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In 1980, Mandler noted that retrieval of context may be
important for recognitionmemory, in order that a feeling of
familiarity be attributed to its correct source and thereby
specified more precisely. Other researchers have concurred
and postulated that two separate processes, recollection
and familiarity, may be involved in recognition memory
(Atkinson & Juola, 1974; Jacoby, 1991; Jacoby & Dallas,
1981). Recollection is said to occur when contextual de-
tails about a previous experience are retrieved. In contrast,
familiarity is thought to be based primarily on the pro-
cessing of an item’s perceptual characteristics (Jacoby,
Jennings, & Hay, 1997; Jacoby, Yonelinas, & Jennings,
1997;Mandler,1980).Usually, both processes contribute to
memory. Sometimes, however, people may choose to rely
only on familiarity, or recollectionmay fail, so that the feel-
ing of familiarity cannot be assigned to its appropriate
source.

When older adults make errors in recognition memory,
theirerrors often appear to reflect an overrelianceon feelings
of familiarity and/or a failure to retrieve context-specific
information.Although familiarity-based recognition judg-
ments may be accurate under some conditions,under other

conditions,recollectiveprocesses are necessary for correct
recognitiondecisions. In these cases, older adults are more
prone to error than are young adults. For example, in the
false-fame paradigm used by Jacoby and colleagues (e.g.,
Dywan & Jacoby, 1990; Multhaup, 1995), people studied
a list of names that they were told were nonfamous (e.g.,
Sebastian Weisdorf). At test, they were asked to identify
the names of famous people from among the studied non-
famous names, new nonfamous names, and the names of
people who were actually famous (e.g., Roger Bannister).
Older people often mistakenly identified the studied non-
famous names as famous, arguably because these names
seemed familiar but their recent occurrence in the study
list was not recollected.

In order to differentiate between recollection- and
familiarity-based memory judgments, Jacoby (1991) de-
signed an extension of the false-fame paradigm, which he
called the process dissociationprocedure (PDP). In the sim-
plest version of the task, participants study groups of items
at two different points in time, followed by two test phases.
During the inclusion phase, people include in recognition
all previously studied items, no matter when those items
occurred. In this case, recollection and familiarity act in
harmony to produce successful recognition. If the two pro-
cesses are independent, as Jacoby (Jacoby, Yonelinas, &
Jennings, 1997) has argued, the probability of saying
“yes” to a given target in the inclusion condition is depen-
dent on recollection, R, and on familiarity in the absence
of recollection, F(12R), and can be represented by the
equation P (“yes” |old)inc 5 R 1 F(12R).

In the exclusion phase, people must exclude items from
one of the two lists.The items to be excludedare familiarbe-
cause of recent presentation,but theirendorsementwill pro-
duce an error. Only recollectionof the list in which an item
appeared at study will result in a successful exclusion judg-
ment. Thus, in exclusion, recollection and familiarity act in
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The dual-process model of recognition memory proposed by Jacoby (1991; see also Mandler, 1980)
postulates the existence of two independent components of recognition memory: a conscious retrieval
process (recollection) and an automatic component ( familiarity). Older adults appear to be impaired
in recollection, but findings with respect to familiarity have been mixed. Studies of the brain bases of
these components, using neurological patients, have also been inconclusive.We examined recollection
and familiarity, using the process dissociation procedure, in older adults characterizedon the basis of
both their frontal and their medial temporal lobe function. Findings suggest that only some older adults,
depending on their neuropsychological status, are impaired in recollection and/or familiarity:Recollec-
tion seems to involve both frontal and medial temporal lobe function, whereas familiarity appears to
be dependent only on function associated with the medial temporal lobes.
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opposition.The probabilityof making an exclusionerror—
of saying “yes” to an old item that is to be excluded—can
be represented as P(“yes” |old)exc 5 F(12R), the proba-
bility that an item is familiar but its occurrence on the ex-
clusion list cannot be recollected.As was noted above, the
difference in performance between inclusion and exclu-
sion may be used to derive an index of recollection [i.e.,
R 5 P(“yes” |old)inc 2 P(“yes” |old)exc], and familiarity
can be calculated by solving the equations for F. The PDP
model assumes that familiarity and recollection are two
independent processes, and although this assumption has
been challenged (e.g., Dodson & Johnson, 1996; Graf &
Komatsu, 1994; Joordens & Merikle, 1993;Ratcliffe, Van
Zandt, & McKoon, 1995), the two-process model contin-
ues to provide a viable theoretical account of recognition
memory and offers a reasonable explanation for a sub-
stantial number of empirical findings (e.g., Jacoby, 1999;
Jacoby, Yonelinas, & Jennings, 1997).

In the present paper, we propose to examine recollec-
tion and familiarity in older adults and to explore the neu-
ropsychological correlates of age-related differences in
these two processes. In PDP studies of aging, recollection
has generally been found to be impaired in older adults
(Hay & Jacoby, 1999; Jennings& Jacoby, 1993, 1997;Ry-
bash & Hoyer, 1996; Rybash, Santoro, & Hoyer, 1998;
Salthouse,Toth,Hancock, & Woodward, 1997;Schmitter-
Edgecombe,1999;Titov & Knight, 1997; for a review, see
Light, Prull, La Voie, & Healy, 1999). The evidence con-
cerning familiarity, on the other hand, is equivocal. Many
PDP studies have reported no effect of aging on the mea-
sure of familiarity (Hay & Jacoby, 1999; Jennings & Ja-
coby, 1993, 1997; Salthouse et al., 1997; Titov & Knight,
1997),but otherstudieshave found reduced familiarity with
age (Light et al., 1999; Rybash et al., 1998; Schmitter-
Edgecombe, 1999). Individual differences among older
adults with respect to brain aging may explain the mixed
findings regarding familiarity in the literature on aging.

So far, there is relatively little information concerning
the brain regions supporting recollection and familiarity.
Studies of memory-impaired patients in which the PDP
has been used have generally not been very informative in
this respect. Although most studies have reported im-
paired recollection and intact familiarity (Cermak, Ver-
faellie, Sweeney, & Jacoby, 1992;Christensen,Kopelman,
Stanhope, Lorentz, & Owen, 1998; Kazes et al., 1999;
Mayes, Van Eijk, & Isaac, 1995; Scarrabelotti & Carroll,
1999; Ste-Marie, Jennings,& Finlayson,1996; Verfaellie,
1994; Verfaellie & Treadwell, 1993), patient etiologies
have been too variable to permit strong conclusions con-
cerning the neural underpinnings of the two processes.
Both the frontal lobes (FLs) and the medial temporal lobes
(MTLs) have been hypothesized to play a role. Further-
more, Yonelinas, Kroll, Dobbins, Lazzara, and Knight
(1998) have suggested that different structures within the
MTLs may support recollection- and familiarity-based
recognition judgments. They tested three amnesic pa-
tients, all of whom had suffered cerebrovascular accidents

in the left MTL region that affected both the hippocampus
and the adjacent cortex. These patients exhibited a de-
crease in recollection and a smaller but still significant
decrease in familiarity. Drawing on evidencepresented by
Aggleton and Brown (1999; see also Aggleton & Shaw,
1996) that amnesic patientswithout damage to the perirhi-
nal cortex exhibited intact recognitionmemory, Yonelinas
et al. (1998) suggested that familiarity may depend on the
perirhinal cortex or other neocortical structures in the me-
dial temporal region, whereas recollection may depend
critically on the hippocampus.

Other investigators have hypothesized FL involvement
in recollection (e.g., Dorfman et al., 1998; Jennings & Ja-
coby, 1997; Toth & Hunt, 1998), and one study has shown
impaired recollection in patients with focal FL lesions
(Hay, Moscovitch, & Levine, 2002). There is additional
evidence that executive function,usually thought to be de-
pendent on the FLs, is important for recollection. Scarra-
belotti and Carroll (1999) found correlationsbetween rec-
ollection and both Stroop performance and California
Verbal Learning Test (CVLT) semantic clustering (Delis,
Kramer, Kaplan, & Ober, 1987), two measures thought to
reflect executive function. Salthouse et al. (1997) found a
relationship between recollection and two other measures
of FL function, phonemic fluency and trail making (Rei-
tan, 1992), although recollection was also correlated with
performance on other tests not strongly associated with
FLprocesses, including letter and pattern comparison and
vocabulary.

There may be a more specific reason for hypothesizing
that recollection is supported at least partly by the FLs.
Successful exclusion depends in part on remembering
source—the spatial, temporal, or perceptual context in
which one encounters a particular item (e.g., Buchner,
Steffens, Erdfelder, & Rothkegel, 1997; Graf & Komatsu,
1994; Mulligan & Hirshman, 1997; Roediger & McDer-
mott, 1994; Steffens, Buchner, Martensen, & Erdfelder,
2000; Verfaellie & Treadwell, 1993). For example, in the
list discrimination PDP paradigm, participants must re-
member not only a target, but also the list from which the
target came. In general, FL damage impairs memory for
source, including memory for temporal order (Butters,
Kaszniak, Glisky, Eslinger, & Schacter, 1994; Johnson,
O’Connor, & Cantor, 1997; Kesner, Hopkins, & Fineman,
1994; Kopelman, Stanhope, & Kingsley, 1997; McAn-
drews & Milner, 1991; Parkin, Leng, Stanhope, & Smith,
1988; Swain, Polkey, Bullock, & Morris, 1998), even
when item memory is unaffected by the lesion or is equated
between patients and controls (Mangels, 1997; Milner,
Corsi, & Leonard,1991;Shimamura, Janowsky, & Squire,
1990). The lesion data are further supported by functional
neuroimaging studies, which have implicated the frontal
cortex in temporal order memory (Cabeza, Anderson,
Houle, Mangels, & Nyberg, 2000; Cabeza et al., 1997,
2000; Nyberg et al., 1996).

Older adults appear to show preferential declines in the
structure and function of the FLs with advancing age, al-
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though other structures, including regions of the MTLs,
may also be affected (for a review, see Raz, 2000). Not sur-
prisingly, then, many older adults are more impaired in
memory for the temporal context of an event than for its
content (e.g., Fabiani & Friedman, 1997; Kliegl & Lin-
denberger, 1993; Parkin, Walter, & Hunkin, 1995; for a
review, see Spencer & Raz, 1995). Not all older adults ex-
perience this selective impairment of source memory,
however, nor do they show equivalent FL decline. Those
with low FL function appear to be particularly vulnerable
to deficits in source memory (Craik, Morris, Morris, &
Loewen, 1990; Glisky, Polster, & Routhieaux, 1995;
Glisky, Rubin, & Davidson, 2001;Mather, Johnson,& De
Leonardis, 1999), including list discrimination (Fabiani &
Friedman, 1997; Parkin et al., 1995).

The frontal lobes may be implicated in recollection for
another reason. Several researchers have suggested that,
like frontal patients, older adults show a decrease in the
ability to inhibit irrelevant or no longer relevant informa-
tion from memory (for a review, see Zacks, Hasher, & Li,
1999). If, in the PDP, older adults are unable to inhibit feel-
ings of familiarity arising from recent exposure, the rec-
ollectiveprocess may be preventedfrom takingprecedence,
resulting in increased exclusion errors. This inhibitory
problem may be particularly pronounced in older adults
with reduced FL function. Finally, it may be that initiating
the recollective process requires frontal control, whereas
familiarity occurs automatically. Older adults with declin-
ing FL abilitiesmay fail to initiate the appropriate retrieval
processes and may simply rely on the less demanding fa-
miliarity process.

A strategy thatwe have used to examine source memory
in aging involves comparing young people with different
subgroups of older adults, who are divided on the basis of
their neuropsychologicalfunction.Glisky et al. (1995) per-
formed a factor analysis of tests conducted on healthy
older adults and uncovered two orthogonalfactors: One fac-
tor consisted of tests traditionally thought to depend pref-
erentially on FL function (perhaps on working memory),
whereas the other factor consisted of long-term memory
measures, thoughtto reflect primarily MTL function.When
older adults were categorized according to whether they
were high or low on the aggregatemeasure of FL function,
only those older adults with below-averageFL scores were
impaired in source memory, as compared with youngpeo-
ple (Glisky et al., 2001).

THE PRESENT STUDY

In the present study, we used these same compositemea-
sures of FL and MTL function. If recollection is depen-
dent on the same processes that support source memory,
older adultswith low FL scores (and correspondinglypoor
source memory) should be impaired in recollection, rela-
tive to young people. Recollectionmay also be dependent
on the MTLs, as was suggested by Aggleton and Brown
(1999) and Yonelinas et al. (1998). Familiarity, on the other

hand, may occur automaticallywithout frontal control, re-
lying instead on structures in the MTL region (Aggleton
& Brown, 1999; Yonelinas et al., 1998).1

Alternatively, exclusionerrors and lowrecollectionscores
may occur as a result of inhibitoryfailure (Graf & Komatsu,
1994; Zacks et al., 1999). The current aggregate score of
FL function does not include tests thought primarily to
measure inhibition.To test the possibility that older adults’
impaired performance on the PDP is attributable to a fail-
ure to inhibit the familiarity process, we includedadditional
inhibitorytasks in the present study. Correlationsbetween
inhibitory measures and exclusion error rates or recollec-
tion would support a role for inhibition in the exclusion
process.

We used a list discrimination design similar to that em-
ployed by Titov and Knight (1997), which involved an in-
cidental study phase with two lists of words, followed by
two test phases. In the inclusion test, the participantswere
merely asked to identify all studied items. In the exclusion
test, they were required to identify the items from one list
and to exclude those from the other list. The paradigm was
difficult enough to ensure that all the participants made
exclusion errors, but not so difficult that people were un-
able to perform the task. PDP instructions are potentially
confusing for older adults (Graf & Komatsu, 1994); to en-
sure that the instructionsdid not introducea confound into
the experiment,we kept them in the participants’view dur-
ing both tests and ensured, during debriefing, that all the
participants had understood what they were to do.

METHOD

Participants
Thirty-two young adults (age, 18–26 years, M 5 20.17 years, 20

females) were recruited from undergraduate introductory psychol-
ogy classes at the University of Arizona and were awarded course
credit for participation. They had normal or corrected-to-normal vi-
sion and hearing, were not using psychotropic medication, and were
free of learning and reading impairments. The results of 10 addi-
tional young adults were discarded: 9 because they did not meet our
inclusion criteria and 1 because of a procedural anomaly.

Forty-eight older adults (age, 65–85 years, M 5 73.88 years, 30
females) were selected from our participant list and were paid $6 per
hour to participate. All were community-dwelling, had normal or
corrected-to-normal vision and hearing, and were free of neurologi-
cal or psychiatric illness, including depression and dementia. None re-
ported drug or alcohol abuse. The results of 4 additional older partic-
ipants were discarded: 3 failed to meet the inclusion criteria, and
1 clearly misunderstood the PDP instructions. Both age groups had
college-level education, although the older adults were better edu-
cated than the young people [M 5 15.25 and 13.28 years, respec-
tively; t(78) 5 3.73, p , .001].

The older adults had previously undergone extensive neuropsycho-
logical testing within 25 months of the present experiment. The results
were used to create two composite z scores for each older participant
on the basis of tests that loaded together on a factor analysis of a group
of 100 older adults. The analysis revealed two orthogonal factors
(Glisky et al., 1995; see also Henkel, Johnson, & De Leonardis,
1998). One was thought to reflect FL function and was based on five
measures: the number of categories achieved on a modified Wiscon-
sin Card Sorting Test (Hart, Kwentus, Wade, & Taylor, 1988), the total
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number of words produced to the cues F, A, and S in a phonemic flu-
ency test (Spreen & Benton, 1977), the Mental Arithmetic subtest
from the Wechsler Adult Intelligence Scale—Revised (WAIS–R;
Wechsler, 1981), and the Backward Digit Span and Mental Control
measures from the Wechsler Memory Scale–Revised (WMS–R;
Wechsler, 1987). The other composite measure was thought to re-
flect MTL function and consisted of four scores: Logical Memory
I,2 Verbal Paired Associates I, and Visual Paired Associates II (sub-
tests of the WMS–R), and the Long Delay Cued Recall score from the
CVLT (Delis et al., 1987). Those participants with z scores for the
FL measure below the normative group mean were classified as the
low-FL group, whereas those with z scores above the normative group
mean formed the high-FL group. The same procedure was used to
categorize the older adults in terms of MTL function (Glisky et al.,
1995).

Table 1 shows demographic variables and composite neuropsy-
chological measures by neuropsychological group. Separate 2 3 2
between-subjects analyses of variance (ANOVAs), with FL (high/
low) and MTL (high/low) status as variables, revealed that the high-
FL and the low-FL groups differed significantly on the FL battery
score, as was expected [F(1,44) 5 110.39, MSe 5 0.08, p , .001],
but not on the MTL score [F(1,44) 5 1.36, MSe 5 0.08], whereas the
high-MTL and the low-MTL groups differed on the MTL measure
[F(1,44) 5 133.68, MSe 5 0.10, p , .001], and not on the FL score
(F , 1). There were no significant interactions between factors. The
four neuropsychological groups were equivalent on the demographic
variables listed in Table 1, as was indicated by separate 2 3 2
between-subjects ANOVAs, all of which were nonsignificant.

Materials
Ninety-six concrete nouns were chosen from the Francis and KuÏcera

dictionary (1982) and were divided into four lists of 24 words. Half
the words in each list were high frequency (greater than 100 occur-
rences per million), and half were low frequency (fewer than 10). Word
length was matched between lists, so that each list contained the
same number of four-letter, five-letter, and six-letter nouns. Two of the
lists were randomly chosen to be study lists, whereas the other two
lists were designated distractor lists. Two words were added to the
beginning of each study list, and 2 words were added to the end, in order
to absorb primacy and recency effects. All the target words were pre-
sented at test, half from each study list in the inclusion task and the
other half in the exclusion task. Both the inclusion task and the ex-
clusion task also included 24 distractors; thus, both the inclusion and
the exclusion tests consisted of 24 studied words (12 from each
study list) and 24 new words.

An additional six tests, thought to measure inhibitory function, were
administered to the older participants. These measures were chosen
a priori on the basis of the fact that all involved inhibiting a more

dominant response (e.g., reading a word) in favor of a less dominant
one (e.g., naming the color ink in which the word was printed). The
concept of inhibition may not be unitary, however, and intercorrela-
tions among different inhibitory measures are often low (e.g.,
Kramer, Humphrey, Larish, & Logan, 1994). In addition, these tasks
may measure more than one kind of process (e.g., inhibition vs. task
switching or other related functions) to greater or lesser degrees. We
therefore consider their use exploratory.

Visual Verbal Test. Ten cards, each containing four drawings, were
shown one at a time to participants (Feldman & Drasgow, 1981).
Three of the four drawings on each card were alike in some way (e.g.,
color), and a different set of three objects on the card were alike in
some other way (e.g., orientation). The participants were required to
identify one set of three items and say how they were alike, and then
do the same for the second set, within 2 min. Inhibition on this task
was measured by the ability to switch from the first set of three items
to the second, divided by the total number of correct solutions.

Release from proactive interference . Lists of concrete nouns
were derived from one of four categories (animals, tools, food, and
clothing). Words from the same category were grouped together and
read aloud to the participants in several consecutive sets of three (e.g.,
horse, deer, rabbit; followed by donkey , lion, sheep). After each set
of words, the participants counted backwards aloud for 9 sec and were
then asked to recall the items. After several sets (either four or five),
the words switched to a new category (e.g., tools). Two scores were
calculated. Proactive interference (PI) was based on the mean dif-
ference between the number of words correctly recalled on the first
and last sets of a category (e.g., animals). Release from PI was calcu-
lated by using the mean difference in the number of words correctly
recalled on the last set of one category (e.g., animals) and the first set
of the following category (e.g., tools).

Stroop Neuropsychological Screening Test. This version of the
Stroop test (Trenerry, Crosson, DeBoe, & Leber, 1989) consisted of
two lists of color names: tan, red, blue, and green. The print ink of
each color name was different from the name itself (e.g., the word
tan could be printed in red, blue, or green ink). In each list, words
were repeated 28 times and were randomly mixed in four columns
on a piece of paper. On the first list, the participants read the words
aloud as quickly as possible. On the second list, they named the color
of ink in which the names were printed, ignoring the color names
themselves. In both cases, the participants were asked to go as quickly
as possible but to correct themselves if they made an error. Interfer-
ence was measured by calculating the difference between the rate at
which the participants read the words on the first list and the rate at
which they named the color of ink on the second list.

Trail Making Test. The participants used a pen to connect a se-
ries of circles in consecutive order as quickly as possible on a page;
if they made an error, they were to correct themselves. On the first

Table 1
Characteristics of Older Adults by Neuropsychological Group FL Function

Functions

High FL Low FL

High MTL Low MTL High MTL Low MTL

n 12 12 12 12
Age (years) 76.13 73.92 72.31 73.19
PIQ 119.58 113.83 113.67 109.25
Education (years) 14.58 16.25 15.33 14.83
MMSE (/30) 28.92 28.67 28.83 28.50
FL score .50 .37 2.42 2.48
MTL score .64 2.62 .44 2.45

Note—FL, frontal lobe; MTL, medial temporal lobe; PIQ, performance IQ from the
Wechsler Adult Intelligence Scale—III (Wechsler, 1997a) or the Wechsler Abbreviated
Scale of Intelligence (1999); MMSE, Mini Mental Status Exam (Folstein, Folstein, &
McHugh, 1975). See the text for an explanation of FL and MTL scores.
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page, the participants connected a series of numbers (i.e., 1 to 2 to
3, etc.). On the second page, they alternated between numbers and
letters (i.e., 1 to A to 2 to B, etc.). Scoring was based on the differ-
ence in time required to complete the first and the second pages (see
Lezak, 1995).

Hayling test. The participants were read sentences that were miss-
ing the last word (e.g., The captain wanted to stay with the sinking. . .)
and were asked to complete the sentence as quickly as possible
(Burgess & Shallice, 1996, 1997). In the first part of the test, the par-
ticipants were to provide a word that sensibly completed each sen-
tence, but in the second part, they were to complete the sentence with
a word that did not make sense. They were penalized if answers were
sensible completions of, or semantically related to words in, the sen-
tence. An overall score based on response latency and response sup-
pression was calculated (see Burgess & Shallice, 1997).

Stop signal paradigm . On this version of the task (e.g., Logan,
Schachar, & Tannock, 1997), the participants reacted as quickly as
possible to the letters X and O, presented in the center of the computer
screen for 1,000 msec, by pressing an appropriately marked key on
the keyboard. If, however, the participants heard a stop signal (a 100-
msec, 1000-Hz tone emitted by the computer on 25% of trials), they
were to inhibit their keypresses. There were 256 test trials, each sep-
arated by a 500-msec interval, divided into eight 32-trial blocks. The
participants were told before the task, and were reminded halfway
through, that they would not always be able to inhibit their responses
during the stop signal because it occurred randomly and infre-
quently. They were further warned not to wait for the stop signal be-
fore pressing a key on each trial. The delay between the visual stim-
ulus and the stop signal was initially set for 250 msec. If the participants
failed to inhibit their responses during a stop signal trial, the delay
was decreased by 50 msec; if they successfully inhibited their re-
sponses, the delay was increased by 50 msec. The index of inhibition,
stop signal reaction time, was calculated for each participant by sub-
tracting the mean delay of the stop signal from the mean reaction
time to the visual stimuli (see Logan et al., 1997).

Procedure
A departmental and a university review board approved the study,

and the participants gave informed consent. Stimulus presentation

and response recording during the PDP used Superlab Pro software
(1997) on a personal computer. The participants were seated in front
of the computer, were told that they would see two lists of words, and
were asked to rate the pleasantness of each word aloud (on a scale
of 1 5 low to 5 5 high). No mention of the subsequent memory test
was made. Words appeared approximately 2 cm tall at the center of
the screen in Times New Roman font and were presented for 2 sec
each, with a 500-msec interstimulus interval. At the end of the first
study list, the participants were reminded they had just seen the first
of two lists. They then pressed the space bar to view the second list,
which was presented in the same way as the first. The interlist inter-
val was approximately 10 sec. Upon completion of the study phase,
the participant received either an inclusion or an exclusion test. Prior
to each test, the administrator read the instructions aloud from the
screen and placed a copy of the appropriate instructions in front of
the participant. In the inclusion test, the participants were asked to
press the Y key if they had seen the word while making the pleas-
antness ratings and the N key if it was a new word. Instructions for
the exclusion test phase were identical, with the exception that peo-
ple were asked to press Y only to words from one of the lists (which
was specified) and to press N if the word was from the other list or
was a new word. The order of the study lists, the pairings of target
and distractor lists, whether the first or the second study list was ex-
cluded, and whether inclusion or exclusion was performed first at
test were counterbalanced. Upon completion, the young adults were
debriefed and given credit. The older adults were administered the
additional inhibitory measures in the order listed above, before being
debriefed and paid. The session took approximately 20 min for the
young adults and 2 h (including a short break, if necessary) for the
older adults.

RESULTS

We used one-way ANOVAs (a 5 .05) to compare older
adults in the high-FL and low-FL groups with young peo-
ple and to compare older adults in the high-MTL and low-
MTL groups with the young group.3 Bonferroni indepen-
dent t tests were conducted, if necessary, to assess the
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Figure 1. Mean inclusion hit rates (1 SEs) for young people and for older adults divided
by FL function and MTL function.
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locus of group differences (a 5 .017 to adjust for multi-
ple comparisons).

Hit, Exclusion Error,
and New False Alarm Rates

Figure 1 shows inclusion hit rates for the young people
and for the older adults grouped by their FL scores (high/
low) and MTL scores (high/low). When younger adults
were compared with older adults divided by FL group,
there was an overall significantdifference in hit rates across
the three groups [F(2,77) 5 3.48, MSe 5 0.02, p 5 .04].
Older adults in the low-FL (M 5 .85) and high-FL (M 5
.84) groups were equivalent to one another (t , 1), and
both had lower hit rates than did the young people [M 5
.94; t(54) 5 2.35, p 5 .02, and t(54) 5 2.55, p 5 .02, re-
spectively]. We also compared young people with older
adults grouped by MTL function. This analysis also
yielded an overall group difference [F(2,77) 5 11.09,
MSe 5 0.02,p , 0.001]. In this case, older adults in the low-
MTL group (M 5 .78) had reliably lower hit rates than did
the high-MTL group [M 5 .92; t (46) 5 3.19, p 5 .003],
which did not differ from the younggroup (M 5 .94; t , 1).

Figure 2 shows exclusion error rates. When the older
adults were divided by FL function, a significant differ-
ence was found among groups [F(2,77) 5 3.83, MSe 5
0.05,p 5 .03]. Only the low-FL older adults (M 5 .69)were
impaired relative to the young people, however [M 5 .53;
t(54) 5 2.75,p 5 .008].The high-FLgroup (M 5 .57)made
a number of exclusion errors similar to that of the young
group (t , 1). MTL status appeared to have no bearing on
exclusion errors: A one-way ANOVA indicated no differ-
ences in exclusion error rates among the young people, the
low-MTL (M 5 .64), and the high-MTL (M 5 .61) groups
of older adults [F(2,77) 5 1.88, MSe 5 0.05, p . .05].

False alarms to new words, shown in Figures 3A and
3B, were also analyzed.We combined the false alarm rates
from the two test phases within subjects for our statistical
comparisons, because preliminary analyses (3 3 2 mixed
ANOVAs, with FL or MTL group as the between-subjects
variable and test phase [inclusion/exclusion] as the within-
subjects variable) showed no reliable differences between
test phases and no interactions between test phase and FL
functionor MTL function (Fs # 1.31).A one-way ANOVA
with FL group (young, high FL, low FL) as the between-
subjects variable indicated that the false alarm rate dif-
fered among FL groups [F(2,77) 5 5.68, MSe 5 0.008,
p 5 .005]. The low-FL group (M 5 .13) made signifi-
cantly more false alarms than did the young people [M 5
.05; t (54) 5 3.31, p 5 .002]. No other group differences
were reliable. A one-way ANOVA with MTL group
(young, high-MTL, low-MTL) as the between-subjects
variable also indicated a reliable difference [F(2,77) 5
5.15, MSe 5 0.008, p 5 .008]; the only significant differ-
ence in false alarms to new words was between the low-
MTL group (M 5 .13) and the young people [t (54) 5
3.49, p 5 .001].

Recollection and Familiarity
Estimates of recollectionand familiarity were calculated

according to the Yonelinas, Regehr, and Jacoby (1995)
model.4 To correct for floor or ceiling effects in either hit
or false alarm rates, values of 1/(2N) and 121/(2N) were
substitutedfor scores of .00 and 1.00, respectively (Macmil-
lan & Creelman, 1991).

Recollection scores are shown in Figure 4. A one-way
ANOVA with FL group (young, high FL, low FL) as the
between-subjects variable revealed a significant differ-
ence among groups [F(2,77) 5 4.69, MSe 5 0.05, p 5
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Figure 2. Mean exclusion error rates (1 SEs) for young people and for older adults divided
by FL function and MTL function.
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.01]. Only the low-FL group (M 5 .18), however, had
lower recollection scores than did the young group [M 5
.37; t(54) 5 3.24,p 5 .002]. A similar pattern was revealed
for the comparison by MTL function. There was an overall
significant group difference [F(2,77) 5 4.17, MSe 5 0.05,
p 5 .02], and only the low-MTL group (M 5 .19) was im-
paired relative to the young [t(54) 5 2.89, p 5 .006].

In contrast to recollection, familiarity scores were reli-
ably related only to the measure of MTL function in older
adults (see Figure 5). Although the one-way ANOVA with
FL group (young, high FL, low FL) as the between-
subjects variable suggested a reliable difference among
groups [F(2,77) 5 3.52, MSe 5 0.92, p 5 .03], none of the
paired contrasts obtained significance (ts # 2.15), and im-
portantly, the high-FL group (M 5 2.45) and the low-FL
group (M 5 2.40) had similar familiarity scores. A differ-
ent pattern emerged when the older adults were divided in
terms of MTL function [F(2,77) 5 5.36, MSe 5 0.89, p 5
.007]. The low-MTL group (M 5 2.18) had a significantly

lower estimate of familiarity than did the high-MTL group
[M 5 2.68; t (46) 5 2.82, p 5 .007], who were compara-
ble to the young group [M 5 3.01; t(54) 5 1.17].

Inhibitory Measures and Recollection
Older adults’ scores from the inhibitory tasks were en-

tered into bivariate Pearson correlations with the results
from the PDP. None of the inhibitory measures reliably
predicted exclusion error rates ( ps . .07) or recollection
scores ( ps . .17). We also constructed a composite mea-
sure of inhibition, based on the average of older adults’ z
scores from the inhibitory tasks, which failed to reliably
predict exclusion error rates or recollection scores.

DISCUSSION

This is the first study of which we are aware that has ex-
amined the relationship between FL and MTL function
and performance on the PDP in normal aging. Poor per-
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Figure 3. Mean false alarm rates (1 SEs) in the inclusion (A) and exclusion (B) test phases
for young people and for older adults divided by FL function and MTL function.
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formance on the PDP does not seem to be an obligatory
aspect of aging. Instead, performance varied among the
older adults, depending on neuropsychological status.
Recollection appeared to be supported in older adults by
both FL and MTL function, whereas familiarity appeared
to be associated primarily with MTL status.

FL and MTL Status and the PDP
The aggregate scores of FL and MTL function were dif-

ferentially related to hit, exclusion error, and false alarm
rates in older adults. Hit rates were higher in the high-MTL

group than in the low-MTL group of older adults but were
not different between the FL groups. On the other hand,
exclusion errors were associated with FL, but not with
MTL, status, with only the low-FL group making signifi-
cantly more exclusion errors than did young people.Older
adults with low-FL function and those with low-MTL
functionwere more likely than youngpeople to make false
alarms to new items. Perhaps more informative than the
raw scores, however, were the indexes of recollection and
familiarity, which were differentiallyrelated to FL and MTL
status in the older adults.
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Figure 4. Mean recollection index (1 SE ) for young people and for older adults divided by
FL function and MTL function. Recollection was calculated by using the algorithm from
Yonelinas, Regehr, and Jacoby (1995).
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Recollection
Previous research done with this paradigm has indi-

cated diminished recollection with age (Hay & Jacoby,
1999; Jennings & Jacoby, 1993, 1997; Rybash & Hoyer,
1996;Rybash et al., 1998;Salthouseet al., 1997;Schmitter-
Edgecombe,1999;Titov & Knight, 1997; for a review, see
Light et al., 1999), but we found that not all older adults
were impaired in recollection. Relative to young people,
recollection scores were impaired only in the low-FL and
the low-MTL groups of older adults, providing support for
both the FL and the MTL hypotheses outlined in the in-
troduction. This result is only partly consistent with pre-
vious studies in our lab, in which we found that FL, but not
MTL, status affected source memory, whereas MTL, but
not FL, status affected item memory in older adults
(Glisky et al., 1995). A critical difference between those
studies and the present one, however, is that in those par-
adigms, we separated the source and item memory tests, so
that source memory decisions were independent of item
memory decisions. In the present task, on the other hand,
judgments in the exclusion task (and thus recollection) re-
quired the conjunctionin memory of an item decision (i.e.,
studied vs. unstudied) and a source decision (i.e., List 1 vs.
List 2), which, according to the previous studies, are me-
diated by MTL and FL function, respectively. Henkel et al.
(1998) reported a similar outcome in a yes/no source
memory paradigm in which the item and the source mem-
ory decisions were combined. Their results also indicated
that both FL and MTL functionwere related to source mem-
ory performance when source and item judgments were
coupled.

What is the nature of the FLs’ involvementin contextual
memory tasks? At least two possibilities exist. It could be
that good FL function supports the spontaneous integra-
tion of item (e.g., word) and source (e.g., list) information
at encoding.Glisky et al. (2001), using a perceptual source-
monitoring paradigm, showed that low-FL older adults
were impaired relative to high-FL older adults and young
people on a source memory test. Yet, when low-FL partic-
ipants were given an encoding task that encouraged inte-
gration of item and source, they performed as well as
high-FL participants and young people did. This suggests
that under normal circumstances, older adults with poor
FL function might not spontaneously integrate item and
source information at encoding and, thus, would perform
poorly on tests requiring memory for source. The in-
creased tendency of older adults in the low-FL group to
commit exclusion errors, reflecting the inability to re-
member list membership, is consistent with this explana-
tion and might account for the reduced estimates of recol-
lection in this group. Use of an integrative encoding task
in a future PDP study might thus attenuate the differences
between age and neuropsychological groups found here.

Alternatively, the FLs might search and/or monitor
memory for the correct item–source match at retrieval. Evi-
dence consistentwith this possibility comes from a pair of
source memory studies using event-related potentials in

young people (Senkfor & Van Petten, 1998; Van Petten,
Senkfor, & Newberg, 2000). In both studies, source mem-
ory decisions were accompanied by a large late positive
component of the event-related response at prefrontal
sites. There was no difference in the amplitudeof the frontal
effect between trials on which participantscorrectly iden-
tified the source and those on which they misattributed the
source. Thus, this frontal response might reflect an at-
tempt to retrieve the correct pairing of item and source in-
formation from memory or a decision about whether a
correct match has been made (although see Jacoby, 1999,
for an alternative account of the relation between content
and context in recognition).A complementaryfindingwith
single-trial functionalmagnetic resonance imagingwas re-
ported by Henson, Shallice, and Dolan (1999). They re-
ported that the FLs (among other regions) were more ac-
tive during the exclusion phase than during the inclusion
phase of a PDP task, possibly owing to the increased need
to monitor information about temporal context during the
exclusion test. Such search and decision processes, likely
mediated by the frontal cortex, might have been involved
in the exclusion test in the present study.

As was noted previously, other processes—for example,
inhibition—might also be important for recollection.Graf
and Komatsu (1994) and Zacks et al. (1999) proposed that
a failure to inhibit the familiarity process during the exclu-
sion test might explainPDP errors. Yet, in the present data
set, there was no indicationof a relationship between rec-
ollection and the specific inhibitory measures, suggesting
that the ability to inhibit the sense of familiarity at retrieval
might not be a key factor in PDP performance. Intercorre-
lationsamong inhibitorytasks in older adults are often low,
however (e.g., Kramer et al., 1994), so one must be cau-
tious in concluding that there is no relationship between
inhibition and recollection. The kinds of inhibition mea-
sured by the psychometric tests in the present study might
simply be different from those required in the PDP.

Familiarity
Decreased familiarity with age has been reported by

some researchers using the PDP (Light et al., 1999; Ry-
bash et al., 1998; Schmitter-Edgecombe, 1999), but oth-
ers have found no age-related changes in that score (Hay
& Jacoby, 1999;Jennings& Jacoby, 1993, 1997;Salthouse
et al., 1997; Titov & Knight, 1997). In the present study,
only the older adults with low-MTL status exhibited lower
familiarity scores than did the young people. The measure
of FL function had no reliable influence on familiarity.
These results suggest that individual differences in MTL
function are important for the ability to use familiarity
during a recognition memory task, and these individual
differences may account for the dispute in the literature
over whether age-related changes in familiarity occur.
Other possible reasons for the varying results in the liter-
ature include differences in the tasks or process dissocia-
tion formulae used across studies and the degree to which
people make exclusion errors. If participants do not make
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exclusion errors, as sometimes occurs in young people,
their level of familiarity will be underestimated, and age
differences will thereby be reduced (Jacoby, 1991;Rybash
et al., 1998; Schmitter-Edgecombe, 1999). Yet it appears
that even when all participantsmake such errors, as in the
present study, only those older adults with low-MTL func-
tion are impaired in familiarity.

Both the familiarity index and the tests that make up the
current MTL battery reflect the ability to remember that
an item was recently encountered. This is arguably inde-
pendent of the ability to make more precise judgments
about the context in which the item was studied (Atkin-
son & Juola, 1974; Jacoby, 1991; Jacoby & Dallas, 1981;
Mandler, 1980). Judgments based on familiarity may not be
completely context free, of course: In familiarity-based
judgments in the present study, people likely remembered
some information about the place where (on the computer
screen in the laboratory) and time when (during the last
few minutes) they had seen the item. Similarly, some of
the tests that make up the current MTL score require mem-
ory for aspects of context (e.g., in the WMS–R paired as-
sociates tasks). In general, however, the demands on mem-
ory for context reflected in the familiarity index and in the
MTL factor score appear to be relatively low.

The relation between the familiarity index and the MTL
factor score suggests that familiarity and the tests that make
up the current MTL battery rely on similar (or adjacent)
brain regions.The present neuropsychologicalbattery is un-
able, however, to address specifically the question of func-
tional specialization within the medial temporal system
raisedby Aggletonand Brown(1999), because it is currently
unknown whether the MTL factor is dependent on spe-
cific medial temporal regions. Gabrieli, Brewer, Desmond,
and Glover (1997) conducted a functional neuroimaging
study related to the question of specialization of memory
processes in different subregions of the MTLs. By com-
paring encoding of novel versus repeated pictures, they
found greater activationin the parahippocampalcortex for
the former, which they attributed to a difference in the fa-
miliarity of the two sets of stimuli. To address this question
further, we are presently conductinga volumetricanalysisof
MRIs of the brains of our older participants and examin-
ing the extent to which regional brain volumes are corre-
lated with the composite neuropsychologicalscores of FL
and MTL functions. In the meantime, a PDP study that
compares patients having selective hippocampal lesions
with those having damage to the perirhinal cortex would
be particularly useful to evaluate further the Aggleton and
Brown hypothesis about regional specificity within the
MTL system.

Several versions of the PDP exist other than the one
used in the present study, and all rely on a similar under-
lying logic. It might thus be fruitful to explore whether the
pattern of results in the present study would be obtained
in other PDP paradigms, particularly those that involve
several within-subjects to-be-excluded lists (e.g., Yoneli-
nas, 1994)or eliminate the need to correct for false alarms

(e.g., Hay & Jacoby, 1999). A potential problem with the
list discrimination paradigm is that people may be able to
recollect some contextual features of the study episode
without recollecting temporal context. This partial recol-
lection of noncritical information from the study episode
may influence estimates of recollection and familiarity
(e.g., Dodson & Johnson,1996;Yonelinas& Jacoby, 1996).
This problem may be unavoidable, however, given that
recollection is usually measured in the PDP on the basis
of one critical feature from the study phase (e.g., List
1/List 2, large/small font, read/heard, etc.).

In summary, older adults were not all equally likely to
make memory errors in the PDP. Instead, those with low-
FL function were more likely to make exclusion errors,
indicating an inability to recollect list membership, al-
though they were not impaired in their ability to recognize
targets, which could be accomplished on the basis of fa-
miliarity. Those with low-MTL function, however, ap-
peared to be impaired in item recognition,a task that likely
relies heavily on familiarity judgments. The present data
regarding recollectionand familiarity are compatiblewith
Moscovitch’s (1994) working with memory model of
episodicmemory, especiallywith its descriptionof retrieval.
According to the model, if presented with an effective
memory cue during retrieval, the MTLs deliver informa-
tion to the FLs about an item’s previous occurrence in an
obligatory, automatic manner. It is then up to the FLs to
search memory and make a decision about the temporal
context in which the item appeared. In the present study,
judging whether a particular item had been encountered
before could be based on familiarity alone, arguably re-
quiring only MTL processes. On the other hand, recollec-
tion involved remembering both the item and its list mem-
bership, possibly relying on processes mediated by both
the MTLs and the FLs. FL and MTL processes appear to
play different roles in recognitionmemory and seem to be
differentially involved, depending on the extent to which
recognition of context is important.
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NOTES

1. Although hippocampal lesions may be sufficient to impair perfor-
mance on the kinds of tests that make up our current MTL measure
(Rempel-Clower, Zola, Squire, & Amaral, 1996;Zola-Morgan,Squire,&
Amaral, 1986), the contribution of the perirhinal cortex to performance
of these tasks in humans is still unclear.

2. For some older adults who were tested using the Wechsler Memory
Scale—III (1997b), a comparable score was used, the first recall (total)
score from the Logical Memory I subtest.

3. In all cases in which we compared young people with older adults
divided by FL or the MTL function, we also conducted 2 3 2 ANOVAs
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to examine possible interactions between the FL and the MTL scores. In
none of these analyses were the interactions reliable (Fs # 2.27).

4. The algorithm is based on a dual-process model in which recollec-
tion is described as a threshold process and familiarity is described as a
Gaussian signal detection process. This model incorporates into the
process dissociation equations a measure of discriminability (d ) and a
criterion for both the inclusion (cinc) and the exclusion (cexc) test phases.
The discriminability measure represents how well people can discrimi-
nate between old and new items, and the criteria represent how liberal or
conservative they are in their responses, with a more negative criterion
indicating a more conservative response bias. In this model, the famil-

iarity term (F ) is replaced by F (d /2 2 c), where F represents the prob-
ability that an item’s will familiarity exceed the criterion. Evidence sup-
porting this model is reported by Yonelinas et al. (1995; Yonelinas, Dob-
bins, Szymanski, Dhaliwal, & King, 1996; for a review, see Yonelinas,
2001). In the present study, recollection and familiarity were also calcu-
lated according to the two-high threshold model suggested by Roediger
and McDermott (1994), which yielded a similar pattern of results.

(Manuscript received November 30, 2001;
revision accepted for publication April 25, 2002.)
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