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Abstract Memory impairment is a central cognitive symp-
tom in mild cognitive impairment (MCI) and Alzheimer
Disease (AD). Recognition tasks are often used to characterize
and define the nature of memory deficits. Dual-process theo-
ries posit that familiarity and recollection are independently
involved in the recognition of previously encountered material
and both contribute to successful recognition. Recent evi-
dence indicates that there is a double dissociation in the
neuronal substrates of those two processes. More precisely,
it has been suggested that perirhinal and entorhinal areas are
selectively involved in familiarity-based recognition, while
the hippocampus is associated with recollection.
Interestingly, these regions are among the first to be targeted
by neurofibrillary tangles, one of AD’s neuropathological
hallmarks. Impairment in recognition performance can occur
in the very early stages of AD, such as MCI. To define the
nature of recognition impairment in these clinical populations,
we reviewed the current literature on familiarity and recollec-
tion performance in individuals with MCI and AD. Together
with clinical features, methodological factors are taken into
consideration in the interpretation of findings.
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Introduction

Alzheimer disease (AD) is a progressive neurodegenerative
condition that develops over years, if not decades. Before the
onset of distinctive clinical manifestations, AD neuropatho-
logical processes are present for a prolonged period of time
under a prodromal or pre-clinical stage (Jack et al. 2010;
Bateman et al. 2012). The term “Mild Cognitive
Impairment” (MCI) has been proposed to characterize indi-
viduals presenting objective cognitive deficits in the absence
of impairment in daily functioning (Gauthier et al. 2006).MCI
has gained considerable interest in the field of Alzheimer’s
research since, in comparison to cognitively intact elderly
(CIE), this clinical population is at a much greater risk of
progressing to AD (R. C. Petersen et al. 2001b; Wolf et al.
1998; Larrieu et al. 2002; R. C. Petersen et al. 2010). As a
result, MCI is perceived by many to represent a transitional
stage between healthy cognition and dementia (R. C. Petersen
et al. 2001b; R. C. Petersen and Morris 2005; Morris 2006;
Morris et al. 2001). The most frequent cognitive symptom that
occurs in MCI is memory impairment (Ronald C Petersen
et al. 1999). Furthermore, individuals with MCI who present
memory deficits, also known as amnestic MCI (aMCI), have
been found to be at a greater risk of conversion to AD than
their non-amnestic counterparts (Sarazin et al. 2007; Ravaglia
et al. 2006). Consequently, special consideration is now being
given to memory in the evaluation of cognitive functioning in
the aging population.

Performance on recognition tasks is often used to assess
memory functions in normal (Grady et al. 1995) and clinical
populations (Huron et al. 1995; Whittington et al. 2000;
Mikhailova et al. 1996). According to dual-process theories,
recognition of previously encountered material can be sup-
ported by two distinct processes: recollection and familiarity
(Mandler 1980; Larry L. Jacoby 1991; Tulving 1985;
Gardiner 1988). Recollection refers to recognition
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accompanied by a retrieval of contextual aspects associated
with the encoding sequence. This type of recognition is often
described as a vivid and conscious re-experience of a previous
event. On the other hand, familiarity is recognition devoid of
contextual information associated with the encoding episode.
It corresponds to the feeling that a stimulus is familiar without
being able to provide specific details related to the context or
event where that stimulus was encountered. A number of dual-
process theories have been proposed to define the nature and
contribution of both processes (see Yonelinas 2002 for a
review). Most frequently, familiarity is conceived as a fast
and automatic process whereas recollection is seen as a slower
and more controlled process. Recollection is assumed to de-
pend on a threshold process whereas familiarity is considered
to follow signal-detection framework (Yonelinas et al. 1996).
It is important to note that the dual-process theory of recogni-
tion is not endorsed unanimously by cognitive scientists.
Some have argued that recognition is a continuous unidimen-
sional process and that the variance observed in recognition
judgments is associated with confidence or strength of the
memory trace (Donaldson 1996; Dunn 2004; Slotnick 2009).
Further, while acknowledging the implication of two different
processes in recognition, other dual-process theories have
proposed different models to characterize the interplay be-
tween familiarity and recollection. For example, the continu-
ous dual-process model (Dede et al. 2013; Squire et al. 2007;
Wixted 2007; Wixted and Mickes 2010) posits that recollec-
tion is a continuous, rather than dichotomous process. It also
suggests that familiarity and recollection contribute simulta-
neously to recognition, rather than acting in an independent
fashion. The existence of these various models and theories
demonstrates that the exact nature of cognitive processes
contributing to recognition is still a matter of debate.
Nonetheless, a large body of evidence supports the involve-
ment of two different processes in recognition, including
neuropsychological (Yonelinas and Jacoby 1994, 1995;
Yonelinas et al. 1998; McElree et al. 1999; King et al.
2004), lesion (Duarte et al. 2005; Yonelinas et al. 2002;
Bowles et al. 2007; Bowles et al. 2010; Bowles et al. 2011;
Martin et al. 2011; Aggleton et al. 2005; Vann et al. 2009),
animal (Fortin et al. 2004; Sauvage et al. 2008; Easton et al.
2009), electrophysiological (Curran 2000; Curran and Cleary
2003; Curran et al. 2006; Speer and Curran 2007; Woodruff
et al. 2006) and, more recently, neuroimaging studies (Skinner
and Fernandes 2007; Yonelinas et al. 2005; Henson et al.
1999; Diana et al. 2007; Ranganath et al. 2004; Daselaar
et al. 2006; Eldridge et al. 2000; Rauchs et al. 2007).

A number of studies indicate that the neural substrates of
recollection and familiarity can be dissociated within medial
temporal lobe regions (Skinner and Fernandes 2007;
Yonelinas et al. 2005; Henson et al. 1999; Ranganath et al.
2004; Diana et al. 2007; Daselaar et al. 2006; Yonelinas et al.
2007). Neuroimaging studies have outlined an increased

activation in hippocampal regions during the encoding of
items which are later successfully recollected, whereas acti-
vation in perirhinal regions has been associated with items
later recognized on the basis of familiarity (Ranganath et al.
2004; Daselaar et al. 2006; Eldridge et al. 2000). This finding
was further corroborated in a meta-analysis by Diana and
colleagues (Diana et al. 2007) revealing that, across studies,
increased hippocampal and parahippocampal activation dur-
ing encoding and recognition was consistently associated with
recollection, but not with familiarity. On the other hand,
perirhinal activation is frequently associated with familiarity,
but rarely with recollection. Overall, results of functional
imaging studies converge towards a functional double-
dissociation between hippocampus and perirhinal areas, the
former being associated with recollection and the latter with
familiarity. This conclusion is further supported by human
lesion studies that reveal an impaired familiarity judgment
following perirhinal cortex lesions (Bowles et al. 2007;
Bowles et al. 2010; Martin et al. 2011), whereas patients with
lesions restricted to the hippocampus show recollection defi-
cits with preserved familiarity (Bowles et al. 2010).

Interestingly, neuroanatomical regions that have been
associated with familiarity and recollection are also
among the very first to be affected by neurofibrillary
tangles during the course of Alzheimer Disease. Indeed,
as demonstrated by Braak & Braak (1991), the perirhinal
and entorhinal, regions that have been associated with
familiarity-based recognition, are the first to show accu-
mulation of neurofibrillary tangles. Accordingly, a study
by Gomèz-Isla and colleagues revealed that individuals
with a Clinical Dementia Rating scale score of 0.5, which
is indicative of MCI, had 32 % less neurons in the ento-
rhinal cortex than aged-matched healthy controls (Gomez-
Isla et al. 1996). One could therefore expect to see im-
pairments in familiarity in the very early stages of neuro-
degeneration (early MCI and perhaps even pre-MCI).
Unfortunately, only a few studies have examined the
impact of MCI and AD on performance in familiarity
and recollection. Furthermore, results from these studies
vary considerably, making it difficult to draw firm con-
clusions about the specific nature of recognition deficits
in MCI and AD patients. Adding to this complexity,
studies systematically investigating familiarity and recol-
lection in individuals with MCI and AD have used incon-
sistent experimental paradigms to quantify familiarity and
recollection processes. Due to these discrepancies, the
nature of recognition impairments over the course of
aging and dementia continue to remain ill-defined. The
objective of this review is to provide a comprehensive
summary of the current literature on the nature of recollec-
tion and familiarity performances in individuals withMCI and
AD. We will examine whether both familiarity and recollec-
tion processes are impaired in MCI and AD and will highlight
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possible sources of variability in the results obtained by pre-
vious studies.

Methods

Search Strategy and Inclusion Criteria

Relevant articles published between January 1980 and May
2013 were identified with a search through online databases
PUBMED and PsycINFO with the use of the following key-
words: “familiarity,” “recollection,” “mild cognitive impair-
ment,” and “Alzheimer” using the Boolean ‘AND’ condition.
Every article retrieved from this search was carefully
reviewed. In order to avoid missing additional pertinent stud-
ies, the reference sections of the selected articles were also
reviewed. Finally, to promote homogeneity between studies
and to allow systematic comparison, articles were considered
in this review only if they met the following criteria:

1. Articles had to be available in English.
2. Articles had to contribute previously unpublished find-

ings (no review articles).
3. Articles had to provide quantitative estimates of familiar-

ity and recollection.
4. Articles had to compare recollection and familiarity per-

formances of healthy aging individuals and individuals
with MCI and/or AD.

5. Articles had to make formal MCI and AD diagnosis,
using established criteria.

6. Articles had to suspect the cause of MCI to be AD.

As a consequence of these criteria, articles including indi-
viduals with cognitive impairment due to other factors (e.g.,
hypoxia) were not considered. Also, studies making assump-
tions about the implication of familiarity or recollection on
recognition performances, without any direct quantification of
both processes, were disregarded. This was achieved via an
internal review of the abstracts.

Search Results

Our search strategy using PUBMED and PsycINFO revealed
52 and 72 articles, respectively. Following the careful exam-
ination of each article however, only 14 studies met the
inclusion criteria for this review. Population demographics
and methodological details of these studies are summarized
in Tables 1, 2, 3, 4 and 5. Due to the large amount of variation
in the experimental paradigms and samples used to assess
familiarity and recollection performances, as well as the clin-
ical samples (age, MMSE, experimental design), we opted
against computing and comparing effect sizes from each
study.

Study Samples Description

Out of the 14 reviewed studies, five compared the recognition
performances of cognitively intact elderly (CIE) to both MCI
and AD patients; seven compared the recognition perfor-
mances of CIE to MCI individuals, and two compared the
recognition performances of CIE to AD patients.
Demographic information of samples along with descriptive
results of studies is presented in Table 1.

Age

There were important between-study variations in the average
age of the experimental groups, which added a limitation to
the comparability between studies, and the scope of this
review. While the mean age of AD groups ranged from 71.9
to 80.3 years, the mean age of MCI groups ranged from 66.1
to 81.0 years and the mean age of CIE groups ranged from
66.67 to 81.0 years, across the 14 studies.

Diagnostic Classification

For the diagnosis of AD, all studies relied on the NINCDS-
ADRDA criteria (McKhann et al. 1984). Two studies (Hudon
et al. 2009; Winblad et al. 2004) also confirmed the diagnosis
using DSM-IV criteria (American Psychiatric Association
1994). In studies examining performance in MCI, the most
commonly used set of diagnostic criteria was the one pro-
posed by Petersen (R. C. Petersen 2004; R. C. Petersen and
Morris 2005; R. C. Petersen et al. 2001a). These criteria were
used in nine out of the twelve studies (Hudon et al. 2009;
Embree et al. 2012; Ally et al. 2009; Wolk et al. 2008; Wolk
et al. 2013; Westerberg et al. 2006; Algarabel et al. 2012;
Belleville et al. 2011; Serra et al. 2010). The Winblad
(Winblad et al. 2004) and Lopez (Lopez et al. 2000) diagnos-
tic recommendations were cited by three studies (Wolk et al.
2008; Anderson et al. 2008; Winblad et al. 2004). Across all
studies, healthy elderly controls were selected based on per-
formance on standard neuropsychological tests to document
the absence of cognitive impairment.

MCI Subtype

The majority of MCI groups were composed of both single
and multiple-domain amnestic MCI (aMCI) (Hudon et al.
2009; Embree et al. 2012; Ally et al. 2009; Belleville et al.
2011; Wolk et al. 2008; Wolk et al. 2013). Even if not
specified, MCI groups from the van der Meulen (2012) and
Wolk (2011) studies most likely included both single and
multiple-domain aMCI since impaired performance on cogni-
tive functions other than memory were observed on neuro-
psychological tests results. Only three studies reported the
proportion of single and multiple-domains included in their
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MCI samples (Hudon et al. 2009; Embree et al. 2012;
Belleville et al. 2011). This information is relevant to the
interpretation of results since individuals with multiple-
domain aMCI are likely to be at more advanced stages of
cognitive impairment and, consequently, closer to dementia.
The Serra (2010) and Anderson (2008) studies exclusively
examined single-domain aMCI while Algarabel (2012) and
Westerberg (2006) used multiple-domains MCI exclusively.

Mini-Mental State Examination (MMSE)

TheMMSE is a brief screening tool that provides an overview
of general cognitive functioning (Folstein et al. 1975). It is
widely used in clinical and research settings. A score below 24

out of 30 is usually indicative of significant cognitive impair-
ment or dementia (Mitchell 2009).

In the reviewed studies, the meanMMSE ranged from 18.6
to 25.6 for the AD groups, from 25.5 to 28.5 for the MCI
groups, and from 27.1 to 29.7 for the CIE groups. As
expected, there was considerably less variation in the
average MMSE across CIE groups. The mean MMSE score
of the CIE groups was higher than 29 in 12 out of the 14
reviewed studies. The mean MMSE of the CIE group in Serra
et al. (2010) was noticeably low (27.1), indicating possible
biases in the sample composition. The description of MMSE
scores across studies highlighted 2 main findings: 1) there are
important discrepancies in the general cognitive functioning
of diagnostic groups across studies; 2) there is an overlap in
average MMSE scores between the lowest functioning MCI

Table 2 Outcomes and methodological characteristics of studies using the Remember/Know paradigm

Authors Methodological characteristics MCI vs controls AD vs controls AD vs MCI

Procedure Stimuli Recol. Fam. Recol. Fam. Recol. Fam.

Dalla Barba 1997 RK (free recognition) Faces – =
Words – =

RK (forced- choice recognition) Faces – +

Words – =

Rauchs et al. 2007 RK Words – =

Hudon et al. 2009 RK Words – = – – – –

Belleville et al. 2011 RK Words
Pseudowords
Known melodies
Novel melodies

−
−
−
−

=
=
=
=

Serra et al. 2010 RK Visual presentation –words to read –
–

=
=Visual presentation –anagrams

RK = remember/know paradigm; “=” : the article reports an absence of significant difference in the performance between groups; “–”: the article reports a
significant reduction of performance for the experimental group, in comparison to the reference group;; “+”: the article reports a significant increase of
performance for the experimental group, in comparison to the reference group

Table 3 Outcomes and methodological characteristics of studies using the Process Dissociation Procedure

Authors Methodological characteristics MCI vs controls AD vs controls AD vs MCI

Experimental paradigm Stimuli Recol. Fam. Recol. Fam. Recol. Fam.

Serra et al. 2010 PDP Visual presentation –words to read
Visual presentation -anagrams

=
=

=
=

Anderson et al., 2008 PDP Words (visual and auditory presentation) – =

Wolk et al. 2008 PDP (associative) Words – –
PDP (source vs. item memory) Pictures – –

PDP (featural) Words = –

Wolk et al. 2011 PDP (associative) Words – – – – – –

Wolk et al., 2013 PDP (associative) Words – –

PDP=Process Dissociation Procedure; “=” : the article reports an absence of significant difference in the performance between groups; “–”: the article
reports a significant reduction of performance for the experimental group, in comparison to the reference group
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samples and the highest functioning AD samples. Similarly,
there is an overlap in average MMSE score between the
highest functioning MCI group and the lowest functioning
CIE group.

To investigate the influence of MMSE score variations
across groups and studies, between-group effect sizes were
computed for each study using Hedge’s g scores (Rosenthal
1991; Hedges et al. 1985). These effect sizes were calculated
using the following formula:

Hedges0g ¼ Mt−Mc

SDpooled

where Mt is the mean MMSE of the patient group, Mc the
mean MMSE of the control group, and SDpooled the weight-
ed and pooled standard deviation. Therefore, these effect sizes
represent the standardized mean difference in global cognitive
functioning (as per the MMSE) between the different experi-
mental groups in each study. The Hedge’s g scores
representing the difference between MMSE scores of control
and AD groups varied between −2.35 and −17.89. The com-
parison of MMSE scores between control and MCI groups
yielded effect sizes ranging from −0.65 to −6.11. Finally,
effect sizes representing the difference betweenMMSE scores
of MCI and AD groups varied between −1.41 and −9.47. This
important variation in the between-group effect sizes recon-
firms the important discrepancies in the global cognitive func-
tioning of the different experimental groups across studies and

provides evidence that groups which are compared across
studies are not equivalent.

Methodological Considerations in the Assessment
of Familiarity and Recollection

Overview of Experimental Paradigms for the Assessment
of Familiarity and Recollection

Over time, different experimental procedures have been de-
veloped in an attempt to quantify and distinguish the contri-
bution of recollection and familiarity. Unfortunately, none of
these procedures are assumed to convey pure and unbiased
measures of recollection and familiarity and each of themwith
presents some limitations (for a review, see Yonelinas 2002).
When reviewing selected articles, the most frequently used
techniques to quantify familiarity and recollection can be
classified into three different categories: the Remember-
know procedure (RK), the Process Dissociation Procedure
(PDP) and Receiver Operating Characteristic experiments
(see Tables 2, 3, 4 and 5).

The first commonly employed technique was the
remember-know (RK) procedure developed by Tulving
(1985). It was used by five of the 14 reviewed studies. The
RK procedure requires participants to make a subjective judg-
ment on the cognitive process that guides their recognition.
More specifically, subjects are instructed to give a

Table 4 Outcomes and methodological characteristics of studies using a Receiver Operating Characteristic experiment

Authors Methodological characteristics MCI vs controls AD vs controls AD vs MCI

Experimental paradigm Stimuli Recol. Fam. Recol. Fam. Recol. Fam.

Ally et al. 2009 ROC Words – – – – = =

Embree et al. 2012 ROC Words – –
Pictures – =

ROC=Receiver Operating Characteristic; “=” : the article reports an absence of significant difference in the performance between groups; “–”: the article
reports a significant reduction of performance for the experimental group, in comparison to the reference group

Table 5 Outcomes and methodological characteristics of studies using other forms of experimental paradigms

Authors Methodological characteristics MCI vs controls AD vs controls AD vs MCI

Experimental paradigm Stimuli Recol. Fam. Recol. Fam. Recol. Fam.

Westerberg et al. 2006 Other Pictures – = – – – –

Algarabel et al. 2012 Other Words – – – – = =

van der Meulen et al. 2012 Other Pictures – –

“=” : the article reports an absence of significant difference in the performance between groups; “–”: the article reports a significant reduction of
performance for the experimental group, in comparison to the reference group

318



“Remember” response when the item presented for recogni-
tion evokes conscious retrieval of some aspects of its
encoding, and to give a “Know” response when the item is
recognized but fails to elicit conscious recollection from the
learning sequence. Since the instructions specify that an item
should be called familiar only when not recollected, it has
been suggested that the proportion of know responses are
likely to provide an underestimation of familiarity
(Yonelinas and Jacoby 1995). To overcome this bias,
Yonelinas & Jacoby (1995) proposed the “independence cor-
rection”. In brief, this model assumes that familiarity is equiv-
alent to the probability of giving a “Know” response in the
absence of recollection. Hence, to control for the proportion of
“Remember” response given by a participant, a formula is
applied to the proportion of “Know” responses to derive
“corrected” familiarity scores. A common criticism of the
RK procedure is that it relies on participants’ subjective as-
sessment, and thus on the understanding of the instructions.

A second procedure commonly used to assess familiarity
and recollection is the Process-dissociation procedure (PDP).
It was used by five of the reviewed articles. This method was
first proposed by Jacoby in 1991. In a typical PDP experiment,
two sets of stimuli are presented under different encoding
conditions. The recognition phase is also two-fold and in-
cludes an inclusion and exclusion condition. In the inclusion
condition, participants are asked to endorse all previously
studied items (i.e. targets) and to reject new items (i.e.
distractor). In the exclusion condition, participants are asked
to only endorse items from one of the two encoding conditions
and to reject all the other items. It is assumed that, in the
inclusion condition, both familiarity and recollection contrib-
ute to the recognition response. In contrast, in the exclusion
condition, recollection is necessary to support an accurate
judgment since the task instructions require access to contex-
tual information about the encoding sequence. In comparison
to the RK procedure, the PDP has been criticized to provide a
too rigid and restricted definition of recollection.

The third procedure used to assess familiarity and recollec-
tion is based on the receiver operating characteristics (ROC)
model. This technique was first used in favor of the dual-
process theory of recognition by Yonelinas in 1994. In typical
ROC experiments, participants are asked to rate their recog-
nition confidence on a Likert-type scale, usually ranging from
“certain this item is new” to “certain this item is old”. The hits
and false alarms are then graphed as a function of response
confidence and resulting curves are analyzed. The high-
threshold model proposed by Yonelinas (1996) is frequently
applied to derive familiarity and recollection estimates. One
difficulty associated with the ROC model is that it requires a
large number of recognition trials to yield a stable distribution
over the range of confidence responses and to create valid
curves for subsequent analysis. This possibly explains why
ROC was used by only two of the reviewed studies (Embree

et al. 2012; Ally et al. 2009). Furthermore, another limitation
associated with ROC experiments is that they also include an
element of subjectivity as they rely on patients’ ratings of their
own response confidence. However, confidence ratings are
likely to be more intuitive to participants’ than the more
abstract differentiation between remember and know
judgments.

Some of the reviewed articles employed other techniques
to investigate familiarity and recollection. These have mainly
relied on associative recognition or perceptual similarity to
differentiate the contribution of familiarity and recollection
processes. Methods from reviewed articles are presented in
more detail in the next sections.

Summary of Studies Using the Remember-Know Procedure

The review of studies using the R/K procedure (see Table 2) to
assess the two recognition processes consistently supports a
decline in recollection for MCI as well as AD patients. On the
other hand, a preservation of familiarity in MCI and AD
patients was revealed in all but one study.

Dalla Barba (1997) was among the very first to methodo-
logically investigate recollection and familiarity in AD pa-
tients. He used two different versions of the RK paradigm to
compare recollection and familiarity between AD patients and
cognitively healthy elderly. Participants learned lists of 50
words and faces. The author first examined the RK response
rates during a free recognition task, where participants had to
correctly identify studied targets and reject lures presented one
at a time. He also looked at the RK response rates during a
forced-choice recognition task, where participants had to cor-
rectly differentiate a target stimulus from a lure when present-
ed with pairs of stimuli. R/K response rates for hits and false
alarms were reported separately. Overall, in comparison to
normal controls, the AD group showed a significant decrease
in “R” response to targets. A preservation of “K” response was
observed in all conditions except in the forced-choice recog-
nition, where an increase in “K” response to targets was
observed in AD patients in comparison to the control group.
The author concluded that, when compared to controls, pa-
tients’ recognition relied more on familiarity.

Rauchs et al. (2007) investigated familiarity and recollec-
tion in AD individuals in the context of a PET study.
Participants learned a list of 15 words, which were repeated
during five trials (based on the Grober and Buschke’s proce-
dure (Grober et al. 1988)). After a delay of 12 h, participants
were asked to differentiate the 15 studied words from 15
semantically related words, and 15 neutral distractors. In
addition, they had to qualify their recognition strategy with
either “R” or “K” responses and provide a justification for
their R responses. Subjects were also given the opportunity to
give a “Guess” response. Rates of “R” and “K” responses for
target items were computed. No correction was made for false
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alarms. Overall, AD patients gave significantly fewer “R”
responses. They also showed a tendency to provide more
“K” responses than controls. Further, the researchers found
that, while healthy controls used “R” responses more fre-
quently than “K” responses, AD patients used “R” and “K”
responses at a similar frequency. Finally, AD patients were
found to be less efficient in justifying their “R” responses,
which could indicate a lack of understanding of task instruc-
tions and a poorer capacity to accurately differentiate “R”
from “K” recognition.

Hudon et al.[56] compared the performance of controls,
MCI and AD patients on a RK task. During the encoding
phase participants were instructed to memorize a set of 30
abstract and concrete words. At recognition, participants were
presented with a list including all studied words and an equal
number of lures and asked to only endorse previously studied
words. For each endorsed word, participants had to give a “R”
or “K” response. Participants hit rates, sensitivity (A’) and
response bias (B”d) scores were calculated separately for “R”
and “K” responses. “K” responses were also corrected accord-
ing to the independence method (Yonelinas and Jacoby
1995),which takes into account the frequency of “R” re-
sponses to estimate familiarity. Results showed a significantly
greater sensitivity for “R” response for CIE than for individ-
uals with MCI or AD. Furthermore, sensitivity for “R” re-
sponses was significantly greater for MCI participants than for
AD patients. Sensitivity for “K” responses did not differ
between MCI and controls but was significantly lower for
AD patients compared to both MCI and controls. When
using the independence correction to estimate performance
in familiarity, no group difference was found but a significant
effect of age was observed, indicating that a greater age was
associated with a decrease in familiarity. Because few other
studies used the independence method to estimate familiarity
and recollection, results based on sensitivity scores are
presented in results tables of this article. Finally, taking into
consideration that the AD group of this study was significantly
older than the MCI group, it is hard to accurately interpret
results yielded from this group comparison as any outlined
differences could be explained by variation in age.

Belleville et al. (2011) compared performances in familiar-
ity and recollection ofMCI and healthy controls for verbal and
musical material. Furthermore, they looked at the impact of
material novelty on recognition performance. Overall, they
observed a decline in recollection and preservation in famil-
iarity in MCI compared to aged-matched cognitively intact
individuals. The type of material did not affect any of the
group differences. On the other hand, the novelty aspect of the
studied material favored performances in recollection but did
not seem to influence familiarity.

In one of their experiment, Serra et al. (2010) used the RK
procedure to look at recollection and familiarity in individuals
with MCI and cognitively intact elderly. During the encoding

phase, participants had to learn words that were presented to
them via auditory or visual presentation. Visual stimuli were
either presented as words to read out loud, or as anagrams to
be solved. During recognition, participants had to distinguish
distractors from targets by giving a “R”, “K”, or new response.
Further, when a word was identified as a target, participants
were asked to define the context of encoding. R and K hit rates
were computed separately for each presentation modality.
Recollection and familiarity estimates were computed using
the independence correction formula (Yonelinas and Jacoby
1995). For auditory stimuli, aMCI provided a greater propor-
tion of “K” responses than controls. For visually presented
words, MCI recollection was significantly reduced compared
to controls. For both groups, recollection was greater for
anagrams than read words. Familiarity estimates did not sig-
nificantly differ between the control and the patient group.
Finally, MCI patients were less likely than controls to correct-
ly identify the encoding context of words classified as “R”,
however no group differences were reported for words classi-
fied as “K”.

Overall, all studies using the RK paradigm indicate a
decline in recollection for MCI and AD patients and a preser-
vation of familiarity in the MCI patients. For AD patients, two
out of three studies suggest a preservation of familiarity-based
recognition. The study by Hudon et al. (2009) is the only one
demonstrating a decline in familiarity for AD patients com-
pared to both cognitively intact controls and MCI patients.
The RK paradigm seems less sensitive than other experimen-
tal paradigm to detect familiarity deficits in the course of AD,
as it is the only technique that suggests a preservation of
familiarity in AD patients. It is also the only technique that
systematically shows a preservation of familiarity in MCI
across studies. However, the review of studies using the RK
procedures showed that important methodological discrepan-
cies exist across studies, which limits our ability to draw
general conclusions from these results.

Summary of Studies Using the Process-Dissociation
Procedure

Together with the RK procedure, the PDP procedure was
found to be the most frequently used method to distinguish
and quantify familiarity and recollection in MCI and AD
patients. Overall, studies relying on PDP experiments yielded
mixed findings (see Table 3) in the MCI population. Only one
study assessed familiarity and recollection in AD patients
using the PDP, making it difficult to draw conclusion related
to this population. More details on each study follow.

Serra et al. (2010) compared recollection and familiarity
estimates of MCI and CIE for auditorily presented words,
visually presented words and anagrams. In the inclusion phase
participants had to make an old/new judgment, whereas in the
exclusion phase, participants had to endorse only auditorily
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presented words and reject the other ones. Recollection and
familiarity estimates were computed according to the dual-
process signal detection theory (Jacoby et al. 1993). The
results showed no significant group differences in familiarity
for both stimulus types. While estimates of recollection did
not differ for words, a tendency towards a decreased recollec-
tion for anagram words was outlined in MCI.

Anderson et al. (2008) also explored recollection and fa-
miliarity in a sample ofMCI and CIE. The study procedure the
authors employed was rather novel since it didn’t include a
separate encoding and recognition phase, rather the whole
experiment comprised an inclusion and exclusion task.
Participants studied words via auditory or visual presentation.
Each word was presented twice over the learning sequence,
either in the same or in a different presentationmodality. In the
inclusion phase, participants said “yes” when a word was
repeated and “no” when it was presented for the first time,
regardless of the presentation modality. In the exclusion
phase, participants provided a “yes” answer only to words
repeated in the same modality. Accordingly, they were asked
to say “no” when a word was presented for the first time, or
when a word was repeated in a different modality. Familiarity
and recollection scores were computed for the exclusion
condition alone as well as for both conditions combined.
Overall, the pattern of findings was consistent; recollection
was impaired in MCI while familiarity was preserved.

Wolk et al. (2008) used three variations of the PDP to
explore recollection and familiarity performance in MCI and
CIE individuals. In their associative PDP experiment, partic-
ipants were presented with word-pairs and asked to form a
mental image using both words. They were also instructed to
make a judgment on the size of the items corresponding to the
word. Word-pairs were presented either one or three times. In
the recognition phase, participants had to differentiate new
word-pairs, from rearranged or intact pairs. Familiarity and
recollection estimates were computed in accordance with the
dual-process signal detection model for the total, one-time
repetition and three-time repetition conditions. Regardless of
the encoding conditions, they observed a decrease in both
familiarity and recollection in MCI compared to CIE. In their
second experiment, they contrasted the memory for the item
from the source memory. To do so, 80 colored pictures
representing living and non-living items were presented four
at a time, in each of the four quadrants of the screen.
Participants were asked to name out loud the living items
and to press buttons corresponding to their location on the
screen. During the recognition phase, participants had to first
discriminate between targets and distractors (i.e. old/new
judgment). For each item identified as “old”, participants were
also asked to identify the screen quadrant in which the item
was originally presented. The recollection and familiarity
processes were estimated using the same equations as in the
previous associative PDP paradigm. In their last experiment,

Wolk et al. (2008) developed a PDP experiment based on the
features of the task’s stimuli. During the encoding phase,
participants studied 60 words printed either in green or red
font. Half of the words were presented only once, while the
other half were repeated four times over the encoding se-
quence. During the recognition phase, studied words as well
as distractors were presented in black font. Participants were
asked to only endorse words presented in one of the two
colors. Performances of recollection and familiarity for words
presented once, four times as well as the average performance
were quantified. For all conditions, no significant group dif-
ferences in recollection were found. In contrast, familiarity
was significantly reduced in the MCI group across all condi-
tions. Overall the results from all three PDP experiments
performed by Wolk and colleagues suggest that familiarity-
based recognition of MCI is as impaired, if not more, than
recollection.

In a subsequent study, using the associative PDP as previ-
ously described, Wolk et al. (2011) investigated the neuroan-
atomical correlates of recollection and familiarity in AD, MCI
and healthy controls. Consistently with their previous report,
the behavioral results of this study showed that, compared to
CIE, both recollection and familiarity were impaired in the
AD and MCI patients. Furthermore, in comparison to MCI,
the AD group showed a greater impairment in both
recognition processes.

As part of a study examining the associations between
recollection and familiarity and structural neuroimaging bio-
markers of AD, Wolk et al. (2013) compared the recognition
performance of controls and MCI individuals. Once again,
they observed impairments in both recollection and familiarity
in the MCI group.

In summary, studies relying on the PDP to assess familiar-
ity and recollection have produced inconsistent results. It is
possible that PDP is less sensitive to decline in recollection, as
it is the only technique that reported preservation of familiarity
in MCI patients. Wolk et al. (2008, 2011, 2013) consistently
outlined impairment in both recognition processes inMCI and
AD patients. In contrast, using the PDP, Serra (2010) reported
a preservation of both processes in the MCI group. Finally,
Anderson (2008) outlined a decline in recollection and pres-
ervation of familiarity in their MCI sample. The variability in
the methodological approach of these PDP experiments may
have contributed to these discrepancies.

Summary of Studies Using Receiver Operating
Characteristics (ROC)

Only two of the 14 studies relied on ROC experiments (see
Table 4) to investigate familiarity and recollection in MCI and
AD patients. Overall, these two studies outline a decline of
recollection in both patients groups. The results of these
studies also point toward familiarity impairment in MCI and
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AD. However, an experiment using pictures instead of words
showed preservation in familiarity for MCI, indicating the
type of stimulus used may influence familiarity judgments.

The first ROC study to investigate familiarity and recollec-
tion during pathological aging was conducted by Ally et al.
(2009). Using ROC analyses, they compared the performance
of controls, to MCI and AD patients. During the encoding
phase, participants studied two 80-word lists under different
encoding conditions. For the first list, they were asked tomake
a like or dislike judgment on presented words, a question that
favors deep encoding. For the second list, they were asked to
make a judgment on the number of syllables in each presented
word, a question associated with a shallower form of
encoding. During the recognition phase, participants were
presented with a word-list that included all the studied words,
and an equal number of new words. For each word,
participants rated their recognition confidence on a scale
from 1–6; (1 being “certain that the word is new” and 6
being “certain the word is old”). Familiarity and
recollection estimates were computed for the shallow
and deep encoding conditions separately, as well as for
the average of both conditions. Both recollection and
familiarity were found to be impaired in MCI and AD
patients. However, no difference was found when
comparing the two patient groups. In addition, in
contrast to the control group, the MCI and AD patient
groups did not seem to benefit from a deeper encoding.

Embree et al. (2012) also relied on the ROC technique to
investigate familiarity and recollection in MCI and AD pa-
tients. For this study, participants were presented with 235
colored pictures or 235 words representing common objects.
During the encoding phase, participants were shown each
word for 2 s, and each picture for 1 s. For each stimulus,
participants were asked to formulate a “like” versus “dislike”
judgment. During the recognition phase the participants were
presented a list of all the studied stimuli as well as the same
number of distractors. For each stimulus, participants were
asked to classify their answer on a scale from 1–6 (1 being
“certain that the word is new” and 6 being “certain the word is
old”). ROC curves were generated and analyzed separately for
pictures and words. Results showed that recollection was
impaired in the MCI patients, regardless of the stimulus
type. Familiarity was also impaired in MCI for words, but
not for pictures.

In summary, both studies that used ROC to investigate
familiarity and recollection outlined a significant decline in
recollection in MCI and AD patients, Regarding familiarity,
Ally et al. (2009) study suggests a decline in the patient groups
while Embree et al. (2012) report a selective impairment of
familiarity for words. Overall, the low number of studies using
the ROC procedure makes it difficult to draw conclusions
about recollection and familiarity performances of MCI and
AD, when using ROC.

Summary of Studies Using Other Methods

Of the 14 reviewed studies, three studies used less common
techniques to quantify the contribution of recollection and
familiarity to recognition (See Table 5). These studies outline
recollection impairment for MCI and AD patients, relative to
the control group. All studies show familiarity impairments in
AD patients, while 2 out 3 studies highlight familiarity deficits
in MCI. A more thorough description of these studies is
presented below.

Westerberg (2006) hypothesized that, when asked to dis-
criminate between targets and visually similar distractors, an
accurate yes-no recognition has to be mediated by recollec-
tion. In contrast, forced-choice recognition can bemediated by
familiarity alone. Therefore, by comparing performance on
those two tasks, recollection and familiarity can be assessed.
To test this hypothesis, participants were presented with a set
of 12 pictures representing either man-made or natural items.
Each item was presented twice during the learning phase.
Participants then completed a yes-no and a forced-choice
recognition task. In the yes-no recognition task, participants
were presented with a list of pictures including all studied
targets and 36 visually similar distractors. Pictures were
shown one at a time and participants responded “yes” if they
believed that a picture had been previously seen and “no” if it
was new. In the forced-choice recognition task, participants
were presented with 4 highly similar pictures simultaneously,
of which only one had been previously studied, and were
asked to identify the target picture. Estimates of sensitivity
(d’) for the control, MCI and AD patients on the two recog-
nition tasks were calculated and compared. The results
showed impairments on the yes-no recognition task for the
two patient groups, with an even greater impairment for AD
patients relative to MCIs. In the forced-choice paradigm,
impairment was noted for the AD group, while theMCI group
was spared. Westerberg (2006) interpreted these results as a
progressive decline in recollection in MCI and AD, with
preservation of familiarity-based recognition in MCI
individuals.

Algarabel et al. (2012) contrasted performances on an
associative and forced-choice recognition task to assess the
contribution of familiarity in controls, young and old MCI
individuals, and AD patients. Furthermore, they looked at the
influence of two different experimental conditions.
Participants first had to learn a list of word-pairs. In the
associative-recognition task, they were asked to distinguish
intact word-pairs from re-arranged ones. Since this requires
participants to retrieve contextual information from the learn-
ing sequence, performance on this task was assumed to reflect
recollection. In the forced-choice recognition task, word-pairs
were presented and participants were asked to indicate which
pair had been previously studied. However, this task was
deceptive since half the word-pairs were never previously
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presented, but had a word with similar perceptual fluency as
the ones presented during the study phase. This was meant to
induce a feeling of familiarity in participants. In the associa-
tive recognition task, significant differences were found in the
performance of controls and the three patient groups. No
significant differences were found between patient groups
since performance was poor overall. In the forced-choice
recognition for studied words, the performance of the AD
and MCI groups was lower compared to the control group.
The forced-choice recognition for non-studied but perceptual-
ly similar words, revealed an inferior performance in both
patient groups. These results are consistent with a prior study
conducted by Algarabel in 2009. In brief, the authors found
that MCI and AD patients were unable to benefit from per-
ceptual familiarity to increase their recognition performance.
In contrast, controls and non-amnestic MCI patients per-
formed similarly, indicating a preserved familiarity. We did
not include this study in the current review because it did not
provide direct quantitative estimates of recollection and
familiarity.

Lastly, van der Meulen et al. (2012) used an
associative-memory paradigm to quantify recollection
and familiarity. During the encoding condition, partici-
pants were asked to learn pairs of colored-pictures
representing common objects or animals. The recogni-
tion phase was a forced-choice task whereby partici-
pants were presented with three pictures simultaneously.
One served as a “cue” picture and participants were
asked to determine which of the other two pictures
was paired with the “cue” picture during the encoding
phase. In other words, the triads always included a
“cue”, a target and a distractor and participants had to
differentiate between the target and the distractor. The
distractor was either a new picture or a picture present-
ed previously together with another picture. This
allowed for the differentiation of recognition based
purely on perceptual familiarity from recollection based
on encoding context. The results showed that partici-
pants’ performance on trials with previously presented
distractors was significantly lower in the MCI than in
the control group, with the MCI patients showing im-
pairments in recollection. These patients also showed
performance impairments on trials with a new distractor,
but to a lesser extent.

Overall, these studies relied on associative memory and
perceptual similarity to estimate the contribution of
recollection and familiarity. Using these techniques, all three
studies observed a decline in recollection. Two studies point
towards a decline in familiarity in familiarity for MCI
individuals, while Westerberg (2006) study demonstrated
preservation. However, due to the important methodological
differences across those studies it is hard to draw comparisons
and assess the factors influencing their results.

The Effect of Stimulus Modality on Familiarity
and Recollection Performance

Across studies, words were the most commonly used stimuli,
followed by pictures of common objects. Only a few studies
have looked at the influence of stimulus modality on recollec-
tion and familiarity performance (Embree et al. 2012; Dalla
Barba 1997; Belleville et al. 2011). To investigate the effect of
novelty on recollection and familiarity, Belleville et al. (2011)
used words, pseudowords, known melodies and novel
melodies. Across experimental groups, they found that the
novelty of the material favored recollection but not
familiarity. They also revealed a main effect of material,
indicating a better recognition for verbal than musical
stimuli. Embree et al. (2012) looked at recollection and famil-
iarity performance separately for words and pictures. Across
experimental groups, they found that familiarity was higher
for pictures than words. They also highlighted a group-by-
material interaction indicating impairment in familiarity for
words, but not for pictures in MCI individuals. Recollection
performance was not affected by stimulus modality. Dalla
Barba (1997) looked at familiarity and recollection for words
and unfamiliar faces. Overall, a similar pattern of findings was
highlighted for both words and faces. However, in the forced-
choice recognition experiment, AD patients gave significantly
more “K” responses than controls to target faces, while no
significant differences were found for words. Overall, these
findings suggest that the type of stimuli used to assess famil-
iarity and recollection might influence the results.

The Effect of MCI and AD on Familiarity
and Recollection Performance

In this section, we further describe differences in familiarity
and recollection between groups. Globally, studies highlight a
decline in recollection for AD and MCI patients.

All studies comparing AD patients to controls have
reached the conclusion that recollection is impaired in AD
patients (Rauchs et al. 2007; Hudon et al. 2009; Ally et al.
2009; Westerberg et al. 2006; Algarabel et al. 2012; Wolk
et al. 2011; Dalla Barba 1997). As for performance on
familiarity tasks, 5 out of 7 studies demonstrated a decline.
Rauchs et al. (2007) failed to find significant differences in
familiarity between AD patients and CIE. They even found
a tendency towards an increased familiarity in AD patients,
but this did not remain significant after Bonferoni correction
was applied to correct for multiple comparisons. Similarly,
Dalla Barba (1997) concluded that while AD patients’ rec-
ollection was impaired across experimental conditions,
familiarity-based recognition was globally preserved. An
increased proportion of “K” responses for AD patients
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was also observed in the forced-choice recognition for
faces. These two studies discuss the counter-intuitive find-
ings as a compensatory mechanism used by AD patients: to
compensate for recollection deficits, these patients rely
more on familiarity to support their recognition. However,
both of the latter studies did not correct for false alarm rate,
which is known to be increased in AD patients (Budson
et al. 2000). Finally, Hudon et al. (2009) found a decrease in
familiarity when using the sensitivity index (A’). However,
in a later analysis of their results using the independence
correction, which corrects for an underestimation of famil-
iarity associated with task instructions, the group difference
was no longer found to be significant.

In contrast, studies comparing recognition performances of
MCI and CIE patients produced more variable results. Of the
two studies examining single-domain aMCI, neither found
significant impairment in familiarity compared to healthy
aged matched controls (Serra et al. 2010; Anderson et al.
2008). However, it is important to note that for both of these
studies, the standardized difference in the meanMMSE scores
between theMCI and CIE group was not very high (effect size
lower than 0.75).With respect to performances in recollection,
Anderson et al. (2008) reported declining performance in the
MCI group, while Serra’s (2010) results point towards a
preservation of recollection when using the PDP, and a
decline when using the RK procedure. Of the reviewed
articles, the latter is the only one that proposes a
preservation of recollection in MCI. However, as mentioned
previously, the mean MMSE score of the control group in
Serra et al. (2010) is rather low, thereby suggesting that some
of their elderly controls might have presented with cognitive
impairments. Of the studies using samples of both multiple
and single domain MCI, five concluded that familiarity was
significantly impaired in MCI patients when compared to CIE
patients (Ally et al. 2009; Wolk et al. 2013; Wolk et al. 2008;
Wolk et al. 2011; van der Meulen et al. 2012) while two found
a preservation of familiarity in the MCIs (Hudon et al. 2009;
Belleville et al. 2011). However, in these studies the discrep-
ancy between MMSE scores of patients and controls was not
as large as other studies (effect size lower than 0.8).

The results obtained by Embree et al. (2012) vary accord-
ing to the modality of stimuli used in the experimental para-
digm. More specifically, the researchers found a preservation
of familiarity in pictures and impairment for words, compared
to the control group. In the two studies including multiple-
domains aMCI individuals, Algarabel et al. (2012) found
deficits in both recollection and familiarity, whereas
Westberger (2006) found deficits in recollection with preser-
vation of familiarity. However, in the Westberger (2006)
study, although not statistically significant, the control group
was noticeably older than the MCI groups (81.0 versus
76.4 years). Because recognition performance has been shown
to be affected by age (Rabinowitz 1984), this could have

contributed to the absence of differences in familiarity perfor-
mance between groups.

Results of studies comparing recognition performance of
MCI and AD patients have produced highly variable results.
Looking at recollection, two out of five studies do not indicate
deterioration in AD patients’ recollection relative to MCIs
(Ally et al. 2009; Algarabel et al. 2012). In contrast, the three
remaining studies suggest a progressive decline in recollection
from MCI to AD (Hudon et al. 2009; Westerberg et al. 2006;
Wolk et al. 2011). Observed differences in the global cognitive
functioning between AD and MCI groups do not seem to
explain variations in these results. For familiarity, three of the
five studies show additional impairments in AD patients rela-
tive to MCI (Hudon et al. 2009; Westerberg et al. 2006; Wolk
et al. 2011). In contrast, Ally et al. (2009) failed to find
significant differences in familiarity between those two groups.
Finally, Algarabel et al. (2012) outlined significant differences
in familiarity between groups only when AD patients were
compared with younger MCI patients, thereby indicating that
age itself may play an important factor in familiarity deficits.

Overall, the set of diagnostic criteria used for classification
of patients does not seem to influence the pattern of findings
related to recollection and familiarity performances. All studies
show impairments in recollection in MCI and AD patients
relative to CIE. However, results obtained by Serra et al.
(2010) suggest a preservation of recollection for MCI individ-
uals when assessed with the PDP procedure. Results associated
with performance in familiarity tasks are more variable. For
AD patients, most studies point towards a decline in familiar-
ity. However, two studies suggest preservation, or even an
increase in familiarity-based recognition (Rauchs et al. 2007;
Dalla Barba 1997). For studies investigating familiarity perfor-
mances in MCI, five observed a preservation of familiarity
(Hudon et al. 2009; Belleville et al. 2011; Westerberg et al.
2006; Anderson et al. 2008; Serra et al. 2010) and six reported
a decline (Ally et al. 2009; Wolk et al. 2011; Wolk et al. 2013;
Wolk et al. 2008; van der Meulen et al. 2012; Algarabel et al.
2012). The four studies with a MMSE effect size lower than
0.8 did not find any differences in familiarity performance
between control and patient groups (Hudon et al. 2009;
Belleville et al. 2011; Anderson et al. 2008; Serra et al.
2010). Thus, an increased discrepancy in cognitive functioning
between control and patient groups (MCI or AD) seems to be
associated with findings of familiarity deficits. Finally, when
investigating differences in recollection and familiarity be-
tween AD and MCI, studies have yielded very inconsistent
results, indicating the need for more research.

Discussion

The objective of this reviewwas to provide an overview of the
current literature on familiarity and recollection in individuals
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withMCI or AD. To our knowledge, this is the first article that
reviews this particular set of studies.

Our review suggests that, in AD patients, both recollection
and familiarity are affected. Indeed, studies have systemati-
cally outlined a decline in recollection in this population. The
majority of reviewed studies investigating AD patients have
also indicated a decline in familiarity-based recognition. This
review also provides strong evidence for recollection impair-
ments in individuals with MCI, with all studies showing a
decline in recollection for MCI individuals relative to age-
matched controls. With regard to familiarity in individuals
with MCI, results are more inconsistent: six studies demon-
strated a decline in familiarity-based recognition in MCI indi-
viduals (Ally et al. 2009; Wolk et al. 2011; Wolk et al. 2013;
Wolk et al. 2008; van der Meulen et al. 2012; Algarabel et al.
2012), whereas five studies point towards preservation
(Hudon et al. 2009; Westerberg et al. 2006; Anderson et al.
2008; Serra et al. 2010; Belleville et al. 2011). Finally, Embree
et al. (2012) found that MCIs’ familiarity-based recognition
varies according to the modality of the stimulus used.
Interestingly, while no quantitative estimation was included
in this review, it seems that a greater difference in global
cognitive functioning between control and MCI groups is
associated with an increased likelihood of detecting signifi-
cant impairments in both familiarity and recollection will be
observed. This suggests that MCI individuals at a more ad-
vanced stage of AD are more likely to present significant
familiarity deficits relative to age-matched controls.

The results of this review demonstrate that familiarity and
recollection are differentially affected by progressing AD
neuropathology. While recollection is broadly affected
through all stages of the disease process, familiarity deficits
seem to be present only at more advance stages of cognitive
impairment. This supports the involvement of distinct pro-
cesses in recognition and is in agreement with dual-process
theories. Past researches have highlighted a possible dissoci-
ation in the neural substrates of familiarity and recollection.
More precisely, the available evidence suggests that the hip-
pocampus region supports recollection (Bowles et al. 2010;
Bowles et al. 2011). On the other hand, familiarity has been
associated with perirhinal/entorhinal areas (Bowles et al.
2007; Martin et al. 2011). Interestingly, these regions are
affected in the early stages of AD. Due to an earlier and more
pronounced neuropathological alteration of perirhinal/
entorhinal areas relative to the hippocampus in the course of
AD, we originally hypothesized that familiarity deficits would
be a prominent features in individuals with MCI. However,
the review of studies revealed mixed findings and does not
always support the presence of familiarity deficits in MCI
individuals. To explain this pattern of deficits, we propose a
model that can be compared to the progression of neurological
changes that occur as a function of healthy or pathological
aging (Figs. 1a and b). While perirhinal/entorhinal areas are

selectively affected by AD, hippocampal structural and func-
tional impairments are known to occur in normal aging
(Driscoll et al. 2003; Scahill et al. 2003; Raz et al. 2005).
Due to a decreased efficiency in hippocampal functioning, it is
expected to find recollection impairment in normal aging
individuals. Consistently, previous studies looking at the ef-
fect of normal aging on recollection have outlined a decline in
recollection-based recognition in this population (McCabe
et al. 2009; Davidson and Glisky 2002; Anderson et al.
2008; Prull et al. 2006). Importantly, it has been suggested
that, in comparison to young individuals, healthy aging indi-
viduals rely more on familiarity in recognition tasks (Bastin
and Van der Linden 2003; Sander M Daselaar et al. 2006;
Jennings and Jacoby 1997). This increased reliance on famil-
iarity might constitute a compensatory mechanism employed
by healthy aging individuals to preserve their recognition
performance, despite a decreased recollection. In accordance
with this idea, many studies have found a preserved recogni-
tion performance in cognitively intact aging individuals
(Schonfield and Robertson 1966; Fabiani and Friedman
1996; Craik and McDowd 1987). This amplified use of famil-
iarity can also be associated with the increased rate of false
alarms outlined by many studies investigating recognition
memory in aging individuals (Schacter et al. 1997; McCabe
et al. 2009). While this line of evidence points toward an
increased reliance on familiarity during normal aging, this
has not been studied comprehensively. Neural mechanisms
by which familiarity becomes more potent during aging also
remain unidentified. Different pathways could contribute to
this compensatory strategy. First, it is possible that in the
course of normal aging, due to a decreased efficiency in
hippocampal functioning, there is a greater involvement of
entorhinal/perirhinal areas during encoding and subsequent
recognition leading to more prominent familiarity judgments.
However, a greater reliance on familiarity could also be the
consequence of a global weakening of neural traces associated
with contextual information (due to impairment in hippocam-
pus functioning) contributing to recollection judgments,
resulting in more familiarity-like judgments. To summarize,
our model proposes that while normal aging is associated with
impairment in recollection memory, recognition performance
remains unaffected due to an increased reliance on familiarity
to support recognition (Fig. 1a).

In the course of AD, both perirhinal/entorhinal and hippo-
campal regions become affected by tauopathies at a very early
stage (Braak and Braak 1991). Further, the more advanced the
disease, the more severe will be the pathological alteration in
these regions. Thus, in addition to age-related changes, indi-
viduals with progressing AD also present neuropathological
alterations in the hippocampus (Fig. 1b). Hence, with regards
to recollection performance, it is expected to find more severe
deficits in these individuals, when compared to cognitively
intact individuals. Consistently, studies reviewed in this article
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have shown that individuals with MCI and AD present im-
pairments in recollection-based recognition. In addition, AD
is also associated with neuropathological alteration of rhinal
areas. Consequently, it would be also expected to find famil-
iarity impairments during AD. In line with this, our literature
review suggests that patient groups with lower cognitive
functioning (as per the MMSE), in comparison to CIE, are
more likely to present familiarity deficits. In clinical AD,
where overt cognitive and functional deficits can be observed,
both the rhinal areas and the hippocampus are severely affect-
ed by pathological changes and neither recollection nor famil-
iarity can sufficiently support the recognition of previously
encountered material (Fig. 1b). In accordance with that idea,
recognition impairments have previously been found in indi-
viduals with AD (R. C. Petersen et al. 2010; Collie andMaruff
2000; Greenaway et al. 2006).

To summarize, according to this hypothetical model, rec-
ollection is affected during normal aging due to age-related
hippocampal structural and functional changes, while there is
an over-reliance on familiarity to support accurate recognition
judgments. During progression of AD, recollection is affected
by both age-related and neuropathological changes in the

hipocampal region. Familiarity is selectively affected by the
presence of AD neuropathology: as the disease progresses,
more pronounced deficits in familiarity can be observed.

Taken together, this theoretical model aims to explain the
pattern of recollection and familiarity deficits outlined by this
literature review. While we acknowledge that the reviewed
studies do not provide enough evidence to support the accu-
racy of this model, we hope that it can contribute to guide
future research looking at the effects of AD on recollection
and familiarity.

Other factors and methodological considerations might
have influenced the findings of this review and contributed
to the highlighted pattern of familiarity and recollection defi-
cits in individuals with MCI and AD.

First, results concerning recognition performance in MCI
were found to be more variable. MCI population is known to
be highly heterogenous. Accordingly, a follow-up study on a
MCI cohort revealed that 15 % developed a different form of
dementia and 41 % remained stable over a time frame of 4–6
years (Hansson et al. 2006). Similarly, studies have found that
an important percentage of MCI (30–60 %) individuals do not
arbour AD neuropathological features, such as amyloid

Fig. 1 Theoretical model to
explain the involvement of
recollection and familiarity to
recognition performance in the
continuum from normal aging to
Alzheimer Disease. Functional
neuroanatomical studies suggest
that entorhinal/perirhinal areas
and hippocampus differentially
contribute to familiarity and
recollection. Consequently, the
changes in recognition
performance are presented in
conjunction with the progression
of neuropathological impairments
in AD in those medial temporal
lobe regions. Ranging from
young adulthood to normal aging
(a), or to Alzheimer Disease (b),
the differential contribution of
familiarity and recollection to the
overall recognition performance
is displayed in conjunction with
progression of volume loss in the
hippocampus and entorhinal/
perirhinal areas
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deposition (Chételat et al. 2013). Those results highlight that,
in a considerable proportion of MCI individuals, cognitive
impairments are associated to other factors than pre-clinical
AD. Consequently, MCI samples from the reviewed studies
might have included, at different extent, individuals with
cognitive impairments not associated with pre-clinical AD. It
is possible that familiarity deficits are specific to MCI due to
pre-clinical AD and insensitive to other types of MCI. To
maximize the interpretability of findings related to the effect
of AD on these two recognition processes, follow-up studies
or studies including only MCI with approved AD biomarkers
(such as FDG/11C-PiB PET or CSF T-tau, P-tau and Aβ42;
Albert et al. 2011) should be performed.

Second, there were important between-studies differences
with regard to demographic features of experimental groups.
The most salient discrepancy was in the global cognitive state
of the different patient groups. The average MMSE of patients
and control groups varied widely across studies. With regards
to individuals with MCI this is particularly relevant, as it is
possible that MCI samples with higher cognitive functioning,
relative to the control group, include a higher proportion of
non-converter MCI (Nordlund et al. 2010). Consistently, in-
dividuals with more advanced cognitive impairment are likely
to present more severe and widespread AD neuropathological
alterations (Seo et al. 2007; Csernansky et al. 2004; Landau
et al. 2012), indicating a greater risk of conversion to demen-
tia. Furthermore, MCI groups were composed of different
subtypes; while some studies only used single-domain
amnestic MCI, others used only multiple-domain MCI or
both. Those different clinical populations have been associat-
ed with different rates of conversion to AD (Fischer et al.
2007). Consequently, the presence of different subtypes of
MCI across studies suggests that experimental groups varied
in term of neuropathological severity or rates of non-AD
related MCI. Finally, important between-studies variations in
the age of experimental groups were also noted. As demon-
strated by previous studies, age seems to influence recollec-
tion and familiarity processes (Bastin and Van der Linden
2003; Daselaar et al. 2006; Jennings and Jacoby 1997).
Accordingly, age itself can influence findings from the differ-
ent studies.

Thirdly, the presence of important methodological discrep-
ancies makes it extremely challenging to systematically com-
pare results across studies. The most common experimental
paradigms used to investigate familiarity and recollection
performance were the RK task, and the PDP. However, tasks
based on confidence ratings (ROC) and on associative mem-
ory were also employed. Our review showed that there was a
possible effect of the testing paradigm. While all studies using
the RK showed a preservation of familiarity for MCI in
comparison to CIE, studies relying on other methodological
paradigms yielded more variable results. Similarly, studies
using the RK task were the only ones to outline a preservation

of familiarity in AD patients. Consequently, it is possible that
this technique is less sensitive to detect impairments in famil-
iarity in individuals affected with cognitive impairments.
Indeed, for MCI and AD patients, RK task instructions
might be too complex to understand. Accordingly, Rauchs
et al. (2007) outlined a decreased capacity of patients to
correctly justify their answer and differentiate “R” from “K”
responses. On the other hand, studies using the PDP were the
only ones to highlight preservation in recollection for individ-
uals with MCI. This technique is therefore less sensitive to
detect impairment in recollection in this patient population.
Overall, this suggests that the choice of the experimental
paradigm might affect the global assessment of familiarity
and recollection. Not every paradigm might be equally suit-
able to detect differences in these patient populations. This
could also reflect the fact that these paradigms measure dif-
ferent elements of recognition. Furthermore, even within sim-
ilar experimental paradigms, a number of differences were
found in terms of encoding of recognition conditions, the time
interval between encoding and recognition, the time of stim-
ulus presentation, and the type of stimulus used. All these
factors could have contributed to the variability in findings
across studies.

Another limitation associated with this review lies in the
quantification of familiarity and recollection estimates. While
some authors based their familiarity and recollection estimates
on hit and false alarms rates, others used more complex
formulas, e.g., the independence correction, to quantify the
contribution of each process. Consequently, it becomes diffi-
cult to systematically compare these quantifications across
studies.

For all of these previous methodological discrepancies, we
did not quantitatively compare results across studies, as it
might have provided biased estimates of group differences in
familiarity and recollection. This does limit the scope of this
review. Finally, another limitation inherent to this review is
that it was performed solely in light of the high threshold dual-
process theory of recognition, which perceives familiarity and
recollection as being intrinsically independent and dissocia-
ble. Other models have been proposed to characterize recog-
nition memory and some studies have suggested that the high
threshold dual-process theory of recognition might provide a
biased theoretical framework (Dede et al. 2013; Squire et al.
2007; Wixted 2007; Wixted and Mickes 2010).

In the hope of finding cognitive symptoms that can help
predict conversion to dementia, many studies have character-
ized cognitive performance of individuals with MCI and AD.
While recollection has consistently been found to be impaired
in these two clinical populations, our review suggests that
familiarity deficits arise with more severe cognitive impair-
ment. Hence, it could be a useful clinical marker of individuals
who are closer to convert to dementia. However, more longi-
tudinal studies need to be performed to clarify the nature of
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familiarity performance in the course of AD. The relatively
small number of studies that have investigated familiarity and
recollection in individuals withMCI and ADmakes it difficult
to define the exact nature of recognition deficits in those
populations. In addition, the reviewed studies have methodo-
logical shortcomings and confounding variables that have to
be considered before general conclusions can be drawn.
Replication studies and further research comparing different
experimental paradigms (such as “RK”, “PDP” and “ROC”),
clinical populations (MCI with confirmed AD neuropathology
versus non-AD related MCI), procedures (such as the type of
stimuli and the encoding and recognition instructions), and
theoretical models are needed before broader use of familiarity
and recollection assessments in clinical settings can be
envisioned.
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