons revealed a significant reduction in corrected false
recognition for the study warning group, as compared
with the unwarned group [F(1,34) 5 11.67, MSe 5 0.77],
as well as between the unwarned and the retrieval warning
groups [F(1,34) 5 9.13, MSe 5 0.53]. We should also
mention that all of the participants (18 of 18) reported
using the strategy of identifying the critical lure during list
presentation, despite no instruction to use this strategy. In
summary, young adults were able to increase their veridi-
cal recognition following study warnings and to decrease
their false recognition following either study or retrieval
warnings.

For older adults, there was no significant effect of the
instruction group variable on corrected veridical recogni-
tion [F(2,51) 5 0.44, MSe 5 0.01], and planned compar-
isons revealed no significant differences between any of
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Figure 1. Experiment 2: corrected veridical and false recognition for older and
young adults as a function of presentation rate and instruction group.
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the instruction groups. There was a significant effect of
instructiongroup on corrected false recognition[F(2,51) 5
3.20, MSe 5 0.16]. Planned comparisons of the unwarned
group with the study warning group indicated a signifi-
cant reduction in false recognition following study warn-
ing [F(1,34) 5 5.46, MSe 5 0.32]. The majority of older
adults in the study warning group (12 of 18) reported
using the strategy of identifying the critical lure during
study. Comparing those who attempted to identify the crit-
ical lure (ID lure) with those who did not (no ID lure) re-
vealed no significant differences for veridical recognition
(means of .70 and .66, respectively) [t(16) 5 20.71], but
the ID lure group was significantly less likely to false rec-
ognize critical lures (M 5 0.38) than was the no ID lure
group [M 5 0.67; t(16) 5 2.49]. Older adults failed to re-
duce false recognition when warnings were given before
study if they did not attempt to identify the critical lure. Fi-
nally, false recognitionwas not reduced for older adults in
the retrieval warning group [F(1,34) 5 1.37, MSe 5 0.05].

Recognition: 2-sec presentation rate. Next, we will
turn our attention to presentationrate for youngadults (re-
call that older adults were not included in this condition).
A 2 (presentationrate: 4 secor 2 sec) 3 3 (instructiongroup:
unwarned, study warning, or retrieval warning) 3 2 (item
type: veridical or false) ANOVA indicated a significant
main effect of item type [F(1,102) 5 45.94, MSe 5 1.47],
a significant presentation rate 3 item type interaction
[F(2,102) 5 5.15, MSe 5 0.16], and a significant presen-
tation rate 3 instruction group interaction [F(3,102) 5
10.64, MSe 5 0.34]. The three-way interaction was not
significant [F(4,102) 5 1.86, MSe 5 0.06]. Because the
data for the youngadults at the slow presentation rate have
already been presented, we will begin by presenting the

data for the fast presentation rate first, followed by com-
parisons between the two presentation rates. First, a
between-groups ANOVA on corrected veridical recogni-
tion for instruction group revealed a significant effect
[F(1,51) 5 4.02, MSe 5 0.08]. This was due to a decrease
in corrected veridical recognitionfor the retrieval warning
group, as compared with the unwarned group [F(1,34) 5
4.99, MSe 5 0.13]. There was no difference between the
unwarned and the study warning groups [F(1,34) 5 0.003,
MSe 5 0.00001].

A between-groups ANOVA in which the effect of in-
struction group on corrected false recognition was exam-
ined indicated a significant effect [F(1,51) 5 4.33, MSe 5
0.24]. The unwarned group had higher rates of corrected
false recognitionthandidboth the studywarning [F(1,34) 5
4.62, MSe 5 0.23] and the retrieval warning [F(1,34) 5
9.08, MSe 5 0.44] groups. Thus, despite a faster presen-
tation rate, the young adults were able to reduce false
recognition following warnings before or after study and
before retrieval. However, the retrieval warning also re-
duced veridical recognition, suggesting that there was a
cost associated with reducing false recognition in this
group. Recall that at the slower presentation rate, the
young adults were able to significantlyreduce false recog-
nition, with no differences in veridical recognition. Thus,
part of the reason for a reduction of false recognition for
the retrieval warning group at the fast presentation rate
was that they were more conservative in their responses on
the recognition test.

Discussion
Consistent with Experiment 1, there were no age differ-

ences in false recognition in the unwarned group, but both

Table 3
Experiment 2: Proportion of Old Responses as a Function of Item Type, Instruction Group,

Age Group, and Presentation Rate

Young Adults Older Adults

4 sec 2 sec 4 sec

Item Type Instruction Group M SD M SD M SD

Studied targets unwarned .86 .06 .86 .11 .76 .17
study warning .84 .12 .81 .10 .81 .11
retrieval warning .80 .12 .79 .12 .77 .13

Critical lures unwarned .86 .11 .90 .13 .83 .19
study warning .40 .30 .65 .30 .61 .29
retrieval warning .61 .22 .70 .18 .75 .22

Unstudied targets unwarned .19 .13 .16 .12 .12 .14
study warning .08 .07 .11 .08 .13 .09
retrieval warning .13 .17 .22 .16 .10 .08

Unstudied lures unwarned .21 .16 .22 .16 .17 .16
study warning .04 .06 .14 .13 .14 .13
retrieval warning .20 .19 .25 .17 .17 .12

Corrected veridical recognition unwarned .66 .15 .70 .16 .64 .18
study warning .75 .13 .69 .11 .69 .11
retrieval warning .67 .19 .58 .17 .67 .14

Corrected false recognition unwarned .65 .22 .67 .18 .66 .21
study warning .36 .29 .51 .26 .47 .27
retrieval warning .41 .26 .45 .25 .58 .19

Veridical minus false recognition unwarned .01 .16 .03 .21 2.02 .20
study warning .39 .34 .18 .31 .21 .31
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young and older adults were able to use warnings given
prior to the study episode to reduce false recognition, and
this reduction came without a cost to veridical recogni-
tion. Also consistent with Experiment 1, the majority of
the participants in both age groups reported using the
strategy of attempting to identify the critical lure during
study as a means of reducing false recognition. This oc-
curred in Experiment 2 despite no encouragement on the
part of the experimenter. However, one third of the older
adults did not use this strategy, and this subset of the par-
ticipants was not able to reduce false recognition. Again,
the implication of this result for our working memory ca-
pacity hypothesiswill be considered further in the section
on regression analyses. Unlike in Experiment 1, only the
young adults were able to reduce false recognition when
warnings were given after study but prior to retrieval, and
they were somewhat better able to do this when the stud-
ied lists had been presented at a slower presentation rate.
When the studied lists were presented at a faster presen-
tation rate, young adults were able to reduce false recog-
nition in the retrieval warning group, but veridical recog-
nition suffered.

Regression analyses (Experiments 1 and 2). The
Spearman–Brown split-half reliabilities for all tests were
between .88 and .95. To increase power in the analysis of
the resource measures on false recognition, we combined
the measures from both experiments. We did not use the
recognition scores for the 2-sec presentation rate from Ex-
periment 2, because only the young adults had been in-
cluded in this condition. Also, raw hit rates for studied
words and critical lures were used, because the error of
measurement in the corrected scores was dramatic.

Table 4 shows the partial regression of each individual
difference measure (including chronological age) on
veridical and false recognition. These partial correlations
reveal the relationbetween each individualdifference mea-
sure and the memory measures, holding all of the other
measures constant. Thus, partial correlations provide an
estimate of the nonredundant variance between two vari-
ables of interest.

Chronological age was negatively related to veridical
recognition in both the unwarned and the retrieval warn-
ing groups, consistent with the group differences already
reported. Of greater interest in the present context, false
recognitionwas not predicted by any of the individualdif-

ference measures in the unwarned group, consistent with
our predictions. Also consistent with our predictions,
Stroop span, a measure of working memory capacity, pre-
dicted false recognition in both the study warning group
(partial r 5 2.22), and the retrieval warning group (par-
tial r 5 2.29). This indicates that higher levels of work-
ing memory capacity were associated with lower levels of
false recognition. Interestingly, in the study warning
group, chronological age was still associated with higher
levels of false recognition (partial r 5 .29), even after re-
moving variance associated with the working memory ca-
pacity and word knowledgemeasures. Finally, vocabulary
was inversely related to false recognition in the study
warning group (partial r 5 2.32). This last result helps to
explain why the older adults, who scored higher on mea-
sures of vocabulary in both experiments, were able to re-
duce false recognition in the study warning group, despite
lower levels of working memory capacity.

Thus, our original hypothesis predicting a relation be-
tween working memory capacity and false recognition in
the study and retrieval warning groups was confirmed,
and we were able to explain the null effect of age group
following study warnings as being partly due to age dif-
ferences in word knowledge. However, working memory
capacity and word knowledge did not eliminate age as a
significant predictor in the study warning group, suggest-
ing a possible role for other processes in reducing false
recognition as well. One limitation of the present experi-
ments is that only one measure of each constructwas used.
Future research using factor analytic techniques, which
make use of multiple indicators of each theoretical con-
struct, could be helpful in discovering the processes in-
volved in the creation and maintenanceof false memories.

GENERAL DISCUSSION

The primary goal of the present experiments was to ex-
amine the abilityof youngand olderadults to suppress false
recognition. To achieve this goal, warnings were given to
young and older adults at study or after study and before
retrieval, and studied words were presented at either a fast
(2 sec/word) or a slow (4 sec/word) rate. As was expected,
older adults were less able to actively suppress false recog-
nition, especially when given warnings at retrieval. Sur-
prisingly, older adults were nearly as effective as young
adults when warnings occurred at study, indicating that
both age groups were able to use strategic processing that
allowed them to suppress false recognition in this condi-
tion. In both experiments, using a within-subjects (Exper-
iment 1) or between-subjects (Experiment 2) design, pre-
senting words at a slower presentation rate benefited
young adults in terms of discriminating events that had or
had not occurred, primarily when the participants were
warned at retrieval. A slower presentation rate did not ben-
efit older adults in terms of discriminatingevents that had
or had not occurred (Experiment 1). Our individualdiffer-
ence analysis indicated that, as was predicted, a measure

Table 4
Partial Correlation for Each Individual Difference

Variable With Veridical and False Recognition

Veridical Recognition False Recognition
(Studied Targets (Critical Lures

Called Old ) Called Old )

Measure UW SW RW UW SW RW

Chronological age 2.27* .05 2.26* 2.12 .29** .21
Stroop span 2.03 .12 2.11 2.11 2.22* 2.29*
Vocabulary .00 .03 .15 2.06 2.32** 2.15

Note—UW, unwarned; SW, studywarning; RW, retrieval warning. *p ,
.05. **p , .01.
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of working memory capacity (Stroop span) was related to
false recognition when the participants were warned be-
fore or after study, but not when the participants were un-
warned about the DRM effect. Also, when the participants
were warned at study, age was associated with higher lev-
els of false recognition, even after controlling for working
memory capacity and word knowledge. Finally, vocabu-
lary was a significant predictor of reduced false recogni-
tion in the study warning group, even after controlling for
working memory capacity and age, suggesting that word
knowledge plays a role in strategic processing in this con-
dition.

In terms of the source-monitoring framework (Johnson
et al., 1993), the present results suggest that the quality of
both the encoded information and the decision-making
processes at retrieval gives rise to the creation and main-
tenance of verbal false memories. For example, the study
phase did not differ for the group that was unwarned and
the group that was warned at retrieval, yet the group
warned at retrieval was able to reduce false recognition.
Thus, the unwarned group could have reduced their false
recognition, but they made their recognition decisions by
using a familiarity-based heuristic, so that words match-
ing the theme of the list, including critical lures that were
not presented,were endorsed as havingbeen studied.Both
age groups likely used this strategy, since they had high
levels of false recognition that did not differ in either ex-
periment. The lack of a relation between working memory
capacity and false recognition in this group supports the
idea that heuristic decision criteria, which do not rely on
controlled attention, were used. In terms of fuzzy-trace
theory (Brainerd, Wright, Reyna, & Mojardin, 2001), an-
other prevalent explanation for false memories, the par-
ticipants relied on gist (or meaning) when making memo-
rial decisions, rather than accessing the specific, verbatim
details.

By contrast, only youngadultswere able to use warnings
at retrieval, when more systematic decision processes
were required for effectiveperformance, and thesewarnings
were more effective when study lists had been presented
at a slower rate. Generally speaking, veridical recognition
was enhanced for both age groups when words were pre-
sented at a slower presentationrate, a result consistentwith
previous research in which presentation rate was varied
(Arndt & Hirshman, 1998). However, the difference be-
tween veridical and false recognition was greater follow-
ing the slower presentation rate for young adults warned
at retrieval.

The differences between corrected veridical and false
recognition following our fast presentation rate were
modest (14% for Experiment 1 and 13% for Experiment 2),
as compared with this difference following the slower pre-
sentation rate (35% for Experiment 1 and 26% for Exper-
iment 2). These results suggest that as the quality of the
encoded information improves, young adults are able to
use this information to discriminate between events that
did or did not occur, but only when they are encouraged to

use this information via explicit warnings. We should also
note that this argument is not consistent with the notion
that false memories in the DRM paradigm arise because
of an excessively liberal response criterion, as others have
suggested (Miller & Wolford, 1999). Rather, the poorer
discriminationwith faster presentation rates suggests that
experiments using presentation rates of 2 sec or less do
not allow enough time to engage in the degree of item-
specific processing necessary for retrieval warnings to be
effective.

An alternativeexplanationfor the present results would
be that the young adults simply used some kind of strat-
egy during the recognition test to identify the words most
likely to be critical lures and rejected these words on this
basis. However, this account does not readily explain why
different presentation rates during study would have such
a dramatic effect on the ability to discriminate studied
words and critical lures. Also, it would not explainwhy the
older adults, who apparently were able to identify the crit-
ical lures during study when given a warning, would not
be able to use this same strategy at test.

One limitation of the present experiments is that there
is no way to differentiate whether the age differences in
the retrieval warning group are a result of poorer encod-
ing of item-specific informationduring study or of deficits
in accessing or using item-specific information to discrim-
inate between sources of activation at retrieval. Research
suggests that older adults are likely to process word lists
in a more general fashion (Rabinowitz, Craik, & Acker-
man, 1982).Moreover,Glisky, Rubin,and Davidson (2001)
have convincingly demonstrated that frontal lobe func-
tioning,as assessed by standardized psychometric tests, is
related to deficits in encodingperceptual information dur-
ing study, as well as in accessing source-specifying infor-
mation at retrieval. More work will be required to differen-
tiate the locus of age differences in the present paradigm.

It is notable that the participants with greater working
memory capacity were better able to suppress false recog-
nition following retrieval warnings, consistent with the
idea that discriminating between similar sources of acti-
vation at retrieval requires attentional control (Balota
et al., 1999). This also explains why older adults were un-
able to achieve accurate memory performance in the re-
trieval warning group.

Perhaps the most surprising finding in the present study,
at least given our initial hypotheses, is the absence, in both
experiments, of an age difference in the group warned at
study. As we had expected,both age groups primarily used
a strategy of identifying the critical lure during the study
phase, and working memory capacity was related to re-
duced rates of false recognition.However, contrary to our
expectations,older adults were able to use these warnings
effectively, despite the processing demands required by
this strategy. The finding thatword knowledge(as measured
by a synonym vocabulary test) was inversely related to
false recognition helps to explain why no age group dif-
ferences were found for this group in the present experi-
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ments, despite age-related deficits in working memory ca-
pacity. Libby and Neisser (2001) suggested that the use of
higher order structural knowledge (i.e., knowledge of the
specific relation between studied targets and critical lures)
places constraints on how gist-based information is used
during a memory test, allowing gist-based processing to
support accurate memory performance. Research in which
age differences in the use of situation models was exam-
ined has been consistent with this notion, revealing no age
differences in the processing of higher level structural in-
formation, despite age differences in the processing of
verbatim information (Radvansky, Zwaan, Curiel, &
Copeland, 2001).

Research by Watson, McDermott, and Balota (2000) is
also consistent with this explanation.They examined false
recall in young and older adults, using a combination of
study warnings and repeated study–test trials. Although
levels of false recall were reduced to the same extent for
young and older adults on the first test (relative to un-
warned participants), only young adults were able to fur-
ther reduce false recall over repeated study–test trials.
These results are consistent with our suggestion that mul-
tiple processes, which show differential age-related de-
clines, are involved in reducing false memories in the
study warning condition.

Mechanisms of False Recognition Suppression
Returning again to the account of false memories de-

scribed by Balota et al. (1999), the processes involved in
avoiding false memories appear to be similar to those in-
volved in the traditional Stroop interference task. By this
account, the highly activated semantic information in the
DRM task is analogous to the automatically activated but
irrelevant word information in the Stroop task,whereas the
item-specific information in the DRM task is analogous to
the color information in the Stroop task. The critical dif-
ference seems to be that, in the Stroop task, the need to use
controlledattention to resolve the interference is readily ap-
parent, since participantsare asked to name the color rather
than to read the word, but in the typical DRM experiment,
participantsare unaware of the need to use attentionalcon-
trol to avoid the influence of the inappropriate source of
activation.Consequently, providingwarnings increases the
similarity between the processing demands of false recog-
nition suppression and the Stroop task, consistent with
both the experimental and the correlational results.

Recently, an activation-monitoring framework for un-
derstanding DRM false memories has been proposed that
may help in understandingthe present results (McDermott
& Watson, 2001;Roediger,Watson, McDermott, & Gallo,
2001). According to this framework, spreading activation
in semantic networks gives rise to activation of critical
lures, and monitoring processes at encoding and retrieval
can be used to reduce false remembering. This explana-
tion is consistent with the other models based on spread-
ing activation already discussed (Balota et al., 1999) and
predicts age differences consistentwith those found in the
present experiments.

CONCLUSIONS

In conclusion,suppressing false recognitionin the DRM
paradigm is a difficult task that involves discriminating
between highly similar sources of activation (i.e., studied
words and critical lures). Our results provide evidence for
theoretical frameworks suggesting that individuals who
are more susceptible to interference in working memory,
includingolder adults, are less likely to accuratelydiscrim-
inate highly similar sources (Balota et al., 1999; Hasher &
Zacks, 1988; McDermott & Watson, 2001). However, in
all conditions, false recognition remained robust, suggest-
ing that DRM false recognition may be an unavoidable
memory illusion (Roediger, 1996).
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