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a b s t r a c t

There is a need to investigate exactly how memory breaks down in the course of Alzheimer’s disease
(AD). Examining what aspects of memorial processing remain relatively intact early in the disease pro-
cess will allow us to develop behavioral interventions and possible drug therapies focused on these intact
processes. Several recent studies have worked to understand the processes of recollection and familiarity
in patients with mild cognitive impairment (MCI) and very mild AD. Although there is general agreement
that these patient groups are relatively unable to use recollection to support veridical recognition deci-
sions, there has been some question as to how well these patients can use familiarity. The current study
used receiver operating characteristic (ROC) curves and a depth of processing manipulation to under-
stand the effect of MCI and AD on the estimates of recollection and familiarity. Results showed that
patients with MCI and AD were impaired in both recollection and familiarity, regardless of the depth
of encoding. These results are discussed in relation to disease pathology and in the context of recent con-
flicting evidence as to whether familiarity remains intact in patients with MCI. The authors highlight dif-
ferences in stimuli type and task difficulty as possibly modulating the ability of these patients to
successfully use familiarity in support of memorial decisions.

Published by Elsevier Inc.
1. Introduction

Dual-process models of recognition memory theorize that accu-
rate recognition decisions rely on two independent neural pro-
cesses: recollection and familiarity (Jacoby & Dallas, 1981;
Mandler, 1980; Yonelinas, 1994). Recollection refers to the retrie-
val of specific context-bound information about an item or event,
while familiarity is defined as a more general, acontextual sense
that an item or event has been previously encountered. These
two constructs are often vividly experienced in daily life. For
example, the unexpected sight of a particular man on a crowded
city street may elicit an immediate feeling of knowing him with-
out being able to produce any specific details about who he is or
how he is known. After a moment of thought, these details may
come into mind and the man’s identity – say, the waiter at a res-
taurant you had visited one week earlier – becomes apparent.
Familiarity describes the initial feeling of knowing the man with-
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out being able to place him, while recollection captures the subse-
quent remembering of the specific details of his identity.

Several behavioral paradigms have been devised to empirically
quantify familiarity and recollection for individual recognition
decisions in the laboratory (for review see Yonelinas, 2002). These
process-estimation methods include process-dissociation (Jacoby,
1991), remember/know (Tulving, 1985), and confidence-based
ROC procedures (Yonelinas, 1994) – the latter being the focus of
the current investigation. In a prototypical recognition memory
experiment, the participant is exposed to a series of items during
a ‘‘study” phase. These items are then re-presented along with
some number of novel items during a ‘‘test” phase. The participant
must indicate at test whether each item is ‘‘old” (previously stud-
ied) or ‘‘new” (not previously studied). In the confidence-based
ROC paradigm, this binary old/new decision is expanded to reflect
how confident the participant is that each test item has or has not
been previously encountered. For each test item, the participant
provides a response ranging from certainty that the item was pre-
viously studied (i.e., ‘‘certain the item is old”) to certainty that the
item was not previously studied (i.e., ‘‘certain the item is new”)
with several intermediate options (e.g., ‘‘sort of certain the item
is old”, ‘‘not at all certain the item is old”, ‘‘not at all certain the
item is new”, ‘‘sort of certain the item is new”).

mailto:bally@bu.edu
http://www.sciencedirect.com/science/journal/02782626
http://www.elsevier.com/locate/b&c


B.A. Ally et al. / Brain and Cognition 69 (2009) 504–513 505
Analysis using ROC curves has been used since the 1950s to de-
scribe recognition memory decisions (e.g., Egan, 1958), and Yone-
linas (1994) devised a dual-process model of confidence-based
ROC data that could estimate the separate contributions of recol-
lection and familiarity. The Yonelinas high threshold model as-
sumes that recognition memory decisions are made based on
either recollection or familiarity (Yonelinas, 1994). In recent years,
these ROC analyses have been used to estimate recollection and
familiarity in healthy older adults (Howard, Bessette-Symons,
Zhang, & Hoyer, 2006; Prull, Dawes, Martin, Rosenberg, & Light,
2006), individuals with thalamic lesions (Kishiyama et al., 2005),
and individuals with selective hippocampal or more diffuse medial
temporal lobe lesions (Aggleton et al., 2005; Cipolotti et al., 2006;
Wais, Wixted, Hopkins, & Squire, 2006; Yonelinas, Kroll, Dobbins,
Lazzara, & Knight, 1998; Yonelinas et al., 2002). These investiga-
tions, in addition to numerous functional neuroimaging studies,
have provided an understanding of the neuroanatomical basis of
recognition memory decisions. Though far from settled, research
has argued that the hippocampus (Cansino, Maquet, Dolan, & Rugg,
2002; Dobbins, Rice, Wagner, & Schacter, 2003; Eldridge, Knowl-
ton, Furmanski, Bookheimer, & Engel, 2000; Yonelinas, Otten,
Shaw, & Rugg, 2005), prefrontal regions (Burgess & Shallice,
1996; Dobbins, Foley, Schacter, & Wagner, 2002; Simons, Owen,
Fletcher, & Burgess, 2005), and parietal regions (Ally, Simons,
McKeever, Peers, & Budson, 2008; Skinner & Fernandes, 2007;
Wagner, Shannon, Kahn, & Buckner, 2005) are critical to recollec-
tion, whereas more anterior medial temporal and parahippocam-
pal regions are critical to familiarity (Brown & Xiang, 1998;
Cansino et al., 2002; Eichenbaum, Yonelinas, & Ranganath, 2007;
Henson, Cansino, Herron, Robb, & Rugg, 2003).

Understanding the neural and cognitive correlates of recollec-
tion and familiarity is critically important in determining the nat-
ure of memory impairment in clinical populations (Aggleton et al.,
2005; Cipolotti et al., 2006; Wais et al., 2006; Yonelinas et al.,1998,
2002). Along with the understanding of the nature of memory
impairment of AD, we hope that the current study can help to elu-
cidate how memory breaks down in the earliest stages of the dis-
ease. This understanding may in turn allow new drug therapies
and early behavioral interventions to be developed. The processes
of recollection and familiarity have only recently begun to be sys-
tematically investigated in patients with mild cognitive impair-
ment (MCI) and Alzheimer’s disease (AD). Two such studies have
examined recollection and familiarity in patients with MCI (West-
erberg et al., 2006; Wolk, Signoff, & DeKosky, 2008), but neither
study used ROC procedures that have proven particularly informa-
tive in other clinical populations. Based largely on the methodol-
ogy of Yonelinas et al. (1998), the goal of the present study is to
use the Yonelinas high threshold model to estimate recollection
and familiarity for word stimuli in healthy older adults, patients
with MCI-amnestic type (a-MCI), and patients with mild AD.

Evidence in healthy older adults using ROC and other process-
estimation methods has suggested that compared to young adults,
recollection is differentially impaired for certain groups of healthy
older adults (Cabeza, Anderson, Locantore, & McIntosh, 2002;
Davidson & Glisky, 2002; Duarte, Ranganath, Winward, Hayward,
& Knight, 2004) or for certain types of stimuli (Ally et al., 2008),
while familiarity generally is spared (Daselaar, Fleck, Dobbins,
Madden, & Cabeza, 2006; Howard et al., 2006; Jacoby, 1999; Jen-
nings & Jacoby, 1993; Jennings & Jacoby, 1997; Rybash & Hoyer,
1996; Spencer & Raz, 1995; Titov & Knight, 1997; Yonelinas,
2001). It has been suggested that a decline in the attentional re-
sources allocated at encoding and retrieval, perhaps due to frontal
lobe changes associated with normal aging, may be responsible for
a decrease in recollection in this group (Anderson, Craik, & Naveh-
Benjamin, 1998; Buckner, 2004; Park, Smith, Dudley, & Lafronza,
1989; Salthouse, 1994; Whiting & Smith, 1997).
In addition to the cognitive changes that may occur with normal
aging, Alzheimer’s disease damages key brain structures involved
in language, executive functioning, and memory. The earliest and
most prominent of these cognitive abilities to be affected is epi-
sodic memory. Studies have shown that when memory loss is clin-
ically apparent, significant AD pathology is evident in medial
temporal structures including perirhinal cortex, entorhinal regions,
hippocampus, amygdala, and nucleus basalis (Arriagada, Growdon,
Hedley-Whyte, & Hyman, 1992; Braak & Braak, 1991; Gomez-Isla
et al., 1996; Mesulam, 2000; Van Hoesen, Hyman, & Damasio,
1991). Many researchers and clinicians believe that MCI may be
the transitional state between normal aging and mild AD (Bell-
McGinty et al., 2005; Petersen et al., 2001), and note that the
amnestic variant of MCI has the highest rate of conversion to AD
(Petersen, 2004). Patients with amnestic-type MCI have significant
memory loss for their age, but do not have impaired activities of
daily living needed to meet the clinical diagnosis of AD (Petersen,
2004; Petersen et al., 2001). Neuropathology and structural imag-
ing studies lend support to the supposition that MCI may be the
earliest stage of AD, showing a significant link between structures
affected by the two groups (Grundman et al., 2004; Killiany et al.,
2002; McKee et al., 2006; Mitchell et al., 2002; Petersen, 2004). By
the time memory loss is clinically evident, warranting a diagnosis
of MCI, significant AD neurofibrillary pathology is seen in limbic re-
gions, including transentorhinal regions, perirhinal cortex, amyg-
dala, nucleus basalis (Arriagada et al., 1992; Braak & Braak, 1991;
Mesulam, 2000; Van Hoesen et al., 1991), and most prominently
in hippocampus and entorhinal cortex (Gomez-Isla et al., 1996).
These regions continue to be affected as AD progresses (Mesulam,
1999), with pathology spreading to neocortical areas such as tem-
poral, parietal, occipital association, and frontal cortex in clinical
AD (Braak & Braak, 1991; Delacourte et al., 1999; Grady et al,
1988; Ibanez et al., 1998; McKee et al. 2006).

Numerous studies have reported impaired recollection in pa-
tients with AD (Budson, Daffner, Desikan, & Schacter, 2000; Chris-
tensen, Kopelman, Stanhope, Lorentz, & Owen, 1998; Dalla Barba,
1997; Gallo, Sullivan, Daffner, Schacter, & Budson, 2004; Knight,
1998; Koivisto, Portin, Seinela, & Rinne, 1998; Smith & Knight,
2002). In fact, recollection appears to be severely impaired even
in the earliest stages of the disease, resulting in an increased reli-
ance on familiarity-based memory (Balota, Burgess, Cortese, &
Adams, 2002; Budson et al., 2000; Lekeu et al., 2003; Wolk et al.,
2005). Although patients with AD may be more reliant on familiar-
ity (Budson et al., 2000; Smith & Knight, 2002), it remains unclear
whether this type of memory is impaired in MCI or mild AD (see
Westerberg et al., 2006; Wolk et al., 2008). Given the early patho-
logical changes to areas critical to the processes of recognition in
patients with MCI and AD, we would expect both groups to be im-
paired in recollection and familiarity compared to healthy older
adults on a standard old/new recognition test.

The goal of the current study is to use a depth of encoding
manipulation and ROC procedures similar to Yonelinas et al.
(1998) to investigate how MCI and mild AD affect the memorial
processes of recollection and familiarity. A possible concern using
ROC methodology in patients with MCI or AD may be the ability
of these patients to assess confidence for memory decisions. How-
ever, research investigating the ability to retrieve and monitor
stored general knowledge in patients with AD has shown that
these patients can successfully make confidence ratings regarding
the certainty of their answers (Backman & Lipinska, 1993). Given
evidence that AD pathology affects brain structures critical to both
recollection and familiarity in MCI and the earliest stages of AD
(Csernansky et al., 2004; Gomez-Isla et al., 1996; Jack et al.,
2004; Kantarci et al., 2005; Karas et al., 2004), we hypothesized
that both patient groups would show impairment in recollection
and familiarity compared to healthy older adults.
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2. Methods

2.1. Participants

Ten patients with a diagnosis of probable AD as determined by
the National Institute of Neurological and Communicative Disor-
ders and Stroke-Alzheimer’s Disease and Related Disorders Associ-
ation criteria (NINCDS-ADRDA; McKhann et al., 1984), 11 patients
with a diagnosis of probable MCI (Petersen, 2004), and 12 healthy
older controls were recruited for this experiment. Patients with
MCI in the current study reported a subjective memory compliant,
showed abnormal memory performance for their age as evidenced
by performing greater than 1.5 standard deviations below the
healthy adult group on either the recall or the recognition portion
of the word list memory test of the CERAD, and they did not display
functional impairment according to caregiver report. All MCI sub-
jects met criteria for single or multiple domain amnestic-type
MCI (Petersen, 2004). The participants with AD and MCI were re-
cruited from the clinical populations of the Memory Disorders
Unit, Brigham and Women’s Hospital, and the Boston University
Alzheimer’s Disease Center, both in Boston, Massachusetts. Partic-
ipants were excluded if they were characterized by having clini-
cally significant depression, alcohol or drug use, cerebrovascular
disease, traumatic brain damage, or if English was not their
primary language. Patients with AD were excluded if their Mini
Mental State Examination (Folstein, Folstein, & McHugh, 1975)
score fell below 21. Healthy older adults were excluded if they
had a first-degree relative with a history of AD, another neurode-
generative disorder, or dementia.

Each participant completed a brief neuropsychological battery
in a 45-minute session either directly following the experimental
session or on a separate date. This battery included the Mini
Mental State Examination, the CERAD word list memory test
(Morris et al., 1989), Trail Making Test Part B (Adjutant General’s
Office, 1944), Verbal Fluency (Monsch et al., 1992), the 15-item
Boston Naming Test (Mack, Freed, Williams, & Henderson, 1992),
Symbol Cancellation (Goodglass & Kaplan, 1983), and the Hooper
Visual Organization Test (Hooper, 1958). Table 1 presents demo-
graphic and neuropsychological data for the three groups. Analyses
of variance revealed no significant differences in age or years of
education among the AD, MCI, and healthy older adult groups.
The human subjects committees of Brigham and Women’s Hospital
and the Edith Nourse Rogers Memorial Veterans Hospital approved
this study. Written informed consents were obtained from all
Table 1
Demographic and neuropsychological data for all subjects.

Older adults

M SD

Years of age 77.3 5.8
Years of education 15.8 3.5
MMSE 29.4 0.8

CERAD
Immediate recall 21.2 3.9
Delayed recall 7.5 1.5
Recognition 9.8 0.5

Letter fluency 48.3 13.4
Category fluency 50.0 8.4
Trails-B (s) 83.3 18.9
Symbol cancellation (s) 109.2 35.6

Boston naming test
Immediate 14.3 1.2
Semantic cue 0.1 0.3
Phonemic cue 0.2 0.4

Hooper visual organization test 24.4 3.9

Note: Significant differences from the control group are indicated by *<0.05, and **<0.01
participants and from their caregivers where appropriate, and par-
ticipants were modestly compensated for their time.

2.2. Stimuli

The stimuli were 640 common words chosen from a larger set
of words used in Budson, Wolk, Chong, and Waring (2006) and
originally selected from the University of Western Australia MRC
Psycholinguistic Database (http://www.psy.uwa.edu.au/MRCDat-
aBase/uwamrc.htm). The stimuli were randomly divided into eight
lists of 80 words. The presentation of these lists was counterbal-
anced across participants in each group such that each list was
used equally often in the deep and shallow encoding depths, or
as unstudied items.

2.3. Design and procedure

Each participant was tested individually in a single session.
Stimuli were presented on a Dell Inspiron 640 m laptop computer
via E-Prime software (Psychology Software Tools Inc.; www.pst-
net.com/eprime). The procedure consisted of two blocks each com-
posed of a study phase and a test phase.

Prior to the start of the first block, participants were instructed
that they would be studying lists of words for a subsequent recog-
nition memory test. In the study phase of the first block, partici-
pants studied 80 words under deep encoding conditions by a
like/dislike judgment for each item. Here subjects were asked
whether they liked or disliked the real-world exemplar of the
study word. The responses were participant-paced and were re-
corded by the experimenter. Following the first study list, partici-
pants studied a second list of 80 words under shallow encoding
conditions. Participants mentally counted the number of syllables
in each word and responded ‘‘more” if the word contained three
or more syllables, or ‘‘less” if the word contained one or two sylla-
bles. Responses were participant-paced and were recorded by the
experimenter. All participants understood and were able to appro-
priately complete both the deep and shallow encoding tasks.

Prior to the start of the test phase of the first block, participants
were instructed that all of the studied words plus an equal number
of new words would appear, and that each word would appear
only once. Participants received instruction in providing one of
six responses to each item: (6) certain that the word is old; (5) sort
of certain that the word is old; (4) not at all certain that the word is
old; (3) not at all certain that the word is new; (2) sort of the certain
aMCI AC

M SD M SD

76.5 7.8 77.1 4.7
16.0 3.1 16.6 4.1
27.7* 2.2 24.9** 1.7

14.3** 4.1 11.1** 3.4
3.1** 1.9 0.6** 1.1
8.0** 1.7 3.7** 2.7

33.5** 7.9 37.3 16.8
32.5** 10.5 27.3** 7.7

146.8* 64.5 207.0** 81.3
139.3 45.4 212.9** 102.5

13.3 1.3 13.6 2.5
0.3 0.6 0.1 0.3
1.1* 1.3 0.4 0.7

21.1 3.8 17.9** 7.0

.
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Fig. 1. Aggregate ROC curves for (1A) controls, (1B) MCI patients, and (1C) AD
patients. The curves with rectangular points represent the ROCs for deeply encoded
items while the lines with triangular points represent the ROCs for shallowly
encoded items.
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that the word is new; (1) certain that the word is new. Participants
were instructed to be as accurate as possible in their responses,
but also to spread out their answers among all six of the confidence
intervals if possible (an instruction deemed necessary by Yonelinas
et al. (1998) to prevent bimodal ‘‘old–new” responding by im-
paired participants). Participants were reminded of these guide-
lines after their first few responses and the six possible choices
were listed on every slide during the test phase. In the test phase,
participants orally provided one of the six responses for each of
320 randomly presented words: 80 that had been studied in the
deep encoding condition, 80 that had been studied in the shallow
encoding condition, and 160 that had not been studied. The test
phase was participant-paced and the experimenter recorded the
responses.

The second block was similar to the first block, except that the
order of the two encoding tasks in the study was reversed such that
participants studied a list of words using the number of syllables
(shallow encoding) task first, then a list of words using the like–
dislike (deep encoding) task. None of the words from the first block
reappeared in the second block.

3. Results

It is important to note that the Yonelinas high threshold model
is just one of many models to describe ROC curves, and may not
provide the best fit for some recognition memory data (for review
see Parks & Yonelinas, 2007; Wixted, 2007; Yonelinas & Parks,
2007). Other models, such as unequal variance signal detection
theory models (UVSDT; Egan, 1975; Ratcliff, Sheu, & Gronlund,
1992; Wixted, 2007), the sum-difference theory of remembering
and knowing (Rotello, Mcmillam, & Reeder, 2004), and mixture
models (DeCarlo, 2002, 2003), may be as viable as the Yonelinas
high threshold model in terms of explaining item recognition
ROCs. However, the Yonelinas model is the only model of ROC data
that directly provides estimates of recollection and familiarity.
Since we view the current experiment primarily as an opportunity
to characterize the impairments in recognition memory in patients
with MCI and AD in terms of recollection and familiarity, the Yone-
linas model will be the focus of our analyses.

3.1. Yonelinas high threshold model analyses

Confidence-based ROC curves were generated for the two
encoding conditions for each participant using the standard Yone-
linas high threshold methodology (Yonelinas, 1994; Yonelinas
et al., 1998). Responses of 6, 5, 4, 3, and 2 to unstudied items were
used to calculate false alarm rates. Responses of 6, 5, 4, 3, and 2 to
previously studied items were used to form hit rates for deep and
shallow encoded items. These false alarm and hit rates were
plotted as five (x,y) coordinates in an additive fashion: (false alarm
rates for responses of 6, hit rate for responses of 6); (false alarm
rate for responses of 6 and 5, hit rate for responses of 6 and 5);
(false alarm rate for responses of 6 and 5 and 4, hit rate for
responses of 6 and 5 and 4); and so on. A Microsoft Excel
solver routine designed by Yonelinas (available at
http://psychology.ucdavis.edu/labs/Yonelinas) generated the
ROC curves for each participant. Fig. 1 shows the aggregate ROC
curves for (A) controls, (B) MCI patients, and (C) AD patients. For
each participant, the Yonelinas Microsoft Excel solver routine
was then used to generate Yonelinas high threshold model-based
recollection (R) and familiarity (d0) estimates for deep and shallow
encoding conditions. Fig. 2 presents the means of the individual R
and d0 values by group and encoding depth. Error bars represent
the standard error of the mean. It is important to note that both
the MCI and mild AD group demonstrated nearly equal responding
using all six response types. Table 2 shows the proportion of re-
sponse for each group.

To analyze the recollection parameter (R), a Group (control,
MCI, AD) by encoding depth (deep, shallow) repeated measures
ANOVA was performed. The ANOVA revealed a significant effect
of group [F(2, 30) = 5.33, p = 0.010], which demonstrated a greater
estimate of recollection for the control group compared to the MCI
group [t(21) = 2.139, p = 0.044] and the AD group [t(20) = 5.721,
p < 0.001]. However, the MCI and AD comparison revealed no sig-
nificant differences between the two groups [t(19) = 1.710,
p = 0.103]. The ANOVA also revealed a significant effect of encoding
depth [F(1, 30) = 10.18, p = 0.003], and a significant interaction of
group and encoding depth [F(2, 30) = 7.34, p = 0.003]. Post hoc t-
tests revealed that items in the deep encoding condition resulted
in greater estimates of recollection than items in the shallow
encoding condition for the healthy older adult group
[t(11) = 4.834, p = 0.001], but not for the MCI group [t(10) = 1.149,
p = 0.277] or the AD group [t(9) > 1].

http://psychology.ucdavis.edu/labs/Yonelinas


Fig. 2. YHT model-generated estimates of familiarity (d0) and recollection (R) for
deeply and shallowly encoded items for controls, MCI patients, and AD patients.
Error bars represent the standard error of the mean.

Table 2
Proportions of response types for the deep and shallow encoding conditions.

Response Deep Shallow

Older adults aMCI AD Older adults aMCI AD

1 15 17 16 33 23 18
2 8 13 12 14 17 14
3 5 6 12 8 7 13
4 7 8 15 9 9 14
5 15 14 23 14 15 21
6 50 42 22 22 30 20

Note: Response types are as follows: (1) certain that the word is new; (2) sort of the
certain that the word is new; (3) not at all certain that the word is new; (4) not at all
certain that the word is old; (5) sort of certain that the word is old; (6) certain that
the word is old.

Table 3
Control-referenced z-scores for the MCI and AD groups, d0 represents the YHT model
of familiarity and R represents the YHT model of recollection.

MCI AD

Shallow d0 �1.37 �1.58
Deep d0 �1.51 �1.74
Total d0 �1.81 �2.10
Shallow R 0.28 �0.05
Deep R �1.13 �1.99
Total R �0.77 �1.69

Table 4
Hit and false alarm rates.

Condition Group

Older adults aMCI AD

Hits FA Hits FA Hits FA
Shallow 0.46 0.24 0.53 0.44 0.50 0.44
Deep 0.72 0.24 0.64 0.44 0.56 0.44
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To analyze the familiarity parameter (d0), a Group (control, MCI,
AD) by encoding depth (deep, shallow) repeated measures ANOVA
was performed. The ANOVA revealed a significant effect of group
[F(2, 30) = 14.61, p < 0.001], which demonstrated a greater esti-
mate of familiarity for the older adult control group compared to
the MCI group [t(21) = 4.033, p = 0.001] and the AD group
[t(20) = 5.347, p < 0.001]. However, the MCI and AD comparison re-
vealed no significant differences between the two groups
[t(19) = 0.645, p = 0.527]. The ANOVA also revealed a significant ef-
fect of encoding depth [F(1, 30) = 15.40, p < 0.001], but no interac-
tion of group and encoding depth [F(2, 30) = 1.18, p = 0.323].
Follow-up t-tests revealed that the estimate of familiarity was
greater in the deep condition than in the shallow condition for
the healthy older adult group [t(11) = 3.612, p = 0.004], but not
for the MCI [t(10) = 1.743, p = 0.112] or AD group [t(9) = 1.528,
p = 0.161].

Using the recollection and familiarity parameters, we then set
out to determine the degree of impairment in familiarity compared
with recollection between the groups. In a method similar to Wolk
et al. (2008), z-scores were calculated for the MCI and AD groups
referenced to the control mean and standard deviation (Nunally
& Bernstein, 1994; Yonelinas, 2002). Control-references z-scores
for the MCI group are presented in Table 3. A repeated measures
ANOVA with the factors of group (OC, MCI, AD), parameter (recol-
lection, familiarity), and encoding depth (deep, shallow) revealed
main effects of encoding depth [F(1, 30) = 32.75, p < 0.001] (attrib-
utable to overall memory being stronger in the deep versus shal-
low condition) and parameter [F(1, 30) = 5.15, p = 0.031]
(attributable to overall memory being stronger with the recollec-
tion versus familiarity parameter). The ANOVA also revealed a sig-
nificant interactions of encoding depth and group [F(2, 30) = 8.99,
p = 0.001] encoding depth and parameter [F(1, 30) = 6.83,
p = 0.014]. These interactions can best be explained by follow-up
paired sample t-tests that revealed that familiarity was more im-
paired than recollection in the shallow encoding condition for
the MCI [t(10) = 3.47, p = 0.002] and AD [t(9) = 2.71, p = 0.024]
groups, but not in the deep encoding condition: MCI [t(10) = 0.52,
p = 0.626], AD [t(9) = 0.60, p = 0.559].

3.2. Accuracy

In addition to using the Yonelinas high threshold model to gen-
erate recollection and familiarity parameters, we analyzed accu-
racy between all groups. To perform this analysis, response types
were dichotomized such that responses 4, 5, and 6 were classified
as ‘‘old” responses and responses 1, 2, and 3 were classified as new
responses. Group hit and false alarm data can be seen in Table 4.

A repeated measures ANOVA was performed to analyze hit rates
with the factors of Group (older adults, MCI, AD) and Condition
(deep, shallow). The ANOVA revealed an effect of Condition [F(1,
30) = 52.28, p < 0.001], and an interaction of Group and Condition
[F(2, 30) = 9.99, p < 0.001]. Post hoc t-tests revealed a greater num-
ber of hits for the deep encoding condition versus the shallow for
the healthy older adults [t(11) = 7.59, p < 0.001] and the patients
with MCI [t(10) = 3.46, p = 0.006], but not for the patients with
AD [t(9) = 1.61, p = 0.154].

ANOVA was then used to analyze false alarm rates using the fac-
tor of Group (older adults, MCI, AD). (Note: Given that there was
only one test phase for each subject, false alarm rates were the
same for the deep and shallow encoding conditions.) The ANOVA
revealed an effect of Group on false alarm rate [F(2, 30) = 3.72,
p = 0.036]. Post hoc t-tests showed that the older adult group had
fewer false alarms that the MCI group [t(21) = 2.56, p = 0.019]
and the AD group [t(20) = 2.63, p = 0.016, but the two patient
groups did not differ in false alarm rates [t(19) = 0.01, p = 0.993].

A univariate ANOVA was then performed on the accuracy mea-
sure Pr (% hits – % false alarms, Snodgrass & Corwin, 1988) to com-
pare groups. An effect of Group [F(2, 30) = 47.74, p < 0.001]
revealed that the healthy older adults performed better than the
MCI [t(21) = 7.15, p < 0.001] and AD [t(20) = 9.74, p < 0.001] groups,
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and that there was a trend towards the MCI group performing bet-
ter than the AD group [t(19) = 1.98, p = 0.063].
4. Discussion

The current investigation set out to understand the effect of MCI
and mild AD on the memorial processes of recollection and famil-
iarity using a depth of processing manipulation and confidence-
based ROC analysis. Because AD pathology affects brain structures
thought to be critical to both recollection and familiarity, even in
the earliest stages of the disease, we hypothesized that compared
to older adults, patients with MCI and AD would demonstrate
impairment in both recollection and familiarity. The results of
the current study confirmed this hypothesis; patients with MCI
and mild AD demonstrated significantly diminished estimates of
both processes compared to healthy older adults. Interestingly,
we also found that recollection and familiarity appear to be mod-
ulated by depth of encoding. This is particularly evident in the pa-
tient populations, where familiarity appeared to be more impaired
when items were encoded in the shallow condition compared to
when items were encoded in the deep condition.

Our data revealed that the healthy older adult group showed
moderate evidence of recollection for items in the deep encoding
condition. The recollection parameter (R) for the deep encoding
condition was just over 0.3 and the ROC curve was asymmetric.
Under the assumptions of the Yonelinas model, any recollection-
based responses are assumed to support decisions made with high
confidence, which distort the shape of the ROC curve (making it
asymmetrical). By contrast, the older adults showed no evidence
of recollection in the shallow encoding condition. In this condition,
the recollection parameter was near 0, and the ROC curve was
rather symmetrical. It should be emphasized here that the basis
of the current investigation was to characterize estimates of recol-
lection and familiarity in patients with MCI and mild AD compared
to healthy age-matched peers. Understanding the effect of aging
was not the goal of the current study, and no young adult controls
were used as comparison for the healthy older adult group. There-
fore, we are notably cautious in characterizing estimates of recol-
lection and familiarity as impaired or intact in healthy older
adults. Nonetheless, these results are generally consistent with
previous literature. Studies focusing on healthy aging suggest that
while familiarity remains intact, recollection can vary based on
individual differences or by stimulus type (Ally et al., 2008; Cabeza
et al., 2002; Davidson & Glisky, 2002; Duarte et al., 2004). Although
it is unclear whether the older adults in the current study would
have shown impaired recollection compared to younger adults,
perhaps the deep encoding task allowed the older adults to use rec-
ollection in some cases to support their memorial decisions.

In contrast, the MCI group showed no evidence of recollection
for either encoding condition. The ROC curves were very symmet-
rical for both conditions. The recollection parameter (R) was signif-
icantly impaired for the deep condition compared to the healthy
older adults. There was no difference in these two groups for the
shallow encoding task – neither healthy older adults nor patients
with MCI showed evidence of recollection in the shallow encoding
task. These results were not surprising given previous findings
showing significantly impaired episodic memory performance in
patients with MCI (Perri, Carlesimo, Serra, Caltagirone, & The Early
Diagnosis Group of the Italian Interdisciplinary Network on Alzhei-
mer’s Disease, 2005; Petersen et al, 1999; Westerberg et al., 2006).
However, despite being generally accepted that recollection is im-
paired in MCI, there has been some recent debate as to whether
familiarity remains intact for this group (Bayley, Wixted, Hopkins,
& Squire, 2008; Westerberg et al., 2006; Wolk et al., 2008). The re-
sults of the current study suggest that familiarity is also impaired
in this patient group. The familiarity parameter (d0) was signifi-
cantly diminished compared to the healthy older adults. These
results are generally consistent with neuroanatomical and neuro-
imaging data. Research has shown that AD pathology is evident
very early in the course of MCI in anterior medial temporal cortex,
which is thought to be critical to familiarity, (Gomez-Isla et al.,
1996; Guillozet, Weintraub, Mash, & Mesulam, 2003; Mesulam,
2000; Mitchell et al., 2002).

The results of the present investigation are also consistent with
a recent study by Wolk et al. (2008). In a well controlled study of
patients with amnestic-type MCI, Wolk et al. used three process-
estimation techniques to show that familiarity was at least as im-
paired as recollection in this patient group. Because previous re-
search has shown recollection tends to be impaired in healthy
older adults, but familiarity remains relatively spared, Wolk et al.
proposed that impairment in familiarity may reflect early tangle
pathology in the perirhinal and entorhinal regions, thereby being
a specific marker for early pathological changes of AD leading to
amnestic-type MCI. The findings of the current study lend some
support to this hypothesis that impaired familiarity separates pa-
tients with MCI from healthy older adults. We, like Wolk et al.
(2008), found that familiarity was at least as impaired as recollec-
tion in patients with MCI. These differences between familiarity
and recollection were highly notable in the shallow encoding con-
dition where familiarity appeared to be more impaired than recol-
lection. These results suggest that the relative balance of
recollection and familiarity may be modulated by factors such as
depth of encoding or task difficulty. Viewed another way, our data
show that deeper encoding actually enhances familiarity more so
than recollection in patients with MCI. Although our data and sta-
tistics support this supposition, we must remain cautious, as the
older adults and MCI curves show a restricted range near zero for
recollection. Further, we acknowledge that recollection and famil-
iarity are measured in different ways and may not be directly com-
parable. However, the general premise of this hypothesis is
consistent with Wolk et al. (2008), who found that familiarity
was enhanced in patients with MCI when items were repeated
three times compared to when items were seen only once.

The results of the current study are somewhat divergent from
an earlier study by Westerberg et al. (2006), who suggested that
familiarity remains intact in patients with MCI. Westerberg et al.
(2006) administered two separate recognition memory tests to
groups of healthy older adults, patients with MCI, and patients
with mild AD. The first test required subjects to make standard
old/new recognition memory decisions, while the second test re-
quired subjects to make forced-choice recognition decisions in
which the target was grouped with highly related foils. Based on
earlier evidence (Bastin & Van der Linden, 2003; Gardiner, Java, &
Richardson-Klavehn, 1998), it has been suggested that standard
recognition memory tests rely more on the process of recollection,
whereas forced-choice tests rely more on familiarity. Results of the
Westerberg et al. (2006) showed that patients with MCI and mild
AD performed significantly worse on the standard old/new test
compared to the healthy older adults, but performance on the
forced-choice test was indistinguishable for the MCI group and
the healthy older adults. The authors concluded that familiarity re-
mains intact for these patients, and that it could successfully be
used in even difficult tasks such as recognizing targets from highly
similar foils.

One possible explanation for the difference in results observed
between Westerberg et al. (2006) and the current study may be
due to stimuli type. Westerberg and colleagues used black and
white pictures of objects, whereas the current study used words.
Ally and Budson (2007) demonstrated differences in the neural
correlates of recognition memory for pictures versus words, and
Ally et al. (2008) recently reported that in older adults, pictures en-
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hanced the neural correlate of both recollection and familiarity rel-
ative to words. Thus, it may be that familiarity is differentially af-
fected for pictures versus words in patients with MCI. Ally, Gold,
and Budson (in press) demonstrated that the picture superiority ef-
fect remained intact in patients with MCI and mild AD, and that de-
spite possible changes in visual cognition to these patients, the
relative benefit of studying pictures versus words is similar to
healthy controls. If recollection is impaired for pictures (Wester-
berg et al., 2006) and words (Wolk et al., 2008) in patients with
MCI, but the picture superiority effect remains intact, we suspect
that patients are likely relying on successful use of familiarity for
the recognition of pictures. Perhaps future investigations using
event-related potentials (ERPs) or functional magnetic resonance
imaging (fMRI) can help to determine dissociations of the neural
correlates of picture versus word recognition in patients with MCI.

Another explanation for the differences between our results and
those of Westerberg et al. (2006) may be related to how familiarity
is used in different recognition memory decisions. As pointed out
by Westerberg and colleagues, familiarity can lead to a correct re-
sponse in the forced-choice format because an individual is able to
directly measure familiarity strength for the target and simulta-
neously presented lures. In this situation, presumably a subject
with impaired recollection endorses the item that engenders the
greatest sense of familiarity. However, on a standard old/new rec-
ognition test, subjects are presented with targets and lures sepa-
rately, and there may be overlap of target and lure perceptual
characteristics. Therefore, lures with high perceptual overlap may
produce a strong familiarity signal, possibly outweighing a target
stimulus with low familiarity (Westerberg et al., 2006). With im-
paired recollection and no other items to measure a sense of famil-
iarity against, patients are forced to respond old or new based on
familiarity of a single item on a standard recognition test.

Electrophysiological studies have provided evidence that
responding based on familiarity requires increased post-retrieval
processing (Ally & Budson, 2007; Wolk et al., 2004, 2005). This
post-retrieval processing often involves the executive monitoring
and evaluation of the product of a retrieval attempt by the fron-
tal lobes (Allan, Wilding, & Rugg, 1998; Goldmann et al., 2003;
Wilding & Rugg, 1996). Indeed, the frontal lobes have been
implicated in response inhibition (Shimamura, 1995), which is
critical to the suppression of responding based on familiarity
alone (Budson et al., 2002). Numerous investigations have also
found that the frontal lobes are involved in distinguishing be-
tween identical versus highly similar and familiar items, and
thus are important in avoiding false recognition (Budson et al.,
2002; Delbecq-Derouesne, Beauvois, & Shallice, 1990; Goldmann
et al., 2003; Henson, Shallice, & Dolan, 1999; Melo, Winocur, &
Moscovitch, 1999; Parkin, Bindschaedler, Harsent, & Metzler,
1996; Parkin, Ward, Bindschaedler, Squires, & Powell, 1999;
Rapcsak et al., 1998, 2001; Schacter, Curran, Galluccio, Milberg,
& Bates, 1996). MacPherson et al. (2008) reported that estimates
of familiarity, but not recollection, are impaired in patients with
frontal lobe lesions, and argued that a reduction in familiarity
estimates in this group may reflect difficulty distinguishing be-
tween target and distractor items when they have a high degree
of similarity. It is possible that the MCI patients in the current
study, some of whom demonstrated executive difficulties as well
as memory impairment, demonstrated decreased familiarity esti-
mates due to frontal lobe pathology. Given the findings of West-
erberg et al. (2006), it is possible that the basic process of
familiarity remains intact, but patients with impaired executive
retrieval monitoring strategies cannot appropriately use or asses
the strength of familiarity.

Similar to the MCI group, the mild AD group in the present
study showed no evidence of recollection in either the shallow or
deep encoding conditions. The ROC curves were symmetrical and
almost flat, and the Yonelinas high threshold recollection parame-
ters were at 0 for both conditions, and significantly diminished
compared to the healthy older adults in the deep encoding condi-
tion. Estimates of familiarity were similar for the mild AD and MCI
groups in both the deep and shallow conditions. Impaired recollec-
tion in patients with AD has been well documented using a wide
range of behavioral tasks (Budson et al., 2000; Dalla Barba, 1997;
Gallo et al., 2004; Knight, 1998; Petersen, 2004; Smith & Knight,
2002). Additional research focusing on memorial processing has
shown that patients with AD become reliant on familiarity in the
face of impaired recollection; in fact, patients with AD are often
overly dependent on this type of memory (Budson et al., 2000; Gal-
lo et al., 2006; Gold, Marchant, Koutstaal, Schacter, & Budson,
2007; Wolk et al., 2005). The results of the current study showed
that in patients with mild AD, the process of familiarity was also
impaired. The familiarity parameter (d0) generated by the Yoneli-
nas high threshold model was significantly diminished for the AD
group compared to the healthy older adults in both encoding con-
ditions. It should be noted however, as discussed in Yonelinas and
Parks (2007), that differences in response criterion can cause dis-
tortions in ROCs. Because patients with AD are known to show a
more liberal response bias compared to healthy older adults (Bud-
son, Todman, & Schacter, 2006; Budson, Wolk et al., 2006), the re-
sults of this study should be compared with those using other
methodologies to assure validity.

Given the widespread neuropathological changes in the medial
temporal lobes, and frontal and parietal cortices in AD, impairment
in recollection was not surprising in this group. Indeed, previous
studies have reported impaired recollection in patients with AD
(Budson et al., 2000; Christensen, Kopelman, Stanhope, Lorentz, &
Owen, 1998; Dalla Barba, 1997; Gallo et al., 2004; Knight, 1998;
Koivisto et al., 1998; Smith & Knight, 2002). In addition to the re-
gions listed above, perirhinal cortex, entorhinal regions, hippocam-
pus, amygdala, and nucleus basalis appear to be ravaged with
Alzheimer pathology in the earliest stages of the disease (Arriagada
et al., 1992; Braak & Braak, 1991; Gomez-Isla et al., 1996; Mesu-
lam, 2000; Van Hoesen et al., 1991). Based on these pathology
studies, we predicted that familiarity would also be impaired in pa-
tients with AD. Consistent with this hypothesis, the current results
showed that familiarity is impaired in this group. These data are
supported by previous studies showing impaired gist memory in
patients with AD (Budson, Todman, & Schacter, 2006; Pierce, Sulli-
van, Schacter, & Budson, 2005), and Westerberg et al. (2006) also
reported that performance on the multiple-choice format was just
as impaired as on the standard old/new format in patients with AD.

In summary, the results of the current study showed that rec-
ollection and familiarity are impaired very early in the AD pro-
cess. These results are consistent with neuropathological
studies showing that the hippocampus (Jack et al., 2004; Karas
et al., 2004) and anterior medial temporal regions (Csernansky
et al., 2004; Gomez-Isla et al., 1996; Kantarci et al., 2005) appear
to be the earliest affected by neurofibrillary tangle pathology in
patients with MCI. The hippocampus is thought to be critical to
recollection, whereas perirhinal and possibly entorhinal regions
are thought to be critical to familiarity (Brown & Aggleton,
2001; Eichenbaum et al., 2007). Further, the results of the cur-
rent study are consistent with recent work by Wolk et al.
(2008) who reported that on process dissociation tasks, familiar-
ity was at least at impaired as recollection in patients with MCI.
It is possible that impaired familiarity may help to identify pa-
tients in the earliest stages of AD, as previous work has demon-
strated that familiarity is generally spared in healthy aging. The
data of the current study also suggest that perhaps the relative
balance of recollection and familiarity is modulated by task dif-
ficulty. It was notable that patients with MCI demonstrated a
similar level of impairment in recollection and familiarity when
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items were deeply encoded, but impairment in familiarity ap-
peared to be greater than recollection when items were encoded
in the shallow condition. Given these results and the divergent
results of Westerberg et al. (2006) using pictures, future studies
should be aimed at examining differences in recollection and
familiarity based on stimuli type and experimental task. Perhaps
focusing interventions on using deeply encoded picture stimuli
can help patients with MCI and mild AD better use the process
of familiarity to support memorial decisions, and help them re-
main in the home longer.
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