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Five groups of participants (young, healthy old, healthy old-old, very mild Dementia of the Alzheimer’s
Type, Mild Dementia of the Alzheimer’s Type) studied and were tested on six 12-item lists of words
selected from the DRM (Deese, 1959; Roediger & McDermott, 1995) materials. These lists of words
strongly converged semantically on a nonpresented critical word. The results indicated that both
veridical recall and recognition performance decreased both as a function of age of the participants and
as a function of dementia severity. However, the recall and recognition of the highly related
nonpresented items actually increased as a function of age, and only slightly decreased as a function of
DAT. When false memory was considered as a proportion of veridical memory, there was a clear
increase as a function of both age of the participants and as a function of disease severity. The results are
discussed in terms of (a) age and DAT-related changes in attention and memory performance, and (b)
the underlying mechanisms that produce false memories in the DRM paradigm.

INTRODUCTION

One of the most common findings in both healthy
older adults and in early stages of Dementia of the
Alzheimer’s Type (DAT) is a breakdown in
veridical episodic memory performance (see Craik
& Jennings, 1992; Nebes, 1994, for reviews). The
present study will explore not only veridical mem-
ory in these populations, but also memory for infor-
mation that was not presented, i.e. false memories.
In particular, we will explore the false memory par-
adigm recently developed by Roediger and
McDermott (1995) based on an initial study by
Deese (1959), hereafter called the DRM paradigm,

in which associatively/semantically related words
converge on a critical nonpresented item. For
example, consider being presented with the follow-
ing list of words: THREAD, PIN, EYE,
SEWING, SHARP, POINT, PRICK, THIM-
BLE, HAYSTACK, PAIN, HURT, INJEC-
TION. The nonpresented critical target word is
NEEDLE in this list. Roediger and McDermott
reported that the likelihood of recalling the
nonpresented critical word NEEDLE was as high
as the probability of recalling the items that were
actually presented in the middle of the list (.40 in
both cases). The issues addressed in the present
study are the manner in which healthy ageing and
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DAT influence both veridical and false memories,
and the mechanisms that underlie performance in
the DRM paradigm.

The present study was motivated by a series of
experiments that provide evidence regarding the
relative integrity and disruption of specific cogni-
tive systems (e.g. semantic memory and attentional
systems) in both healthy older adults compared to
younger adults, and in DAT individuals compared
to age-matched healthy control individuals. We
will argue that the production of false memories in
older individuals and in DAT individuals may
reflect a tradeoff in the integrity of these cognitive
systems, which make these populations particularly
sensitive to false memories. We shall now turn to a
brief review of the extant literature regarding both
semantic memory systems and attentional control
systems in both healthy older adults and in early
stage DAT individuals.

Semantic Memory Structure and Processes
in Healthy Older Adults and in Early Stage
DAT

In the DRM paradigm, participants are presented
associatively/semantically related words that con-
verge on a critical nonpresented target word. Of
course, if there is a degradation in semantic memory
in healthy older adults and/or in DAT individuals,
then one might expect a decreased susceptibility to
false memories. Unfortunately, the evidence
regarding changes in semantic memory in both
healthy older adults and in early stage DAT indi-
viduals has been somewhat controversial. For
example, evidence from tasks such as verbal fluency
and object naming has been taken to indicate that
there is a breakdown in semantic memory struc-
tures in these populations (e.g. Albert, Heller, &
Milberg, 1988; Kirshner, Webb, & Kelly, 1984;
Ober, Dronkers, Koss, Delis, & Friedland, 1986;
Troster, Salmon, McCullough, & Butters, 1989).
However, researchers have argued that the deficits
in these tasks are not simply a reflection of the
integrity of semantic memory, but rather, reflect
the attentional demands engaged by these tasks (see
Balota, Watson, Duchek, & Ferraro, in press;
Nebes, 1989; Ober & Shenaut, 1995). For example,

in the verbal fluency task, the participant must gen-
erate words that begin with a specific letter and also
maintain some memory of previously generated
words. A breakdown in performance in this task
could be due to the semantic integrity of the system,
the attentional control of task goals, and/or the
maintenance of previously produced words.
Clearly, this task is not simply a pure measure of
semantic memory structure.

In order to minimise attentional demands,
researchers have turned to semantic priming tasks
in which participants are asked to make simple
naming or lexical decisions to targets (doctor) that
follow either related (nurse) or unrelated (chair)
primes. The research in the area is relatively clear:
Specifically, one finds relatively intact priming
effects under conditions that reflect automatic
spread of activation within the memory network,
whereas one finds evidence of breakdowns in both
healthy older adults (Balota, Black, & Cheney,
1992) and in early stage DAT individuals (Ober &
Shenaut, 1995), under conditions that reflect
attentional processes. Thus, researchers have
argued that the integrity of the network and
automatic access to information embedded in this
network are relatively intact in both healthy older
adults, and in early stage DAT, and it is the
attentional systems that appear to break down.

Attentional Breakdown in Healthy Ageing
and in DAT Individuals

In contrast to the automatic activation of semantic
pathways, recent studies indicate that there is a
breakdown in processes related to inhibi-
tory/attentional control in both healthy older adults
(e.g. Duchek, Balota, & Thessing, in press; Hasher
& Zacks, 1988) and in early stage DAT individuals
(e.g. Spieler, Balota, & Faust, 1996; Sullivan,
Faust, & Balota, 1995). It is important to note that
these studies have yielded disproportionate break-
downs (greater than expected by overall differences
in speed or accuracy), and/or qualitatively distinct
patterns predicted by the inhibitory framework. For
example, Spieler et al. (1996) provided evidence
that there is a disproportionate breakdown in the
ability to inhibit the word code when naming
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colours in the Stroop task in both healthy older
adults, compared to young, and in DAT individu-
als. In addition, Balota and Duchek (1991) demon-
strated that DAT individuals are more likely to
keep active inappropriate meanings of ambiguous
words (e.g. the BODY meaning of ORGAN) in
the presence of context (e.g. MUSIC), whereas
healthy older individuals appear to suppress such
inappropriate interpretations (also see Faust,
Balota, Duchek, Gernsbacher, & Smith, 1997).
These results, coupled with the earlier cited prim-
ing studies, suggest that the activation of relevant
networks is not impaired in healthy older adults or
in early stages of DAT, but it is the attentional con-
trol or inhibition of partially activated pathways
that appears to be compromised.

What are the implications of these observations
for the DRM false memory paradigm? False mem-
ories of the critical nonpresented items in the
DRM paradigm could be viewed as a situation
wherein there are multiple sources of activation
that need to be discriminated to make the correct
response. An intact processing system should be
able to discriminate between sources of activation
that are directly related to what was presented
compared to sources that are only indirectly
related, but highly activated (see Johnson,
Hashtroudi, & Lindsay, 1993, for discussion of
reality and source monitoring, and Multhaup &
Balota, 1997, for evidence of source deficits in
DAT individuals). Based on the evidence
reviewed, one might suggest that healthy older
adults and DAT individuals may have difficulty
controlling or inhibiting the highly activated
(semantically related) nonpresented item. In this
light, it is possible that a breakdown in attentional
control may actually produce increased false mem-
ories. If both healthy older adults and early stage
DAT individuals have intact semantic structures
that produce a boost in the semantic activation for
nonpresented critical items, coupled with a break-
down in attentional control systems, one might
actually expect an increased likelihood of false
memories in these populations. Of course, because
of the group differences in memory performance,
this pattern would be most likely reflected in rela-
tive measures in which one takes into account over-

all changes in veridical memory across these
populations.

Norman and Schacter (1997) have recently
reported evidence that healthy older adults are
indeed more susceptible to false memories than
healthy young adults (also see Tun, Wingfield,
Rose, & Blanchard, 1998). Specifically, although
veridical recall was lower in older adults compared
to younger adults, false recall was actually higher in
older adults compared to younger adults. Norman
and Schacter suggested that the increased false
memories in the DRM paradigm is quite consistent
with age-related decreased efficiency of frontal lobe
functioning. There are a number of intriguing lines
of converging evidence regarding the role of frontal
lobes in the creation of false memories. First
Schacter, Reiman, & Curran et al. (1996b) reported
evidence in a recent PET study that there is
increased activation in regions of prefrontal cortex
when critical nonpresented lures were presented
compared to the presentation of studied words.
Norman and Schacter suggested that this pattern
may reflect the frontal involvement in “resisting” or
opposing illusory memory for the critical lures.
Obviously, this is consistent with the present view
that healthy older adults and early stage DAT indi-
viduals may have some difficulty inhibiting or con-
trolling partially activated memory representations.
Second, Schacter, Curran, Galluccio, Milberg, and
Bates (1996a) have recently reported evidence that
an individual with a lesion in the right frontal lobe
produced heightened false memories. This individ-
ual was more likely than control individuals to false
alarm to information that was thematically related
to the earlier studied information. Interestingly,
there is a more recent study of amnesia individuals
with medial temporal lobe damage which suggests
that individuals with damage in this area actually
are less likely to produce false recognition of critical
words, compared to healthy controls (see Schacter,
Verfaellie, & Pradere, 1996c). In this light, the false
memory paradigm is ideally suited to investigate
the contributions of frontal areas and medial tem-
poral areas to the episodic memory loss in healthy
ageing and in early stages of DAT. If the episodic
memory loss in early stage DAT is primarily a
reflection of medial temporal structures, based on
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the Schacter et al. arguments, one might expect rel-
atively fewer false memories compared to healthy
control individuals, whereas if there is a high degree
of frontal impairment, one might actually predict
relatively more false memories in these individuals,
compared to healthy control individuals. Of course,
the more likely case is that both structures are inti-
mately involved in the episodic memory loss in
DAT individuals.

In the present study, we will attempt to provide
some leverage on the underlying neural systems of
false memories by taking advantage of existing
psychometric data on the healthy older adults and
early stage DAT individuals. Specifically, we have
recently demonstrated (Kanne, Balota, Storandt,
McKeel, & Morris, 1998) that psychometric tests
that (a priori) should reflect functioning of different
neural systems (frontal vs. medial temporal vs. pari-
etal) loaded on the predicted factors on an analysis
of data from 407 individuals with DAT. In addi-
tion, we found that the relative factor scores were
correlated with the underlying neuropathology that
was observed in 41 DAT individuals who were
autopsied. In the present study, we will take advan-
tage of the heterogeneity of this subject population
in the integrity of these systems to provide insights,
via correlational analyses, into the different neuro-
logical systems (frontal vs. medial temporal) that
might underlie veridical and false memories.

In addition to providing correlational data
regarding psychometric performance, the present
study may provide information regarding the
underlying mechanism(s) producing false memo-
ries. Specifically, several distinct loci may play a
role. For example, it is possible that during initial
encoding, the nonpresented critical word may actu-
ally come to mind as the participant is studying the
to-be-remembered list of words, as a result of auto-
matic associative responses (see McDermott,
1997). If this is the case, then this may serve as a
learning episode. If the underlying mechanism for
this encoding episode is due to an automatic spread
of activation, based on the evidence reviewed ear-
lier, one might expect comparable effects of this
mechanism in healthy aged individuals and in early
stage DAT. Interestingly, there recently has been
evidence that one can produce false memories

under conditions in which list items are presented
at a near-threshold presentation rate (i.e. 50 msec
per item), thereby implicating an automatic activa-
tion process (see Robinson, 1998; Seamon, Luo, &
Gallo, 1998).

It is also possible that at least some of the false
recall in the DRM paradigm is occurring during
retrieval. Specifically, it is possible that during the
overt act of recall, participants generate associa-
tively related words, and hence are likely to generate
the critical word. For example, it is possible that
participants might have difficulty discriminating
between items that were initially presented during
study, and items that were generated, but rejected,
earlier during the recall period (i.e. a type of source
error, see Johnson et al., 1993). One might a priori
expect that as more items are generated during
recall one might actually increase the likelihood of
generating the nonpresented item. Because healthy
older adults and early stage DAT individuals
should recall fewer items compared to healthy
younger adults, one might expect a relative decrease
in false memories. However, as noted earlier, this
pattern does not occur, at least not in the healthy
older adults (e.g. Norman & Schacter, 1997).

In addition to the possible role of source mem-
ory during retrieval, it is also quite possible that
there are gist-based representations that are driving
false recall during retrieval (see, for example,
Brainerd, Reyna, & Kneer, 1995). Although the
notion of a gist-based representation is a bit vague,
one might argue that such gist-based representa-
tions should be positively correlated with the num-
ber of related items that are stored in memory.
Specifically, it would seem that the quality of the
gist-based representation would at least in part
depend on the quality of the list item representa-
tions that produce the gist being represented. In
this way, one might expect more false memory as
overt memory increases. If this were the case, then
because of the expected overall decrease in memory
performance in healthy older adults and in early
stage DAT, one might expect fewer false memories
in these individuals, which, at least with respect to
healthy ageing, is inconsistent with some extant
data (e.g. Norman & Schacter, 1997). We shall
explore these and additional theoretical implica-
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tions of the relation between veridical and false
recall in the General Discussion.

The present experiment included five groups of
participants. The first three groups were healthy
young (mean age 20 years), healthy older (mean age
71 years), and healthy old-old adults (mean age 86
years). These three groups allowed the tracking of
the influence of healthy ageing on veridical and
false memories. In addition, we compared three
groups of individuals that are relatively similar in
age but have varying levels of dementia severity.
Specifically, the healthy old (both young-old and
old-old) individuals were compared to age-
matched very mildly demented individuals, who in
turn were compared to age-matched mildly
demented individuals. Of course, it would be par-
ticularly important if the DRM paradigm was able
to discriminate early stage DAT from healthy
ageing.

During the experiment, each participant
received 6 lists of 12 words for study. After each list
was presented, participants were given a free recall
task. After all lists were studied and recalled, a final
overall yes/no recognition test was presented. The
critical dependent measure in the present study is
the probability of recalling and/or recognising the
critical nonpresented item as a function of the par-
ticipant’s correct recall and/or recognition.

METHOD

Participants

A total of 159 participants were included in this
study. They were divided into five groups. The first
group was composed of 35 young adults with a
mean age of 20.1 years, with a range from 17 to 33
years. The second and third groups were healthy
older adults. The healthy older adults were divided
into a younger and an older group. There were 37
participants in the younger old group with a mean
age of 70.7 years, and a range from 60 to 79. The
older old group included 24 participants with a
mean age of 85.9, and a range from 80 to 96.

The remaining two groups of participants were
composed of individuals with either very mild

dementia or mild DAT. Thirty-seven older adults
with very mild DAT and an average age of 77.9 par-
ticipated, and their ages ranged from 66 to 91.
Twenty-six participants with mild DAT and an
average age of 78.5 participated, and their ages
ranged from 56 to 90.

The young adults were students at Washington
University who were either paid or received course
credit in return for their participation. Older adults
and DAT individuals were recruited from the par-
ticipant pool at the Alzheimer’s Disease Research
Center (ADRC) at Washington University. These
participants were screened for depression, severe
hypertension, possible reversible dementias, and
other disorders that could affect cognitive perfor-
mance. DAT individuals were included or excluded
based on the criteria set by the National Institute of
Neurological and Communicative Disorders and
Stroke and Alzheimer’s Disease and Related Disor-
ders Association (McKhann et al., 1984). Demen-
tia severity was scaled according to the Washington
University Clinical Dementia Rating (CDR) scale.
The reliability of this scale, as well as the accuracy of
the diagnosis by the research team, is well docu-
mented (e.g. Berg et al., 1998). Only those DAT
individuals who were classified as having either very
mild dementia or mild dementia were included as
participants in this study.

Psychometric Test Performance

All the healthy older adults and the DAT individu-
als also participated in a 2-hour battery of
psychometric tests designed to assess psychological
functions including language, memory, and intelli-
gence. Memory was assessed with the Wechsler
Memory Scale (WMS; Wechsler & Stone, 1973)
Associates Recall and Recognition subscales
(paired-associates learning), and the Logical Mem-
ory subscale (surface-level story memory). Forward
and backward digit span from the WMS were also
assessed. Participants also received the Word Flu-
ency test, on which they were required to name as
many words as possible beginning with a specified
letter (e.g. P or S) in a 60sec time period (Thurstone
& Thurstone, 1949). Measures of general intelli-
gence were the Information, Block Design, and
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Digit Symbol subtests of the WAIS-R (Wechsler,
1955). Visual perceptual-motor performance was
assessed by the Benton Copy Test and Trail
Making Form A. In the Benton Copy test, partici-
pants must copy a geometric figure; in the Trail
Making Form A test, participants connect numeri-
cally ordered dots that result in a specific pattern
(Armitage, 1946). Participants also received the
WMS Mental Control test, which evaluates the
ability to produce quickly a well-rehearsed letter or
digit sequence, such as the alphabet, in a specified
amount of time. Finally, participants also com-
pleted the Boston Naming Test (Goodglass &
Kaplan, 1983), which reflects semantic/lexical
retrieval processes in naming simple line drawings.

Materials

Twelve lists of 15 words each were chosen from
those used by Stadler, Roediger, and McDermott
(in press). Each of these lists was created by choos-
ing the top associates of a critical word, which was
itself not part of the list. Six of these lists were
adapted for use as study lists, and the other six lists
were used as the source for distractor words used in
the recognition phase of the experiment (see
Appendix for the lists used). To create the study
lists used in this experiment, the three weakest asso-
ciates to the critical word were dropped from each
list, creating lists of 12 words. The reduction of list
length was necessary to reduce the difficulty of the
task, and is actually the same length that Roediger
and McDermott (1995) used in their first
experiment.

The recognition test was printed on a sheet of
paper, and consisted of 48 words randomly ordered
in 3 columns of 16. The same order was used for all
participants. The words used were the critical word
and 3 of the associate words for each of 12 lists. Six
of these lists were the lists studied in the first phase
of the experiment; the other six served only as a
source of distractors.

Procedure

Participants were tested individually. For the study,
and free recall phase of the experiment, participants

were instructed that they were to listen as the exper-
imenter read a list of words slowly (at approximately
2sec per word), and that they would be asked to
recall the words out loud after the experimenter fin-
ished reading the list. In order to familiarise the
participants with the procedure, they were first
given a practice list of six related words, which were
tested for immediate recall. The participants were
told to recall as many items as possible from each
list and they were told to take as much time as they
wished to complete their recall. After each list was
finished, the participant was given an immediate
free recall test. This phase of the experiment was
tape recorded.

For the recognition phase of the experiment,
participants were given the test sheet and instructed
to circle any words that they heard presented on one
of the six lists. They were additionally instructed
not to spend too much time on any individual word.

RESULTS

Recall Performance

Figure 1 displays the serial recall functions as a
function of group. As shown, all groups produced
the standard bow-shaped serial position function,
and there are clear differences across groups in over-
all memory performance. Specifically, one finds a
large decrease in performance both as a function of
healthy ageing (young is greater than the
young-old, which is greater than the old-old), and
DAT (the healthy old is greater than the very mild
DAT, which is greater than the mild DAT). The
results of a 5 (Group) by 12 (Serial Position)
ANOVA yielded main effects of Group
[F(4,154) = 62.15, MSe = 0.15, P < .0001] and
Serial Position [F(11,1694) = 80.92, MSe = 3.03,
P < .0001]. In addition, there was a reliable Group
by Serial Position interaction [F(44,1694) = 2.01,
MSe = 0.08, P < .01], which indicated that there
were larger Group differences at the middle serial
positions, compared to either terminal or primacy
positions. For example, the difference between
healthy young and mild DAT groups is 60% at
Serial Position 4, whereas at Serial Position 1 and
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12 the differences are only 33% and 40% respec-
tively. Of course, because of ceiling and floor effects
at these serial positions, one must be cautious not to
overinterpret this Group by Serial Position interac-
tion. Overall, the results clearly indicate that the
Serial Position function maintains its bowed-shape
nature across groups, and there are the expected
large Group differences in memory performance.

Figure 2 displays the mean proportion correct
recall and the mean proportion critical intrusion
rates. These results clearly indicate that there are
large differences in the effects of Age and DAT on
veridical recall and false recall. In order to address
the influence of Age and DAT, we conducted sepa-
rate ANOVAs as a function of Age and as a func-
tion of DAT. First, consider the effects of Age:
There is a highly reliable drop of 26% correct in
veridical recall from the healthy young adults to the
old-old adults [F(2,93) = 19.50, MSe = 0.011,
P < .001]. However, turning to the performance on
the critical lure item, the results indicate that there

is a small, and nonsignificant, 5% increase in recall
across the groups [F(2,93) = 1.27, MSe = 0.068,
P = .29]. There was a highly reliable interaction
between Age Group and Item Type (veridical vs.
critical false recall) [F(2,93) = 6.18, P < .003].
Turning to the DAT analyses, it should be noted
that in this and subsequent analyses we collapsed
across the young-old and the old-old groups of par-
ticipants to create a single healthy older group to
ensure that age was not confounded with DAT. As
shown in Fig. 2, there is again a highly reliable 27%
decrease in veridical recall across the healthy older
group to the mild DAT group [F(2,121) = 59.32,
MSe = 0.014, P < .0001]. However, there is only a
nonsignificant 2% drop in the recall of the
nonpresented critical word [F(2,121) < 1.00,
MSe = 0.072]. Again, the interaction between
Group and Item Type (veridical vs. critical false
recall) was highly reliable [F(2,121) = 9.71,
MSe = 0.34, P < .001]. In fact, if one considers the
change across both age and DAT, one finds that
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there is a 41% drop in veridical recall between the
healthy young individuals and the mild DAT indi-
viduals [F(4,154) = 62.15, MSe = 1.35, P < .0001],
and a nonsignificant 3% increase in recall of the
nonpresented critical word [F < 1.00]. Of course,
the interaction between Group and Item Type was
highly reliable [F(4,154) = 12.34, MSe = 0.48,
P < .001]. Clearly these results indicate that
veridical recall changes dramatically across groups,
whereas false recall is relatively stable.

In addition to examining critical word intru-
sions, we also considered intrusions of noncritical
items. Because there are a number of distinct types
of intrusions that may reflect different processes, we
coded five different types of noncritical intrusions:
(1) cross-list intrusions from previous lists; (2)
cross-list critical lure intrusions (i.e. recalling a crit-
ical intrusion from a previous list); (3) semantically

related, but noncritical intrusions; (4) phonologi-
cally related intrusions (most of which were
rhymes); (5) “other,” apparently unrelated, intru-
sions. The average number of intrusions per partici-
pant per list are displayed in Table 1. First, consider
the cross-list intrusions. These reflect proactive
interference from previous lists. The results indi-
cate that both Age [F(2,81) = 4.28, MSe = 0.047,
P < .02] and DAT [F(2,116) = 11.04, MSe =
0.074, P < .0001] affected susceptibility to pro-
active interference. Second, the cross-critical intru-
sions reflect the degree to which a highly activated
critical item remained active across lists. Here there
is little evidence of such intrusions in any group of
participants. (Because of the low values, analyses
were not conducted on this measure). The semantic
intrusions reflected a semantically related word
being produced on a given list. As shown in Table 1,
there is an increase in semantically related intru-
sions as a function of Age [F(2,81) = 5.24,
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MSe = 0.029, P < .01], but the effect of DAT did
not reach significance [F(2,116) = 1.46,
MSe = 0.087]. Also, as shown in Table 1, there
were relatively few phonological intrusions in these
data, which did not vary as a function of Age or
DAT. (Again, because of the low values, analyses
were not conducted.) Finally, the “other” intrusions
reflected the output of relatively unrelated words.
Although we could not conduct analyses as a func-
tion of Age because of the low levels in this category
in the young adults, there was a reliable effect of
DAT [F(2,116) = 7.75, MSe = 0.057, P < .002].
As shown here, the mild DAT individuals were
likely to produce unrelated intrusions. However,
further analyses of these items indicated that this
was primarily produced by three participants, and
when these three Mildly demented individuals
were eliminated, the means were very similar across
the two levels of DAT, i.e. 0.08 for the very mild
DAT, and 0.11 for the mild DAT. In sum, there is
clear evidence of a general tendency to produce
noncritical intrusions as a function of Age and
DAT status, but it is also clear that these errors are
not random outputs of words, but reflected acti-
vated representations, either due to earlier list recall
(proactive interference) or words that are semanti-
cally related to the current list.

One intriguing aspect of the recall data is that
across groups, it appears that as overt recall
decreases, the critical intrusions remain relatively
stable. This is an interesting pattern because one
might expect that as participants recall more items,
there should be a higher incidence of critical lure
intrusions. In order to address this issue, we investi-
gated the correlation between overall recall per

participant and their false recall. The correlations
indicated that there was some evidence of such a
relation in the healthy old-old group (r = .41,
P < .05) and the very mild DAT group (r = .48,
P < .01), but none of the remaining groups pro-
duced reliable correlations, i.e. young (r = – .20),
young-old (– .06), mild DAT (+ .04). Most impor-
tantly, a correlation across all participants did not
approach significance, r = .06. (It is worth noting
here that Stadler, Roediger, & McDermott, in
press, recently reported nonsignificant correlations
between veridical recall and false recall across a
large group of young adults and a larger set of lists.)
Thus, above and beyond relatively limited correla-
tions within specific groups, it does not appear that
recalling items is a strong predictor of falsely recall-
ing the critical nonpresented word.

We also tabulated the relative output position of
both items correctly recalled and the critical intru-
sions. Because these analyses were based on tape
recordings of the participants’ verbal output, and
some of the tapes were not audible (for 14 out of the
159 participants), these analyses were based on 26
young adults, 36 young-old adults, 22 old-old
adults, 36 very mild DAT individuals, and 25 mild
DAT individuals. There were two goals in this
analysis: First, with respect to correct recall, it is
possible that the present groups of participants may
produce different retrieval strategies that might be
reflected in the output positions. In order to address
this possibility, we averaged the actual input posi-
tion for each of the output positions. Of course,
because there were large differences across groups,
we could only do this analysis for the recall lengths
of five, six, seven, and eight, in which there were
sufficient number of observations per group. More-
over, to obtain stable estimates, we collapsed across
the two healthy older groups and the two DAT
groups. These data are displayed in Figs 3a (young),
3b (old), and 3c (DAT), as proportions of each
input position that were produced in different out-
put positions. There are three points to note from
these data. First, the younger adults appear to be
relatively more likely to recall the last item in the
first position than the remaining two groups of par-
ticipants. This pattern would be quite efficient if
output of the last item would not disrupt the
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Table 1. Mean Number of Noncritical Intrusions per List as a
Function of Group and Intrusion Type

Young Old- Very
Young Old Old Mild Mild

Cross-list .01 .04 .18 .21 .44
Cross-critical .00 .00 .00 .00 .05
Semantic .04 .15 .20 .18 .29
Phonological .00 .00 .02 .03 .03
Other .00 .01 .05 .08 .25

Total .05 .20 .45 .50 1.06
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Fig. 3. Mean proportion of each input position as a function of the output position during recall. These data are based on list recall lengths of
6, 7, and 8. The Healthy Old (Fig. 3b) is collapsed across Young-Old and Old-Old, and the DAT (Fig. 3c) is collapsed across Very Mild
and Mild DAT.



rehearsal pattern for the first few list positions, i.e. a
type of memory triage. It appears that the healthy
old and the DAT individuals are more likely to hold
onto a rehearsal pattern that may not take advan-
tage of the strong trace for the last presented item.
In addition, as shown in Fig. 3a, one can see that for
the young adults there is a consistent relation
between the first three input serial positions pro-
ducing high recall at the first three output positions.
Turning to the healthy older adults and the DAT
individuals, this pattern is only found for the first
two serial positions, with a weaker effect for the
third serial position being output at the third posi-
tion. One possible account for this pattern is that
the young adults have a three-item rehearsal set as
opposed to a two-item rehearsal set in the healthy
old and DAT individuals. Although the present
analyses are only descriptive, it is intriguing that
there are these different patterns of output when
overall recall performance is equated across groups.
We provide these data primarily because they pro-
vide a unique way to look at age-related and
DAT-related changes in recall output and
strategies.

In addition to analysing the output position of
the list items as a function of input position, we also
analysed the output position of the critical lure.
Because there were different levels of recall for each
group, we adjusted this estimate by dividing the
output position of the critical nonpresented item by
the total number of items recalled on that list. In
this way, we provide an estimate of the relative out-
put position of the critical lure. These proportions
indicated that there was remarkable consistency in
the relative output position for the critical
nonpresented items. Specifically, the relative posi-
tion as a function of total number of items recalled
were .66 (young), .70 (young-old), .66 (old-old),
.60 (very mild DAT), and .64 (mild DAT). A
one-way ANOVA indicated that this effect did
not approach significance [F(4,116) = 1.36,

MSE = 0.03]. Thus, the relative output position of
the critical nonpresented word was about two thirds
into the recalled items, independent of group and
number of items recalled. This pattern is consistent
with the analyses reported by Roediger and
McDermott (1995) concerning output position.

Recognition Performance

The mean percentage of hits, false alarms to non-
critical items, and false alarms to critical items on
the recognition test are presented in Table 21.
There are two points to note in this table. First,
consider the effects of Age. There is relatively little
change in hit rate [F(2,93) = 0.73, MSe = 0.018]
and a small, yet reliable, change in the noncritical
(standard) false alarm rate (4%) across Age groups
[F(2,93) = 5.33, MSe = 0.003, P < .01]. This pat-
tern is consistent with the observation that older
adults have relatively intact recognition perfor-
mance, at least compared to recall performance (see
Craik & Jennings, 1994). However, a different pat-
tern emerges from the false alarms to the critical
lures. Specifically, there is a large increase in false
alarms to the critical lures (.23) as a function of Age
[F(2,93) = 7.46, MSe = 0.076, P < .001]. Now,
consider the DAT individuals. There is dramatic
.33 drop-off in hit rate in the mild
DAT [F(2,121) = 38.39, MSe = 0.026, P < .0001],
whereas the increase in the noncritical false alarm
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Table 2. Mean Proportion Hit Rate, Noncritical False Alarm
Rate, and Critical Lure False Alarm Rate as a Function of Group

Young- Old- Very
Young Old Old Mild Mild

Hits .80 .76 .77 .68 .44
Noncritical .02 .04 .06 .09 .14

false alarms
Critical lure .58 .80 .81 .79 .51

false alarms

1
In the present experiment, the recognition test always followed the recall test, and so this measure is somewhat contaminated by

earlier recall performance. However, it should also be noted that the effect of recall on recognition is relatively inconsistent in the false
memory literature (see Roediger, McDermott, & Robinson, 1998). This potential contamination is a bit more serious when there are
large differences across groups in recall performance, as in the present study. Thus, one must be cautious not to overinterpret the pres-
ent recognition data.



rate is relatively small (.09), albeit significant
[F(2,121) = 13.36, MSe = 0.006, P < .001]. The
lack of a large increase in false alarm rates for these
participants is important because it appears that
even mildly demented individuals are relatively cau-
tious in making false alarms. Turning to perfor-
mance on the critical lure, although the very mildly
demented individuals are producing a high false
alarm rate to this word, the false alarm rate
decreases in the mildly demented individuals
[F(2,121) = 16.16, MSe = 0.055, P < .0001].
However, it should be pointed out that the false
alarm rate to the critical lure is quite high (.51)
compared to the noncritical lures (.14), even in the
mildly demented individuals.

Figure 4 displays a measure of recognition per-
formance (hits minus noncritical false alarms) and
an adjusted measure of critical false alarm perfor-
mance (critical false alarms minus noncritical false
alarms) as a function of Group. As shown in Fig. 4,
there is a cross-over interaction in the healthy older
adult groups; specifically, although accurate recog-

nition performance remains relatively stable, false
recognition of the critical lure increases across
groups. Moreover, although both correct and false
recognition measures decrease as a function of
DAT, the difference between correct recognition
and false recognition remain relatively stable across
the groups. An analysis of the correct recognition
measure yielded a marginally reliable main effect
of Age [F(2,93) = 2.71, MSe = 0.018, P < .07] and
a main effect of DAT [F(2,121) = 62.56,
MSe = 0.025, P < .0001]. Turning to the critical
false alarm measure, there is a main effect of Age
[F(2,93) = 5.84, MSe = 0.072, P < .01], which
indicates that there is an increase in false recogni-
tion in the older adults, and a main effect of DAT
[F(2,121) = 27.06, MSe = 0.052, P < .0001],
which indicates that there is a decrease in false
recognition in the DAT individuals compared to
the healthy older adults. Finally, there is a highly
reliable interaction between Age and Item Type
(veridical vs. false recognition [F(2,93) = 9.71,
MSe = 0.37, P < .0001]. However, because the size
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Fig. 4. Mean recognition memory (hits minus noncritical false alarms) and false recognition (critical lures minus noncritical lures) as a
function of Group.



of the difference between veridical and false recog-
nition did not change as a function of disease status,
the interaction between DAT and Item Type
did not reach significance [F(2,121) = 1.65,
MSe = 0.073, P = .20].

Psychometric Performance

The means and standard deviations from the
psychometric measures are presented in Table 3 as a
function of Age and DAT. (The young adults did
not receive psychometric testing.) A series of
one-way ANOVAs with Group as a between-
subjects factor indicated that performance on all
measures decreased with increasing age and
dementia severity, all Ps < .003. Thus, as expected,
there are clear changes across groups across a wide
range of cognitive measures.

The correlations between percentage correct
and percentage false recall and the psychometric
measures are presented in Table 4, as a function of
Group. Also, as shown in this table, we have
organised the psychometric tests as a function of
differences in possible underlying neural systems
(i.e. medial temporal, parietal, and frontal). As

noted earlier, the selection of this particular group-
ing is based on recent work by Kanne et al. (1998).
Because of the evidence suggesting a role of frontal
structures in false recall, we expected that
decreased frontal functioning would be associated
with increased susceptibility to false recall, i.e. neg-
ative correlations. We also expected that medial
temporal measures should be relatively more posi-
tively correlated with veridical recall, although
there should be at least some correlations with the
frontal measures. As shown in Table 4, these
correlations did not support these predictions.
Specifically, most psychometric measures were
positively correlated with veridical recall, inde-
pendent of the nature of the psychometric task. On
the other hand, the pattern of correlations between
the psychometric tests and false recall was much
less consistent. The only groups that produced the
predicted negative correlations were the healthy
young-old participants and the mildly demented
individuals. Unfortunately, both of these groups
also produced some evidence of negative correla-
tions with the medial temporal measures and false
recall. Thus, there was relatively little support for
the predicted correlations with the present
psychometric tests2.
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Table 3. Psychometric Means (SD) as a Function of Group

CDR 0 CDR 0 CDR 0.5 CDR 1
(Young-Old) (Old-Old) (Very Mild DAT) (Mild DAT)

WAIS Information 23.8 (2.9) 20.6 (3.8) 17.6 (5.6) 12.0 (4.2)
Boston Naming 57.6 (3.0) 51.8 (8.7) 49.1 (11.8) 37.7 (12.6)
Logical Memory 10.3 (2.6) 8.2 (3.2) 6.2 (3.8) 2.6 (1.5)
Associate Memory 15.1 (3.5) 12.3 (3.7) 11.4 (3.8) 7.5 (1.8)
Benton Copy 9.8 (0.7) 9.4 (0.8) 9.1 (1.3) 8.2 (2.1)
Trailmaking Aa 38.0 (11.6) 45.2 (11.8) 45.3 (23.4) 78.3 (32.2)
Block Design 35.3 (7.4) 29.0 (6.7) 24.1 (7.5) 16.2 (8.2)
Digit Symbol 50.6 (9.8) 38.0 (9.6) 39.7 (12.6) 23.3 (9.1)
Digit Span 12.1 (2.2) 11.1 (2.6) 10.5 (2.2) 9.4 (1.9)
Word Fluency 31.2 (11.2) 26.9 (10.3) 25.6 (12.2) 19.8 (9.0)
Mental Control 8.0 (1.3) 7.5 (1.8) 7.1 (1.9) 6.2 (2.1)

aRepresents time in seconds.

2
In addition to the correlations within groups displayed in Table 4, we also conducted overall correlations independent of group.

Moreover, we also conducted correlations in which we converted each psychometric score to a z-score and then obtained a relative
measure of each set of scores (i.e. mean of frontal, mean of medial temporal, and mean of parietal scores) divided by overall z-scores
across all tasks. None of these individual correlations produced the predicted pattern of correlations between frontal measures and false
recall.



GENERAL DISCUSSION

The results of the present experiment are clear.
Both healthy ageing and DAT produced large
changes in veridical recall performance. However,
there was relatively little influence of either age or
DAT on false recall performance. A similar pattern
was found in recognition performance (although
see Footnote 1). We shall now turn to a discussion
of the implications of these results for the under-
standing of the memory changes that occur in both
healthy older adults and in DAT individuals, and
the mechanisms that may underlie false memories
in the DRM paradigm.

Age Differences in False Memory
Performance

The results from the young adults and the
young-old adults nicely replicate the findings of
Norman and Schacter (1997) and Tun et al. (1998)
with the DRM materials. Moreover, the addition
of the old-old adults extends this pattern to a group
of individuals in their mid 80s. Specifically, in the
present study, veridical recall decreased as a func-
tion of age, whereas false recall and recognition
increased as a function of age (although the effect in
recall was not reliable). The fact that this pattern
has been replicated in three different laboratories
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Table 4. Correlations between Percentage Correct and Percentage False Recall and
Psychometric Measures by Group

CDR 0 CR 0 CDR 0.5 CDR 1
(Young-Old) (Old-Old) (Very Mild DAT)(Mild DAT)

Percentage Correct Recall
Medial Temporal

WAIS Information .12 .55* .71 .31
Boston Naming .14 .47* .69* .35
Logical Memory .13 .60* .68* .69*
Associate Memory .24 .75* .50* .51*

Parietal
Benton Copy .39* .29 .23 – .02
Trailmaking A – .15 – .50* – .48* .16
Block Design .23 .62* .44* .18
Digit Symbol .37* .62* .73* .02

Frontal
Digit Span .27 .44* .40* .38
Word Fluency .46* .72* .57* .27
Mental Control .11 .21 .50* – .01

Percentage False Recall
Medial Temporal

WAIS Information – .65 .32 .26 – .24
Boston Naming – .42* .25 .28 – .47*
Logical Memory – .20 .08 .23 – .10
Associate Memory – .15 .28 .15 .20

Parietal
Benton Copy .15 .49* .17 – .23
Trailmaking A .00 – .14 – .40* .24
Block Design .16 .48* .28 – .36
Digit Symbol .14 .53* .38* – .25

Frontal
Digit Span – .07 .08 .11 – .46*
Word Fluency .04 .17 .60* – .05
Mental Control – .19 .21 .38* – .20

*P <.05



clearly solidifies the robustness of this finding.
Interestingly, even under conditions in which there
is not a reliable increase in the false recall or recog-
nition performance, if one considers false memory
relative to the overall veridical memory, there is evi-
dence of an age-related change in the relative pres-
ence of false memory performance in healthy older
adults, compared to healthy young adults (see
McEvoy & Nelson, 1998). It is important to note
here that this pattern does not appear to be limited
to the DRM materials, because older adults have
shown increased susceptibility to memory distor-
tions and illusions across a wide set of experimental
paradigms (e.g. Bartlett, Strater, & Fulton, 1991;
Cohen & Falkner, 1989; Dywan & Jacoby, 1990;
Jacoby, this issue, in press; Kensinger & Schacter,
this issue; Koutstaal & Schacter, 1997; Rankin &
Kausler, 1979; Schacter, Israel, & Racine, 1999).

The more intriguing question regarding these
data concerns the underlying mechanisms. There
have been a number of such mechanisms recently
proposed in the literature. For example, Norman
and Schacter (1997) have suggested that, compared
to younger adults, older adults might have less spe-
cific detail regarding perceptual characteristics of
the list items. Hence, older adults may be more sus-
ceptible to confusing correctly recalled items with
highly activated critical nonpresented items,
thereby producing a type of source misattribution
error (Johnson et al., 1993). Younger adults pre-
sumably have more perceptual information avail-
able to make the appropriate source attribution.
This possibility is consistent with the work of
Hashtroudi, Johnson, and Chrosniak (1990), who
found that confusions in perceptual details appear
to increase the likelihood of source errors in older
adults, compared to younger adults. Tun et al.
(1998) have suggested that there is an age-related
increase in gist-based processing. Specifically, as
individuals age, and the item-specific information
decreases, there is an increased reliance on other
sources, such as overall gist. Because the critical
items in the DRM materials are highly activated by
gist-based information, this would clearly produce
the observed pattern. This view is also consistent
with the work by Reder, Wible, and Martin (1986),
who argued that older adults are more likely to rely

on “plausibility” in making their judgements
regarding previously presented sentences, whereas
younger adults were more likely to recall item-
specific information. Reder et al. suggested that
this may be due to differences in attentional
resources across groups, i.e. older adults have fewer
resources, and it is less demanding to retrieve
plausibility information than item-specific-
information. Similarly, Rabinowitz, Craik, and
Ackerman (1982) have noted that older adults are
more likely to encode generic information than
younger adults. All of these theoretical perspectives
suggest that older adults are more likely to rely on
overall list relations than on item-specific
information.

Why might older adults rely more heavily on
relations across items than on deindividuating
information for specifically encoded items? We
have suggested that this pattern may not simply be a
reflection of memory specific changes in older
adults, but rather may be reflective of attentional
control changes. Specifically, with the DRM mate-
rials, the participant needs to discriminate between
two types of information: (a) highly activated
semantic convergence on a given nonpresented rep-
resentation and (b) activated item-specific infor-
mation due to initial encoding. As shown in Fig. 5,
one could envisage these two sources competing for
correct output during an episodic memory task. An
efficient attentional control system needs to be able
to discriminate between these two sources of infor-
mation, i.e. accentuating (as indicated by the plus
sign) the item-specific recollection, and inhibiting
(as indicated via the minus sign) the pathway that
produces high availability due to the spreading acti-
vation across items that converge on critical
nonpresented words. In this light, there appears to
be an analogy to the Stroop task, wherein the par-
ticipant must select between a strong word process-
ing pathway and a weaker, but task-relevant, colour
naming pathway. One might argue that the critical
nonpresented item is like the word pathway in
Stroop, wherein the participant must control the
tendency to respond with the highly activated rep-
resentation. As noted earlier, there is clear evidence
that there are age-related effects in both the Stroop
task, along with other non-memory tasks such as in
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picture word interference paradigms (e.g. Duchek,
Balota, Faust, & Ferraro, 1995), and the speeded
naming of low-frequency exception words (e.g.
Balota & Ferraro, 1993). Before further discussion
of this framework, we shall turn to a discussion of
the results from Alzheimer’s Disease individuals.

Veridical and False Recall in DAT

The results from the DAT individuals appear to be
in large part an extension of the changes we find in
healthy older adults. Specifically, veridical recall
continued to decrease across levels of dementia;
however, the false recall remained relatively stable
(see Fig. 2). Turning to the recognition data (see
Fig. 4) there is a similar pattern, with the exception
of the mildly demented individuals, in whom there
is a decrease in both veridical recognition and false

recognition. However, it is important to note that
both the very mild and the mildly demented indi-
viduals produced a higher probability of false recog-
nition than of correct recognition. Overall, these
results indicate that relative to veridical memory,
the DAT individuals are even more susceptible to
false memories than are healthy older adults.

The DAT individuals not only falsely recalled
the critical nonpresented items at disproportion-
ately high levels relative to their overall recall per-
formance but, as shown in Table 1, they were also
more likely to produce cross-list intrusions (reflect-
ing an increased susceptibility to proactive interfer-
ence) and semantically related intrusions. Hence,
one must entertain the possibility that the increase
in false memories in the DAT individuals simply
reflects a criterion shift in these participants. How-
ever, if this were the case, then one might expect a
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Fig. 5. An attentional control framework for interpreting performance in the DRM recall paradigm. Deficits as a function of Age and DAT
might be expected in the attentional control module.



relatively high false alarm rate on the recognition
test. Interestingly, however, both the very mild and
mild DAT individuals produced relatively low false
alarm rates to noncritical lures, .09 and .14 respec-
tively. Thus, at least in the recognition test, the
DAT individuals were resistant to respond “yes” to
a lure stimulus. Of course, this cautiousness in
responding primarily applies to the noncritical
lures, because the critical lures produced a false
alarm rate o f .513. Thus, although there is an overall
increase in cross-list intrusions and semantically
related intrusions, we believe these errors reflect
relatively high activation for competing sources
that need to be controlled via attentional systems.
In this light, we do not believe that the present
results are simply a reflection of a criterion shift in
the DAT individuals.

As in the healthy older adults, there is also evi-
dence that DAT individuals produce breakdowns
in attentional control processes that, as suggested
earlier (and in Fig. 5), may lead to a relative increase
in false recall. For example, DAT individuals are
more likely to produce failures to resist highly acti-
vated, but competing, representations. The Stroop
task again nicely documents this problem. Spe-
cifically, DAT individuals are more likely to pro-
duce the incongruent word responses under colour
naming instructions, compared to healthy
age-matched controls (Spieler et al., 1996). Thus, if
there is a further breakdown in the attentional con-
trol system that controls highly activated pathways
in DAT individuals, then (based on the framework
displayed in Fig. 5), one might expect a further
increase in false memories in these participants. Of
course, this assumes that there is intact spreading

activation for the critical nonpresented item. As
noted earlier, the evidence from the semantic prim-
ing literature indicates that the automatic activation
process is relatively intact in both healthy ageing
and in early stage DAT individuals (Balota &
Duchek, 1991; Duchek & Balota, 1993; Nebes,
1989; Shenaut & Ober, 1996). Thus, there should
be activation for the critical nonpresented item that
competes for output against contextualised
item-specific information4.

Although we have been discussing the present
healthy ageing and DAT results within the
attentional control framework displayed in Fig. 5,
there is an important alternative account that must
be discussed. Specifically, it is possible that one
does not need to invoke changes in attentional con-
trol systems, but rather that these results simply
reflect an imbalance in the strength of the two
sources of information. There is already consider-
able extant literature that both healthy older adults
and to a greater extent DAT individuals produce
large decrements in episodic memory performance.
This, of course, was also reflected in the present
recall performance. Within the framework dis-
played in Fig. 5, this would be viewed as suggesting
that the item-specific recollection pathway is
impaired in these groups of participants. Also, as
noted, there is considerable evidence that the auto-
matic spreading activation is relatively intact in
both healthy older adults and in early stage DAT.
Thus, the spreading activation-based pathway in
Fig. 5 should be relatively intact. The present
results do not demand a change in attentional con-
trol systems, but rather may simply reflect changes
in the balance of the strength of the two underlying
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3
It is also worth noting here that if one adjusts the false recall data by the overall intrusion rate, then one would also need to adjust

the veridical recall for the intrusion rate, because a simple shift in output criterion is likely to reflect both correct recall and false recall.
Of course, if one makes the same adjustment for both false recall and veridical recall, then this will not have any effect on the important
observation in Fig. 2 that veridical and false recall change in a dramatically different manner across groups.

4
It is worth noting that the present discussion focuses on group-related changes in attentional control processes at retrieval in pro-

ducing the relative increase in false memories across groups. However, it is important to note that these group-related differences in at-
tention would also change the nature of the encoded traces across groups. In fact, one might expect decreased semantic elaborative
encoding across the participant groups due to changes in attentional control systems at encoding across the participant groups. Inter-
estingly, there is evidence that deeper, more elaborative encoding processes actually increase rather than decrease false recall (Thaper,
McDermott, & Fong, 1998; Toglia, Neuschatz, & Goodwin, 1999). Because the older adults and DAT individuals may be expected to
engage in less elaborative processing, the present results might actually underestimate the relative increase in false memories to veridical
memories in these groups.



processing pathways, i.e. the item-specific recollec-
tion pathway decreases in strength across groups,
whereas, the spreading activation-based pathway
remains relatively stable across groups. Therefore,
because of the potential competition between the
two pathways, memory performance is more driven
by the spreading activation-based pathway, as the
recollection-based pathway decreases as a function
of both healthy ageing and DAT.

In order to address this alternative account of the
present results, and also to shed some light on past
false memory studies, we attempted to equate the
strength of the recollection-based pathway across
our participants. Thus, we attempted to match par-
ticipants on both mean performance (and range)
across groups on their veridical recall. If indeed
there is an attentional control problem in control-
ling the spreading activation-based pathway as a
function of age and DAT, then one should find a
relative increase in false recall performance across
groups of participants who are matched on veridical
recall. These data are shown in Fig. 6, and clearly
support this prediction. Specifically, if one equates
veridical recall across groups by matching partici-
pants, the false recall performance actually increases
for these same participants. This increase in false
recall was reliable in the comparison of the healthy
young vs. old [t(59) = 2.27, P < .05]; however,
because of the decreased power (due to selective
matching) this comparison did not reach signifi-
cance in the comparison of the healthy old vs. very
mild DAT or in the comparison of the very mild vs.
mild DAT individuals. However, when one
includes these later two comparisons in an overall
ANOVA (with no participant represented twice in
the analyses), there is a marginally reliable increase
[F(1,78) = 3.61, P < .06]. In addition to these anal-
yses, and in order to avoid the problem with differ-
ential subject selection, we also conducted a
regression analysis in which we predicted false
recall after veridical recall was partialled out. This
analysis indicated that participant group reliably
predicted false recall after we had partialled out the
variance due to veridical recall [t(156) = 2.23,
P < .05]. Thus, these results indicate that the
increased susceptibility to false recall is not simply
a reflection of a decrease in the item-specific

recollection-based pathway, because there is an
overall increase in false recall even when partici-
pants were equated on veridical recall. Rather, these
results are more consistent with the notion that
there is a change across groups in attentional con-
trol of relevant processing pathways.

Potential Neurological Underpinnings for
False Memories

What might be the neural underpinnings for the
breakdowns in attentional control systems in
healthy older adults and in early stage DAT indi-
viduals? There has been some suggestion in the lit-
erature that older adults have more difficulty in
tasks that reflect frontal functioning rather than
medial temporal or parietal functioning (e.g. Craik,
Morris, Morris, & Loewen, 1990; Moscovitch &
Winocur, 1995; Shimamura & Jurica, 1994). There
is also evidence that there is an increased influence
of age on volumetric measures of frontal areas of the
brain (e.g. West, 1996, for a review), and recent
neuropathological studies of DAT (Morris et al.,
1996) indicate a relatively high presence of plaques
in frontal areas. As reviewed in the Introduction,
false recognition and confabulation effects have
been shown to increase in individuals with frontal
damage (e.g. Schacter et al., 1996a). In addition,
tasks that involve selection from a number of acti-
vated pathways, such as the Stroop and Wisconsin
Card Sorting tasks, appear to load more on frontal
systems (e.g. Dempster, 1992). All of these obser-
vations converge on the notion that breakdowns in
frontal systems may be related to the observed rela-
tive increase in false memories. Although this
account is clearly tempting, an analysis of the
selected psychometric tests did not provide much
support for this prediction. Specifically, although
medial temporal measures were nicely correlated
with veridical recall, there was relatively little corre-
lation between the frontal measures and false recall.
Unfortunately, as discussed earlier, the false recall
measures were relatively uncorrelated with most
measures of either memory or attention. Of course,
it is quite possible that the selected set of psycho-
metric tasks to measure frontal functioning (which
were limited in scope due to the longitudinal
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Fig. 6. Matched subjects as a function of Age (top panel), Age and Very Mild DAT (middle panel), and Very Mild and Mild DAT (bottom
panel). The number of participants in each group are in parentheses.



studies in which these subjects are participating)
did not capture the critical operations, which still
could be mediated by frontal systems. Thus, it
would be quite useful to use the psychometric tasks
that Glisky, Polster, and Routhieaux (1995) have
recently used to determine if one could predict false
recall performance in the DRM paradigm via fron-
tal functioning as evidenced from a more targeted
neuropsychological battery. In this light, it should
be noted that Henkel, Johnson, and De Leonardis
(1998) recently provided evidence that false memo-
ries were predicted by both frontal and medial tem-
poral psychometric measures. Clearly further work
is needed to examine the contribution of frontal
systems in the production of false memories in the
DRM paradigm across healthy ageing and DAT.

Implications of the Present Results for
Understanding the Mechanisms Underlying
False Recall and Recognition

The present results not only have implications for
understanding age-related and dementia-related
changes in memory performance, but these results
also have implications for understanding the mech-
anisms that might underlie false memories in the
DRM paradigm. Following Deese (1959) and
Roediger and McDermott (1995), we have sug-
gested that false memories may reflect a type of
automatic implicit association that occurs during
list presentation. The underlying mechanism for
this might be a spread of activation within a seman-
tic network, which converges on a nonpresented
critical representation. This activation is likely to
summate across the related words until some criti-
cal threshold is reached. In fact, Balota and Paul
(1996) have demonstrated that automatic semantic
priming effects are additive across multiple related
words in both lexical decision and naming tasks.
Recent work by Robinson (1998) and Seamon et al.
(1998) has indicated that conscious processing of
the list words is not a necessary condition for pro-
ducing false memories. For example, Robinson
found evidence for robust false recall and recogni-
tion under presentation conditions that greatly
minimised conscious processing (50msec per word
with a backward masking stimulus). Under these

conditions, participants were not consciously gen-
erating the nonpresented items at encoding and so
this does not appear to be the primary locus of the
false memories. Finally, it is noteworthy that
Stadler, McDermott, Roediger, Miller, and Cowan
(1999) have recently found that divided attention
tasks disrupt veridical recall more than false recall.
These studies all appear to converge on the notion
that the conscious generation of the critical
nonpresented item during list presentation is not a
necessary condition to produce false recall.

What are the implications of the present results
for the notion that retrieval is the locus of false
recall? One might argue that in the process of gen-
erating words at retrieval, the participant actually
generates the critical item because of the previously
generated related words. Once the critical item is
generated, it is likely to be output because of the
high activation due to the convergence of the
semantic associates. However, the present results
also produce some constraints on this interpreta-
tion. That is, one of the most striking aspects of the
present data is that although veridical recall
decreases by nearly 50% across the present groups of
participants, false recall is invariant across these
same groups. This is important because it suggests
that the overt act of recalling associates does not
produce the false recalls.

CONCLUSIONS

The present results clearly indicate that the relative
incidence of false memories to veridical memories
increases as a function of both age and DAT. We
have argued that part of this effect may be due to
breakdowns in attentional control systems that
select among activated pathways due to spreading
activation and item-specific information due to
memory encoding. Clearly, this pattern of results
can be informative regarding age-related and
DAT-related changes in memory performance and
also can provide insight to basic memory mecha-
nisms that produce false memories in healthy young
adults. Of course, one might also ask whether there
may be ways of increasing the functioning of the
attentional control system in both healthy older
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adults and in DAT individuals. For example,
Multhaup (1995) has shown that older adults are
less likely to fall prey to illusions of fame when
provided with a more exhaustive set of response
alternatives at retrieval. It is also possible that older
adults may benefit more than younger adults if
there is a warning signal that indicates the presence
of such highly related distractors, or possibly if they
are given more time during the retrieval task. Given
the potential negative consequences of false memo-
ries, it is important not only to understand this phe-
nomenon but also consider how to limit it in
populations that appear to be particularly suscepti-
ble (see Schacter et al., 1998, for further discussion
of these issues).
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APPENDIX A

Lists Used During Study and Free Recall
List 1: door, glass, pane, shade, ledge, sill, house, open, curtain, frame, view, breeze (critical word WINDOW)
List 2: bed, rest, awake, tired, dream, wake, snooze, blanket, doze, slumber, snore, nap (critical word SLEEP)
List 3: nose, breath, sniff, aroma, hear, see, nostril, whiff, scent, reek, stench, fragrance (critical word SMELL)
List 4: nurse, sick, lawyer, medicine, health, hospital, dentist, physician, ill, patient, office, stethoscope (critical word DOCTOR)
List 5: sour, candy, sugar, bitter, good, taste, tooth, nice, honey, soda, chocolate, heart (critical word SWEET)
List 6: table, sit, legs, seat, couch, desk, recliner, sofa, wood, cushion, swivel, stool (critical word CHAIR)

Words Used for Recognition
house, smoke, lawyer, window, trash, waste, rough, curtain, taste, refuse, wood, smell, soft, aroma, gravel, needle, soda, chocolate,
pillow, snooze, billow, eye, cushion, chair, rugged, anger, blanket, point, pollution, cotton, thimble, fear, swivel, snore, sweet,
feather, rage, sweep, ill, see, frame, office, wrath, sand, doctor, cigar, sleep, fragrance


