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ABSTRACT
The influence of available processing resourcethenesistance to false memories (FMs) for
lists of semantically related items associated witfton-presented critical lure was examined in
younger and older adultfeducing the available resources at encodingumger adults
(Experiment 1 and 2) led to a performance simaahe older adults’ one (i.e., higher rates of
FMs in addition to reduced rates of correct recélwever, increasing the available resources
(Experiment 2 and 3) yielded to improvements inrtites of correct recall in both age groups
and decreased the probability of FMs in youngettadlthough warnings had to be added in
older adults to obtain similar effects on FMs. Ratanfluences on a post-recall test asking
participants to report items that they had thougtut did not recall were also found. The
influence of available cognitive resources for meyraccuracy is also discussed with respect to
activation-monitoring (e.g., McDermott & Watson,(4) and fuzzy-trace (e.g., Brainerd &

Reyna, 2002) accounts of age-related increasealsa memories.
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Variations in processing resources and resistantade memories in younger and older
adults.
Introduction

A growing amount of data indicates that normal gginfluences memory accuracy (e.g.,
Zacks, Hasher, & Li, 2000). In addition to a breakd in veridical memory performance, aging
is associated with increased susceptibility tooussikinds of false memories (e.g., Koutstaal &
Schacter, 2001; Schacter, Koutstaal, & Norman, 18ad deficits in source monitoring
(Johnson, Hashtroudi, & Lindsay, 1993; see Spefideaz, 1995, for a meta-analysis), a set of
processes involved in resistance to false mem¢eigs, Brédart, 2000; Dehon & Brédart, 2004;
Johnson & Raye, 2000). The aim of the current erparts was to gain a better understanding
of age-related deficits in source monitoring aileiit and the role of source monitoring in
resistance to false memories.

The DRM Paradigm was usedd8se, 1959; éediger & McDermott, 1995) in three
experiments. For this procedure, multiple themizis of words are presented during a study
phase. Each list is composed of many words, allloth are related to a critical non-presented
word lure, referred to as the critical lure (etread, pin, eye, sewing, shagic., for which the
non- presented critical lure is NEEDLE). This pagad has proved useful for studying memory
errors, because it elicits robust levels of falmognition and recall of the critical lures (see
Roediger, McDermott, & Robinson, 1998, for a reVielw addition to the robust false memory
effect, participants who make these errors do apsgmply that the critical lure seems familiar
to them, but that they actually remember very djgeaspects of its presentation at study

(Roediger et al., 1998).
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Two common theoretical accounts of the DRM falsenmey effect are derived from
fuzzy-trace theory (e.g., Brainerd & Reyna, 2008iBerd, Wright, Reyna, & Mojardin, 2001)
and activation monitoring theory (e.g., Gallo & Rager, 2002; McDermott & Watson, 2001;
Roediger, Watson, McDermott, & Gallo, 2001). Acadagito the fuzzy-trace theory account,
memory judgements are based on verbatim or gisdrthat are encoded in parallel at study.
Verbatim traces capture the surface details ofiphlstimuli and gist traces represent the
meaning of the stimuli but lack perceptual detdscall of studied items is based on a dual
retrieval mechanism. One mechanism involves daecess to verbatim traces of list items and
mainly supports veridical recall. A second mechanisconstructs the items by processing the
gist representation. This later mechanism sometsupports true recall and is responsible for
false recall (e.g., Brainerd & Reyna, 2002; Brathet al., 2001). More specifically, critical lures
are identified as part of the presented lists du@e attributes they share in common with the
items on their corresponding study list. Verbatepresentations can also be used to edit out
critical lure items during recall. Indeed, false-oue-consistent information may come to mind
during recall and cue verbatim details of the cgpomding presented items, which may counter
the familiarity associated with false-but-cue-cstemt information (e.g., Brainerd et al., 2001).

According to the activation-monitoring account (eMcDermott & Watson, 2001), false
memories occur because during the presentatidmecdssociated words in the list, the critical
lure is activated. This activation may occur eitbensciously following elaborative processing
(e.g., Brédart, 2000; Gallo, Roberts, & Seamon,71@bodwin, Meissner, & Ericsson, 2001,
Kensinger & Schacter, 1999; McDermott & Watson, PQ@r automatically as a result of
spreading activation in an associative network (&4gDermott & Watson, 2001; Seamon, Luo,

& Gallo, 1998). Whatever the exact nature of itsvation, when a critical lure has been
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activated, it must be correctly attributed durietrieval to the participant’s own thoughts and
not to the item’s occurrence in the list througbuacessful reality monitoring process (Johnson
et al., 1993; Johnson & Raye, 2000).

Both accounts imply that the critical lure will bleely to seem familiar to both younger
and older adults due to either activation or r&lean gist traces. These feelings of familiarity
may be particularly difficult for older adults tegist (e.g., Balota et al., 1999; Dehon & Brédart,
2004). According to the activation-monitoring acegucritical lures experienced as being highly
familiar will be more difficult for older adults toorrectly reject, because of age-related deficits
in (source) monitoring processes. By the fuzzydrdeory account, critical lures will likely be
falsely recalled or recognised by older adults heeaof their decreased ability to encode well-
integrated verbatim traces for list items. Althoumglth theories rely on an editing mechanism
that discriminates between highly familiar/activchteems and actually experienced items on the
basis of available item-specific information, trdtyerge on whether false recall of critical lures
is a misrecollection of events occurring during $hiedy episode or an experience constructed
during retrieval. Indeed, according to the actmatmonitoring account, critical lures are
activated during the presentation of the listh®goint of being experienced as having been
produced at that time. In contrast, the fuzzy-tr@oeount suggests that the activation of the
critical lure at the study phase is not a necessangition for false memories to occur. Rather,
critical lures seem familiar, because they are isterst with the gist of their corresponding lists.

Recently, Dehon and Brédart (2004) examined youagerolder participants’
performance using a modified memory procedure (@te@000) designed to more directly
assess activation and monitoring processes in R paradigm. More specifically, the

modified procedure allowed participants to indicatesther they were aware of having
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consciously activated critical lures. In these expents, participants studied French DRM lists
and completed a free recall test after each likerA&ompleting all the recall memory tests,
participants were asked to indicate if, duringléening phase or during the recall phase, a word
came to mind but they did not write it down durthg recall task, because they thought the
experimenter had not uttered it. The experimefhien presented the participants with the word
lists they recalled during the recall phase, oter @nother, and asked them to write down any
other words they had thought of when recallingvtioeds for that list. This modification allowed
for the investigation of the extent to which a itgaihonitoring process was used to avoid falsely
recalling critical lures. By the activation-monitog account, a failure to recall a critical lure
either in the initial recall phase or during theiéidnal phase suggests that the list failed to
activate it. On the other hand, the reporting ofiical lure during the added phase, but not
during the initial recall test, is indicative ofcaessful monitoring.

Older adults recalled fewer studied items and noateeal lures than younger adults
during the initial recall test. Elderly adults wetlso less likely to recall the critical lure dugin
the additional phase than younger adults. Howsuemger and older adults were just as likely
to activate the critical lures. That is, the sumrmeaportions of critical lures recalled at test and
critical lures produced during the additional phasee equal in young and older adults. The
critical difference was that the number of falseatks was greater in older adults and the number
of critical lures produced during the additionalpl was higher in younger adults. Moreover,
this result persisted even when older adults wigoagly encouraged to examine the origin of
their memories (Dehon & Brédart, 2004, experimgnt 2

Overall, the main finding of these two experiments the observation that younger and

older adults are aware of consciously activatirggdtitical lure, which is in accordance with the
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activation-monitoring account. In addition, botlogps were just as likely to think of the critical
lures. Older adults preferentially recalled themimyithe initial recall test, while younger adults
recalled them during the additional phase. Thesglteeare important because they highlight the
source monitoring deficit experienced by older githiat allows for the occurrence of false
memories in the DRM paradigm.
Overview of present experiments

Earlier research suggests that younger adults mdpetier at activation monitoring than
older adults, but does not specify the causal meshes involved. According to the Source
Monitoring Framework (e.g., Johnson et al., 19@8in¥on & Raye, 2000), there may be several
explanations of older adults’ deficits in sourcenmaring efficiency. Indeed, source monitoring
processes rely on phenomenal and distinctive irdtion that accompanies memories (see for
example, Johnson & Raye, 2000). For instance, @delts’ susceptibility to false memories and
deficits in source monitoring efficiency might beedto age-related difficulties in accessing
distinctive information during retrieval and/orencoding information less distinctively
(Schacter et al., 1997). Overall, the data sughestolder adults are more likely to rely upon
relational processing during both encoding andeedi, because they lack the attentional
resources necessary to focus on both relationaidnvdtion (i.e., indistinct, thematic information)
and item-specific information (e.g., Anderson & i&r2000; Craik, 1982). Hence, three
experiments were performed to investigate theivgampact of encoding deficits in comparison
to retrieval and evaluation deficits on age-relat#firences in source monitoring accuracy.

In experiment 1, attentional resources were maatpdlby dividing younger participants’
attention at study, at test, or at both study a&stl and these conditions were compared to a

group of older adults in the full attention condiiti It was hypothesised that dividing younger
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participants’ attention at the time of study wolildit their ability to encode item-specific
information, while dividing their attention at thesting time would reduce their ability to
effectively query item-specific information. Theckaof item-specific information should impair
the functioning of monitoring processes (e.g., 3omet al., 1993; Johnson & Raye, 2000) and
lead to higher rates of false memories. Finallyiding attention at both study and test may have
an over-additive effect. Consequently, the perforoesof younger adults in this condition might
approximate that of older adults.

Given its implication in age-related deficits ingoative performance (e.g., Anderson &
Craik, 2000; Clarys, Isingrini, & Gana, 2002; Salike, 1996), the influence of speed of
processing on memory accuracy was also examingolinger and older adults. In experiment 2,
three Inter-Stimuli Interval (ISl) lengths (i.e.p0s, 1.5 s and 3 s) were used in separate grdups o
younger adults, and in experiment 3, ISI was mdatpd only for older adults. A longer ISI was
expected to allow for more effective processingearh-specific information, which could
subsequently be used to reduce false recall afariures. In contrast, a shorter 1SI would
preclude the encoding of item-specific informatam make memory editing more difficult.
However, because older people sometimes fail tatapeously use strategies that could help
them to avoid memory errors (Koutstaal, SchacteafluGio, & Stofer, 1999; Multhaup, 1995;
Watson, McDermott, & Balota, 2004), the spontanawmesof source monitoring processes could
account for older adults’ pattern of performancenkg, in experiment 3, in addition to the use
of a longer ISI, a separate group of older adulis given strict warnings before the study phase,

in an attempt to make them engage monitoring peases
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Experiment 1

The aim of the first experiment was to identify ttedative contributions of encoding
quality and retrieval processes to false memorigtasce. A dual task methodology was used in
the modified procedure to investigate the impadinoited processing resources during encoding
and/or retrieval on the resistance to false rendbhe DRM paradigm.

The dual task methodology has typically been use@&xamine the costs of limited
processing resources on general measures of mgneryecall and/or recognition) and studies
have shown that a concurrent task performed atysiongbairs later memory performance,
although the same task applied during retrievaléhaslatively weaker effect (see Craik, 1999,
for a review). However, some studies have demamestréhat an additional concurrent task
imposed during study (e.g., Jacoby, Woloshyn, &ldel 1989; Jennings & Jacoby, 1993;
Perez-Mata, Read, & Diges, 2002) or retrieval (elgcoby et al., 1989) to usually increase the
rates of false memories. For example, JenningsJandby (1993) found dividing attention at
study to increase false fame errors. However, to lmowledge, only a few studies have
examined the impact of dividing attention on the&wcence of false memories in the DRM
paradigm (Payne, Lampinen, & Cordero, 1996, citeRoediger et al., 1998; Perez-Mata et al.,
2002; Seamon et al., 1998, 2003). These studigsnoahipulated divided attention at study and
their results were mixed. For instance, the Paymé é (1996) study presented participants with
words visually while they simultaneously listenedrandom series of numbers and pressed a
specific key when three odd numbers occurred segligrin one series. Using this procedure,
they found that dividing attention decreased botie tand false recognition performance (see
also Seamon et al., 1998). In contrast, Perez-Miatd. (2002), using another monitoring task,

observed dividing attention to decrease true rdxalto increase false recall.
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Because these studies varied greatly in their phaed details, it is very likely that their
divergent results might be due to the levels df learning they afforded (see Seamon et al.,
2003). Indeed, McDermott and Watson (2001) mantpdlghe range of presentation rates (from
20 ms to 5000 ms) of the material under full attentconditions (i.e., without any concurrent
task). They showed that accurate and false memaees differentially influenced by the level
of list learning. That is, they observed that imgiag the time from 20 ms to 1000 ms increased
both true and false recall. In contrast, they olesrthat increasing presentation times from
1000 ms to 5000 ms reduced false recall and inedetmge recall. In other words, as presentation
times increase, so does the associative activdtianh underlies both true and false memory
performance. However, with slower rates of predemta participants are able to extract
additional specific information and detect diffecen between actually presented and activated
items. It is very likely that, in the Payne et &1(1996) study, the concurrent task was highly
resource-demanding and affected the activationgss®s underlying both true and false memory
performance in a way similar to the speeded prasentof study items. Conversely, in Perez-
Mata et al.’s (2002) study, the concurrent task rhaye been less resource-demanding and
reduced the likelihood of encoding item-specifilormation for studied items (i.e., perceptual,
contextual details) and critical lures (i.e., pgtoal and cognitive activities), rather than
reducing the activation of semantic associates.

As outlined above, the Source Monitoring Framewgde Johnson et al., 1993; Johnson
& Raye, 2000) suggests several loci of influena thight be responsible for the higher rates of
memory distortions in older adults. Indeed, in &ddito indistinct encoding, the use of lenient
criteria and/or failure to access distinctive imf@tion during retrieval are some of the various

factors involved in memory distortions. Hence, hseathe source monitoring processes operate
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on the basis of phenomenal and item-specific inédiom, any condition that affected the
availability of such information would impair soerenonitoring efficacy (e.g., Johnson et al.,
1993). Consequently, the relative contributionewtodingand retrieval deficits to age-related

differences in source monitoring accuracy shoulthiestigated. Finally, older participants have
not been included in previous research using a &l methodology in the DRM paradigm. As
such, it has not been possible to more directly tles hypothesis that a limited quantity of
processing resources either during encoding andimng retrieval is responsible for the
memory deficits attributed to normal aging.

For all these reasons, attentional resources weasipmated by dividing younger
participants’ attention at study, at test, or athbstudy and test, and these conditions were
compared to a group of older adults paying fukmtion. In addition, activation and monitoring
processes were observed more directly using Brédé&2000) modified procedure. It was
hypothesised that dividing attention at study wordduce the successful extraction of item-
specific information which would results in botldueed rates of true recall and increased rates
of false recall. In line with the previous literegu(see Craik, 1999, for a review), the addition of
a concurrent task at test was not expected totaffae recall during the initial recall test.
However, a dual task at test should reduce youpageicipants’ ability to effectively query item-
specific information. The lack of item-specific ammation would, in turn, affect the accurate
functioning of the editing processes (e.g., throagyreater reliance on relational information),
which would lead to increased rates of false meesorkinally, the combination of these two
manipulations may be over-additive and may mimie fgattern of performance observed in
normal aging. In contrast, dividing attention wag axpected to influence the activation of the

critical lure, because automatic activation of tuiical lure does not depend upon selective
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attention. Therefore, the summed proportions dfcadi lures recalled at test and critical lures
produced during the additional phase should bevatgnt in all groups, whereas false recall
should be greater in older adults and in youngtadwuith a dual task at study and/or retrieval
compared to younger adults in the full attentiondition.
Method

Participants.Ninety-six young college students (46 females ahdhales; mean age =
20.85 £ 1.93, ranging from 18 to 25) participatedhe experiment. They were tested
individually, and were randomly assigned to onsirfconditions: ‘full attention’ (later referred
to as ‘FAyoung’), ‘dual task during encoding’ (‘DAg‘'dual task during retrieval’ (‘DAr’), ‘dual
task during both encoding and retrieval’ (‘DAeffyll attention with oral response’ (‘FAor’).
Twenty older adults (10 females and 10 males, 78.834, ranging from 59 to 82) also
participated to the experiment, and were testadarfull attention condition (later referred to as
‘FAold’). All participants were in good health aneported no history of alcohol or drug abuse,
cerebrovascular aetiology, myocardial infarctiosyghiatric treatment or psychotropic
medication, or head injury (descriptive data areegiin table 1). Participants were also selected
according to educational background, and had at [Eayears of education. Table 1 also shows
that, on average, the participants in the ‘DAr’ dibion (see description in the procedure section)
had significantly more years of education thandlier adults, although there were no
significant differences between the participantthase two conditions and younger participants
in the other experimental conditio’g5,110) = 3.15MSE= 2.90. However, on average, the
older adults had significantly higher scores onNtikHill Vocabulary Test than the younger
participantsf(5,110) = 4.40MSE= 9.93.

Please insert table 1 about here
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Materials Participants were presented with six French DRdAdwists of 15 items each
(for a detailed presentation of the material, seadh & Brédart, 2004). A female voice uttering
the words was recorded and digitalised. Lists ypeesented in random order using a computer.
The interval between items was 1.5 s and the duraif the recorded lists ranged from 34 to
37 s.

Procedure.The same general procedure was applied to alpgrotiparticipants. The
participants were tested individually, and werdegan front of a computer. They were told that
they would hear six lists of words, and would lsted for each list after counting backward by
threes for 30 seconds. The six lists were presenteahdom order for each participant and
memory was tested after each list. For each rpbalse (Phase 1), the participants were
instructed to recall as many words as possible tlolist they had just heard. They were then
asked to write down the words in any order on &sbepaper, without guessing. They were
given 90 seconds to complete each recall phaser édimpleting recall tests for each of the six
lists, the first post-recall task was administeféal. this task (Phase 2), participants rated their
confidence about having heard a word in the lisythad just heard on a 5-point scale (1 = not
very confident, 3 = fairly confident, 5 = extremeagnfident that the experimenter had presented
the word).

In a second post-recall phase (Phase 3), partisipadgicated whether, during the
learning or recall phases, a word had come to utdhey had not written it in the recall test.
The participants were presented with the six wistd in succession. They were asked to write
down, using a different-coloured pen, any otherdsdhat they had thought of when the lists
were originally presented, but that they had nporeed on the recall task because they knew the

experimenter had not presented it. Participantguestructed to write down only words they
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remembered having thought of during the presemtatifdhe lists, and not to infer or guess
words. During the final phase, participants assigaeating of 1 to 5 (1 = not very confident, 3 =
fairly confident, 5 = extremely confident that #eperimenter did not present the word) to each
of the words they had generated, reflecting thenfidence aboutot having heard it at study.
The patrticipants also completed a French-langudgptation of the Mill Hill Vocabulary Scale
at the end of the testing. Finally, the particiganere fully debriefed.

The participants in the conditions involving a dtgk during study and/or retrieval (i.e.,
study only, retrieval only, study and retrieval)re/@lso instructed about the presence and nature
of the digit monitoring task. They were told thia¢y would be asked to perform a concurrent
task only during study, only during retrieval, arrishg both study and test. For this task, single
digits were presented one at a time on the compgateen in a pseudo-random order.
Participants were instructed to press the spacw/ban three identical digits appeared
sequentially. The length of the dual task matchtdgbethe length of the lists to be remembered
in the conditions involving a dual task during stfiom 34 to 37 s) or the recall duration in the
conditions involving a dual task at retrieval (i 20 s).

A sixth condition (i.e., full attention but oralsgonse ‘FAor’) was included in order to
control for a methodological modification involvedhenever the dual task appeared during
retrieval (i.e., ‘DAr and ‘DAer’ conditions). Inhte standard condition, the material to be
remembered was presented auditorily and particgpandte down their recall responses.
However, the dual task required participants to iboowligits presented visually on a computer
screen, precluding them from writing down theip@sses. Therefore, in conditions involving
the dual task at retrieval, the experimenter wdaten the words recalled by the participants. In

order to be sure that this manipulation was natllpbr partially responsible for the observed
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effects in the DAr and DAer conditions, an additibgroup (n = 16) followed the same general
procedure except that they responded orally duhiegnemory test while the experimenter
noted their responses.
Results and discussion

The descriptive data as a function of the expertal@ondition are presented in table 2.
For all the following analyses, the alpha level wastat .05.

Please insert table 2 about here

Performance in recall (Phase 1).

The proportions of non-critical intrusions, maisklgmantically related intrusions, were
not statistically affected by the available attenél resource$;(5,110) = 1.41MSE= 0.01,p
=.23. Because those proportions were very lowg), they did not undergo additional statistical
analyses.

A 6 (Condition: ‘FAyoung’ vs. ‘DAe’ vs. ‘DAr’ vs. DAer’ vs. ‘FAor’ vs. ‘FAold’) X 2
(Item Type: ‘studied item’ vs. ‘critical lure’) ANQA with repeated measures on the last factor
was performed on the mean proportions of true ats@ frecall (see table 2). This analysis
revealed no significant main effect of the CondifiB(5,110) = 1.81MSE= 0.02. A significant
effect for Item Type was obtained(5,110) = 66.18MSE= 0.04 showing that the mean
proportion of true recall (.54 08) was higher than the proportion of false ecag +.23).
However, the Condition X Item Type interaction vedso significantF(5,110) = 9.49MSE=
0.03. Planned comparisons showed that young aduitdl attention, young adults in full
attention but responding orally, and young adults @ual task demands at testing recalled
significantly more studied items than participantany other condition. The older adult

participants recalled significantly fewer studiéehis than any other condition including,
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contrary to our predictions, younger adults whasenéion was divided only at study and
younger adults whose attention was divided at battly and test. This suggests that, while
including a concurrent task only during encodingloring both encoding and retrieval impaired
the recall of test items, this manipulation wasswdficient to perfectly match younger and older
participants with respect to correct recall.

With respect to false recall, ‘FAyoung’ and ‘FAgarticipants recalled significantly
fewer critical lures than participants in any othendition. The rates of false recall in the
conditions involving dual task at study and/oredtieval were similar. In addition, these rates
did not differ statistically from the rates of falsecall obtained by the ‘FAold’ participants. This
suggests that, even if the manipulation of avadatentional resources was not sufficient to
perfectly match younger and older adults on comecall, it did, in agreement with the Source
Monitoring Framework predictions, match them fdséarecall. Finally, the rates of true
memories were significantly higher than the ratefaige recall in the ‘FAyoung’, ‘FAor’ and
‘DAr’ conditions but were similar in the remainimgnditions (i.e., ‘DAe’, ‘DAer’ and ‘FAold’
conditions).

The same analysis was conducted on the confidatiogs assigned to true and false
memories (see table 3). This analysis revealedrafsiant main effect for ConditioR(5,94) =
1.98,MSE= 0.08. HSD Tukey post hoc tests showed that,adlyé¢ine confidence ratings were
statistically higher in older participants tharifi\young’, ‘FAor’ and ‘DAr’ participants while
they were similar in the other groups. A signifitaffect of Item Type was obtainege(1,94) =
73.58,MSE= 0.65. Confidence ratings assigned to true itgh&6 +0.48) were higher than the
confidence ratings assigned to the critical luB67 +1.29). Finally, the Condition X Iltem Type

interaction was also statistically significaR{5,94) = 2.54MSE= 0.65. Planned comparisons
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revealed that all of the younger groups assignguifsiantly higher confidence ratings to studied
items than to critical lures. Older adults, on dtleer hand, assigned equivalent confidence
ratings to studied items and critical lures.

Please insert table 3 about here

Recall during the additional phase (Phase 3) andfidence.The proportion of critical
lures recalled during the additional phase was eaetpfor the participants in each of the groups
(see table 2). A one-way ANOVA was carried out loese mean proportions and revealed a
significant main effect of the ConditioR(5,110) = 5.13MSE= 0.09. As expected, younger
participants whose attention was not divided anghger participants whose attention was only
divided at test listed significantly more critidates during the additional phase than any other
condition. The proportions of critical lures proédaduring the additional phase were similar in
the remaining conditions.

In the previous analyses, predictions regardiegdiktribution of the critical lures in the
different phases of the experiment (i.e., recafiliase 1 or in the additional phase) were tested.
The next analyses specifically addressed the ¢asashich false memories did not occur during
the initial recall phase. For each group, an index computed by dividing the number of critical
lures recalled during the additional phase by tialmer of critical lures that could still be
recalled theoretically [i.e., the number of crititaes recalled during the additional phase / (the
number of critical lures recalled during the additil phase + the number of critical lures that
were never recalled)]. This results in a value ragdrom 0 to 1. The index equals 0 if none of
the critical lures that were not recalled in phasee recalled in phase 3 (which means that these
critical lures were not activated). Converselyduals 1 if all of the critical lures are recallad

phase 3 (meaning a successful monitoring of thass). This index was computed for each
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participant in each group. A one-way ANOVA was catgal on these indices and revealed a
main effect for Conditionf-(5,110) = 2.85MSE= 0.15, that showed that the mean indices in the
‘FAyoung’ and ‘FAor’ groups (.72 134 and .80 +26, respectively) were statistically higher
than the indices from any other condition (.5@1%, .44 +41, .49 +.43, and .46 +34 for the
‘DAe’, ‘DAr’, ‘DAer’ and ‘FAold’ groups, respectivly).

Then, the index for each condition was compardtieédheoretical proportion of 0.5 to
determine whether the recall of the critical lutgidg the additional phase was at the chance
level. A high index value that differs from the dlea level indicates that monitoring is a good
explanation for why false memories did not occusa@ne trials. In contrast, an index that is
statistically not different from 0.5 shows somedevice of monitoring, even if at the chance
level. The results showed that only the mean irsdicehe ‘FA young’ and the ‘FAor’ groups
were statistically higher than the theoretical jpmdjpn of 0.5 {(19) = 3.98 and 4.01, for the ‘FA
young’ and the ‘FAor’, respectively ]. The meanioes in the other groups did not differ
statistically from the theoretical proportion 05Qt(19) < 1 for all the remaining groups].

The proportions of activated critical lures (cri¢ures recalled during the memory test +
critical lures produced during the additional phasere also compared (see table 2). The effect
of Condition was not statistically significaft,< 1. This finding is important because it suggests
that the participants were equally likely to thmikthe critical lure in all the conditions, but
manipulating the available attentional resourcetdustudy and/or retrieval is sufficient to
affect memory accuracy (i.e., higher rates of faésmll associated with lower rates of critical
lures produced during the additional phase).

Finally, a one-way ANOVA carried out on the meanfadence ratings assigned to the

critical lures produced during the additional phésse table 3) showed no effect of Conditien,
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< 1. This suggests that, although the ability toecegsfully monitor the origin of one’s memories
is strongly affected by normal aging and dual @eskands at study and/or at test, these
variables had no effect on the confidence assatiaith the successful monitoring of a critical
lure.

In conclusion, in line with previous experimentsy @ondition that affected the
availability of processing resources naturally.(ir@rmal aging) or artificially at study (i.e.,au
task demands at study, dual task demands at stutlsetrieval) decreased true recall (although a
perfect match between the younger and older aduét$ormances was not achieved), whereas
full attention or dual task demands at test didaffect correct performance. In contrast, any
condition that affected the availability of procegsresources naturally (i.e., normal aging) or
artificially at studyor at test (i.e., dual task demands at study andtesy was sufficient to
substantially increase the proportion of false me@soMoreover, as predicted, the summed
proportions of critical lures recalled at test @nitical lures produced during the additional phase
were similar in all groups, but the number of faisealls was greater in older adults and in
young adults with a dual task at study and/oree#i whereas the number of critical lures
produced during the additional phase was highgounger adults in the full attention condition.
In accordance with the activation-monitoring acdotimese results suggest that all the
participants were equally likely to think of thetwal lure but that reducing the available
attentional resources during study and/or retrigwad sufficient to affect memory accuracy (i.e.,
higher rates of false recall) through the efficignt the source monitoring processes (as
measured by the performance in the additional phasaddition, the results also showed that
oral response in itself had no effect given thatglrformance of this group was not different

from the performance of the younger adults in thdttention condition. This suggests that the
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results obtained for the ‘DAr’ and ‘DAer’ groupsmzeot be attributable to a divergence in the
methodology used for these two groups.

However, some limitations to our results must besmtered. First, the addition of dual
task demands at both study and test did not lead twver-additive effect. It is possible that, in
this condition, the expected negative effects @l dask demands were paradoxically opposed,
because of a kind of ‘context reinstatement effésge the ‘encoding specificity principle’,
Tulving, 1983). That is, when performing the memtast and the concurrent task during the test
phase, these participants might have been putiotmtext similar to that of the study phase.
However, although this explanation is likely, thastor did not play a major role here, because
the reinstatement of context usually improves mamory performance as well, which is not
consistent with our results.

Second, the main finding of this study is thatagneement with the Source Monitoring
Framework, manipulating the available attentioesaburces during study and/or retrieval is
sufficient to affect memory accuracy (i.e., highates of false recall). Because it is necessary to
disturb the quality of encoding to obtain a patte@milar to the older adults’ pattern (i.e., higher
rates of false recall in addition to reduced ratfesue recall), this finding highlights the
importance of the encoding stage in older adudtsistance to false memories (see also Gallo,
Roediger, & McDermott, 2001). However, a recentgtshowed that, instead of making item-
specific information less available homogeneousig,use of a concurrent task at study in
younger adults may impair their memory for botimitand contextual information (Naveh-
Benjamin, Guez, & Marom, 2003). Hence, the inflleen€available processing resources during
study should be examined more specifically in a ey would allow: 1) each item to be

equally likely to be perceived, and 2) the posiibdf engaging in more distinctive processing



Processing resources and DRM false memories, Plage 2

of items to be manipulated. Processing speed dmillgood candidate in this regard. Moreover,
because this variable has been found to be orfeeaghost important factors explaining the age-
related variance in memory (Anderson & Craik, 200[&rys et al., 2002; Salthouse, 1996), its
influence on memory accuracy should also be corsildd o this end, the Inter-stimuli Interval
(ISI) should be manipulated in order to either lftate or decrease the probability of extracting
item-specific information at study. In additionlatéve to a dual task condition, the advantage of
using shorter ISIs to examine the effect of limipgdcessing resources on memory accuracy is
that every item is similarly perceived but the tiall®wed to encode an item in a more elaborate
fashion is manipulated. Thus, in the second exparinthe effect of processing speed was
investigated in groups of young adults.
Experiment 2

One means of observing an effect of processingdsped¢o examine the influence of
presentation duration on subsequent memory perfiweaSeveral previous experiments have
included manipulations of presentation duratiort,tha results of these experiments were mixed
(i.e., McDermott & Watson, 2001; Roediger et aB98). Some experiments demonstrated a
reduction in false recall of critical lures (e.Gallo & Roediger, 2002), while others showed an
increase in false recognition of critical luresg(e.Seamon et al., 1998). These inconsistent
results may be due to differences in presentatime tused across these experiments. In an
attempt to better understand the origins of therdgant results, McDermott and Watson (2001)
employed a wider range of presentation times (f2mms to 5000 ms). They observed that
accurate recall increased monotonically over exgodurations whereas false recall showed an
inverted U-shaped relation with increased exposration. That is, true and false recall both

increased with rapid presentation rates. Howevih slower rates of presentation (from 1000 to
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5000 ms), participants were able to extract aduigpecific information to reduce false recall
while improving their accurate recall. More receesearch has also manipulated presentation
duration in younger adults, but has provided intsiast data. Indeed, McCabe and Smith (2002)
presented the material at a rate of either 2 srthey observed that this manipulation has no
effect on younger adults’ rates of hits or falsgr@s on a recognition memory test. Watson et al.
(2004) used a different range of presentation rélte?50 s versus 2.5 s) and found no effect of
presentation duration when measuring false re@fopmance. These divergent results may be
related to the range of presentation used, whicluldvanot have been optimal to reveal
differences in younger adults, or to differencemgthodology.

The aim of experiment 2 was to specify the impdet particular processing resource
(i.e., speed of processing) and its involvemenhéobserved effects of aging on the ability to
monitor critical lures. Three ISl lengths (0.5 § & and 3 s) were used in separate groups of
younger adults in the modified procedure. Althotigdse manipulations follow the theoretical
propositions of McDermott and Watson’s (2001) warknajor divergence between their
research and the present experiment is that pegsantiuration per se was not manipulated.
Rather, it is the time allowed to engage in iteraesfic processing that was favoured or reduced.
In addition, the modified recall procedure was usedrder to allow for the successful activation
and monitoring of critical lures to be more dirgabsessed.

Specifically, a longer ISI should allow for mordeadtive processing of item-specific
information, which could subsequently be used wese the false recall of critical lures. In
contrast, a shorter ISI should reduce the likelthobitem-specific processing. Thus, young
adults in the shorter I1SI condition should recalWwér studied items and more critical lures during

the initial recall than any other condition. Corsady, young adults in the longer ISI condition
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should recall more studied items and fewer criticeds than any other condition. However,
because the ISI lengths used in this experimentldtalow the critical lures to be sufficiently
activated (McDermott & Watson, 2001), the rateadfvated critical lures should not differ
between the experimental groups. Therefore, thersdrproportions of critical lures recalled at
test and in the additional phase should be equivaleross all groups, but the number of critical
lures falsely recalled on the initial recall telsbsld be greatest in the shortest ISI condition. In
contrast, the number of critical lures producedrduthe additional phase should be greatest for
the participants in the longest study presentat@rdition.

Method

Participants.Forty-eight college students (28 females and 2@snaanging from 18 to
26; mean age = 21.5 +- 2.5 years) participatetierexperiment. They were randomly assigned
to one of the three experimental conditions (leééerred to as ‘shorter ISI’, ‘standard ISI" and
‘longer ISI'). The three groups of participants weimilar with respect to their age(2,45) =
1.84,MSE= 11.23, their education [14.421+74, 13.8 .10, and 14.9 1.89 years of
educationf(2,45) = 1.54MSE= 9.37], and their mean score on the Mill Hill \Abeilary Scale
[37.45+3.91, 36.69 .38, and 36.75 2.65;F(2,45) = 1.31MSE= 8.85].

Material. The same material as in experiment 1 was usegeita following the
experimental condition the ISI was manipulatedhin ‘shorter ISI’ condition, a 0.5 s ISI was
used. The ISl length was 1.5 s in the ‘standartdd&@idition and 3 s in the ‘longer ISI’
condition. The duration of the resulting lists radgrom 18 s to 22 s in the ‘short ISI’ condition,
from 34 s to 37 s in the ‘standard ISI' conditiand from 57.5 s to 58.5 s in the ‘longer ISI’

condition.
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Procedure.The participants were tested individually anddeoléd the same general
procedure as in experiment 1. The only manipulatias the ISI length of the material to be
remembered: ‘shorter ISI' (ISI = 0.5 s), ‘stand&dl (ISI = 1.5 s) and ‘longer ISI’ (ISI = 3 s).
Results and discussion

The descriptive data as a function of the expertal@ondition are presented in table 4.
For all the following analyses, the alpha level wastat .05.

Please insert table 4 about here

Performance in recall (Phase 1).

A one-way ANOVA performed on the proportions of paitical intrusions, mainly
semantically related intrusions, showed a maincéfte Condition, F(2,45) = 3.07MSE=
0.01]. The proportions of non-critical intrusiongne similar in ‘shorter I1SI’ (0.02 ©.02) and
‘standard I1SI’ (0.03 ©.02) participants, while ‘longer ISI' participan(0.02 +0.01) recalled
marginally lower rates of these intrusiops<.08). As in experiment 1, further statistical
analyses were not performed on the proportion®o#faritical intrusions.

A 3 (Condition: ‘shorter ISI’ vs. ‘standard ISI’ v8onger ISI') X 2 (Item Type: ‘studied
item’ vs. ‘critical lure’) ANOVA with repeated meases on the last factor was performed on the
mean proportions of true and false recall (seeetdhl This analysis did not reveal a main effect
for Condition,F(2,45) = 0.62MSE= 0.02. However, a significant main effect fomitdype was
obtainedF(1,45) = 412.82MSE= 0.01. Participants recalled more studied ite®3 £.06) than
critical lures (.15 +18). In addition, the Condition X Item Type irdetion was also significant,
F(1,45) = 41.24MSE= 0.02. Planned comparisons showed that, in casgrato the standard
ISI, the shorter ISI led to fewer studied itemsigaiecalled, while lengthening the ISl led to

more studied items being recalléd1,45) = 35.39p < .0001;F(1,45) = 88.16p < .0001.
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As hypothesised, ‘longer ISI' participants recalgghificantly lower proportions of
critical lures than ‘standard ISI’ and ‘shorter’IfarticipantsF(1,45) = 7.92p = 0.029;F(1,45)
= 25.67,p = .007. The proportion of false recall in the ‘gleo ISI’ condition was significantly
higher than that observed in ‘standard ISI’ papthcits F(1,45) = 5.07p < .0001. This suggests
that the indirect manipulation of processing sp@ed, reducing or expanding the time available
to distinctively encode information) influenced bdtue and false recall. However, the
proportion of studied items recalled was largenttiee proportion of critical lures recalled in the
‘shorter ISI’, ‘standard ISI' and ‘longer ISI’ coitibns, F(1,45) = 32.73p < .0001;F(1,45) =
120.39,p < .0001;F(1,45) = 342.18p < .0001.

The same overall analysis was performed on thedemée ratings assigned to true and
false memories (see table 5). A significant Iltenpd gffect was observeB(1,24) = 14.82MSE
= 0.92. Overall, participants were more confidehewrecalling studied items (4.780+21) than
critical lures (3.47 #1.67). No effect of Conditior<< 1) or Item Type X Condition interaction
was obtained-(2,24) = 1.08MSE= 0.92.

Please insert table 5 about here

Recall during the additional phase (Phase 3) andfide@nce.The percentage of recall of
the critical lures during the additional phase waputed for each participant (see table 4). A
one-way ANOVA was carried out on the mean propartibcritical lures recalled during the
additional phase. There was a significant maincéfter Condition,F(2,24) = 7.54MSE= 0.06.
As expected, ‘longer ISI’ participants producech#figantly more critical lures during the
additional phase than any other condition. The g@lodly of producing the critical lure was

reduced in ‘shorter ISI’ participants.
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As in experiment 1, an index was computed by dingdhe number of critical lures
recalled during the additional phase by the nurolberitical lures that could still be recalled
theoretically by each participa.one-way ANOVA was carried out on these mean iesliand
revealed a main effect for Conditidf(2,45) = 3.98MSE= 0.06. The mean index in the shorter
ISI condition (.59) was statistically lower tharetimdices in the two other conditions (.79 and
.76 for the ‘standard ISI’ and ‘longer ISI' groupsspectively).

When the mean indices were compared to the theal@tioportion of 0.5, only the mean
index in the ‘standard ISI" and ‘longer ISI’ group®re statistically higher than the theoretical
proportion of 0.5(15) = 3.29 and 3.12 for the ‘standard ISI’ andhder ISI’ groups,
respectively] whereas the mean index in the ‘shd8E group was not statistically different
from the theoretical proportion of 0.§15) = 1.03]. These results suggest that some eevelef
monitoring exists in each condition, but that othlg ‘standard ISI' and ‘longer ISI' groups were
above the chance level.

Finally, the proportions of critical lures recallddring the memory test plus critical lures
produced during the additional phase were also atadlpand compared (see table 4). Condition
had no significant effect on the proportion oficat lures activated; (2,45) = 1.45. As in
experiment 1, this finding is important, becaussuggests that the participants were equally
likely to think of the critical lure regardlessthie length of the ISI. In accordance with the
Source Monitoring Framework, manipulating the 18tidg study was sufficient to affect the
production of the critical lure during the additadphase, suggesting that ISl influences
participants’ ability to efficiently monitor the soce of activation. Finally, a one-way ANOVA
was carried out on the mean confidence ratinggiasgito the critical lures produced during the

additional phase (see table 5) and did not reveaké#fect for ConditionF(2,44) = 1.64.
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As predicted lengthening the ISI was sufficienintcrease true performance and decrease
the rates of false memories. Although a differeathndology was used, these results are in
accordance with McDermott and Watson’s (2001) figdi The use of the modified recall
procedure more clearly identified the causal meismas of this effect. That is, manipulating ISI
had no impact on the activation of the criticaklsirinstead, manipulating ISI impacted
participants’ ability to effectively monitor the wae of the activation for critical lures.

In addition, one striking result is that a long8t was found to be effective on its own to
almost eliminate the DRM effect in this study, aliigh DRM false memories are known to be
particularly difficult to avoid (see, for exampMcDermott & Roediger, 1998; Roediger et al.,
1998). One explanation might be that engagingamispecific processing allowed younger
adults to reject critical lures, because the llmeked the same level of detail that accompanied
the studied items. Another explanation might bé thia manipulation not only allowed for the
encoding of more item-specific information, but nadgo have provided participants with the
opportunity to tag the critical lure as not havb®ing explicitly presented in the list (see Gallo e
al., 1997).

However, two recent studies that manipulated thesraf presentation failed to obtain
any effect on false recall (Watson et al., 2004fptse recognition (McCabe & Smith, 2002).
One explanation might be that, in the previousistgarticipants were presented with one large
list consisting of several DRM lists added togetivBereas, in this study, the participants were
presented with DRM lists in isolation. This coulel & more favourable condition for encoding
distinctive information with longer ISIs. That iswould very likely be easier to edit memory
performance in several small sessions in whichlishef 15 items is presented than in a single

session in which a long list, consisting of foub4ists, has to be remembered. The striking
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reduction in instances of false recall obtainethalonger ISI condition may also be related to
specificities of the lists. For instance, a recntly has shown that false memory editing is
especially efficient when critical lures were eagilentifiable (Neuschatz, Benoit, & Payne,
2003). In a previous pilot study, the critical Isifieom the lists used as the material to be
remembered in the current study were identified ®9% of the participants (see Dehon &
Brédart, 2004). Hence, in comparison to other sidhe longer ISI condition used here
combines several very good encoding conditionengér 1SI, separate small learning sessions,
and study lists for which the critical lures weesidy identifiable. This probably helped the
participants to better edit their memory perforneahyg quickly identifying the critical lure and
detecting that it was not in the list.
Experiment 3

Older adults are thought to rely on indistinct imfiation, because they are not able to
engage in multiple processes at encoding (e.gik,ré82). Given the significant reduction
observed in younger adults with the use of a lomgkerthe aim of experiment 3 was to explore
whether the use of a lengthened ISl in older adwdtsld also improve their memory
performance in terms of true recall and efficiemiree monitoring. To test this hypothesis, ISI
was manipulated only in older adults (i.e., ‘staxd&!’ vs. ‘longer ISI’) and the performance of
the participants in those conditions was compavetidt of a group of young adults under
standard conditions (i.e., ‘standard ISI). It wagothesised that, in comparison to the standard
condition, a longer ISI would give older adults méime to extract more item-specific
information. The increased amount of item-spegifformation could be used, in turn, to avoid

the false recall of critical lures.
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It is worth noting that some studies exist in whattler adults have been observed to
engage in distinctive processing of items. Thisinlisive processing allowed for a reduction in
false memories without the need to slow down te o&presentation. However, in these
studies, the distinctive information was not getextdy the participants but provided externally,
for instance, in the form of a specific word or tegrce (i.e., Thomas & Sommers, 2004) or a
distinctive picture (i.e., Schacter, Israel, & Raxi1999). Hence, older adults have been shown
to reduce the occurrence of false memories thraligginctive encoding, but only when
contextual support is provided. This suggestsalddr adults may fail to spontaneously use
strategies that could help them to avoid memorgrerHowever, deficits in the spontaneous use
of such strategies are not restricted to encodinggsses (see Dehon & Brédart, 2004;
Koutstaal, 2003; Koutstaal et al., 1999; Multhal@95).

For these reasons, the question of whether a éaituspontaneously engage in source
monitoring processes could account for older atpétern of performance was also explored.
In addition to the use of a longer ISI, warnimggore studyvere given to a separate group of
older adults (i.e., ‘longer ISI + warnings’) to pebarticipants focus on the studied items. These
participants were explicitly informed of the natwfethe DRM illusion, and were also provided
with an example of a list similar to those usethi& experiment.

As in the two previous experiments, the use oftloelified procedure in this study
allowed for the direct assessment of the activadiath monitoring of critical lures. It was
predicted that, in comparison to standard circuntss, conditions that enhanced the encoding
of item-specific information would improve recafl @itical lures in the additional phase.
However, because aging has been associated witbdsgetivation of the critical lure (Dehon &

Brédart, 2004), and because the manipulation usesdhat expected to affect presentation of the
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material to be remembered per se, no effect omadin rates was predicted for the different
conditions.
Method

Participants.Twenty-four psychology students (mean age = 2§e#&ss) and 72 older
adults (mean age = 73.57) participated in the exyst. The older adults were randomly
assigned to one of three experimental conditioms gonditions varied in terms of the 1Sl used
during the learning phase: ‘standard old’ (ISI & &) and ‘longer old’ (ISI = 3 s). The additional
condition (‘longer + W’) was designed to test whegtblder adults would engage in item-specific
processing, but would not spontaneously use tihe#gecific cues to discriminate items that
were studied from items that were only imaginedhis condition, strong warnings were given
prior to study and the ISI was lengthened. ThddB8¢th used in the group of young adults
(‘standard young’) was 1.5 s.

Participants were also selected according to entuned background and had at least 11
years of education. The mean number of years afagaun (15.02 3.04, 14.56 .94, 14.70 +
2.03 and 13.99 38.28 for the ‘standard young’, ‘standard old’ nitger old’ and ‘longer + W’
groups, respectively) was similar across the erpantal conditions=(9,92) < 1. However, on
average the older adults exhibited significantlyhler scores on the Mill Hill Vocabulary Test
(37.68 +3.64, 37.83 #4.02 and 37.79 4.23 for ‘standard old’, ‘longer old’ and ‘LongerW’
groups, respectively) than the younger particip@6s33 +3.62),F(3,92) = 2.79MSE= 13.74.

Materials and procedurelhe recorded lists from the ‘standard ISI’ and genISI’
conditions of experiment 2 were used as materiakteemembered. The same general procedure
was used in all the conditions in experiment 3 pkteat the ISI was only manipulated in older

adults with or without the addition of strong wargs before the study phase.
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Results and discussion

The descriptive data as a function of the expertal@ondition are presented in table 4.
For all the following analyses, the alpha level wastat .05.

Please insert table 6 about here

Performance in recall (Phase 1).

The proportions of non-critical intrusions, maislmantically related intrusions, were
not statistically affected by any experimental npaitation,F(3,92) = 1.61MSE= 0.01,p = .18.
Because these proportions were very lew03 in all the conditions), they did not undergo
further statistical analyses.

A 4 (Condition: ‘standard young’ vs. ‘standard old. ‘longer old’ vs. ‘longer + W’) X 2
(Item Type: ‘studied item’ vs. ‘critical lure’) ANQA with repeated measures on the last factor
was performed on the mean proportions of true als@ frecall (see table 6). This analysis did
not reveal a main effect of the Conditi#(3,92) = 1.08MSE= 0.03. However, a significant
main effect of the Item Type was obtainEdl,92) = 85.50MSE= 0.03. Participants recalled
more studied items (.51 .%1) than critical lures (.25 49). In addition, the Condition X ltem
Type interaction was also significak{3,92) = 12.97MSE= 0.03. Planned contrasts showed
that, in comparison to the ‘standard old’ conditimgthening the ISI in older adults increased
the proportion of studied items recallé€g(1,92) = 4.55p < .04;F(1,92) = 8.75p < .004
compared to the ‘longer old’ and ‘longer + W’ cotnalis, respectively]. However, younger
adults still recalled significantly more studiedrts than ‘standard old’, ‘longer old’ and ‘longer
+ W' adults,F(1,92) = 35.39p < .0001;F(1,92) = 16.72p < .0001,F(1,92) = 10.66p < .01. As
expected, compared to a standard situation (s&ndard old’ condition in this case),

lengthening the ISI for older adults significantlgcreased in the proportion of critical lures
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falsely recalled, resulting in a marginally sigo#nt difference in the ‘longer old’ condition,
F(1,92) = 2.91p = .08; but the difference became statisticallygigant in the ‘longer + W’
condition,F(1,92) = 11.49p = .001. In addition, younger adults falsely regdlsignificantly
fewer critical lures than ‘standard old’ and ‘longéd’ adults,F(1,92) = 13.07p < .001;F(1,92)
= 3.700,p < .05. However, age-related differences in faleenory production disappeared with
the ‘longer + W’ conditionf < 1. Finally, the proportion of studied items @ was larger
than the proportion of critical lures recalled lie tstandard young’, ‘longer old’ and ‘longer +
W’ conditions,F(1,92) = 74.63p < .001;F(1,92) = 12.92p < .001 and~(1,92) = 36.80p <
.001; but not in the ‘standard old’ adulis< 1.

A 4 (Condition: ‘standard young’ vs. ‘standard’old. ‘longer old’ vs. ‘longer + W’) X
2 (Item Type: ‘studied item’ vs. ‘critical lure’) ROVA with repeated measures on the last factor
was performed on the confidence ratings assignadi¢cand false memories (see table 7). A
significant Item Type effect was obtainéq1,66) = 19.36MSE= 0.49. Participants were
significantly more confident when recalling studigzins (4.77 0.25) than when falsely
recalling critical lures (4.1 4.08). No other statistically significant effecasvobtainedts < 1.

Please insert table 7 about here

Recall during the additional phase (Phase 3) andfidence The proportion of critical
lures recalled during the additional phase was aaetpfor each participant (see table 6). A one-
way ANOVA was carried out on those mean proportiamg revealed a significant main effect
for Condition,F(3,92) = 4.40MSE= 0.08. As predicted, post hoc tests revealeddsted old’
participants to report significantly fewer critidares during the additional phase than the

‘standard young’ and ‘longer +W’ participants. Tiages of critical lures reported during the
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additional phase by the participants in the ‘longldt group were not statistically different from
any other group.

Again, an index was computed by dividing the nundfagritical lures recalled in the
additional phase by the number of critical lurest tould still be recalled theoretically by each
participant.When the mean indices were compared to the theal@tioportion of 0.5, only the
mean indices for the ‘standard young’ and ‘longé&¥+groups (.78 and .76 respectively) were
statistically higher than the theoretical propartaf 0.5 [(23) = 4.58 and 4.20 for the ‘standard
young ‘ and ‘longer + W’ groups, respectively] weas the mean indices for the ‘standard old’
and ‘longer old’ groups were not statistically ditnt from the theoretical proportion of 0.5
[t(23) = 1.70 and 1.06 for the ‘standard old’ anchder old’ groups, respectively]. These results
suggest that some evidence of monitoring exis#dlithe groups but that only the ‘standard
young’ and ‘longer + W’ groups were above the cledlewel. In addition, the proportions of
activated critical lures (critical lures recalledrithg the memory test + critical lures produced
during the additional phase) were also compared.€ffect of Condition was not statistically
significant,F (3,92) = 0.19MSE= 0.07. This finding is important because it sigggé¢hat the
participants were equally likely to think of thetimal lure in all conditions (see table 6). Finyall
a one-way ANOVA carried out on the mean confideratimgs assigned to the critical lures
produced during the additional phase (see tabtkd/fiot show an effect of ConditioR(3,77) =
1.74,MSE=1.71.

In conclusion, as expected, lengthening the I1Sldnbdneficial effect on true memory
performance by the groups of older adults, althahgdhmanipulation did not completely
eliminate the age-related differences in true fetale results of the recall test and the additiona

phase showed that the longer ISI seemed to enkdde adults to better resist false memories. In
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comparison to the standard condition (i.e., ‘statiaéd’), the better resistance shown by older
adults took the form of a trend in the longer I8ttcipants. However, when warnings were
provided in addition to a lengthened ISI, the daseein the production of false recall in older
adults reached significance. This suggests thaesoanipulations designed to improve false
memory resistance in older adults might not alwag/effective (see also Watson et al., 2004).
One criticism that may be levelled against thesaltg is that, because of the necessary
delay between the study of a list and the statth@fdditional phase for that list, older adults
were more likely to forget that they had noted thatcritical lure had not been explicitly
presented at study. Indeed, in those conditiongyeatSI increased, so did the time between the
initial learning of a list and the additional phdsethat list. However, such differential
forgetting does not seem to have played a majerirobur experiments, for several reasons.
First, it would be hard to explain why the sum ofical lures produced in the recall test (phase
1) and in the additional phase did not differ fougg and older adults in any condition. Second,
it would be hard to explain why older adults faysegmembered a higher percentage of critical
lures on the initial recall test in the standarddition if they were equally likely to note the ron
occurrence of the critical lure. Third, the conglits involving longer ISIs would be those in
which the delay is the greatest between the irg&ining of a list and the additional phase for
that list. However, in these conditions, it wouksl tard to explain why the sum of critical lures
produced in the recall test (phase 1) and theiadditphase did not differ for young and older
adults, or why older adults might show evidencengrovement in false memory resistance or,
finally, why warnings added to the lengtheningta tS1 would still be efficient if older adults

were more likely to forget having noted the nonooence of the critical lure.
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General Discussion

A growing body of literature is interested in idiéyihg the mechanisms that allow people
to successfully edit their memory performance aradifalling prey to false memories. Aging
has been associated with higher rates of false mesia various paradigms (e.g., Koutstaal &
Schacter, 2001) and with reduced source monit@iilifies (e.g., Spencer & Raz, 1995).
Following the activation-monitoring account of agdated increase in DRM false memories, the
present study was aimed at better understandinggéeelated deficits in source monitoring
(e.g., Johnson et al., 1993; Johnson & Raye, 200® .experiments were designed to explore
the influence of the availability of attentionatoairces and processing speed (both known to be
associated with memory deficits in normal aging,,éAnderson & Craik, 2000) on activation
and monitoring processes. To this end, Brédar0902 modified procedure was used to assess
these processes more directly while manipulatitenéional resources at study, at test or at both
study and test (experiment 1) or processing spestidy (experiments 2 and 3).

Overall, the results replicated the finding thatiyger and older adults under standard
conditions were equally likely to think of the ac#l lures but that older adults preferentially
recalled them during the initial recall test whylsunger adults recalled them during the
additional phase (see also Dehon & Brédart, 2004gse results support the idea that the
activation of the critical lure in normal agingredatively spared and that a source monitoring
deficit in older adults is a factor responsible thoe occurrence of false memories in the DRM
paradigm. However, one criticism that could be lledeagainst this interpretation concerns the
finding of age differences on the Mill Hill vocalauy test. The fact that all groups of older
adults in this set of experiments scored betteh@vocabulary test may suggest that older

adults have a larger, more detailed, lexical/semargtwork that presumably would require less

! The author thanks the reviewers for bringing thesggestions to her attention.
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stimulation to achieve a given level of activattban a network with a sparser degree of
connectivity (i.e., in young adults). This suggestmay be supported by recent results showing
that experts in a specific domain exhibited motsefanemories than novices for a material
consistent with their area of expertise (Baird, DOOh addition, the modified procedure that was
used involved re-presenting items recalled in #ualt phase, which may result in the repeated
activation of the critical lure for a particular DRlist. This repeated activation may, in turn,
make lure intrusions more likely. Therefore, thétgra of findings supposed to be due to age
differences in source monitoring ability (i.e., higptrusion rates in the recall phase and low
intrusion rates in the additional phase for old#ules and the reverse pattern for younger adults)
could be due to the fact that older and youngeltsdiffer in the extent of lure activation in the
recall phase, so that young adults generally dogsath a threshold level of activation until the
additional phase. Yet, during the debriefing of éxperiments, some subjects (mostly in
younger adults) said that they knew the criticad lwas not in the list because they had used it as
a cue to remember the other items during encodimgcause they had expected it to appear in
the list but it never did. This would suggest ttheise people had in fact activated the criticad lur
during the study phase, which is not consistert e above hypothesis.

Nonetheless, although previous research suggedtgdhnger adults may be better at
activation monitoring than older adults, it does syecify the causal mechanisms involved.
According to the Source Monitoring Framework (eJghnson et al., 1993; Johnson & Raye,
2000), several reasons may explain older adulf&itkein source monitoring efficiency. For
instance, older adults’ susceptibility to false nogi@s and deficits in source monitoring
efficiency might be due to age-related difficultiesaccessing distinctive information during

retrieval and/or in encoding information less distively (Schacter et al., 1997). Overall, the
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data suggest that older adults are more likelglpuwpon relational processing during both
encoding and retrieval, because they lack the tadteal resources necessary to focus on both
relational information (i.e., indistinct, thematidormation) and item-specific information (e.g.,
Anderson & Craik, 2000; Craik, 1982).

In experiment 1, attentional resources were maatpdlby dividing younger participants’
attention at study, at test, or at both study astl The results showed that the activation of the
critical lures was not affected by any of the cdinds, since all the experimental groups were
equally likely to think of the critical lures. Coassely, the conditions that made item-specific
information less accessible to younger adults eibtgedisturbing the quality of encoding with
the addition of a concurrent task at study andyathle disturbing the efficient retrieval of this
detailed information led to a performance simitatttat of older adults with respect to false
memories. These results are in agreement with gue\studies examining other types of
memory distortions and showing that younger adekpond similarly to older adults when a
concurrent task is added at study (e.g., Jacohl,et989; Jennings & Jacoby, 1993; Perez-Mata
et al., 2002) or during retrieval (e.g., Jacobglet1989).

However, only the conditions in which the qualifyemcoding was disrupted led to a
pattern similar to the older adults’one (i.e., @ased true memories in addition to a higher
susceptibility to false memories) although not ctatgly equivalent since age-related
differences in correct recall remained in the cotrstudy. Therefore, the influence of encoding-
related factors on the resistance to false memawyimvestigated further in two experiments.
Three ISI lengths were then manipulated in sepaateps of young participants (experiment 2).
The results showed that, in agreement with theigtieds, the manipulation of the 1SI affected

the resistance to false memories. That is, ant3éased, so did accurate performance and
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accurate source monitoring. In contrast, redudmegl$l! led to decreased correct performance
and an increased proportion of false recall.

The manipulation of the ISI performed with oldeulis (experiment 3) showed that
lengthening the ISl in older adults led to an inyanment of the quality of the encoding, as true
recall performance improved with longer ISIs. Ho@g\a significant improvement in source
monitoring accuracy in older adults was only fowvtten warning instructions were also
provided before the study phase. Moreover, the aoetibn of those manipulations not only
improved participants’ resistance to false memdigtseliminated age-related differences in
successful source monitoring. These results sugigaistwhen given sufficient time at the study
phase, older adults can encode specific attritaftégems to improve true memory, but they
successfully use this information only when exglijcasked to examine the origin of their
memories (see also Koutstaal, 2003; Koutstaal e1899; Multhaup, 1995). This is consistent
with the contextual support hypothesis or, morec#igally, with the hypothesis that there is a
breakdown in self-initiated source monitoring preses (Johnson et al., 1993). Thus, contextual
support can be used to improve resistance to faésaories and eliminate age-related
differences in memory accuracy. With this regahne, riesults of experiment 3 also support recent
studies (Watson et al., 2004, see also McCabe &52002) showing that warnings may help
older adults to improve their resistance to falssmory whereas multiple study-test occasions,
like increased encoding time in the current stumbtl{ conditions in which older participants
must self-initiate adequate source monitoring psees) were less effective.

Theoretically, the results of the current experitaare consistent with most dual-process
accounts of false memories. This set of experimeatsbased on the activation-monitoring

account of false memories, but the results mayfdlsoth the fuzzy-trace theory (e.g., Brainerd



Processing resources and DRM false memories, Flage 3

& Reyna, 2002; Brainerd et al., 2001). Indeed, lamtounts imply that the critical lure will be
likely to seem familiar to younger and older addit® to either activation or reliance on gist
traces. In addition, both explanations rely onahailability of item-specific information for the
successful editing of memories. As such, both tlesmuggest that the relationship between
accurate and false memories should vary as a amofithe availability of item-specific
information (see McDermott & Watson, 2001; Seambal.¢ 2003). That is, the relationship
between accurate and false recall should be pesithen the level of list learning is low and
become negative when the level of list learningeis/ high (see Seamon et al., 2003). Several
studies have shown that higher true performancdeassociated with lower errors (e.g.,
McDermott & Watson, 2001; Seamon et al., 2003; The& Sommers, 2004). Consistent with
this suggestion, some conditions in this study sktbthat higher rates of true recall were
associated with lower rates of false recall inatitans in which verbatim/item-specific
representations were made highly accessible ¢peditions involving increased study time).
This enhanced availability of item-specific infortiea increased true memory performance and
allowed for better memory editing. Conversely, amditions involving a shorter ISI or dual task
at encoding or at both encoding and test, verbaéim/specific information was made less
available. Consequently, difficulties in memorytewj on the basis of these representations
occurred and higher rates of false recall assatiatth reduced true recall were observed.
However, another contribution of the present stwdg to show that the negative association
between true and false recall may not apply texgderimental manipulations. Indeed, the
addition of a concurrent task at test (experimgméd to increased rates of false recall without
reducing the rates of true recall. It is likelythander these circumstances, given that encoding

was held constant, verbatim/item-specific traceg have been stored but became less available
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because of the concurrent task at test. As a résudtmemory may have been supported by both
relational and reduced item-specific processing s reduced item-specific information may
not have been sufficient to block the high famitiaof the critical lures.

One point of discrepancy between the two theoreticeounts (i.e., fuzzy-trace and
activation-monitoring accounts) concerns the resoflthe additional phase used in the modified
procedure. Indeed, this additional procedure wieded to detect whether participants were
aware of thinking of the critical lures. Activatianonitoring theory posits that participants may
consciously think of critical lures and that monihg may occur during encoding. For instance,
participants may monitor the critical lure duririgdy and note that it was not presented in the
list and/or inhibit it. In contrast, the fuzzy-teaccount suggests that the activation of thecatiti
lure at study is not a necessary condition forefafemories to occur. Rather, critical lures seem
familiar at retrieval because they are gist-comsistHowever, our study has revealed that
participants may consciously think of the critizale and note that it was not in the list, which is
not consistent with the fuzzy-trace account.

In conclusion, the main contribution of this studgs to demonstrate that attentional
resources and processing speed are important forgo@ntity and quality of the remembered
information, especially during encoding. Specifigathe use of the modified procedure allowed
us to assess activation and monitoring processes di@ctly and to identify the loci of these
influences. That is, reducing the available resesiin younger adults (either by adding a
concurrent task at study and/or test or by reduttiegime allocated to encode information)
affected source monitoring accuracy but sparectalilure activation. Conversely, increasing
the available resources for younger adults (imyiding more time to distinctively encode

information) led to an improvement in resistancéatee memory. In addition, attentional
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resources and speed of processing were founditogmetant contributors to age-related
differences in resistance to false memory. Thavigen the available resources in younger adults
were reduced (i.e., by adding a concurrent taskuaty and/or test), a performance similar to that
of older adults was observed with respect to teestance to false memories. In contrast, when
given sufficient time, older adults engaged in-gelherated encoding processes to extract
distinctive information about studied items. Bligy only successfully used this information if
contextual support was given to counteract thegr@dated susceptibility to false memories in
this paradigm through the source monitoring proegss

Overall, the use of the modified procedure has @adavseful for studying activation and
monitoring more directly and identifying the lodiinfluence of several manipulations (e.qg.,
Brédart, 2000; Dehon & Brédart, 2004, and the eurseudy). However, several issues related to
the additional phase should be further explored.iisiance, the kind of strategy used by the
participants in the additional phase (that is, Wwhethey rely more on a direct (cued) recall
approach or a generate-recognise apprddws not yet been examined. As indicated above,
based on the comments provided by participantsiduhieir debriefing, it seems that they tend
to rely on a recall approach. That is, some pespié that they knew the critical lure was not in
the list because they made it into a cue during@@ing so that they would later remember the
other items or because they expected it to appeéeilist but it did not. It would be interesting
to further explore the kinds of strategies usedheyparticipants. Similarly, future work should
gain some insight into how participants know thaitam was not presented by the experimenter
and to determine whether these strategies andfmation might differ for young and older
adults. For example, when participants recall amitluring the additional phase, one might ask

them to state whether they thought of this itemrdpthe study phase or during the retrieval
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phase and examine whether the resulting distribufdhe critical lures is similar in both age

groups. Further studies should be designed in dodexplore these issues.
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Participants’ descriptive and demographic data @xment 1). Standard deviations are

presented in brackets.

Experimental Condition

FA Young
Age 20.70 (1.69)
(in years)
Mill Hill 36.70 (3.25)
(out of 44)

Education 14.45 (1.50)

(in years)
(from 12 to 17)

FA Old

70.60 (7.34)

39.60 (1.93)

13.20 (1.51)

(11 to 16)

DAe

20.65 (1.95)

35.85 (3.70)

14.35 (1.56)

(120 17)

DAr

DAer

21.40 (.28 20.40 (1.76)

36.10 (8.53 35.85 (2.68)

15.10 (2.23)

(12 to 19)

14.30 (1.62)

(1210 17)

FAor

21.69 (1.96)

35.75 (3.55)

14.26 (1.69)

(11t0 17)

FA young= young adults under full attention, FActdOlder adults under full attention, DAgroung adults under divided attention during eimogd

DAr = young adults under divided attention duringiestl, DAer young adults under divided attention during batloding and retrieval, FAer

young adults responding orally during the memosy.te
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Table 2
Mean proportions of recall as a function of the Exmental Phase, the Response Type, and the

experimental condition (Experiment 1). Standardaténs are presented in brackets.

Responsetype Experimental Condition

FAyoung FAold DAe Dar DAer FAor
Studied .64 (.08) 41 (.07) .48 (.09) .61 (.09) (08) .64 (.09)
Critical lures 17 (.16) 40 (.22) 42 (.26) .325) .41 (.30) 21 (.17)
Withheld word 62 (.32) .31 (.25) .28 (.31) .306).3 32(.32) 61 (.28)
Activation rate .79 71 .70 .69 .73 .82

FA young= young adults under full attention, FAstdOlder adults under full attention, DAgoung adults under divided attention
during encoding, DAE young adults under divided attention duringiestrl, DAer young adults under divided attention during both

encoding and retrieval, FAsryoung adults responding orally during the memesy.
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Table 3
Mean confidence ratings as a function of the Experital Phase, the Response Type, and the
experimental condition (Experiment 1). The relatedan confidence ratings assigned to the

various kinds of responses are also presentedalicst Standard deviations are presented in

brackets.
Phase Response type Experimental Condition
FAyoung FAold DAe Dar DAer FAor
Phase 1 Studied words 4.69 (0.28) 4.42 (1.14) 4.45 (0.36) 4.68 (0.31) 94(538) 4.72 (0.27)
Critical lures 3.17 (1.48) 3.78 (1.28) 3.83 (1.29) 3.29 (1.22) 3.89 (0.89) 3.52 (1.39)
Phase 3 Withheld words 4.28 (0.86) 4,02 (1.58) 4,15 (1.14) 3.94 (1.34) 94@271) 4.10 (0.96)

FA young= young adults under full attention, FAstdOlder adults under full attention, DAgoung adults under divided attention during efrgdDAr =

young adults under divided attention during reilefdAer= young adults under divided attention during beticoding and retrieval, FAsryoung adults

responding orally during the memory test.
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Table 4

Mean proportions of recall as a function of the Exmental Phase, the Response Type, and the

experimental condition (Experiment 2). Standardaténs are presented in brackets.

Responsetype Experimental Condition

I1S10.5s ISI 1.5s ISI 3s
Studied word recall .53 (.05) .61 (.08) .74 (.06)
Critical lure recall .31 (.18) .19 (.19) .03 (.07)
Withheld word recall A1 (.23) .66 (.26) .73 (.24)

Activation rate 72 .85 .76
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Table 5
Mean confidence ratings as a function of the Experital Phase, the Response Type, and the

experimental condition (Experiment 2). Standardaténs are presented in brackets.

Phase Responsetype Experimental Condition
I1S1 0.5s IS1'1.5s ISI 3s
Phase 1 Studied 4.75 (0.20) 4.72 (0.28) 4.80 (0.14)
Critical lures 3.02 (1.39) 3.72 (1.32) 3.67 (2.31)

Phase 3 Withheld words 3.91 (1.25) 4.20 (1.32) 4.55 (0.48)
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Table 6
Mean proportions of recall as a function of the Exmental Phase, the Response Type, and the
experimental condition (Experiment 3). The relatedan confidence ratings assigned to the

various kinds of responses are also presentedalicst Standard deviations are presented in

brackets.
Responsetype Experimental Condition

Young 1.5s old 1.5s Old 3s Old3s+W
Studied word recall .63 (.08) A1 (.12) 49 (.12) 52 (.14)
Critical lure recall 17 (.15) .38 (.23) .28 (.20) .18 (.20)
Withheld word recall .50 (.36) .28 (.18) 42 (.25) .50 (.32)
Activation rate .67 .66 .70 .68

Note.Young 1.5s= young adults with an IS| rate of 1.5 s, old E5slder adults with an ISl rate of 1.5
s, Old 3s= older adults with an ISI rate of 3s, Old 3s + der adults with an IS rate of 3s in

combination with warnings before the study phase.
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Table 7
Mean confidence ratings as a function of the Experital Phase, the Response Type, and the

experimental condition (Experiment 3). Standardaténs are presented in brackets.

Phase Responsetype Experimental Condition
Young 1.5s Old 1.5s Old 3s Old3s + W
Phase 1 Studied words 4.80 (0.17) 4.69 (0.35) 4.90 (0.20) 4.72 (0.30)
Critical lures 3.97 (1.10) 4.19 (1.22) 4.18 (1.01) 4.06 (1.01)
Phase 3 Withheld words 4.11(1.10) 455 (0.81) 4.28(1.04) 3.93(0.92)

Note.Young 1.5s= young adults with an IS| rate of 1.5 s, old =53lder adults with an IS rate of 1.5 s, Old=3s

older adults with an ISI rate of 3s, Old 3s + \Wder adults with an ISI rate of 3s in combinatwith warnings

before the study phase.




Processing resources and DRM false memories, Page 5

Author’s Notes
Address for correspondence: Hedwige Dehon, DepattofeCognitive Science (B-32),
Cognitive Psychology Unit, University of Liege, B@0 Liége, Belgium.

E-mail: Hedwige.dehon@ulg.ac.be

Acknowledgements
The author thanks Serge Brédart, Fabienne CollEitteothy Odegard, Todd C. Jones and two
anonymous reviewers for their helpful and valuatgexments on an earlier version of the paper.
The present study was supported by a research fgpamthe government of the French

Speaking Community of Belgium (Convention: ARC 3BZ16).



