Journal of Memory and Languadé,441-517 (2002) @
doi:10.1006/jmla.2002.2864, available online at http://www.academicpress.chn B‘F'

The Nature of Recollection and Familiarity:
A Review of 30 Years of Research

Andrew P. Yonelinas

University of California, Davis

To account for dissociations observed in recognition memory tests, several dual-process models have been
proposed that assume that recognition judgments can be based on the recollection of details about previous
events or on the assessment of stimulus familiarity. In the current article, these models are examined, along with
the methods that have been developed to measure recollection and familiarity. The relevant empirical literature
from behavioral, neuropsychological, and neuroimaging studies is then reviewed in order to assess model pre-
dictions. Results from a variety of measurement methods, including task-dissociation and process-estimation
methods, are found to lead to remarkably consistent conclusions about the nature of recollection and familiarity,
particularly when ceiling effects are avoided. For example, recollection is found to be more sensitive than
familiarity to response speeding, division of attention, generation, semantic encoding, the effects of aging, and
the amnestic effects of benzodiazepines, but it is less sensitive than familiarity to shifts in response criterion, flu-
ency manipulations, forgetting over short retention intervals, and some perceptual manipulations. Moreover,
neuropsychological and neuroimaging results indicate that the two processes rely on partially distinct neural
substrates and provide support for models that assume that recollection relies on the hippocampus and prefronta
cortex, whereas familiarity relies on regions surrounding the hippocampus. Double dissociations produced by
experimental manipulations at time of test indicate that the two processes are independent at retrieval, and sin-
gle dissociations produced by study manipulations indicate that they are partially independent during encoding.
Recollection is similar but not identical to free recall, whereas familiarity is similar to conceptual implicit mem-
ory, but is dissociable from perceptual implicit memory. Finally, the results indicate that recollection reflects a
thresholdlike retrieval process that supports novel learning, whereas familiarity reflects a signal-detection
process that can support novel learning only under certain conditions. The results verify a number of model pre-
dictions and prove useful in resolving several theoretical disagreementso2 Elsevier Science (USA)

Results from cognitive, neuropsychologicalabout previous study events or on assessmen
and neuroimaging studies of human memory imf stimulus familiarity. Although the develop-
creasingly indicate that recognition memoryment of formal dual-process models by cogni-
performance reflects two distinct memonytive psychologists only began in the 1970s, the
processes or types of memory, often referred wistinction between these two types of memory
as recollectionand familiarity. The distinction has been discussed since the time of Aristotle
is illustrated by the common experience of recGiven the rapid growth of empirical findings
ognizing a person as familiar but not being abl¢éhat are being interpreted within a dual-process
to recollect who the person is or where theyramework, there is an increasing need to care
were previously encountered. Such introspedully examine dual-process models, as well as
tions suggest that memory judgments can ke methods that have been developed to mea:
based either on recollection of informatiorure these processes, and to evaluate and inte

grate the related empirical literature. The aim of
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single type of memory then this simpler moddunction of response confidence (i.e., an ROC)
should be preferred. Although a majority othe observed empirical functions are curvilinear
memory researchers today would likely agreand their shapes change across conditions suc
that at least two processes or types of memaifyat they require no less than two functionally
are needed to account for the existing recognirdependent memory parameters to describ
tion memory literature, it is useful to brieflythem (e.g., Kelley & Wixted, 2001; Kim, Hil-

consider the type of results that have led to thisrd, & Adams, 1999; Rotello, Macmillan, &

conclusion. | start by briefly describing four emReder, 2001; Yonelinas, 1994, 1999; Yonelinas,
pirical dissociations that have been used as supebbins, Szymanski, Dhaliwal, & King, 1996),

port for the claim that recognition involves morendicating that at least two separate memory
than a single type of memory. These examplesmponents are needed to account for recogn
will also be useful in illustrating the general dotion performance. Moreover, in item recognition
mains from which the empirical evidence hatests, as long as performance is above chanc
accumulated. the ROCs are always curvilinear, whereas in as

First, studies of processing speed have indsociative recognition tests the ROCs are quite
cated that familiarity is faster than recollectiondistinct in the sense that they are often muct
For example, under speeded test conditions suhere linear in shape (e.g., Arndt & Reder, 2001;
jects are found to be able to make accurate dkselly & Wixted, 2001; Slotnick, Klein, Dodson,
criminations that can be based on familiaritye Shimamura, 2000; Rotello, Macmillan, &
such as distinguishing between items that wek&n Tassel, 2000; Yonelinas, 1997, 1999; but se
recently studied and nonstudied items, mom@in, Raye, Johnson, & Mitchell, 2001). Thus,
quickly than they can make discriminations thahodels that provide a good fit for item recogni-
require them to recollect specific informatiortion ROCs tend to provide a poor fit of the asso-
about the study event, such as determining wherative ROCs, indicating that different processes
or where an item was previously studied (e.gare contributing to performance in the two types
Hintzman & Caulton, 1997; Gronlund, Ed-of tests.
wards, & Ohrt, 1997; Hintzman, Caulton, & Third, recollection and familiarity exhibit
Levin, 1998). | refer to these two types of recogdistinct electrophysiological correlates. For ex-
nition tests as item and associative recognitiample, event related potentials (ERPS) recorde
tests, respectively. A number of related studiem the scalp during recognition tests indicate
have shown that as the time allowed to maketlaat items that are “remembered” or that are as-
response is increased, the probability of acce@eciated with accurate memory for some detail
ing a new item that is either similar to a studiedf the study event are related to ERPs that ex:
item, or is from an inappropriate study list, firshibit distinct temporal and spatial scalp distribu-
increases then decreases, producing biphasic ions from those related to items that are recog-
curacy/response-time functions (e.g., Doshemjzed on the basis of familiarity in the absence
1984; Gronlund & Ratcliff, 1989; Hintzman & of recollection (e.g., Curran, 2000; Dizel,
Curren, 1994; Jacoby, 1999; McElree, Dolan, &onelinas, Mangun, Heinze, & Tulving, 1997,
Jacoby, 1999; Rotello & Heit, 2000). These reSmith, 1993; Klimesch, Doppelmayr, Yoneli-
sults indicate that a fast familiarity process leadss, Kroll, Lazzara, Rohm, & Gruber, 2001).
the related new items to be incorrectly acceptedithough these results do not indicate which
and only with additional retrieval time are subbrain regions support recognition performance,
jects able to recollect the information that althey do indicate that there are at least two sepa
lows them to reject those items. rate brain processes involved.

Second, the analysis of recognition confi- Fourth, recollection is more severely dis-
dence responses indicates that recollection angted than familiarity by certain brain injuries,
familiarity can produce distinct receiver operatindicating that these two processes are depenc
ing characteristics (ROCs). For example, wheent on different brain regions. For example, am-
hit rates are plotted against false alarm rates asesic patients exhibit significantly greater mem-
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ory impairments on associative than item recogle is to characterize recollection and familiarity
nition tests, indicating that the regions damagebly ascertaining the points of agreement and dis
in amnesia are more important for the formeagreement among the current models and the
than latter type of recognition judgment (e.g.using the empirical evidence to assess th
Aggleton, McMackin, Carpenter, Hornak,claims made by the models.
Kapur, Halpin, Wiles, Kamel, Brennan, Carton, The review is organized into four main sec-
& Gaffan, 2000; Hurst & Volpe, 1982; Hupperttions. The first section (Dual-Process Models)
& Piercy, 1976; 1978). Moreover, consistentlescribes the dominant dual-process theorie
with the examples described above, ROC studiesid identifies areas of agreement and disagre
in amnesics have indicated that only one processent about the nature of recollection and famil-
(i.e., familiarity) is needed to account for theiriarity. The second section (Measurement Meth:-
recognition performance (Yonelinas, Kroll,ods) examines different methods that have bee
Dobbins, Lazzara, & Knight, 1997), as expectedsed to assess these two processes. The thi
if they exhibited a severe deficit in recollectionsection (Empirical Findings) examines the ef-
Moreover, ERP studies of amnesics have indfects of experimental manipulations on recollec-
cated that although the ERP correlate of recotion and familiarity as well as the related neuro-
lection is absent in these patients, they often stilbgical and neuromonitoring studies. The fourth
exhibit the familiarity correlate (e.g., Tendolkarsection (Characterizing Recollection and Famil-
Schoenfeld, Golz, Fernandez, Kuhl, Ferszt, &arity) assesses the model predictions about rec
Heinze, 1999; Duzel, Vargha-Khadem, Heinzepllection and familiarity and evaluates the vari-
& Mishkin, 2001). ous measurement methods in light of the results

The examples just described indicate that
recognition tests that can be based on familiar- DUAL-PROCESS MODELS
ity are functionally distinct and rely on partially A number of memory models have been pro-
separate neural substrates than those that pwsed that assume that recognition memon
quire subjects to recollect information about thgudgments can be based on two distinct forms o
study event. Such dissociations are expectedrifemory. The core assumptions of many of thes
recognition performance relies on two distinctnodels are often quite similar; however, they
memory processes. In contrast, if all recognidiffer in critical ways and in many cases make
tion memory judgments were based on the aseonflicting predictions about the functional na-
sessment of a single form of memory, therure and the neural substrates of the underlyin
these types of dissociations should not haverocesses or systems.
been observed. )

Given that there are two different processes o€ Atkinson Model
types of memory that contribute to recognition, Atkinson and colleagues (Atkinson & Juola,
the question is then how best to describe thed®73, 1974; Atkinson, Hertmann, & Wescourt,
The terms “recollection” and “familiarity” have 1974; Juola, Fischler, Wood, & Atkinson, 1971)
been used in different ways by different thegsroposed a conditional search model of recogni-
rists. In some cases, recollection and familiaritifon memory in which subjects either make a fast
are treated as retrieval processes or memory assponse based on the familiarity of the test item
sessment mechanisms. In others, the terms rederif the familiarity process produces an ambigu-
to different types of mnemonic information orous response, engage in an extended memot
subjective states, whereas others use the tersesrch. Familiarity is assumed to reflect the acti-
to refer to different memory storage locations oration of nodes in a lexical store in which each
systems. As this review will make clear, alnhode represents an individual word or object.
though there is good agreement about some &ghenever a node is accessed it is activated an
pects of recollection and familiarity, there ar¢his activation decreases gradually over time.
also numerous disagreements that have led Thus, in a recognition test, the nodes correspon
important debates. The goal of the current artiling to studied items will be more active on aver-
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age than those corresponding to nonstudieDorsolateral
items, and assessments of activation can be us P’Ce;’ft‘;f'
to discriminate between studied and nonstudie
items. The familiarity process is assumed to b
well described by signal detection theory in the
sense that activation levels of old and new item
form overlapping Gaussian distributions. As ir
earlier applications of signal detection theory tc
human memory (e.g., Banks, 1970; Kintsch
1967; Murdock, 1965; Parks, 1966), the subject
assumed to set a criterion and accept items e..
qeedlng this crlterlon a_s having be_en S_tUdled; un- IG. 1. Brain regions implicated as being involved in rec-
like these earlier theories, the subject is assUM@fkction and familiarity.
to set an additional lower criterion and accept
items falling below this criterion as being new.
For items falling between these criteria, assess-A number of more recent models challenge
ments of activation are equivocal; thus for thesthe notion that recollection is selectively dis-
items the subjectis assumed to engage arecolleapted in all patients with medial temporal lobe
tion process whereby they search a separadamage and suggest that the hippocampal re
event-knowledge store that holds a list of thgion is critical for recollection, whereas sur-
items that were encoded when the items wer@unding structures in the medial and inferior
studied. Familiarity and recollection are assumemporal lobe (e.g., the parahippocampal gyrus
to differ in the sense that they support memory foare important for familiarity (e.g., Aggleton &
perceptual and semantic (or meaning-based) iBrown, 1999; Eichenbaum, Otto, & Cohen,
formation, respectively. 1993). Thus, patients with selective hippocam-
pal damage are expected to exhibit selective rec
ollection deficits, whereas patients with more
Several dual-process models have been devektensive damage that extends into the parahiy
oped with the primary purpose of accounting fgpocampal gyrus will exhibit deficits in both rec-
the memory deficits observed in patients witbllection and familiarity.
focal brain lesions. A number of models assume Although most of the neuroanatomically
that medial temporal lobe damage (e.g., hipased dual-process models have focused on tt
pocampus and the surrounding temporal lolmntribution of the medial temporal lobes, a
including the parahippocampal gyrus; see Figumber of models indicate that the thalamus
1) results in a form of amnesia that disrupts reend frontal lobes also play critical roles in recol-
ollection but leaves familiarity intact. For examiection and familiarity. For example, Aggleton
ple, Huppert and Piercy (1976; 1978) argue thand Brown (1999) argue that a circuit linking
healthy subjects can base recognition memotiye hippocampus and anterior thalamus via th
judgments on assessments of item familiarity dornix supports recollection, whereas a circuit
on the basis of retrieving contextual or list memnlinking the perirhinal cortex (an anterior region
bership information about study events, wherea$ the parahippocampal gyrus) to the medial
amnesics are limited primarily to assessments dbrsal thalamus supports familiarity. They also
familiarity. Similarly, Mayes (1988; Mayes, argue that direct projections from the thalamus
Meudell, & Pickering 1985; Mayes, 1992) ar4o the frontal lobes indicate that the frontal lobes
gues that amnesia results in a deficit in contebdtely play a critical role in both recollection and
memory that leaves item memory relatively prefamiliarity and that these regions may be impor-
served. Similar arguments have been made tant for both encoding and retrieval operations.
several others (e.g., Hirsh et al., 1986; Verfaelligloreover, as discussed in more detail below.
& Treadwell, 1993; Wickelgren, 1979). Tulving argues that the frontal lobes play an im-
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portant role in recognition memory and that diftext and elaboration given to an item when it
ferent frontal regions may be differentially rewas initially studied (i.e., recollection). A fun-
lated to recollection- and familiarity- baseddamental distinction between the two processe
memory judgments. is assumed to be that recollection reflects an ar
alytic, consciously controlled process, whereas
The Mandler Model familiarity is a relatively automatic process.
Mandler and colleagues (Mandler, 1979, Unlike previous models, familiarity is not
1980, 1991; Graf & Mandler, 1984; Graf, treated as an inherent characteristic of an item ¢
Squire, & Mandler, 1985; Mandler & Boeck,event; rather, it is thought to arise when fluent
1974; Mandler, Pearlstone, & Koopmans, 1969rocessing of an item is attributed to past expe
Rabinowitz, Mandler, & Patterson, 1977) artience with that item. For example, in a recogni-
gued that recognition memory judgments can li®n memory test, if some items are processe
based on the assessment of item familiarity onore fluently than others (e.g., they are pre-
on the basis of a memory search process. Wheented slightly more clearly than other test
an event is studied, it leads to an increase in d@ems), subjects might attribute this processing
tivation or familiarity, which is the intraitem in- fluency to past experience with those items an
tegration of the perceptual aspects of that itejudge them to be familiar. Processing fluency is
in memory. Familiarity is assumed to supporilso expected to lead items to be more easil
not only recognition memory judgments butdentified in implicit memory tests like percep-
also performance on implicit memory tasksual identification (Jacoby & Dallas, 1981), and
such as word stem completion (see Roedigert®us, familiarity and perceptual implicit mem-
McDermott, 1993). In contrast, recollection iory should be related. However, familiarity is
assumed to reflect a search process that suppoids limited to perceptual fluency, but rather can
both recognition and recall performancealso reflect conceptual fluency (i.e., enhancec
whereby elaborative information or interitem inprocessing of the meaning of the stimuli), and
formation (i.e., information relating the event tahus familiarity should not be identical to per-
its context or to other events) is retrieved. Marceptual implicit memory, which tends to be in-
dler et al. (1969) initially argued for a condisensitive to conceptual manipulations (Jacoby
tional search model, such that recollection wek984; 1991; Jacoby & Kelley, 1992).
only initiated if familiarity led to an ambiguous Familiarity is assumed to be somewhat fastel
response, but in subsequent articles the modkan recollection, but the two processes are as
was modified such that the processes are indeimed to be independent and to operate in pars
pendent and operate in parallel, but with familel. Although the neuroanatomical substrates of
jarity typically being faster than recollectionthese processes have not been specified, ar
(e.g., Mandler, 1980). Recollection is expectedesics are expected to rely primarily on famil-
to be selectively disrupted by damage to the mirity, suggesting that the medial temporal lobes
dial temporal lobes, and familiarity is assumedre particularly important for recollection. Fa-
to reflect the activation of existing memory repmiliarity is not assumed to reflect the operation

resentations in the neocortex. of a distinct memory system from recollection,
nor to rely on activation of existing representa-
The Jacoby Model tions. Rather, both recollection and familiarity

Jacoby and colleagues (Jacoby, 1983, 198dre thought to rely on detailed memory for prior
1991; Jacoby & Dallas, 1981; Jacoby & Kelleyepisodes. Thus, familiarity and recollection
1992; Jacoby & Witherspoon, 1982; Jacobyhould be capable of supporting new learning
Kelley, & Dywan, 1989; Kelley & Jacoby, 1990;such as with nonwords and new associations.
Whittlesea, Jacoby, & Girard, 1990) have ar- .
gued that recognition memory judgments can B¢ Tulving Model
based on the assessment of processing fluencyfulving and colleagues have argued that
(i.e., familiarity) or on the recovery of the conthere are several functionally distinct memory
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systems (Tulving, 1985, 1982; Tulving &poral lobe regions are critical for semantic
Schacter, 1990; Tulving & Markowitsch, 1998;memory (Tulving & Markowitsch, 1998). More-
Nyberg, Cabeza, & Tulving, 1996; Wheelerpover, the right prefrontal regions are assumed t
Stuss, & Tulving, 1997), includingepisodic be critical for retrieval from episodic memory,
memory which gives rise to the conscious exwhereas left prefrontal regions are important for
perience of “remembering” (i.e., recollection)retrieval from semantic memory and for the en-
and semantic memorywhich gives rise to the coding into episodic memory (e.g., Nyberg,
conscious experience of “knowing” (i.e., theCabeza, & Tulving, 1996).
feeling of familiarity in the absence of remem- .
bering). Although Tulving’s model is not often 1€ Yonelinas Model
described as a dual-process model of recogni- Yonelinas and colleagues (Dobbins, Kroll,
tion, it is similar to the Atkinson model in as- Yonelinas, & Liu, 1998; Yonelinas, 1994,
suming that recognition memory performancd997, 1999, 2001a, 2001b; Yonelinas, Kroll,
reflects the operation of two separate memoipobbins, Lazzara, & Knight, 1998; Yonelinas,
systems. The episodic system stores personallyoll, Dobbins, & Soltani, 1999; Yonelinas,
experienced events and their temporal relatiori3obbins, Szymanski, Dhaliwal, & King, 1996)
to each other, whereas the semantic systehave argued that recollection and familiarity
stores general knowledge about the world. Reliffer in terms of the type of information that
call performance is thought to rely primarily onthey provide and in the extent to which each
the episodic system, whereas recognition religgocess influences recognition confidence. Fa
heavily on both systems. Both systems are exniliarity is assumed to reflect the assessmen
pected to be flexible and to support the learningf “quantitative” memory strength information
of new information, although the semantic sysin a manner similar to that described by signal
tem may be slower to learn new informatiordetection theory. In contrast, recollection re-
than the episodic system. Perceptual implicilects a threshold retrieval process whereby
memory was initially thought to rely on seman-‘qualitative” information about a previous
tic memory (Tulving, 1982), but later was as-event is retrieved. That is, subjects may re-
sumed to reflect &isual word formsystem that trieve many different aspects of a study event
was separate from the semantic system (Tulving.g., temporal and spatial context, as well as
& Schacter, 1990), thus leading to the expectassociations between different components o
tion that familiarity and perceptual implicit an event), but, for some items, subjects are un
memory should be distinct. Information is asable to retrieve any accurate qualitative infor-
sumed to pass through the semantic system hbeation about the study event (i.e., some items
fore it is encoded into the episodic system sucfall below the recollective threshold). For these
that the formation of episodic memories deitems subjects are expected to rely on asses:s
pends upon the semantic system. However, atents of familiarity. Recollection is expected
time of retrieval, the two systems are assumei support relatively high confidence recogni-
to operate independently and in parallel in th&on decisions compared to familiarity, which
sense that information can be retrieved from esupports a wide range of recognition confi-
ther of the two systems separately (Tulvingdence responses. The model assumes that
1985, 1995; Tulving & Markowitsch, 1998).  time of retrieval recollection and familiarity
The episodic system is assumed to rely on tlage initiated in parallel and are independent.
medial temporal and frontal lobes, and thuBamiliarity is expected to be faster than recol-
damage to either region can lead to deficits lection (Yonelinas & Jacoby, 1994, 1996), and
recollection (Wheeler, Stuss, & Tulving, 1997recollection is expected to be reduced with
Schacter & Tulving, 1994). However, a furthehippocampal damage, whereas familiarity
division within the temporal lobes is assumed tshould be reduced if additional temporal lobe
hold, in which the hippocampus is critical forstructures are damaged (Yonelinas et al.,
episodic memory, whereas the surrounding temd998). Recollection is particularly well suited
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to support learning of novel associations, antfery few of the neuroanatomical models explic-
familiarity is only expected to support novelitly address how the two processes are relatec
learning under very limited conditions (Yoneli-However, because they assume that it is possibl
nas 1997, 1999; Yonelinas, Kroll, Dobbins, &to selectively disrupt recollection, this process
Soltani, 1999). Most importantly, familiarity is must be partially independent of familiarity.

not expected to support associative memory faflow the two processes are related at the time ¢
two distinct items, unless the two items can bencoding is less clear. For example, Atkinson
unitized or treated as a single larger item (e.gdoes not elaborate on encoding mechanisms, b
in the way that a nose, mouth, and eyes cdrecause the two processes are assumed to re
form a face). on distinct storage systems, they could involve

, , independent encoding mechanisms. In contras
Points of Agreement and Disagreement among]-uwmg argues that information must pass

the Models through the semantic system before entering th

Dual-process models are often treated asepisodic system, thus the processes act seque
unified set of theories or as slight variations omially during encoding even though they can op-
the same basic theory. There is some suppatate independently during retrieval.
for these assertions in the sense that most of the3. Familiarity is often described as reflecting
models are in good agreement about a numbar continuous index of memory strength,
of central characteristics of recollection and fawhereas recollection is thought to reflect the re-
miliarity, but the models do differ in some im-trieval of specific information about a study
portant ways. Nine critical areas are identifie@vent (Atkinson, Jacoby, Yonelinas, and severa
below, ranging from points in which almost allneuroanatomical models). Some models havi
the models are in agreement, to points in whicformalized familiarity using signal detection
a wide variety of opposing positions have beetheory (Atkinson and Yonelinas), such that old
taken. Each of these areas are discussed furtlii@ms are more familiar than new items but they
after the empirical results are presented. form overlapping Gaussian distributions. In

1. There is general agreement that familiaritgontrast, the retrieval process has been forma
is faster than recollection (Atkinson, Mandlerjzed by at least one model as a threshold proce:
Jacoby, and Yonelinas). Most of these mode({¥onelinas) such that subjects sometimes fail tc
assume that both processes are initiated in panatrieve any qualitative information about a
lel (Mandler, Jacoby, and Yonelinas), whereastudied item.
one model assumes that familiarity is completed 4. An assumption adopted by some models
before recollection (Atkinson). Although theis that recollection and familiarity reflect con-
neuroanatomical models make no expliciteptual and perceptual processes, respectivel
claims about response speed, several models g&stkinson and Mandler). However, Jacoby ar-
sume that familiarity is subserved by brain regues that familiarity reflects conceptual as well
gions that are earlier in the processing streaas perceptual fluency, and Tulving treats famil-
(e.g., parahippocampal gyrus, than regions suigtity as arising from semantic memory that
porting recollection (e.g., the hippocampus)ontains abstract knowledge. Thus, familiarity
thus they are consistent with the expectation thaiight not be limited solely to perceptual infor-
familiarity is the faster of the two processes. mation.

2. Most of the models assume that recollec- 5. Recollection and familiarity are some-
tion and familiarity function independently attimes described as reflecting controlled and au
the time of retrieval (Mandler, Jacoby, Tulvingtomatic processes, respectively (Jacoby). Al-
and Yonelinas). Atkinson assumes that recollethough most models do not explicitly address
tion and familiarity rely on two independentthe automatic/controlled distinction, many of
memory storage systems, but he assumes ttiam are broadly consistent with this claim. For
familiarity is initiated first and that only if famil- example, to the extent that familiarity is a partic-
iarity fails is the recollection process initiatedularly fast process (Atkinson, Mandler, and
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Yonelinas) it might be described as being rela- 8. There is also disagreement about how fa
tively automatic. Moreover, the activationmiliarity should be related to implicit memory.
process that is sometimes assumed to undeffier example, Tulving argues that implicit mem-
familiarity is often described as relatively autoery relies on memory systems that are separat
matic, whereas the search process underlyifigm those supporting recognition memory. In
recollection is more controlled and effortfulcontrast, Mandler and Jacoby argue that the
(Atkinson and Mandler). same process that supports recognition can als
6. One difference between recollection andupport perceptual priming in tasks like stem
familiarity that is proposed by at least someompletion. However, Jacoby argues that famil-
models is that familiarity decreases more raparity is influenced by conceptual fluency, thus it
idly than recollection. That is, models that treanight be more closely related to conceptual im-
familiarity as resulting from temporary activa-plicit memory, such as that seen on exempla
tion of neural networks or lexical representageneration tasks (see Roediger & McDermott.
tions (Atkinson, Mandler, Eichenbaum, et al.1993), than to perceptual implicit memory.
1993) predict that familiarity should decrease 9. There are also disagreements about th
fairly rapidly. Mandler argues that differences imeural substrates of recollection and familiarity.
forgetting rates should be observed across retéviest of the models are consistent in assuming
tion intervals varying up to several weeks. Ithat recollection is dependent on the media
contrast, Eichembaum et al. (1993) suggest thaimporal lobes and thus predict that amnesic
differences in forgetting should be most proshould exhibit deficits in recollection (Mandler,
nounced when examining performance verJacoby, Yonelinas, and neuroanatomical mod:
shortly after encoding. els). However, there is less agreement abol
7. A point of considerable disagreemenivhether familiarity is completely preserved in
among the models centers on the extent these patients. Mandler and some of the neu
which these processes can support learning rmianatomical models make the assumption the
novel information. Some models treat recolledamiliarity is preserved in amnesia. However,
tion as being necessary for the learning of nesther models assume that the fate of familiarity
associations and representations, whereas fandepends on the precise location of the media
iarity reflects the activation of preexisting repretemporal lobe damage. For example, severa
sentations. For example, Atkinson treats famimodels propose that the hippocampus is impor
iarity as the activation of existing lexical nodestant for recollection, whereas regions in the sur-
and Mandler treats familiarity as item activarounding medial temporal lobe, such as the
tion. Thus, familiarity should not support noveparahippocampal gyrus, are important for famil-
learning. However, Jacoby suggests that bothrity (Tulving, Yonelinas, and some neu-
recollection and familiarity rely on detailedroanatomical models).
memory for prior events, thus one might expect Regions outside the medial temporal lobes
both processes to support novel learning. Sinsuch as the frontal lobes, are also thought to b
larly, Tulving argues that semantic memory caimvolved in recollection and familiarity, but
support novel learning even without the episoditiere is little agreement about the specific re:
system. In contrast to these two positiongiions or about the precise roles of these region:
Yonelinas argues that familiarity does not sug-or example, Aggleton and Brown (1999) argue
port associative memory for different aspects dhat a circuit linking the hippocampus and
an event, unless these different aspects drental lobes via the fornix and anterior thala-
treated as a unified whole. Thus, familiaritynus supports recollection, whereas a circuli
should support learning of new items, such dmking the parahippocampal gyrus to the frontal
nonwords, but should not support learning of agebes via the medial dorsal thalamus support:
sociations between arbitrarily paired items (e.giamiliarity. Tulving argues, more specifically,
word pairs) unless they are encoded as a singifat the right frontal lobe is involved in attempts
unified item. to retrieve from episodic memory (i.e., recollec-
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tion), whereas the left frontal lobe is involved irferent response-speed methods have been use
retrieval from semantic memory (i.e., familiarIn the response-time methpdecognition per-
ity) and that the act of retrieving from semantiéormance is examined separately for fast anc
memory results in encoding into episodic menslow recognition responses under standard nor
ory and thus the left frontal lobe should be respeeded recognition conditions. Fast response
lated to recollection encoding. are expected to reflect familiarity, whereas slow
responses should include a greater contributio!
MEASUREMENT METHODS of recollection. In the response-deadline
In order to evaluate the theoretical claimmethod subjects are forced to make a speedel
about recollection and familiarity, it is necessaryecognition response at a specified time after th
to develop methods that can be used to meastest stimulus is presented (e.g., within 700 ms)
these processes. All measurement methods relyd performance is compared to that from &
on critical assumptions. If these assumptions anenspeeded recognition test condition. Speede
not met then the methods cannot be expectedrasponses should be based primarily on famil
lead to valid conclusions. For this reason it imrity, whereas nonspeeded responses should r
necessary to carefully consider the assumptiofisct a mixture of recollection- and familiarity-
of each measurement method. The methods thaised responses. A variation of the deadline
have been used to examine recollection and faethod is thespeed—accuracy trade-off (SAT)
miliarity fall into two general classeslask- methodin which subjects are signaled to re-
dissociation methods(e.g., response-speedspond at variable intervals following the onset
methods, recall/recognition comparisons, anof each test item, thereby generating a time
item/associative recognition comparisons) aircourse function that measures the growth of re
to identify a task or test condition that isolategieval accuracy as a function of processing
one of the two process. If performance on théme. The point at which performance exceeds
task is found to dissociate from performance ichance can be used to make inferences about tl
a standard recognition test condition in whichetrieval speed in different test conditions.
both recollection and familiarity are expected to One potential limitation of the response-
operate, then this can be used to make infateadline method relates to the fact that the tes
ences about the effects of different variables anstructions are different in the two test condi-
recollection and familiarity. Certain patterns ofions. That is, in one condition subjects are re-
results produced by the task-dissociation methuired to make speeded responses, whereas r
ods are inherently ambiguous, however, and thiponses are unspeeded in the other. Difference
has led to the development of severaicess- in test instructions may influence how the
estimation method¢e.g., process-dissociation,processes behave, thus complicating the com
remember/know, and ROC procedures). Thigarison of the two test conditions. The response
class of measurement methods involve develofime and speed-—accuracy trade-off methods
ing a set of model equations that can be usedwever, do not suffer from this problem be-
along with observed measures of performan@ause the instructions are held constant acros
to derive parameter estimates representing ttiee different conditions.
contribution of recollection and familiarity to Recall/recognition methoddf the recollec-
overall performance. Each of these measuren process that operates in recognition is simi:
ment methods is described and assessed beldar to the search process that is used in tests
recall (e.g., Mandler, and Tulving) then per-
formance on recall tests can be used as an inde
Response-speed methoBscause familiarity of recollection. By comparing recall perform-
is expected to be faster than recollection (e.@nce to recognition, which reflects recollection
Atkinson, Mandler, Jacoby, and Yonelinas), reand familiarity, it should be possible to make in-
sponse speed should be useful in separating feeences about the effects of different variables
contribution of these two processes. Three dibn recollection and familiarity. For example, if a

Task-Dissociation Methods
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variable has a larger effect on recall than recog- Item/associative recognition methodfrec-
nition, then it can be said to have a larger effeotlection reflects the retrieval of qualitative in-
on recollection than familiarity. formation about the study event (e.g., Atkinson,
A potential limitation associated with the reJacoby, Yonelinas, and Mandler), then it should
call/recognition method is that the two test corbe useful in associative recognition memory
ditions differ in terms of retrieval cues and théests in which subjects are required to make
type of responses that they require. These diffeecognition judgments about the co-occurrence
ences may inadvertently influence recollectioaf different items or different aspects of the
and familiarity and thus may provide biasedtudy event, such as item—item association:
measures of these processes. That is, in tfeeg., were these two words paired together a
recognition test, the target items are presentstudy?), item—context associations (e.g., was th
and subjects are instructed to make yes/no item presented on the left or right side of the
forced-choice recognition responses, whereassareen?), or item—feature associations (e.g., Wé
the recall test, no target items are presented thss word spoken by a male or female voice?). Ir
retrieval cues, and subjects are required to proentrast, if familiarity reflects the memory
duce the studied items. Even if the same recdltrength of single items, then it should be usefu
lection process is utilized in the recall andh discriminating between studied and nonstud-
recognition tests, recollection may behave difed items, as in a test of item recognition, but it
ferently in the two tests because of the differeshould be less useful in most tests of associativ
test cues or response requirements. This pointrécognition. Thus, tests of associative recogni:
discussed further after the presentation of th®n can be used as an index of recollection
empirical findings. whereas tests of item recognition are expecte
Another potential limitation associated withto reflect both recollection- and familiarity-
the recall/recognition method, and one that hdmsed responses. An advantage of the item/ass
haunted behavioral scientists for generations, ésative method over the recall/recognition
the problem of scaling differences. For examplenethod is that the test cues and required re
comparisons of recognition and recall are consponses can be held constant in the associati
plicated by the fact that the scales used to measd item test conditions. Some associative test:
ure them may not be linear across the range lmbwever, may be influenced to some degree b
observed scores (Loftus, 1978). That is, a 10%amiliarity, such as recency or temporal order
decrease in recall may not be equivalent tojadgments (e.g., which item was presented mor
10% decrease in recognition accuracy. This iecently?), because more recent items may b
most problematic when floor or ceiling effectperceived as more familiar. Moreover, as dis-
are observed in one of the two tasks, but evenssed above, some models predict that famil
when floor and ceiling effects are avoided nonarity can support the learning of some types of
linearities may still persist. Several methodassociations (e.g., when the two items form &
have been developed to deal with this scalingnified whole item), thus in some conditions fa-
issue. One approach is a parametric method rimliarity might contribute to associative mem-
which performance on each task is examinemty judgments. Nonetheless, compared to iten
under a variety of different levels. If the tasksecognition tests, the associative tests shouls
dissociate regardless of the overall level of perely less on familiarity because all the items in
formance, then this indicates that the results atteat test were recently studied, whereas in iten
not just an artifact of the specific level of perrecognition only the old items were studied.
formance observed in one set of test conditions. Other, less common task-dissociation meth:-
Similarly, one may look across studies to verifpds have also been used to isolate familiarity
that the same pattern holds across the studiesktir example, because amnesics are expected
performance levels vary across those studiesly primarily on familiarity, these patients can
and the dissociation is consistently observetle used to provide an index of familiarity-based
then it suggests that the dissociation is real. recognition. Similarly, if familiarity reflects a
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signal detection process, then it might be exect a given item, then they should be able to de-
pected to lead to more false alarms that the rdermine when or where it was initially studied,
ollection process, thus false alarms can be usetiereas familiarity should not support such a
as an index of familiarity. Finally, because maeiscrimination. As the method was first devel-
nipulations like dividing attention are expectedped by Jacoby (1991), subjects first study a vi-
to reduce recollection to a greater extent than fadally presented list of items under incidental
miliarity, divided attention conditions can beencoding conditions, then study a separate lis
used to assess familiarity. of heard items under intentional encoding con-
Each of the task-dissociation methods makeditions. Then, in one test condition (i.e., the in-
assumptions about recollection and familiarityclusion test) subjects are instructed to responc
and each is associated with different advantagéges” if the test item was studied previously
and disadvantages. One general limitation ass@-e., include items from both study lists). In an-
ciated with the task-dissociation methods is thaither test condition (i.e., the exclusion test) sub-
they provide imprecise estimates of recollectiofects are instructed to respond “yes” only to
or familiarity, and thus some patterns of resultgems from the heard list (i.e., exclude the items
will be inherently ambiguous. As an illustration,from the seen list). Because both recollection
consider the response-deadline method. If aand familiarity can be used in the inclusion con-
experimental manipulation has an effect owmlition, the probability of correctly accepting an
slow responses and a similar, but smaller, effedem from the seen list is equal to the probabil-
on fast responses, this can arise if the manipuléy that item is recollected plus the probability
tion has a larger effect on recollection tharthat it is not recollected but is accepted on the
familiarity or if recollection is selectively influ- basis of familiarity P(Inclusion)= R + (1 —
enced by the manipulation, but the fast reR)F]. In contrast, the probability that a seen
sponses include some recollection- as well @em is incorrectly accepted in the exclusion
familiarity-based responses. That is, if performeondition is equal to the probability that it is fa-
ance in the speeded condition does not cleartyiliar in the absence of recollectionF{(Exclu-
dissociate from performance in the nonspeedesion) = (1 — R)F]. The RandF parameters can
condition, the precise reason for that particuldoe estimated by contrasting inclusion and exclu-
result will be ambiguous. In many cases it ision performance [e.gR = P(Inclusion) —
sufficient to show that a variable has a disproP(Exclusion);F = P(Exclusion)/(1— R)].
portionately large effect on one of the two The process-dissociation procedure is consis
processes, and thus the task-dissociation metient with most dual-process models in assuming
ods are quite useful. However, there are casestimat recollection and familiarity are independ-
which it is theoretically important to determineent. The primary method of assessing the inde
if a process is, or is not, influenced by a givempendence of recollection and familiarity is to
variable. In order to overcome these limitationdpok for dissociations between these processe:
several modeling methods have been developédhe two processes are fully independent then i
which aim to provide quantitative estimates oshould be possible to find manipulations that in-
the contribution of recollection and familiarity fluence recollection without influencing famil-
to overall recognition performance. These metharity and others that have the opposite effect. Ir
ods are described next. contrast, if the two processes are dependent the
such dissociations should not be possible. Se\
eral earlier reports have examined whether con
The process-dissociation procedurdhis trolled and automatic memory processes behav
method utilizes a modification of the item andndependently in studies of word-stem comple-
associative recognition tasks discussed abov&n in which the process-dissociation procedure
in which recollection is measured as the abilithas been used, and it appears that there are cc
to remember where or when an item was earligfitions in which they behave independently anc
studied. The idea is that if a subject can recobthers in which there is a dependence betwee

Process-Estimation Methods
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the two processes (e.g., Jacoby, 1998; Jacolpgrtial recollection can influence the paramete
Begg, & Toth, 1996; Jacoby & Shrout, 1997gstimates, particularly when the two study lists
Jacoby, Yonelinas, & Jennings, 1997; Curran &re made very similar and subjects are able t
Hintzman, 1995, 1997a, 1997b; Russo, Cullisemember many different aspects of the study
& Parkin, 1998). More relevant for the currenevents that do not support list discrimination
purposes, however, are studies that have exa(e-g., Gruppuso, Lindsay, & Kelly, 1997; Mulli-
ined the independence assumption in recogmjan & Hirshman, 1997; Wagner, Gabrieli, &
tion memory tests, which generally indicate thaverfaelli, 1997; Yonelinas & Jacoby, 1996).
recollection and familiarity behave independHowever, under the conditions initially devel-
ently (Caldwell & Masson, 2001; Kelley & Ja-oped by Jacoby, and described above, partic
coby, 2000; Yonelinas, 2001a, 2001b; Yonelinaecollection appears to be relatively infrequent
& Levy, 2001; Yonelinas & Jacoby, 1995a(Yonelinas & Jacoby, 1996; Yonelinas, 2001a,
1995b; but see Dehn & Engelkamp, 1997R001b).
However, these previous reports considered Another potential problem with the procedure
only a small number of manipulations and havis that it uses different test instructions in the in-
been limited primarily to consideration of re-clusion and exclusion conditions, and this may
sults from the process-estimation methodfluence the parameter estimates. For example
Rather than reiterating the evidence presentedtite method assumes that recollection is equall
those reports, a full assessment of the indepedikely in the inclusion and exclusion conditions.
ence assumption will be held until after the cuffo the extent that recollection is required in the
rent review of the empirical literature. Becausexclusion test (i.e., subjects must discriminate
the current review is more exhaustive than thogetween items from the two lists), whereas it is
previous reports and examines the operation 6t explicitly required in the inclusion test (i.e.,
recollection and familiarity using tasks that dsubjects only have to discriminate between olc
not rely on the independence assumption, it widlnd new items), subjects may use recollectior
provide a more thorough evaluation of hownore often in the exclusion than inclusion con-
these two processes are related. To anticipate thigon. One method of ensuring the use of recol-
results, recollection and familiarity are found tdection in both test conditions is to mix the in-
operate independently under most experimentelusion and exclusion test trials (e.g., see
conditions, but there are boundary conditiondacoby, Toth, & Yonelinas, 1993). Alternatively,
outside of which the independence assumptianodifications of the procedure have been devel
may not hold. oped in which list discriminations are required
A potential limitation of the process-dissociain both inclusion and exclusion conditions (e.g.,
tion procedure is that it uses a rather strict meagnelinas & Jacoby, 1994). Note, however, that
ure of recollection—the ability to determine inan initial comparison of standard inclusion in-
which study list the item was presented. Thstructions and modified instructions in which
study list is defined by the type of encoding mdist discriminations were required indicated that
nipulation (incidental vs intentional), list mem-performance was comparable in the two condi-
bership (list 1 vs list 2), and study modalitytions, suggesting that the modification may be
(heard vs read). Thus, if the subject recollectmnecessary (Yonelinas, 1994).
any of these aspects of the study event they cariThe process-dissociation method also as-
use this as a basis for excluding items, and thésimes that the contribution of familiarity is
will be measured as recollection. However, i€onstant in the inclusion and exclusion con-
they recollect some other aspect of the studiitions. The modified process-dissociation
event (e.g., “I remember coughing as the itemmethod just described, in which the test in-
was studied”) that does not support the requiretructions are comparable in the inclusion and
discrimination—sometimes referred to as paexclusion conditions, can be used to ensure
tial recollection—this will not be measured asimilar use of familiarity in both conditions.
recollection. Several studies have shown thafternatively, a test of this assumption is to
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examine the false alarm rates for nonstudiedn estimate of familiarity (e.g., Gardiner,
items. If they are equal in the inclusion andl988). Because remember and know re-
exclusion conditions it suggests that the sulsponses are mutually exclusive (i.e., for a
jects’ reliance on familiarity is comparable ingiven item subjects are only allowed to make
the two conditions. If differences do arisepone response), this method assumes that th
methods have been developed to compensatederlying processes are also mutually exclu-
for differences in response bias (e.g., Yonelisive, which is inconsistent with all of the
nas & Jacoby 1996; Yonelinas, Regehr & Jadual-process models. It is now clear, however,
coby, 1996; Roediger & McDermott, 1994;that know responses do not provide an unbi-
Buchner, Erdfeld, & Vaterrodt-Plunnecke,ased measure of familiarity (e.g., see Gardinel
1995). & Richardson-Klavehn, 2000; Yonelinas & Ja-
The remember/know procedurs order to coby, 1995; Wagner et al., 1997). That is, sub-
measure the contribution of different types ofects are not instructed to respond “know”
memory to overall memory performance, Tulwhenever an item is familiar; rather, they are
ving (1985) developed theemember/know instructed to respond “know” whenever an
procedure in which subjects are required toitem is “familiar and not recollected.” Thus
introspect about the basis of their memoryhe proportion of know responses will tend to
judgments and report whether they recognizenderestimate the probability that an item is
items on the basis of remembering (i.e., recofamiliar.
lection of episodic information about the To compensate for this underestimation, an
study event) or knowing (i.e., the item is fa-independence remember/knavethod (Yoneli-
miliar in the absence of recollectioh)Tulv- nas & Jacoby, 1995) is often used (e.g., Jacoby
ing, however, did not specify exactly howYonelinas, & Jennings, 1997; Mangels, Picton,
these responses were related to the underlyigg Craik, 2001; Ochsner, 2000; Wagner et al.,
memory systems, and this has led to som&997; Yonelinas, 2001a). Because subjects ar
variability in how remember/know results areinstructed to respond “remember” whenever
reported and interpreted. Given that subjecthey recollect a test item, the probability of a re-
are instructed to respond “remember” whenmember response is used as an index of reco
ever an item is recollected, the proportion ofection (“remember’= R). In contrast, because
remember responses should provide a measig@gbjects are instructed to respond “know” when-
of recollection. Estimating familiarity, how- ever an item is familiar and not recollected
ever, is not as simple. In several early studie§iknow” = F(1 — R)], the probability that an
the proportion of know responses was used d@&m is familiar will be equal to the probability
that it received a know response given it was no
R _ . recollected F = “know”/(1 — R)]. It is impor-
SUbjeCtS are sometimes given another response Optlfght to realize that thlS methOd assumes that rec

(i.e., guessing) to be used in cases that subjects guess thﬁ\t ti d familiari ind dent
the item was studied. It appears that these subjective exp(Q lection and familiarity are independent, as

ences are similar to know responses in that they are of@@€S _th_e proce_ss-disso_ciation procedure, an
justified as familiarity-based, but also include various inferthus it is consistent with most dual-process
ences that are not directly related to memory (Gardingfyodels in this respect.

Ramponi, & Richardson-Klavehn, 1998). Hirshman (1998) The unique aspect of the remember/know

argued that guess responses simply reflect low confidence

recognition response and thus are not fundamentally diﬁé?—rocedure is that it measures recollection and fe

ent from know responses. In the following review, the studMiliarity on the ba_SiS of ?Ubjec_tive reports._ One
ies using the guess responses were not found to lead to ditlvantage of this is that it provides a very inclu-
ferent conclusions from those using the standardiye measure of recollection in the sense tha
remember/know response method, so guess responses WeIgp|lection is not limited to what a subject can

not reported. However, subjects did appear to adopt a mare d . Il test hat th |
strict criterion for know than for guess responses; thus tl oduce In a recall test or wha €y can recol

results support Hirshman's argument about these guessi§t onan associative r?C(_)gni_tion teSt-_ Rather, |
responses. can include any associative information abou
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the study episode. However, relying on subje¢e.qg., Gardiner & Gregg, 1997; Hirshman,
tive reports may be problematic if subjects haveisher, Henthorn, Arndt, & Passannante, 2002;
no direct access to the processes that suppddckley & Consoli, 1999; see also Dobbins,
recognition or if their reports are inaccurate2001), indicating that a simple confidence inter-
The consistency of the results from remembepfetation cannot account for remember/know
know studies that is reported below, howeveresponses. Moreover, direct comparisons of
indicates that subjects generally do interpret tleonfidence responses with remember/know re:
distinction in similar ways. Moreover, studiesponses indicate that they are functionally dis-
showing that estimates of recollection derivedociable (Gardiner & Java, 1991; Parkin & Wal-
from remember/know responses converge witker, 1992; Rajaram, 1993), providing further
those from other measures of recollection areVidence that remembering and knowing do not
familiarity that do not rely on subjective reportssimply reflect high and low confidence recogni-
suggesting that subjects generally do have atn responses. Furthermore, an examination o
cess to these memory processes (Yonelinasdividual differences in remember/know stud-
2001b). This latter point is addressed further iies shows that hit rates reflect two unique and
the current article. systematic sources of variance, indicating tha
A related criticism is that reports of remem-recognition cannot be viewed as a single under-
bering and knowing do not reflect the contribulying strength process (Dobbins, Khoe, Yoneli-
tion of recollection and familiarity at all, but nas, & Kroll, 2000). Finally, for items that are
rather reflect subjective states of awareness thamembered, subjects can often make accurat
are completely orthogonal to the processes @fssociative memory judgments such as deter
recollection and familiarity (e.g., “Remembermining in what study list or study location an
and know responses are not intended as intritem was earlier encountered, whereas for item:
spective measures of any underlying hypothetthat are accepted on the basis of knowing, sub
cal constructs, such as memory systems (ects are not able to retrieve accurate associativ
processes” p. 230, Gardiner & Richardsoninformation (Perfect, Mayes, Downes, & Van
Klavehn, 2000; also see Gardiner, Ramponi, &ijk, 1996), indicating that remembering and
Richardson-Klavehn, 1999). In support of thiknowing differ in the type of mnemonic infor-
position, it is argued that remember and knownation they support rather than simply in terms
responses do not always produce results that asmemory strength.
in agreement with results from other methods The receiver operating characteristic proce-
for estimating recollection and familiarity. How- dure By examining the effect of varying re-
ever, as will become apparent in the followingsponse criterion on hits and false alarms (i.e.
review, there is very little support for this claim.examining the Receiver Operating Characteris:
Another criticism of the procedure is that reic or ROC), it is possible to estimate the contri-
membering and knowing may not reflect twdution of recollection and familiarity to recogni-
distinct forms of memory; rather, they may sim-ion performance (Yonelinas, 1994; Yonelinas et
ply reflect differences in familiarity or confi- al., 1997). The idea is to derive an equation tha
dence (Donaldson, 1996; Hirshman & Masterescribes how hits and false alarms should b
1997; Inoue & Bellezza, 1998). For example, itelated (i.e., an ROC) if performance reflects &
is sometimes the case that memory discrimin@ombination of recollection and familiarity. The
tion as indexed by thd' or A’ statistics is the equation is then fit to the observed empirical
same for remember responses and for over&OC in a manner similar to that used when con
recognition, as would be expected if remembeducting a linear regression. But in this case, the
responses simply reflected high confidenciinction is not linear, and the two parameters
familiarity-based responses (see Donaldsothat are estimated reflect recollection and famil-
1996). However, other studies indicate tharity rather than slope and intercept. Empirical
these measures of accuracy are not equivaldROCs are typically derived by requiring sub-
for remember responses and overall recognitigacts to rate the confidence of their yes/no recog
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nition responses and then plotting hits againstsponses will support a wider range of confi-
false alarms as a function of response confience responses. Tests of these assumptions
dence. The model equation is derived as falliscussed in the empirical section below—have
lows. Subjects are assumed to respond “yes” g@nerally provided support for the assumptions
an old item if it is recollectedR) or if it is not and direct comparisons of the parameter esti
recollected (- R) and the familiarity of the old mates from this method have been found to con
item exceeds the subject's response criterimerge with those derived using the process
(Fo). Thus, Hits= R + (1 — R)F,. In contrast, dissociation and remember/know procedures
subjects will respond “yes” to a new item if thgYonelinas, 2001a, 2001b).

familiarity of the new item exceeds the response A critical limitation of the ROC method,
criterion ). Thus, false alarms: F,. Famil- however, is that in order to derive stable ROCs
iarity is assumed to be well described by signahd to determine whether floor and ceiling ef-
detection theory (e.g., Swets, 1986; MacMillarffects are avoided for each subject, it is necessat
& Creelman, 1991). Thus, = ®(d’/2 — ¢;) and to collect a large number of responses from eac
F, = ®(—d'/2 — ¢), which simply means that subject—usually more than 60 items per subjec
the proportion of the old and new items that wiltondition. This may not be practical in some ex-
be recognized is equal to the proportion of thgerimental contexts and this may limit the use of
old and new item distributions that exceed thine measurement procedure.

response criterionc() given the distance be- One other estimation method has been pro
tween the old and new familiarity distributiongposed by Mandler (1980) in which cued recall
is d'. These equations can be combined intoperformance is used as an index of recollection
single equation [i.eRP("yes”|old), = R+ (1 — whereas recognition is used as an index of recol
R) ®(d'/2 — ¢) + P(*yes’|new) — &(—d'/2 — lection and familiarity. The method is consistent
¢)] that describes the relationship between hitgith other estimation methods in assuming tha
and false alarms as a function of response comfécollection and familiarity are independent.
dence, and this equation can be fit to the oblowever, it has not been used very extensively
served ROC to provide estimates for recolle@nd thus is discussed no further (for a critical
tion (R) and familiarity @"). evaluation of the method see Clark, 1999).

As with the previous estimation methods, the In  sum, numerous task-dissociation and
ROC method is consistent with most dualprocess-estimation methods have been deve
process models in assuming that recollectiasped to assess recollection and familiarity, anc
and familiarity are independent. One advantadbus the experimenter has a variety of differen
of this particular method is that only one recogools to choose from. Most of these methods ar
nition test condition is required, and thus recobased on assumptions that are theoretically mc
lection and familiarity can be examined within divated and that have been supported by the en
single task rather than relying on comparisorgrical literature. Nonetheless, it is likely that
across two tasks that involve different retrievahese assumptions are sometimes violatec
cues or types of responses. Thus, a conservative approach—and the ap

The ROC method, however, makes severgkoach taken in the empirical review below—is
additional assumptions. First, familiarity is asto avoid relying on any one measurement
sumed to reflect a signal detection processiethod, but instead look for convergence acros
whereby old items are more familiar than new variety of methods. If the same conclusions
items, and all items exceeding a response critere supported by measurement methods the
rion are accepted as having been studied. Theke different assumptions, then one can b
familiarity distributions are assumed to beonfident that the results are not an artifact o
Gaussian, and the old and new distributiorsny one violated assumption of a particular tes
have equal variance. Moreover, if recollectioprocedure.
occurs it is assumed to lead to a relatively confi- The current article is useful in assessing the
dent recognition response, whereas familiaritgssumptions of the different measurement meth
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ods in the sense that it will make it possible testimates for each process-estimation experi
compare the results of these different methodsent is provided in the Appendix. Measures of
across a large body of studies. If a method preecognition performance were taken from tables
duces an inconsistent pattern of conclusioms estimated from figures in the original articles.
across similar experiments, or if a particulaEstimates of recollection and familiarity were
method produces a pattern of results that is ithen derived on the basis of those scores. |
consistent with the other measurement methodsime cases, the estimates based on those sco
then this indicates that the assumptions underhyrere different from the average estimates re
ing the method may have been violated. ported in the original articles; however, in all

cases these differences were minor and they di

EMPIRICAL FINDINGS not affect the overall pattern of results.

The goal of this section is to provide a rela- To facilitate the comparison of recollection
tively comprehensive review of the studies thatnd familiarity estimates, the process estimate
are informative about the functional nature andere calculated as probabilities, and difference:
neural substrates of recollection and familiarityn false alarms were accounted for by subtract
Experiments were included in the review iing false alarms from hits. Although there is ev-
there were a sufficient number of similar studiggdence thatd’ may provide a more accurate
to assess the generalizability of those resultfieasure of familiarity (see Yonelinas et al.,
For example, experimental manipulations, such996), using this measure did not change the
as word concreteness, and special populatiomserall pattern of results. For the process-disso
such as Asberger's syndrome patients, haegtion procedure, the false alarms were sub
been examined in only one or two different studracted from the hits in the inclusion and exclu-
ies that directly speak to the recollection/familsion conditions then recollection was estimatec
iarity distinction, thus they are not included iras the corrected inclusion score minus the cor
the review below. rected exclusion score. Familiarity was esti-

The empirical studies are reviewed in the folmated as the exclusion score for old items di-
lowing order:encoding manipulation§.e., lev- vided by one minus the estimate of recollection,
els of processing, generation, dividing attentiorithen the average false alarm rate across inclt
study duration, and benzodiazepinesjrieval sion and exclusion conditions was subtractec
manipulationgi.e., retrieval time, divided atten- from the familiarity estimate. For the remem-
tion during test, perceptual matching, forgettingper/know procedure, recollection was estimatec
rates, fluency manipulations, false recognitiorgs the proportion of remember responses to ol
and shifting response criteriorgtimulus vari- items minus the proportion of remember re-
ables(i.e., word frequency and novel vs familiarsponses to new items. Familiarity was estimate
materials),special populationgi.e., amnesics, for old and new items separately and then the fa
aged, and frontal patients), anduromonitoring miliarity estimate for the new items was sub-
(i.e., event related potentials and neuroimagingyacted from that for the old items (Yonelinas &

Empirical evidence from studies using taskdacoby, 1995). For the old and new items, famil-
dissociation and process-estimation methods degity was estimated as the probability of a know
discussed, and when available, performancesponse divided by one minus the probability
scores obtained from each process-estimatitimt that type of item received a remember re.
study are used to derive estimates of recollesponse. For the ROC procedure, a search algc
tion and familiarity in each experimental condisithm was used to derive a probability estimate
tion in order to determine the overall effect 0bf recollection and @’ estimate of familiarity
each variable on the two processes. It was ndsee Yonelinas et al., 1998). The estimate of fa
essary to derive process estimates because thoskarity was converted from d’ score into a
estimates were often not reported in the origingrobability by calculating the hit rate that would
studies, particularly in early remember/knovarise given thel’ value and a false alarm rate of
studies. A full listing of the scores and procesB0%, which was close to the observed false
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alarm rate for familiarity in many remembertions (e.g., Mulligan & Hirshman, 1995; Toth,
know studies. Note, however, that using differ1996; but see Gillund & Shiffrin, 1984), sug-
ent false alarm rates did not change that pattegasting that recollection is more sensitive to the
of results. manipulation than familiarity.

When an experiment included multiple vari- A large number of studies have examined
ables, the effect of each variable was examiné®P using estimation methods and the result:
by averaged across the other variables. Howndicate that deep processing leads to a large ir
ever, when an experiment examined the effeatsease in recollection and a smaller but very
of an experimental variable as well as a speciebnsistent increase in familiarity (Gardiner,
population or pharmacological agent, only th&988; Gardiner, Java, & Richardson-Klavehn,
performance of the control group or placeb@996; Gardiner, Ramponi, & Richardson-
group was used when examining the effects &lavehn, 1999; Gregg & Gardiner, 1994; Java,
the experimental manipulation. In this way, th&regg, & Gardiner, 1997; Khoe, Kroll, Yoneli-
results of the analysis indicate the effects of theas, Dobbins, & Knight, 2000; Komatsu et al.,
experimental variables on healthy normal suld994; Perfect, Williams, & Anderton-Brown,
jects. When an experiment examined multipl&995; Rajaram, 1993; Toth, 1996; Wagner,
levels of a variable (e.g., in comparing short v&abrieli, & Verfaellie, 1997; Wagner, Stebbins,
long study duration, an experiment might inMasciari, Fleischman, & Gabrieli, 1998; Yoneli-
cluded durations of 1, 2 and 3 s) the two extremrmas, 2001; Yonelinas, Kroll et al., 1998). In
scores were used to calculate the overall size @fder to illustrate the differential effects of LOP
the effect. on recollection and familiarity, the average ef-
fects of the manipulation seen across the differ
ent process estimation experiments were plotte

Levels of processing (LOPProcessing the (Fig. 2). The figure shows that deep encoding
meaning of a stimulus (e.g., is the word concreteompared to shallow encoding led to an averag
or abstract?) compared to processing percepincrease of approximately .30 in the probability
tual aspects of a stimulus (e.g., is the word ithat items would be recollected, whereas famil-
upper or lower case?) at time of study leads taarity estimates increased by less than .20. Thi
an increase in recollection and a smaller butpattern is extremely robust and is consistently
consistent increase in familiaritffask-dissocia- observed in studies using the remember/know
tion methods suggest that meaning-based (i.@rocess-dissociation, and ROC procedures. |
deep processing) compared to perceptual-baseltl of the 17 process-estimation experiments
processing (i.e., shallow processing) at encodingpnducted, semantic processing led to an in
increases both recollection and familiarity, butrease in recollection. Moreover, in only 1 of the
that recollection may be more sensitive to the eft7 experiments did the familiarity estimate not
fect than familiarity. For example, deep processdncrease with meaningful encoding (Experiment
ing compared to shallow processing leads t@ in Java et al., 1997). Importantly, the estimate
pronounced enhancements in both recognitiasf recollection in the deep condition in that ex-
and recall performance (e.g., Craik & Lockhartperiment was one of the highest reported (.6’
1972; Asthana & Nagrani, 1984). This suggestsompared to the average recollection estimate ¢
that both recollection and familiarity are sensi-53). As discussed below, ceiling effects relatec
tive to LOP, but, because direct comparisons bée excessively high levels of recollection can
tween recall and recognition have not beehave pronounced effects on the familiarity esti-
made, it is not clear whether one process is moreates provided by the estimation methods.
sensitive to this manipulation than the other. Note that in three of the LOP experiments
Within recognition tests, however, LOP effectgi.e., Experiment 1 in Gardiner, 1988; Experi-
are observed in both nonspeeded and speedednt 3 in Toth, 1996; Wagner et al., 1995), the
recognition conditions, and they are generallgffect of LOP on familiarity was very similar in
smaller in magnitude under the speeded condiragnitude to that seen on recollection. Although

Encoding Manipulations
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FIG. 2. The average effects of encoding manipulations on estimates of recollection and familiarity.

performance in some of these experiments w&j. All 11 process-estimation experiments that
quite high, the results suggest that there may lexamined the effects of generation showed the
conditions under which LOP has comparable ebame pattern of results with the exception of one
fects on recollection and familiarity. experiment (i.e., Experiment 1 in Wagner et al.,
Generation Generating a word at the time 0f1998) which indicated that generation led to a
study (e.g., solving the anagram_$at” for the slight decreasein familiarity. The estimate of
word “class”), compared to reading the word,recollection in the generation condition, how-
leads to an increase in recollection and aver, was one of the highest of all the experi-
smaller but consistent increase in familiarityments (i.e., .67 compared to the average of .46
The results from the task-dissociation methodsuiggesting that high levels of recollection may
are somewhat ambiguous, but are consistemve influenced the estimates of familiarity in
with the results of the process-dissociatiothat experiment.
methods in showing that generating compared Divided attention during studypividing at-
to reading leads to a large increase in recolletention during encoding (e.g., requiring subjects
tion and a smaller increase in familiarity. For exto conduct a concurrent task while encoding the
ample, generation leads to large increases in study items) reduces recollection. Although di-
call and recognition memory (e.g., Slamecka &iding attention typically has smaller effects on
Graf, 1978; Clark, 1995), suggesting that botfamiliarity, the extent to which familiarity is in-
recollection and familiarity are sensitive to théluenced by this manipulation appears to be re-
manipulation. Direct comparisons between rdated to the manner in which attention is manip-
call and recognition have not been made, so itigated and the type of material$he results
not clear whether recollection is more sensitivieom a majority of the measurement methods in-
to the manipulation than familiarity. Howeverdicate dividing attention has larger effects on
the results from process-dissociation (Dodson #ecollection than familiarity. For example, di-
Johnson, 1996; Jacoby, 1991; Verfaellie &iding attention has large disruptive effects on
Treadwell, 1993; Jennings & Jacoby, 1993ecall and smaller disruptive effects on recogni-
Wagner et al., 1989) and remember/know stution (see Craik, Govoni, Naveh-Benjamin, &
ies (Curran & Hildebrandt, 1999; DonaldsonAnderson, 1996), suggesting that recollection is
MacKenzie & Underhill, 1996; Gardiner, 1988;more attention-demanding than familiarity.
Gardiner, Java & Richarson-Klavehn, 1996Similarly, dividing attention has larger disrup-
Gardiner, Ramponi, & Richardson-Klavehntive effects on word-voice and word-location as-
1999; Wippich, 1992) show that both recollecsociative recognition than on item recognition
tion and familiarity increase for generated com(royer, Winocur, Craik, & Moscovitch, 1999),
pared to read items, but that recollection bengroviding further evidence that recollection is
fits to a greater extent than does familiarity (Fighe more attention-demanding of the two
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processes. In general, the results from thar faces (Parkin, Gardiner, & Rosser, 1995).
process-dissociation (Gruppuso, Lindsay, &Jnfamiliar faces differ from words in several
Kelley, 1997; Jacoby & Kelley, 1992), remem-ways (e.g., faces are relatively novel, more com-
ber/know (Gardiner & Parkin, 1990; Yonelinasplex, and less likely to be verbalized than
2001; Parkin, Gardiner, & Rosser, 1995; Manwords). Any one of these differences may lead to
gels, Picton, & Craik, 2001), and ROC proceincreases in attentional demands on familiarity.
dures (Yonelinas, 2001) indicate that divided at- A related study that was not included in the
tention reduces recollection and familiarity, buabove analysis compared a full attention condi
that the effects on recollection are greater thdion to a condition in which subjects were told to
those seen on familiarity (Fig. 2). ignore the study items (Kinoshita, 1995). Under
Familiarity, however, may not be reduced byhese latter conditions recognition performance
dividing attention under some conditions. Fowas reduced essentially to zero for both remem
example, one study using the process-dissoclzer and know responses, indicating that som
tion procedure showed that divided attentiominimal stimulus processing is required before
had large disruptive effects on recollection anaecollection or familiarity are able to support
no measurable effect on familiarity (Jacoby &erformance.
Kelley, 1992). This was the only experiment ex- Study duration Increasing study duration
amining the effect of dividing attention usingeads to comparable increases in recollection
the process-dissociation procedure, thus the didnd familiarity. Results from a large majority
ference in conclusions may be related to the usémeasurement methods indicate that both rec
of that test procedure. However, the consistenojlection and familiarity increase with study
with which that procedure leads to conclusionduration. For example, increasing study dura-
that converge with those from other estimatiotion leads to large increases in recall and recog
methods argues against this. Another importanition (e.g., Murdock, 1974; Paivio & Csapo,
difference between that study and all other stud969), suggesting that both recollection and
ies of divided attention was that it was the onlfamiliarity benefit from additional study time.
one in which the level of meaningful processiniyloreover, results using deadline procedures ir
was held constant across the full and divided atonjunction with exclusion conditions indicate
tention conditions by requiring subjects tdhat repetition increases both recollection and
process the meaning of the words in both attefamiliarity. For example, under speeded recog-
tion conditions. In all the other experimentshition conditions, the false alarm rate to items
subjects may have processed the items mdrem the excluded list was greater for items that
meaningfully in the full attention conditionshad been repeated several times in the study lis
than in the divided attention conditions, thus inthan those presented only once, suggesting the
creasing familiarity in the full compared to di-repetition increased the familiarity of the items
vided attention conditions. In fact, subjects reJdacoby, Jones, & Dolan, 1999). In contrast,
port using more meaningful encoding strategiamder nonspeeded test conditions, false alarn
during full compared to divided attention condirates for items from an excluded list wdosver
tions (e.g., Mangels, Picton, & Craik, 2001)for items presented multiple times compared to
Further studies examining this possibility willthose presented only once, suggesting that reg
be useful in understanding the effects of attemtition increased recollection (i.e., the ability to
tion on familiarity. exclude items). Similar results were reported
Further examination of the process-estimaising an SAT method (McElree, Dolan, &
tion studies suggests that attention may h#acoby, 1999) and using a remember/know pro.
equally important for recollection and familiar-cedure (Jacoby, Jones, & Dolan, 1998).
ity for some materials. For example, the one ex- The estimation methods indicate that increas
periment in which dividing attention was founding study duration leads to comparable in-
to have comparable effects on recollection ancreases in recollection and familiarity (Fig. 2).
familiarity was in a recognition test for unfamil- For example, estimates from remember/know
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(Dewhurst & Anderson, 1999; Gardiner, Kalin-1993), and their memory effects are thought tc
ski, Dixon, & Java, 1996; Hirshman, Fisherbe due to the fact that they facilitateaminobu-
Henthorn, Arndt, & Passannante, 2002; Hirshtyric acid (GABA) receptors (Greenblatt,
man & Henzler, 1998; Gardiner & RadomskiShader, & Abernathy, 1983; Hobbs, Rall, & Ver-
1999; Jacoby, Jones & Dolan, 1999; Kinoshitajoorn, 1996), which are particularly abundant in
1997; Parkin & Russo, 1993; Yonelinas et althe hippocampus and limbic system. Direct
1996), process-dissociation (Jacoby, 199@omparisons of the effects of these drugs on re
Yonelinas, 1994), and ROC studies (Yonelinasall and recognition have not been made. How
et al., 1996) converge in showing similar inever, results from process-estimation method:
creases in recollection and familiarity with inindicate that benzodiazepines administered dur
creased study duration. Note that one of the eixg encoding lead to a form of amnesia that ha:
periments suggested that familiarity increasddrger disruptive effects on recollection than fa-
to a greater extent than recollection (Experimentiliarity (Fig. 2). For example, lorazepam has
1 in Gardiner et al., 1996), but this pattern dibeen examined in remember/know experiment:
not replicate in a subsequent experiment in thé@urran, Gardiner, Java, & Allen, 1993; Bishop
study (Experiment 3 in Gardiner et al., 1996). & Curran, 1995) and is found to reduce recol-
Increasing study duration by repeating itemgection but not familiarity. In similar studies, tri-
(distributed presentations) leads to larger inazolam and midazolam are found to lead to re
creases in recollection and familiarity than simeuctions in both recollection and familiarity, but
ply increasing the study duration of each itenthe effects on recollection are much greater thal
(massed presentation), and this distributed prethiose on familiarity (Mintzer & Griffiths, 2000;
entation advantage appears to be slightly largéfirshman et al., 2002).
for recollection than familiarity. This pattern of , ) .
results is observed in remember/know (Parkin &etrieval Manipulations
Russo, 1993; Parkin, Gardiner, & Rosser, 1995; Retrieval timeStudies of speeded recognition
but see Dewhurst & Anderson, 1999) andndicate that familiarity is available earlier than
process-dissociation studies (Benjamin & Craikiecollection, and nonspeeded tests indicate tha
2001). The recollection and familiarity advan-familiarity typically contributes to performance
tages seen for distributed presentation are coearlier than recollection Speeded response-
sistent with the finding that there is a distributedime (RT) methods (i.e., deadline and SAT) indi-
presentation advantage in free recall (Hintzmarate that the products of familiarity are available
1974) and the fact that amnesics show a distrilearlier than those of recollection. For example,
uted presentation advantage in recognition th#em recognition memory accuracy increases
is comparable to that observed in control sutabove chance earlier than recognition memory
jects (Cermak, Verfaelli, Lanzoni, Mather, &for associative information such as study modal-
Chase, 1996). ity (Hintzman & Caulton, 1997), location
BenzodiazepinesBenzodiazepines adminis-(Gronlund, Edwards, & Ohrt, 1997), list mem-
tered at time of encoding lead to a greater rebership (Hintzman, Caulton, & Levin, 1998),
duction in recollection than familiarityBen- word pairing (e.g., Gronlund, & Ratcliff, 1989),
zopiazapines (e.g., lorazepam, triazolam, anghether the item was perceived or imagineo
midazolam) are used to treat anxiety and sleépohnson, Kounios, & Reeder, 1994), and
disorders and can produce temporary memowhether words were studied in their singular or
impairments on recall and recognition that leavglural forms (Hintzman & Curran, 1994). More-
other cognitive functions like short-term memever, in recognition tests in which subjects must
ory and comprehension intact. These drugs aggclude items that are semantically related, vi-
found to influence memory encoding, but do ntually related, from inappropriate study lists, or
disrupt retrieval of information encoded prior taired with items that they were not studied
treatment (e.g., Polster, McCarthy, O'Sullivanwith, subjects tend to first accept then reject the
Gray, & Park, 1993; Curran et al., 1993; Polsterglated lures as the response time is increase
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producing biphasic accuracy/response-timdote that one study that was not included in
functions (e.g., Dosher, 1984; Gronlund & Ratthe above analysis was a recognition memory
cliff, 1989; Hintzman & Curren, 1994; Jacobytest for action phrases that were either reac
1999; McElree, Dolan, & Jacoby, 1999; Rotellmloud or enacted (Dehn & Engelkamp, 1997).
& Heit, 2000). These results suggest that a falst that study, speeding responses and dividing
familiarity process leads subjects to accept ttadtention at test were found to leadit@reases
related lures, but with additional retrieval timen familiarity. However, estimates of recollec-
subjects are able to use recollection to avoid ition approached .80 in that experiment, and
correctly accepting those lures. thus ceiling effects, likely biased those process
Studies using the process-dissociation prastimates.

cedure (Fig. 3) indicate that for word recogni- Neither the remember/know nor ROC confi-
tion, recollection increases in nonspeeded tedence procedures have been used to examir
conditions compared to speeded conditionsecollection and familiarity under speeded con-
whereas estimates of familiarity remain reladitions. However, in one study, subjects were re-
tively constant (Benjamin & Craik, 2001; quired to make remember/know responses afte
Yonelinas & Jacoby, 1994; Toth 1996; Yoneli-they made speeded or nonspeeded recognitio
nas & Jacoby, 1996), suggesting that familiardecisions (Ramponi & Richardson-Klavehn,
ity is faster than recollection. It appears thal999), and in another they were required to
familiarity assessment, at least for the wordmake confidence judgments after making
used in these studies, can be completed speeded or nonspeeded recognition response
about 1 s, while recollection requires addi{Rotello, Macmillan, & Van Tassel, 2000). Un-
tional retrieval time. That is, in studies infortunately, in neither of these studies were the
which the speeded conditions required subjectsmember/know or confidence judgments made
to respond within approximately 1 s after theinder speeded test conditions, so the results ca
test word was presented [1000 ms in Totmot be used to derive estimates of recollection
(1996); 900 ms in Yonelinas & Jacoby (1994)and familiarity under speeded conditions. It may
1200 ms in Yonelinas & Jacoby (1996)], famil-be useful to examine remember/know and confi-
iarity was not greatly affected by respons@ence judgments under speeded conditions
deadline, whereas in the experiment that usddowever, because these procedures require be
a 750-ms response deadline there was a tefwveen three and six distinct responses, the deci
dency for familiarity to decrease slightly com-sion and response selection demands are prob:
pared to the nonspeeded condition (Benjamibly greater than in simple yes/no recognition
& Craik, 2001), suggesting that familiarity as-tests. Thus, it may be difficult when using these
sessment requires at least this amount of timmethods to determine if the response-speedin
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FIG. 3. The average effects of retrieval manipulations on estimates of recollection and familiarity.
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manipulation has direct effects on the memoryTroyer, Winocur, Craik, & Moscovitch, 1999),
processes or whether it affects decision or reroviding additional evidence that recollection
sponse execution processes. is more sensitive than familiarity to effects of di-

The analysis of response times in nonspeedeiding attention. Two experiments have exam-
recognition test conditions indicates that familined the effects of dividing attention at test using
iarity contributes to performance earlier thathe process-dissociation procedure and both in
recollection. For example, list organizatiordicate that dividing attention reduces recollec-
(e.g., number of categories in which the studiyon but has no influence on familiarity-based
list was sorted) correlates with recall performjudgments (Gruppuso, Lindsay, & Kelley, 1997;
ance and slow recognition responses, but nbbdson & Johnson, 1996). The effect of divid-
with fast recognition responses, suggesting theag attention during test has not been examine
recollection contributes more to slow than fasising either the remember/know or the ROC
recognition responses (Mandler & Boeckmethods. Such studies may be useful, but a
1974). Similarly, an examination of responswith the response-speed manipulations, becaus
times in nonspeeded process-dissociation recdgese methods require multiple different re-
nition tests indicates that the contribution of fasponse types, they may not be well suited to si
miliarity peaks earlier than that for recollectiormultaneously examine effects of divided atten-
(Yonelinas & Jacoby, 1994). tion at time of test.

One apparent exception to the finding that fa- Perceptual MatchingChanging the percep-
miliarity is faster than recollection comes frontual characteristics of a word between study anc
remember/know studies where know responsesst (e.g., changing the presentation modality
are generally found to be slower than remembbetween visual and auditory modalities) leads
responses (e.g., Dewhurst & Conway, 19940 a decrease in familiarity, but not recollection.
Trott, Friedman, et al., 1999). However, thesén contrast, for nonverbal items, changing the
effects likely reflect the fact that the instructionperceptual characteristics of an item can reduce
in remember/know tests require subjects to réoth processes, although the effects may var
spond know only if the item is “familiar and notwith the type of materialg~or words, changing
recollected.” Because subjects are essentially ithe modality between study and test generally
structed to wait until both processes are comeduces familiarity, but does not influence recol-
plete before making a know response, the pdéction. For example, changing modality can
tern of results is not surprising. have larger effects on speeded compared to not

Divided attention during tesDividing atten- speeded test conditions (Toth, 1996; but se
tion at the time of test disrupts recollection buiMulligan & Hirshman, 1995), suggesting that
does not appear to influence familiaritYhe the manipulation has larger effects on familiar-
measurement methods provide clear evidenitg than recollection. Similarly, estimates using
that recollection is more sensitive to effects dhe remember/know procedure (Fig. 3) indicate
dividing attention at time of retrieval than famil-that changing presentation modality of words
iarity, and the limited number of process-estidoes not influence recollection but does reduct
mation studies that have been conducted indamiliarity (e.g., Gregg & Gardiner, 1994, al-
cate that familiarity is not affected at all by thehough see Rajaram, 1993), particularly when
manipulation (Fig. 3). For example, dividing atthe encoding conditions focus on the perceptua
tention at the time of retrieval has large disrumspects of the study words (Gregg & Gardiner
tive effects on recall and much smaller effects994).
on recognition (Anderson, Craik, & Naveh-Ben- For nonverbal materials, changing the percep
jamin, 1998; Craik, Govoni, Naveh-Benjamintual characteristics of an item between study
& Anderson, 1996), suggesting that recollectioand test can decrease recollection and familiar
is more influenced than familiarity by attentionity, but the effects appear to depend on the mate
Similarly, dividing attention has a larger disrupsials and the perceptual manipulation. For ex-
tive effect on associative than item recognitioample, changing the angle in which common
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objects are presented leads to reductions studies indicate that familiarity decreases more
recognition accuracy that are comparable foapidly than recollection. For example, across
amnesic and control subjects (Srinivas & Ver32 intervening items in a continuous recognition
faellie, 2000), suggesting that familiarity-basedest, recognition memory for single items de-
recognition benefits from perceptual matchingreases significantly, whereas recognition mem:
In contrast, remember/know studies indicatery for word—word associations remains un-
that changing the size or reflection of drawingshanged (Hockley, 1991, 1992), suggesting tha
of familiar items can lead to decreases that inflfiamiliarity, but not recollection, decreases
ence recollection primarily (Rajaram, 1996)across these delays. A similar pattern of dispro-
Moreover, estimates derived from the remenportional forgetting for item recognition com-
ber/know and process-dissociation procedurgared to associative recognition is also seen ir
(Yonelinas & Jacoby, 1995) suggest that changtudy-test procedures in which a study list is fol-
ing the size of random geometric shapes blwed by a separate test list (Hockley, 1991,
tween study and test leads to a decrease in b&®92). Process-dissociation methods have onl
recollection and familiarity. been used to examine intermediate term forget
A related, but somewhat different, effect iging in two process-dissociation experiments
the picture-superiority effect, which reflects th€Yonelinas & Levy, 2002), but both experiments
fact that recognition memory for words is betteare consistent in showing that familiarity de-
if the item was studied as a picture than if it wasreases more rapidly than recollection across
studied as a word (e.g., Rowe & Pavio, 1971)hese retention intervals (Fig. 3).
Remember/know (e.g., Rajaram, 1993, 1996; In contrast, over long-term retention intervals
Dewhurst & Conway, 1994; Wagner et al.pboth recollection and familiarity exhibit signifi-
1997) and process-dissociation studies (Wagneaint forgetting effects. For example, measurec
et al., 1997) indicate that the picture-superioritgcross delays extending up to 7 days, word-
effect is observed in both recollection and famiword (Hockley & Cinsoli, 1999) and word-list
iarity. Although this may appear to be inconsisassociation memory (Bornstein & LeCompte,
tent with the perceptual matching effects just995) are found to decrease at rates that are sin
discussed, the picture-superiority effect is rakar to those found for item recognition, suggest-
lated to increased elaboration or the involveng that both recollection and familiarity de-
ment of additional semantic codes utilized whecrease at comparable rates across these delay
encoding pictures compared to words. For eResults from remember/know studies (Fig. 3)
ample, the effect can be eliminated or even rafre consistent in showing that both processes de
versed if visual elaboration is required duringrease over long retention intervals that extenc
both picture and word encoding conditions (Exdp to 6 months (Gardiner, 1988; Gardiner &
periments 2—4 in Dewhurst & Conway, 1994)Java, 1991; Hockley & Consoli, 1999; Knowl-
Note that estimates of recollection are very higion & Squire, 1995). In many cases the decreast
(greater than .6) in all of these picture-superioin recollection is greater than the decrease in fa:
ity experiments, thus care should be taken wheniliarity. However, there are two reasons to be
interpreting these results. careful when interpreting this latter difference.
Forgetting rates Across intermediate-term First, because estimates of familiarity were gen-
delays (i.e., 10 s of seconds or 8 to 32 intervererally much lower than those of recollection,
ing items) familiarity decreases rapidly whileand the experiments produced no experimenta
recollection is relatively unaffected. In contrastcrossovers, it is possible that floor effects may
across long-term delays (i.e., minutes to monthélave contributed to these differences in long-
both recollection and familiarity exhibit pro- term forgetting functions. Second, one study
nounced forgetting effectdlithough the effects suggested that over long-term delays, familiarity
of forgetting across intermediate delays have notay decreastasterthan recollection (Mandler,
been studied extensively, the existing resultBearlstone, & Koopmans, 1969). In that study,
from task-dissociation and process-dissociatiorecognition memory performance at an interme-
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diate delay was not correlated with list organizaeffects on hits and false alarms the effect of
tion (the number of categories that a list was diprocessing fluency presented in Fig. 3 reflects
vided into), but as the delay increased up to the average across old and new items). For ex
weeks the correlation between recognition andmple, the remember/know procedure shows
list organization increased. These results wetbat familiarity rather than recollection is in-
interpreted as indicating that familiarity mustcreased when the test item is briefly flashed just
have decreased more rapidly than recollectigorior to its presentation in the test list (Ki-
across these delays. noshita, 1997; Rajaram, 1993). Similarly, pre-
Fluency manipulations Manipulations de- senting test items in a semantically related con-
signed to increase the processing fluency of taskt increases familiarity but not recollection in
items lead to an increase in familiarity-basedhe remember/know procedure (Rajaram &
recognition responses for both studied and noiGeraci, 2000). Finally, revealing items (i.e., the
studied items, while leaving recollection-basetkevelation effect) increases estimates of famil-
responses unaffected variety of manipula- iarity but not recollection as measured using
tions designed to increase the processing floeth the process-dissociation and remember
ency of test items have been found to influendmow procedures (LeCompte, 1995).
recognition memory. For example, briefly flash- An important aspect of these fluency effects
ing a word just prior to presenting it in a recogis that they are often sensitive to changes in tes
nition test increases the likelihood that the wordonditions and instructions. For example, if the
will be judged to have been in the prior study ligirepresented words are flashed for long enoug
(Jacoby & Whitehouse, 1989). Similarly, visuthat the subject becomes aware of the flashe
ally presenting a word more clearly than othdatem, or if the subject is informed that the exper-
words in a test (Whittlesea, Jacoby, & Girardmenter is manipulating the visual clarity of the
1990), revealing a word letter by letter comtest items, then the effects of these fluency ma
pared to presenting the entire word (e.g., th@pulations are reduced (Jacoby & Whitehouse
“revelation effect” Watkins & Peynircioglu, 1998; Whittlesea, Jacoby, & Girard, 1990).
1990), or presenting a word in a conceptuallyhese results have been interpreted as indicatin
predictive compared to unrelated context (e.ghat these manipulations increase the processin
“The stormy sea tossed the BOAT”; Whittlesed]uency of items and that subjects misattribute
1993; Whittlesea & Williams, 2000) will in- this processing fluency to the earlier study
crease the probability that an item will be recogevent, but if the source of that processing flu-
nized. These manipulations often influencency becomes obvious (i.e., the word was jus
studied and nonstudied items, thus they lead poepresented) they will not make the mistake of
increases in both hits and false alarms. attributing it to the earlier study list. More re-
The task dissociation and process estimatiazently, Whittlesea and Williams (1998, 2000)
methods are in agreement in showing that prdvave shown that items that are perceived as fe
cessing fluency influences familiarity, but nommiliar when presented in isolation are instead
recollection. For example, the fact that fluencegxperienced as being novel when presented in
manipulations influence false alarms suggesthyme or semantic context, and they argued tha
that the manipulation affects familiarity. Con-familiarity is not the result of fluency per se, but
sistent with this claim, fluency effects are moreather that fluent processing that occurs unde
readily observed in item than associative recogiexpected circumstances produces the exper
nition tests (Cameron & Hockley, 2000; West-ence of familiarity.
erman, 2001), and amnesic patients exhibit False recognitionThe probability that non-
normal revelation effects (Verfaellie & Cer-studied items are falsely recollected is rare com:-
mak, 1999). The process estimation methodsared to the probability that they are falsely rec-
show that processing fluency increases famibgnized on the basis of familiarity. However,
iarity, but not recollection (Fig. 3; note that be-when new items are high associates of the stuc
cause the fluency manipulations have similaed items then both processes can lead to higl
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levels of false recognitiorThe probability that the basis of familiarity, but has very little effect
an item is falsely recalled is typically quite lowon recollection. Moreover, familiarity, but not
compared to the probability that a nonstudiegcollection, increases in a manner consistent
item is falsely recognized, suggesting that recolvith signal detection theoryRelaxing the re-
lection is less susceptible to this type of an errgponse criterion in recognition memory tests
than is familiarity. Moreover, false remembeteads to increases in the probability that new
rates in standard remember/know studies aitems will be accepted (i.e., false alarms in-
generally very low compared to false familiaritycrease), suggesting that familiarity is sensitive to
rates (e.g., the average estimates of recollectishifts in response criterion. Moreover, results
and familiarity for new items were .02 and .18from remember/know and process-dissociation
respectively, for the seven experiments dexperiments indicate that relaxing response cri-
scribed earlier examining generation effect®ria leads to large increases in the proportion of
using a standard remember/know recognitioold items accepted on the basis of familiarity,
test procedure). However, under conditions iwhereas estimates of recollection remain rela-
which study lists contain a number of highly asively unchanged (Fig. 3). This pattern of results
sociated items, subjects often falsely recall arid seen when response criterion varies as a func
falsely remember lure items that were assodion of response confidence (Yonelinas et al.,
ated with the studied items (e.g., Anastasi996; Yonelinas 2001; Yonelinas, Dobbins et al.,
Rhodes, & Burns, 2000; Gallo, McDermott, &1997), changes in the reported proportion of tar-
Roediger, 2001; Israel & Schacter, 1997; Milleget items in the test list (e.g., Strack &
& Gazzaniga, 1998; Mintzer & Giriffiths, 2000;Foerster, 1995; Hirshman & Hanzel, 1998; Gar-
Norman & Schacter, 1997; Roediger & McDerdiner, Richardson-Klavehn, & Ramponi, 1997),
mott, 1995; Schacter, Verfaellie, & Praderechanges in how lenient subjects are instructed tc
1996; Schacter, Verfaellie, & Anas, 1997). Thée (Postma, 1999), and changes in the propor
level of false recollection and false familiaritytion of test items that subjects are required to ac-
for related lures under these conditions was .28pt as old (Strack & Foerster, 1995). Consisten
and .18, respectively. with these findings, an examination of perform-
Several different accounts have been pr@nce across subjects indicates that increases
vided for the high false alarm rates seen witlalse alarms are associated with increases i
high associates (e.g., see Schacter, Norman,c&erall hit rates, but not with increases in reports
Koutstaal, 1998). The increased level of falsef remembering (Dobbins et al., 2000).
recollection could arise if subjects overtly or Figure 4 presents the estimates of recollec-
covertly generate a nonpresented lure item t@on and familiarity from individual experiments
time of study in response to an associate. Thus,illustrate the manner is which changes in re-
at time of retrieval, subjects may recollect thatponse criterion influence the two processes. Ar
the item was encountered but fail to recolle@xamination of Fig. 4 indicates that familiarity
that it was self-generated rather than studieestimates increase in a manner consistent witl
Another possibility is that at time of retrieval,signal detection theory, whereas recollection es
recollection may be based on the retrieval of sémates do not (see Yonelinas, 2001a, for further
mantic information that does not differentiateliscussion). That is, the familiarity functions in-
between a studied word and a highly associatetkase gradually and form functions that are
lure item. Consistent with the latter account, asymmetrical along the 0,0 to 1,1 diagonal. This
described above, recollection is particularly serindicates that familiarity is well described as a
sitive to semantic encoding. signal detection process in which old and new
Shifting response criteriorRelaxing the re- items form Gaussian familiarity distributions
sponse criterion in a recognition test (e.g., insuch that the old items are on average more fa
creasing the subjects’ tendency to accept itenmiliar than new items and the variance associ-
as having been studied) leads to a large increasged with the two distributions is approximately
in the probability that items will be accepted onequal (see MacMillan & Creelman, 1991). Fur-
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FIG. 4. Estimates of recollection (left) and familiarity (right) as a function of response criterion derived using
the remember/know (RK) and process dissociation (PD) procedures from (1) Postma (1999), (2) Strack ar
Foerster (1995, Expt. 1), (3) Strack and Foerster (1995, Expt. 2), (4) Hirshman and Henzler (1998), (5) Yoneling
(20014, Expt. 1), (6) Yonelinas, Dobbins, Szymanski, Dhaliwal, and King (1996, Expt. 2), (7) Gardiner, Richard-
son- Klavehn, and Ramponi (1997), (8) Dodson and Johnson (1996, Expt. 1), (9) Yonelinas (1994, Expt. 1), (1C
Yonelinas (1994, Expt. 2), and (11) Yonelinas (1994, Expt. 3).

ther evidence that familiarity behaves in a marlow than for high frequency words and that the
ner consistent with signal detection theory ifrequency effects on recollection are much
provided by studies of amnesics who exhibitarger than those seen on familiarity. Some
symmetrical recognition memory functionsmethods of measuring recollection, however, in-
similar to the familiarity functions seen in Fig. 4dicate that there is a high frequency recollection
(Yonelinas et al., 1998). In contrast to familiar-advantage Low frequency, or less common,
ity, the recollection estimates seen in Fig. 4 rewords are associated with greater hit rates anc
main relatively constant as false alarm rates idewer false alarm rates than high frequency
crease, suggesting that recollection is not wellords (e.g., Gregg, 1976; Glanzer & Adams,
described as a standard signal detection proce$885). The increased false alarm rate for high
Further evidence that recollection is not considfrequency words indicates that common words
tent with signal detection theory is provided byare judged to be more familiar during recogni-
associative tests of recognition in which relation than low frequency words. A separate ques-
tively linear receiver operating characteristicsion, however, is whether the low frequency ad-
have been observed (e.g., Arndt & Reder, 2002antage that is seen in the hit rate is due to
Rotello, Macmillan, & Van Tassel, 2000;recollection or familiarity.
Yonelinas, 1997, 1999; Yonelinas et al., 1999). In general, the task-dissociation methods in-
Note, however, that associative ROCs are not aflicate that recollection and, to a lesser extent
ways perfectly linear (e.g., Yonelinas et al.familiarity are greater for low than high fre-
1999, Yonelinas, 1999; Slotnick, Klein, Dodsonguency words. For example, in support of the
& Shimamura, 2000; Qin, Raye, Johnson, &laim that familiarity exhibits a low frequency
Mitchell, 2001; Kelley & Wixted, 2001). memory advantage are results from studies o
Nonetheless, the observed ROCs in almost aimnesics (e.g., Huppert & Piercy, 1976; Verfael-
of these cases indicate that a simple signal dée, Cermak, Letourneau, & Zuffante, 1991)
tection process is not sufficient to account fowho exhibit better recognition memory for low
recollection. than high frequency words. In support of the
claim that recollection exhibits a low frequency
advantage are studies examining manipulation
Word frequencyMost studies indicate that expected to reduce recollection such as dividing
both recollection and familiarity are greater for attention (Kinoshita, 1995), midazolam-induced

Stimulus Variables



RECOLLECTION AND FAMILIARITY 467

amnesia (Hirshman et al., 2002), and speedingSome measurement methods, however, indi
responses (Balota, Burgess, Cortese, & Adantsate that recollection igreater for high than
2002; Joordens & Hockley, 2000), which shovlow frequency words. For example, there is a
that these manipulations reduce, and can evkigh frequency advantage in tests of recall (e.g.
reverse, the low frequency hit rate advantageregg, 1976; Gregg, Montgomery, & Castano,
seen in recognition memory performancel980; but see Watkins, LeCompte, & Kim,
Moreover, there is a low frequency advantage 2000) and in word—word associative recognition
most tests of associative recognition, such &s.g., Clark, 1992; Clark & Burchett, 1994; al-
tests of modality (Guttentag & Carroll, 1994)though see Hockley, 1991), suggesting that rec
study voice (Guttentag & Carroll, 1994), studyollection, at least as measured by these twe
list (Guttentag & Carroll , 1997; Rugg, Cox,tasks, exhibits a high frequency rather than &
Doyle, & Wells, 1995), and memory for mentalow frequency advantage.
operations (Guttentag & Carroll, 1997). Why there is a discrepancy about the effect:
Results from the process-estimation methodsf word frequency on recollection across differ-
indicate that both recollection and familiarityent measurement methods is not clear; howeve
increase for low compared to high frequencyne potential explanation is that the different
words, but that the effect on recollection is altasks measure different types of recollection ol
most always larger than that seen on familiadifferent types of recollected information. For
ity. For example, estimates from rememberéxample, to account for discrepancies betweel
know (Bowler, Gardiner, & Grice, 2000; Gar-recall and list recognition, Guttentag and Carrol
diner & Java, 1990; Hirshman et al., 2002(1997) argued that list recognition tests rely on
Huron et al., 1995; Joordens & Hockley, 2000item-specific processing (e.g., distinctive proc-
Strack & Foerster, 1995; Gardiner, Richardsoressing of the properties of a single item),
Klavhen, & Ramponi, 1997; Kinoshita, 1995;whereas recall relies on item-specific as well a:
Guttentag & Carroll, 1997; Reder, Nhouy-relation-specific processing (e.g., processing the
vanisvong, Schunn, Ayers, Angstadt, & Hirakirelationships between items). They suggeste
2000), process-dissociation (Guttentag & Caithat item-specific processing is very effective
roll, 1997; Komatsu, Graf, & Uttl, 1994), andwith low frequency words, whereas relation-
ROC studies (Arndt & Reder, 2002) convergespecific processing is most effective with high
in showing that there is a low frequency advanfrequency items (i.e., it is easier to form a rela-
tage for recollection and a smaller but consigionship between two high frequency words anc
tent advantage for familiarity. On average, lowto subsequently retrieve that relationship than tc
compared to high frequency words lead to .160 so with two low frequency words). Thus,
and .09 increases in recollection and familiarrecognition and most forms of associative
ity, respectively. Only 1 estimation experimentecognition exhibit a low frequency advantage
of 17 did not conform to this pattern (i.e., Ex-because they rely on recollection of item-spe-
periment 1 in Reder et al., 1999) in the senseific information, whereas recall and associative
that it suggested that word frequency actuallyword-pair recognition exhibit a high frequency
had a slightly larger effect on familiarity thanadvantage because they rely additionally on rec
recollection. However, the average recollectionllection for the relations between items.
level in that study was .79 for the low fre- Memory for new items and new associations
quency words, and thus the familiarity esti-Recollection can support memory for novel
mates were likely influenced by ceiling effectsitems and novel associations. In contrast, famil-
The second experiment in that study also hadrity can support memory for novel items, but it
high levels of recollection and suggested thatan only support memory for new associations
familiarity was not greatly affected by wordunder some condition8Vith respect to memory
frequency. However, in the third experiment, irfor novel items, the process estimation method:
that study performance was much lower anthdicate that recollection and familiarity can
the aberrant pattern was not observed. support new learning. For example, the process
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dissociation and remember/know procedures innder some conditions. For example, in an assc
dicate that both recollection and familiarity supeiative recognition test that required subjects tc
port memory for randomly generated geometridiscriminate between previously studied draw-
shapes (Yonelinas & Jacoby, 1995). Similarlyings of faces and faces in which some of the fea
the remember/know procedure indicates thaires had been switched with those from othe
both recollection and familiarity support memstudied faces, the resulting ROCs were curvilin-
ory for unfamiliar faces (Parkin, Gardiner, &ear and the estimates of familiarity were greate
Rosser, 1995), nonwords (Gardiner & Javahan zero, indicating that familiarity supported
1990; Whittlesea & Williams, 2000), and ob-the associative recognition judgments (Yoneli-
scure melodies (Gardiner, Kaminsko, Dixon, &as et al., 1999). However, this was observec
Java, 1996; Java, Kaminska, & Gardiner, 1995pnly when faces were studied and tested in a
The ROC procedure also indicates that recolleapright orientation; when faces were studied
tion and familiarity support memory for unfa-and tested upside down, the ROCs became lir
miliar faces (Yonelinas, Kroll, Dobbins, & ear and the estimates of familiarity dropped to
Soltani 1999). Moreover, estimates of familiarzero. These results were interpreted as indica
ity for nonwords are sometimes found to béng that when different aspects of an event are
greater than those for words (e.g., Gardiner &eated as a whole item (upright faces) familiar-
Java, 1990; Whittlesea & Williams, 2000; buity supported learning of the associations be:
see Perfect & Dasgupta, 1997), suggesting thalyeen those features, whereas when separa
at least for some materials, familiarity may béeatures were treated as distinct parts (upsid
more useful in discriminating between studiedown faces) then familiarity was not able to sup-
and nonstudied novel items than between stupert associative learning. Similar results have
ied and nonstudied items that are well known. been reported in studies of word—-word associa

Memory for new associations between differtive recognition in that linear ROCs were ob-
ent items or between distinct aspects of an evesérved when word pairs were encoded as twi
can be supported by recollection, whereas faeparate words, whereas curved ROCs were ol
miliarity often does not do so. In tests ofserved when the word pairs were treated as ne!
word-word, word—modality, and word-list as-compound words (Quamme & Yonelinas, 2001).
sociative recognition, the observed ROCs argloreover, in a recognition experiment using the
relatively linear compared to item recognitionprocess-dissociation procedure in which sub-
(e.g., Rotello et al., 2000; Yonelinas, 1997jects were required to remember the spatial lo
1999). Using the ROC estimation method to eszations of objects, estimates of familiarity were
timate recollection and familiarity leads to thegreater than baseline performance, indicating
conclusion that associative recognition is basatiat familiarity supported memory for object-lo-
on recollection and that familiarity does notcation associations (Caldwell & Masson, 2001).
benefit performance on these tasks. Moreovayjoreover, as discussed in more detail in the am
for items that receive a remember response, boésia section below, patients with selective hip-
not those receiving a know response, subjeccampal lesions exhibit pronounced deficits or
are able to make accurate associative recogrissociative recognition tests that require assoc
tion judgments (Perfect et al., 1996), indicatingtions across different types of information
that recollection, but not familiarity, supports(e.g., face—voice pairs), but perform normally
memory for new associations. Similarly, am-on tasks that require associations between sim
nesic patients generally perform particularlyar types of information (e.g., face—face pairs)
poorly on associative recognition tests (see th@argha-Kadehm et al., 1997; Mayes et al.,
discussion of amnesia below), suggesting th&001).
familiarity does not support memory for new . )
associations. Special Populations

There is, however, evidence that familiarity Amnesia Damage that includes the hip-
can support memory for novel associationgocampus and surrounding temporal lobe dis-
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rupts both recollection and familiarity, but gen-patients suggests that the hippocampus is partic
erally has a larger disruptive effect on recollec-ularly important for recollection. In contrast, the
tion. In contrast, relatively selective hippocam{inding that the proportional recall deficits are
pal damage appears to disrupt recollection, busometimes found in patients with more exten-
not familiarity. Studies of recall and recognitionsive temporal lobe lesions suggests that the re
in amnesia have suggested the hippocampusg®ns surrounding the hippocampus may be im:
particularly important for recollection, whereagportant for familiarity.
the surrounding temporal cortex may be critical Amnesic patients generally exhibit dispropor-
for familiarity. In studies that have included am-tionate deficits on associative- compared to item-
nesic patients with damage that extends beyomdcognition tests, indicating that recollection is
the hippocampus, such as the surrounding terdisproportionally disrupted by medial temporal
poral lobe, recall is sometimes found to be morlwbe damage. For example, in comparison to
disrupted than recognition (e.g., Huppert &ests of item recognition, amnesics perform
Piercy, 1976; Hirst, Johnson, Kim, Phelpsmore poorly in tests that require them to remem-
Risse, & Volpe, 1986; Hirst, Johnson, Phelps, &er when an item was presented (e.g., Aggletor
\Volpe, 1988; Isaac & Mayes, 1999; Johnson &t al., 2000; Hurst & Volpe, 1982; Huppert &
Kim, 1985; Volpe, Holtzan, & Hirst, 1986), but Piercy, 1976, 1978; Kopelman, 1989; Meudell,
other studies with similar groups of patientdMayes, Ostergaard, & Pickering, 1985; Parkin,
have reported comparable recall and recognitidRees, Hunkin, & Rose, 1994; Parkin & Hunkin,
deficits (e.g., MacAndrew, Jones, & Mayes]1993; Squire, 1982; Nunn, Graydon, Polkey, &
1994; Shimamura & Squire, 1987; Haist, ShiMorris, 1999; but see Milner, Corsi, & Leonard,
mamura, & Squire, 1992; Kopelman & Stan-1991; Sagar, Gabrieli, Sullivan, & Corkin, 1990;
hope, 1998). In fact, extensive temporal lobér cases of preserved recency judgments)
damage can reduce both recall and recognitiomhere an item was presented (e.g., Hirst &
memory to chance levels (e.g., Hamann &/blpe, 1984; Chalfonte, Verfaellie, Johnson, &
Squire 1997; Stark & Squire, 2000). There ifReiss, 1996; but see Cave & Squire, 1991),
some evidence that the discrepancies observethich modality it was presented in (e.g., Picker-
in these groups can be caused in part by the difig, Mayes, & Fairbairn, 1989), which list the
ferent methods that have been used to matdem was in (Mayes et al., 2001), or how fre-
performance in amnesic and control subjectguently it was presented (e.g., Huppert & Piercy,
(Giovanello & Verfaellie, 2001). 1978; Meudell, Mayes, Ostergaard, & Pickering,
In contrast, in studies of patients with rela1985). Moreover, in contrast to controls, am-
tively selective hippocampal or fornix damagenesics tend to judge incorrectly that pictures
recall is typically found to be disrupted to ashown frequently have been presented recentl
greater extent than recognition regardless of tlaad that those shown recently have been show
matching procedures (e.g., Aggleton et alfrequently (Huppert & Piercy, 1978; Muendell
2000; Baddeley, Vargha-Khadehm, & Mishkiret al., 1985; Mayes, Baddeley, Cockburn, Meun-
2001; Hanley, Davies, Downes, & Mayes, 1994dell, Pickering, & Wilson, 1989), suggesting that
Holdstock, Mayes, Cezayiri, Isaac Aggleton, &heir recognition performance is based on as-
Roberts 2000; Mayes, Isaac, Holdstocksessments of item familiarity. The dispropor-
Hunkin, Montaldi, Downes, MacDonald, Cezaional associative recognition memory deficits
yirli, & Roberts, 2001; Parkin & Hunkin, 1993; just described have included studies of patient:
Vargha-Khadem et al., 1997). In fact, recogniwith selective hippocampal lesions as well as pa-
tion memory in these latter patients is someients with more extensive temporal lobe lesions.
times in the normal range (e.g., Aggleton &Direct comparisons of the magnitude of the as-
Shaw, 1996), although this is not always theociative recognition deficits in these different
case (e.g., Manns & Squire, 1999; Reed &atients groups, however, has not been made
Squire, 1997). The observation that dispropothus it is not clear if the different groups have
tionate recall deficits are seen in hippocampabmparable associative recognition deficits.



470 ANDREW P. YONELINAS

There is, however, evidence that some formdeficits seen in amnesics are not due to fronte
of associative recognition may be more dislobe damage.
rupted by hippocampal damage than others. For Results from the remember/know (Blaxton &
example, Mayes et al. (2001; Mayes et alTheodore, 1997; Knowlton & Squire, 1995;
1999) reported a patient with hippocampal danmschacter, Verfaellie, & Pradere, 1996; Schacter
age who exhibited disproportionate deficits oiverfaellie, & Anes, 1997), process-dissociation
temporal order, object—place, and voice—fac@/erfaellie & Treadwell, 1993), and ROC
associative recognition tests compared tfr¥onelinas et al., 1997) estimation methods in-
word—word associative recognition tests. Simidicate that in studies that include patients with
lar findings were reported by Vargha-Khadem etxtensive temporal lobe damage, recollection is
al. (1997) with three hippocampal patients wheeverely disrupted, whereas familiarity is dis-
exhibited deficits in recognition for face—voicerupted to a lesser extent (see Fig. 5). There we
and object-location associative recognition, buine experiment in which the recollection deficit
who performed normally on word—word andwas not larger than the familiarity deficit (Ex-
face—face associative recognition. These resufieriment 1, Blaxton & Thodore, 1997). How-
suggest that the hippocampus is necessary ¢wger, the recollection levels for the control sub-
form associations between items or aspects fgcts in that experiment were extremely low
an event that involve different types of informa-which made it difficult to observe a recollection
tion or that are processed by different corticadleficit in the patients. Moreover, in a subsequen
regions (e.g., face processing versus word proexperiment with a similar group of patients (Ex-
essing regions), but that it is not necessary whereriment 2, Blaxton & Theodore, 1997) recol-
the different aspects of an event involve théection was found to be severely disrupted,
same type of information. whereas familiarity was not greatly influenced.

Although the disproportionate recall and agn that same remember/know study, left hemi-
sociative recognition deficits relative to itersphere temporal lobectomy patients exhibited
recognition can be related to frontal lobe daniarger decrease in recollection, whereas righ
age (e.g., Janowsky, Shimamura, Kritchevskyiemisphere patients appeared to exhibit a large
& Squire, 1989), these patterns of results hawkeficit in familiarity, suggesting that the two
been observed in amnesic patients with rieemispheres may be differentially involved in
frontal symptoms or pathology (e.g., Hirst &recollection and familiarity. This result is inter-
\Volpe, 1982; Kopelman, 1989; Kopelman, Stanesting because it suggests that the two process
hope, & Kingsley, 1997; Mayes et al., 2001may be lateralized and contrasts with previous
1989; Parkin, Rees, Hunkin, & Rose, 1994findings, suggesting that left and right temporal
Parkin & Hunkin, 1993), indicating that the disdobe regions may be critical for verbal and non-
proportional associative recognition and recallerbal materials, respectively (Milner, 1968). It

Special Populations
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FIG. 5. The average change in recollection and familiarity estimates for special populations compared to con-
trol subjects.
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will be important to verify that these rememwhich performance is not excessively high (i.e.,
ber/know results do not simply reflect differentecollection estimates were less than .60), the
response biases to use remember and know peecess-dissociation (Benjamin & Craik, 2001;
sponses in the left and right hemisphere I&aldwell & Masson, 2001; Jennings & Jacoby,
sioned patients. 1993; Jacoby, 1999; Jennings & Jacoby, 1997
One recent study contrasted remembeRybash & Hoyer, 1996) and the remember/
know judgments in patients with extensiv&know procedures (e.g., Parkin & Walter, 1992;
temporal lobe lesions with patients who werderfect, Williams, & Anderton-Brown, 1995;
expected to have more selective hippocampdhva, 1996, Norman & Schacter, 1997; Friedmar
lesions. The study found that patients with ex& Trott, 2000) indicate that aging leads to a de-
tensive temporal lobe lesions had deficits icrease in recollection, but does not influence
recollection and familiarity, whereas the pafamiliarity. This is consistent with the results
tients with more selective hippocampal lesionfrom the task dissociation methods. In contrast,
had selective deficits in recollection (Lazzarafor studies in which estimates of recollection are
Yonelinas, Kroll, Kishiyama, Sauve, Zusmangreater than .60 (Fig. 5), the process-dissociatior
& Knight, 2001). These results are consistentlennings & Jacoby, 1997) and the remember
with earlier findings in suggesting that the hipknow procedures (Perfect et al., 1995; Schacter
pocampus is critical for recollection, wherea¥ourstaal, Johnson, Gross, & Angell, 1997;
the surrounding temporal lobe regions are critPerfect & Dasgupta, 1997; Mark & Rugg, 1998)
ical for familiarity. suggest that recollection and familiarity esti-
Aging Normal aging disrupts recollection mates are similarly reduced by aging. The appar-
but leaves familiarity largely unaffected. Thesent effect of aging on estimates of familiarity in
deficits are associated with poor encoding anthe latter studies are likely related to ceiling
are related in part to frontal lobe dysfunction effects.
Studies examining the effects of normal aging The recollection deficits associated with
on recognition, associative recognition, and reaging are due in part to poor encoding, but there
call tests suggest that aging disrupts recollecs some evidence that retrieval problems may
tion to a greater extent than does familiarityalso be involved. For example, postexperimenta
For example, normal aging leads to greater reuestionnaires indicate that older subjects ten
call than recognition deficits (e.g., Craik & Jento use elaborative and associative encodin
nings, 1992; Craik & McDowd, 1987; Naveh-strategies less often than younger controls
Benjamin, 2000; Schonfield & Robertson(Naveh-Benjamin, 2000; Perfect & Dasgupta,
1966). Similarly, recognition for single items is1997). Moreover, the associative memory
less disrupted by aging than associative recogdeficits related to aging are reduced with inci-
nition for word—word (Naveh-Benjamin, 2000),dental compared to intentional encoding in-
word—font (Naveh-Benjamin, 2000), word-structions (Chalfonte & Johnson, 1996; Naveh-
color (Chalfont & Johnson, 1996), word—voiceBenjamin, 2000), and when subjects are giver
(Mark & Rugg, 1998), object—location (Chal-special instructions to attend to the aspect of th
fonte & Johnson, 1996), word-list (Trott, Freid-study event that they will be tested for
man et al., 1999), recency judgments (FabiarfHashtroudi, Parker, Luis, & Reisen, 1989;
& Friedman, 1997), and memory for sourcéNaveh-Benjamin & Craik, 1995), suggesting
(MciIntyre & Craik, 1987; Schacter, Harbluk, & that older subjects may fail to engage in elabora
McLachlan, 1984; Stanhope, 1988). tive encoding strategies under intentional condi-
The estimation methods indicate that agingons. Similarly, recollection deficits in the re-
leads to a selective reduction in recollection (semember/know procedure are reduced wher
Fig. 5), but when performance levels are excencoding strategies are controlled (Perfect &
tionally high, estimates of both processes appeBasgupta, 1997; Perfect et al., 1995). Further
to be influenced (for an earlier review see Lightmore, as discussed in more detail below, electro
Prull, La Voie, & Healy, 2000). For studies inphysiological responses and patterns of neure
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activation that are correlated with successful efe.g., Trott et al., 1999; but see Mark & Rugg,
coding are abnormal in aged subjects (e.dl998), providing further support for the claim
Cabeza et al., 1997; Friedman, Ritter, & Snodhat the recollection deficit seen in aging is re-
grass, 1996; Friedman & Trott, 2000; Gradylated to frontal lobe dysfunction. However, age-
Mcintosh, Horwitz, & Maisog, 1995), suggest-related reductions in hippocampal volume have
ing that the aging deficits are related to abnobeen related to reductions in memory (Raz,
mal encoding. However, reductions in brain adgsunning-Dixon, Head, Dupuis, & Acker, 1998),
tivation during retrieval have also been observezhd hippocampal reductions in activation during
(e.g., Cabeza et al.,, 1997; Cabeza, Andersamcoding have been observed in aged subjec
Houle, Mangels, & Nyberg, 2000; Schacter(e.g., Grady et al.,, 1995), suggesting that
Savage, Alpert, Rauch, & Albert, 1996), everdeficits in aging may also be related to hip-
when overall performance is controlled, sugpocampal dysfunction.
gesting that aging may influence retrieval as Frontal lobe lesionsLesions to the dorsolat-
well as encoding. Similarly, electrophysiologi-eral prefrontal cortex lead to reductions in rec-
cal responses during retrieval are sometimes i@lection but have either smaller or no effects
duced in aged compared to young subjects familiarity. These impairments are often re-
(Trott et al., 1997; but see Mark & Rugg, 1998)lated to encoding problems, but may also par-
suggesting that aging may disrupt retrieval.  tially reflect retrieval problems Studies of
The recollection deficits observed in agingecognition, recall, and associative recognition
have been linked to a decrease in frontal lolseiggest that damage to regions in the frontal
functioning. For example, age-related neuron#&bbes disrupts recollection but leaves familiarity
loss is particularly pronounced in the frontatelatively unaffected. For example, frontal lobe
lobes (e.g., Haug & Eggers, 1991), and the asgeatients have been found to exhibit greater re-
ciative memory impairment exhibited in agingcall than recognition deficits (e.g., Janowsky,
is correlated with various psychometric measshimamura, Kritchevsky, & Squire, 1989; Jet-
ures of frontal dysfunction such as performander, Poser, Freeman, & Markowitscch, 1986;
on card sorting tasks and verbal fluency task8heeler, Stuss, & Tulving, 1995; but see
(Craik, Morris, Morris, & Loewen, 1990; Fabi- Kopelman & Stanhope, 1998), suggesting that
ani & Friedman, 1997; Spensor & Raz, 1994Yecollection is disproportionately disrupted in
Similarly, Glisky, Polster, and Routhieauxthese patients. Similarly, frontal patients have
(1995) found that aged individuals with poobeen found to exhibit deficits in memory for the
frontal function (e.g., card sorting and verbasource of facts, even when fact memory was rel-
fluency) perform poorly on word—voice associaatively intact (Janowsky, Shimamura, & Squire,
tion recognition, but normally on word recogni-1989; Johnson, O’Connor, & Cantor, 1997,
tion; whereas aged individuals with poor medigbchacter, Kaszniak, Kilstrom, & Valdiseri,
temporal lobe function (e.g., verbal and visual991), and they show greater deficits in recency
recall tests) do poorly on word recognition bujudgments (Milner, Corsi, & Leonard, 1991)
normally on associative recognition. Similarlyand frequency judgments (Jurado, Junque
age-related decreases in remember respon®egol, Oliver, et al., 1997) than item recognition
correlate with deficits in card sorting performjudgments. The fact that recognition memory
ance in older individuals (Parkin & Walter,can sometimes be relatively normal in frontal
1992; but see Perfect & Dasgupta, 1997). Fpatients suggests that familiarity is well pre-
nally, frontal lobe activations that are associatezkrved in this group.
with successful retrieval of temporal order in- The dorsolateral region of the frontal lobes
formation are abnormal in aged subjects (e.gppears to be particularly important for recol-
Cabeza et al., 2000; Schacter, Savage, Alpelection, and there is some evidence that the lef
Rauch, Albert, et al., 1996), and memory-relatednd right hemispheres may be differentially in-
electrophysiological signals over frontal scalpolved in recollection of verbal and nonverbal
sites are sometimes reduced in aged subjeataterials, respectively. For example, associative
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recognition memory deficits are observed in pads in larger groups of frontal lobe patients will
tients with dorsolateral prefrontal lobe lesiondye critical in verifying these results.
but not in frontal lobe patients in which dorso- The memory impairments typically observed
lateral regions are spared (Kopelman, Stanhopn,frontal patients are due in part to a reducec
& Kingskey, 1997). Patients with dorsolateratendency to spontaneously categorize or use o
damage in the left or right hemispheres show rganizational strategies during encoding, but
call (Jetter et al.,, 1986; Gershberg & Shimamay also reflect deficits in strategic processe:
mura, 1995) and associative recognition menauring retrieval (Hirst & Volpe, 1988; Gersh-
ory deficits (Kopelman, Stanhope, & Kingsleyberg & Shimamura, 1995; Parkin, Ward, Bind-
1997), suggesting that both hemispheres are ischaedler, Squires, & Powell, 1999; Shima-
portant for recollection. However, right hemi-mura, 1996). For example, semantic orienting
sphere frontal lesions disrupt recency judgmenisstructions during encoding can lead to a re-
for nonverbalizable materials, whereas leffuction in the recognition deficits observed in
frontal lobe lesions disrupt recency judgmentsontal patients (Parkin, 1997; Mangels, 1997),
of verbal material (Milner, Corsi, & Leonard,suggesting that their deficits may be due in par
1991), suggesting that there may be some latéo- encoding problems. Similarly, measures of
alization of memory function with respect tdist organization are lower in frontal patients
materials. However, in a study examining fre(Gershberg & Shimamura, 1989; Mangels,
qguency estimations of verbal stimuli, both 1efi997) and they report using organizational
and right hemisphere frontal lobe patients etrategies less often than controls (Gershberb ¢
hibited deficits, and the right hemisphere p&himamura, 1995). However, although inciden-
tients were found to exhibit more pronouncethl compared to intentional encoding instruc-
deficits than left hemisphere patients (Juradtpns can eliminate deficits in memory for tem-
Junque, Pujol, Oliver, et al., 1997). poral order seen in frontal patients, deficits in
Frontal lobe patients have not been exteffree recall are still observed (Mangles, 1997),
sively studied using the process-estimatiosuggesting that frontal lobe damage may alsc
methods, but a few case reports have providéshd to retrieval deficits. Similarly, frontal dam-
intriguing results. For example, a few case stu@ge often leads to confabulation (e.g., Moscov-
ies have shown that patients with large frontéich, 1989) and even in nonconfabulating pa-
lesions to the left or right hemisphere can exients can lead to excessively high false alarm:
hibit elevated levels of false remember rerates in recognition (Parkin, Bindschaedler,
sponses and high confidence false alarms, sudarsent, & Metzler, 1996; Schacter et al., 1996;
gesting that recollection is disrupted (se€urran, Schacter, Norman, & Galluccio, 1997),
Schacter, Norman, & Koutstaal, 1998). Moresuggesting that the frontal lobes may play a role
over, a patient with damage to the right ventrait time of retrieval. Moreover, strategic instruc-
prefrontal region was found to perform nortion during test has been shown to reduce the re
mally on recall, recognition, and associativeall deficits observed in frontal lobe patients
recognition tests, but correct recognition refGershberb & Shimamura, 1995; Incisa della
sponses were associated with fewer rememtRocchetta & Milner, 1993).
and more know responses than seen in controls o
(Levine, Black, Cabeza, Sinden, Mcimosh!\leuromonltorlng
Toth, Tulving, & Stuss, 1998; Levine, Freed- Event-Related Potentials (ERP&)uring en-
man, Dawson, Black, & Stuss, 1999). This reeoding, items that are associated with a wide-
sult suggests that ventral prefrontal damage magread positive-going ERP deflection are more
disrupt the subjective experience of recollectiotlikely to be later recognized, and this effect is
or the ability to report on recollection, evermore pronounced for items that are later recol-
when the ability to recollect associative inforfected compared to those recognized on the
mation about previous events is preserved. Fbasis of familiarity. During retrieval, familiar-
ture studies using the process-estimation metity-based responses are related to an early
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frontal-central scalp positivity, whereas recol-no direct evidence that the two processes rely o
lection is related to a later left-parietal positiv- qualitatively distinct encoding mechanisms.
ity. A very long-lived right frontal positivity has Further studies will be necessary to determine
been related to both recollection- and familiar-exactly which functions the encoding ERP ef-
ity-based recognition respons@uring encod- fects reflect. One pOSSIbI'Ity is that they reflect
ing, items that are later retrieved exhibit moréhe type of elaboration that has large effects or
positive-going potentia|3 across both hemi[ECO”ection and smaller effects on familiarity,
spheres than items that are subsequently forg&uch as that related to deeper levels of semant
ten (for reviews see Rugg, 1995; Wagner, KoufProcessing, increased attention, or generatiol
staal, & Schacter, 1999). The effect is generallprOCESSES.
found to be larger for recall than for recognition During retrieval, recollection is related to an
(Paller et al., 1988), and larger effects havERP positivity that is maximal over left parietal
been reported for remember than for know reSitES, whereas famlllarlty is related to an earlier
sponses (Friedman & Trott, 2000), suggestingositivity that has a frontal-central distributién.
that the effects are more strongly related to red=0r example, the recollective ERP correlate has
ollection than familiarity. Moreover, larger ef-been related to reports of remembering (Diizel,
fects were reported under conditions in whictyonelinas, Mangun, Heinze, & Tulving, 1997;
subjects used associative encoding strategiB4/99, Schloerscheidt, & Mark, 1998; Smith,
that linked two words together than when theyt993; Klimesch, Doppelmayr, Yonelinas, Kroll,
used nonassociative encoding strategies (Wely@zzara, Rohm, & Gruber, 2001) and with the
erts, Tendolkar, Smid, & Heinz, 1997). The efletrieval of study event associations such as
fect, however, has been observed for both ravord—modality (Wilding et al., 1995; Wilding &
member and know responses (Freidman &ugg, 1997), word-voice (Rugg, Schloer-
Trott, 2000; Smith, 1993; Friedman & Trott, Scheidt, & Mark, 1998; Wilding & Rugg, 1996,
2000) and has been related to items that wed@97), temporal source (Trottetal., 1997, 1999),
later recognized but not successfully recoland word—word (Donaldson & Rugg, 1998; Ten-
lected in an associative recognition test (Freedlolkar, Doyle, & Rugg, 1997) and word plural-
man & Trott, 2000), suggesting that the encodty (Curran, 2000). The familiarity ERP corre-
ing effect can also lead to familiarity-basedate has been related to know responses (Duze
recognition. Note that there is some evidencét al., 1997; Smith, 1993; Klimesch et al., 2001;
that the encoding ERP effects may reflect sefaut also see Trott, Freidman, et al., 1999) and tc
eral subcomponents (Mangels, Picton, & Craikecognized items that are not associated witt
2001); however, the functional significance oforrect associative memory judgments (Curran,
these effects is not yet clear. Moreover, al2000). Moreover, ERP studies of amnesic pa-
though the encoding effects have not often beé}ents indicate that the recollection-based ERF
extensively examined using nonverbalizablgorrelate is reduced or eliminated by hippocam-
materials, there is some evidence that the epal damage (e.g., Smith & Halgren, 1989;
fects are smaller or absent for pictorial materiMecklinger, von Cramon, & Matthes-von Cra-
als (see Wagner et al., 1999). mon, 1998; Rugg, Roberts, Potter, Pickles, &
These encoding-related ERPs suggest that thagy, 1991; Tendolkar, Schoenfeld, Golz, Fer-
encoding mechanisms that lead to subsequdi@ndez, Kuhl, Ferszt, & Heinze, 1999), while
recollection-based recognition responses afiee familiarity correlate, in some cases, is unaf-
also engaged, but to a much lesser extent, in
leading to subsequent familiarity-based recogni-2The fact that some of the ERP effects are larger over on
tion responses. The results do not rule out tlhemisphere than the other should be interpreted cautiousl;
possibility that the encoding mechanisms Suegcause it is difficult to determine the neural generators o

rting r. llection and familiarit tiall scalp ERPs, and because most of the relevant studies ha
po g recollection and lfamiliarity are partia yused verbalizable materials; thus the observed hemispher

diStir!(ft because the_ method may simply be iRsymmetries may arise because of the type of stimuli tha
sensitive to such differences, but they provideave been examined.
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fected (e.g., Tendolkar, Schoenfeld, Golz, Fetempt or monitoring during retrieval, whereas
nandez, Kuhl, Ferszt, & Heinze, 1999; Duzelthe medial temporal activations appear to in-
Vargha-Khadem, Heinze, & Mishkin, 2001),volve the formation and retrieval of recollected
suggesting that the hippocampus is necessanformation During encoding, activation in pre-
for recollection, but not familiarity. frontal regions and the medial and inferior tem-
The two different retrieval-related ERP ef-poral lobes (i.e., the hippocampus, parahip-
fects indicate that recollection and familiaritypocampal, and fusiform gyri) is often associatec
involve partially distinct neural generators andvith subsequent recognition memory, and thest
that the neural activation related to familiarityeffects appear to be more closely related to rec
is observable earlier than that related to recobllection than familiarity. For example, activa-
lection. Because it is difficult to determine thetions in the prefrontal, parahippocampal, and
location of the neural generators on the basfsisiform regions have been found to be greate
of scalp ERPs, it is not clear which brain refor items that were subsequently associated witl
gions are involved in generating those ERPSremember” or high confidence recognition re-
The lesion results, however, suggest that theponses compared to “know” or low confidence
hippocampal region plays an important role imesponses (Brewer, Zhao, Desmond, Glover, &
recollection. Gabrieli, 1998; Wagner et al., 1999; Henson,
Recognition memory retrieval has also beeRugg, Shallice, Josephs, & Dolan, 1999), sug-
associated with a late (400-1200 ms) frontglesting that these regions are involved in recol
positive ERP component that is often larger ovégction. Similarly, hippocampal regions are
right than left scalp sites. The effect is typicalljound to be more active when subjects are en
larger under conditions in which associativeoding pairs of items than when they are encod
compared to item recognition is required (Marikng single items (e.g., Henke, Weber, Kneifel,
& Rugg, 1998; Wilding, 1999; Ranganath &Wieser, & Buck, 1999), and activations through-
Paller 1999, 2001; Senkfor & Van Patten, 1998put the medial temporal lobe regions, including
but is related to both correct and incorrect assthe hippocampus and parahippocampal gyrus
ciative memory judgments (e.g., Ranganath &re found to predict subsequent free recal
Paller 1999, 2001; Senkfor & Van Patten, 199&Strange, Otten, Josheps, Rugg, & Dolan,
Wilding & Rugg, 1996; Trott, Friedman, et al.,2002). Frontal and medial temporal lobe activa-
1999) and with both remember and know reions related to encoding are often larger in the
sponses (Duzel et al., 1997; Trott et al.,1999ft than right hemisphere, particularly for mate-
suggesting that it is involved in both recollectiomials that can be verbally encoded, whereas righ
and familiarity. Because of the long duratiomemisphere or bilateral regions tend to be mor
and frontal distribution of this effect, it has beeinvolved during the encoding of materials that
interpreted as reflecting a process whereby thee less easily verbalized such as visual patterr
products of memory retrieval are monitorede.g., Brewer et al., 1998; Martin, Wiggs, &
(e.g., Ranganath & Paller 1999; 2001; WildingVeisberg, 1997; Wagner, Poldrack, Eldridge,
& Rugg, 1996). Desmond, Glover, & Gabrieli, 1998). Memory-
Neuroimaging During encoding, activation related activations have been observed througt
in the prefrontal cortex, hippocampus, parahipeut the prefrontal cortex during encoding, and
pocampal gyrus, and bordering fusiform gyrushere is evidence that different subregions
is often associated with subsequent recollectiowithin the prefrontal cortex may be functionally
During memory retrieval, activation in the pre-distinct (e.g., see Buckner, Logan, Donaldson
frontal cortex, hippocampus, parahippocampa& Wheeler, 2000; Cabeza & Nyberg, 2000);
gyrus, and parietal lobe is associated with rechowever, it is not yet understood how these sub
ollection, whereas somewhat distinct prefrontalegions relate to recollection and familiarity.
activations are related to familiarity. The frontal The encoding-related frontal lobe activations
activations appear to reflect elaborative proappear to reflect elaborative or organizationa
cessing during encoding and with memory aprocesses that facilitate subsequent recollectior
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based responses, whereas the medial tempdrath types of recognition judgments (e.g., Ran-
lobe activations are more directly related to thganath et al., 2000). In fact, right dorsolateral
storage of that elaborative information. For exgrefrontal regions have been found to be more
ample, frontal lobe activation increases with thactive during know and low confidence recogni-
organizational demands of the task and is réen responses than during remember or high
duced by dividing attention (Fletcher et al.confidence responses (Henson, Rugg, Shallice
1998; also see lidaka et al., 2000). Moreoveg, Dolan, 2000; Henson et al., 2001; Eldridge et
aging, which is known to reduce spontaneota., 2000), which has been interpreted as reflect
elaborative encoding, leads to changes in encddg additional monitoring requirements that are
ing-related prefrontal activation (Cabeza et alnecessary when test items are close to a familiar
1997; Grady, Mclntosh, et al., 1995). Finallyjty response criterion. The anterior cingulate has
left frontal activation associated with semantialso been found to be more active for know than
elaboration has been observed in a patient withr remember responses (Henson et al., 1999
hippocampal damage who was impaired in Bldridge et al., 2000). Although the precise roles
subsequent memory test (Buckner & Koutstaabf these prefrontal regions are not yet clear, they
1998), suggesting that without the hippocanmare generally thought to be involved in retrieval
pus, the elaborative encoding processes suguccess or retrieval monitoring (see Rugg &
ported by the frontal lobes are not sufficient tBlenson, 2001). Whether the left versus right
support subsequent recollection. prefrontal activations related to recollection and
During recognition memory retrieval, hip-familiarity are dependent on the verbal nature of
pocampal and parahippocampal regions are t&e retrieved information is not yet known.
lated to recollection, but not familiarity. For ex- Parietal lobe activation has been related tc
ample, in recognition memory tests of drawingsgecognition retrieval (Cabeza & Nyberg, 2000;
bilateral hippocampal and parahippocampal r&®ugg & Henson, 2001; Lepage, Ghaffar, Ny-
gions were related to associative recognitioerg, & Tulving, 2000) and appears to be relatec
but not to item recognition (Yonelinas, Hopfinprimarily to recollection. For example, remem-
ger, Buonocore, Kroll, & Baynes, 2001). More-ber responses have been found to lead to great
over, in recognition tests for words, remembeparietal activation than know responses (e.g.
responses, but not know responses, were assdd¢enson et al., 1999; Eldridge et al., 2000), sug-
ated with left hippocampal and parahippocangesting that this region may be more involved in
pal activation (Henson et al., 1999; Eldridgesecollection than familiarity. The functional sig-
Knowlton, Furmanski, Bookheimer, & Engel,nificance of these activations are not yet clear
2000). but they have been associated with attentiol
Prefrontal regions are involved in both recolshifting, orienting, and visual imagery, any of
lection and familiarity during retrieval, but thewhich may play a critical role when recognized
two processes appear to rely on partially distinégtems are recollected.
subregions. For example, left anterior prefrontal In sum, the neuroimaging results suggest tha
regions are more active for items that are rehe frontal lobes along with the medial and infe-
membered than for those that are known (Hemior temporal lobes are involved during encod-
son et al., 1999; but see Eldridge et al. 2000) aridg that supports later recollection. The frontal
in associative recognition compared to itemmegions appear to be involved in elaborative en
recognition tests (Ranganath et al., 2001; Noldepding, whereas the temporal lobe appears to re
Johnson, & D’Esposito, 1998; Rugg, Fletcherflect memory storage. The imaging methods
Frith, Frackowiak, & Dolan, 1996; Raye, John-have not yet provided insights into the regions
son, Michell, Nolde, & D’Esposito, 2000), sug-involved in encoding related to familiarity-
gesting that these regions play a greater role lmased responses. However, this may be becau
recollection- than familiarity-based discrimina-there have not been many studies designe
tions. In contrast, bilateral dorsolateral prespecifically to examine familiarity-related acti-
frontal activations have been associated withations. During time of retrieval, recollection in-
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volves the frontal and medial temporal lobe resariability in response times related to familiar-
gions, whereas familiarity appears to involvéty is great enough, then the response time dis
partially distinct frontal regions. The medialtributions for recollection and familiarity may
temporal lobes would appear to reflect retrievaverlap sufficiently to produce a unimodal RT
of recollected information, whereas the frontadlistribution.

regions reflect retrieval success or monitoring. , . .
The Relationship between Recollection and

CHARACTERISING RECOLLECTIONAND  Familiarity

FAMILIARITY Most dual-process models assume that recol
lection and familiarity operate independently
during retrieval (Mandler, Jacoby, Yonelinas,
One of the core assumptions of a number and Tulving). The empirical evidence is gener-
dual-process models is that familiarity is fasteally consistent in showing that the two processe:
than recollection (Atkinson, Jacoby, Mandlerare independent under most standard test conc
and Yonelinas). A variety of empirical resultstions, but there are test conditions under whick
support this assumption. First, response-spe#iiis assumption does not appear to hold. On
studies indicate that familiarity is available earfine of evidence that is consistent with the inde-
lier than recollection. Second, under nonpendence assumption comes from studies c
speeded test conditions familiarity-based respecial populations and neuromonitoring stud-
sponses tend to be faster than recollectiofies that show that recollection and familiarity
based responses. Third, ERP studies indicately on partially distinct neural substrates. If the
that the electrophysiological correlates of familtwo processes rely on distinct brain regions,
iarity are observed earlier than those associatéiten it is possible that these regions could oper
with recollection. ate independently. However, it is important to
The finding that familiarity is faster than recnote that finding that recollection and familiar-
ollection is consistent with neuroanatomicaity rely on separate brain regions does not rule
models that propose that familiarity is supeut the possibility that one region may be func-
ported by regions earlier in the processintionally dependent on the other.
stream than those supporting recollection (Ag- In order to determine whether recollection
gleton, Tulving, and Yonelinas). The current reand familiarity are operating independently, it is
sults, however, do not directly address the quesecessary to assess whether they can be fun
tion of whether familiarity is completed beforetionally dissociated. That is, if one process oper-
recollection is initiated (Atkinson) or whetherates independently of the other, it should be pos
the two processes are initiated in parallel (Marsible to find variables that influence one proces:
dler, Jacoby, and Yonelinas). The fact that theithout influencing the other. If the two
products of familiarity are available earlier thamprocesses are fully independent, it should be
those of recollection could be accounted for byossible to produce double dissociations (e.g.
either class of model. Note that if recollection ifind variables that have selective effects on on
only initiated when familiarity fails then oneprocess and other variables that have selectiv
might expect to see bimodal response-time disffects on the other process). In contrast, if the
tributions; an early distribution of familiarity two processes are dependent, rather than ind
responses and a later distribution of recollependent, then recollection and familiarity
tion responses. An examination of recognitioshould behave in similar ways and such dissoci
memory response-time distributions, howeveagtions should not be observed.
provides no support for the prediction that the The empirical literature indicates that recol-
RT distributions are bimodal (e.g., Ratcliff &lection and familiarity can be doubly dissoci-
Murdock, 1976). However, it is not clear thatated by retrieval manipulations, verifying that
the Atkinson model necessarily predicts bithe two processes operate independently at re
modal RT distributions. That is, as long as thegieval. For example, response speeding and di

Processing Speed
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viding attention during time of test reduce rec- Although recollection and familiarity operate
ollection but leave familiarity unaffected. Con-independently under most test conditions there
versely, relaxing response criterion and inmay be special cases in which they are not inde
creasing processing fluency lead to changes pendent. For example, in studies in which per-
familiarity, but do not influence recollection.formance levels were extremely high, the esti-
Similarly, forgetting over intermediate reten-mation methods produced patterns of result:
tion intervals selectively influences familiarity,that were inconsistent with the results from
and changing the modality of words betweestudies in which such ceiling effects were
study and test also appears to selectively affeavoided (e.g., the effects of aging). Although the
familiarity. ceiling effects may simply reflect a methodolog-
Another line of evidence indicating that theical limitation associated with the estimation
two processes operate independently at retrievalethods (this point is discussed further in the
comes from the observation that the results of thmeasurement methods section below), it is pos
process-estimation methods are verified by thable that when performance levels are ex-
results from the task-dissociation methods. Thigemely high, the two processes no longer oper
estimation methods all assume that recollecticate independently. For example, if subjects
and familiarity are independent, whereas theemember a large proportion of the test items
task-dissociation methods make no explicit asand thus find only a few items to be familiar in
sumptions about how the two processes are rive absence of recollection, this may affect how
lated. To the extent that the task-dissociatioaubjects map their subjective experiences ont
methods verify the results of the estimatiomemember and know responses or how likely
methods, the results indicate that the assumtiey are to endorse items in exclusion condi-
tions underlying the estimation methods weréons, and thus the two processes may no longe
not violated because such violations would havedependently contribute to performance. More-
biased the parameter estimates. In a large majaver, Jacoby, Begg, and Toth (1997) have show!
ity of cases the task-dissociation methods verthat in tasks like stem completion, the processe
fied the conclusions derived from the process-ethat support performance in that task operate in
timation methods. For example, associative/ itemependently under some test instructions (i.e.
recognition procedures lead to the same concldirect retrieval) but can operate in a dependen
sions as the estimation methods with respect tnanner under other instructions (i.e., gener-
the effects of divided attention at study, respons&e—recognize). Although these effects have nc
speed, divided attention at test, forgetting oveyet been observed in recognition memory, it
intermediate and long-term intervals, amnesianay be possible to develop recognition test con
and aging. Similarly, speeded/nonspeeded recadjtions in which a dependence is observed be
nition procedures converge with the estimatiotween recollection and familiarity.
methods with respect to conclusions regarding Most dual-process models make no explicit
the levels of processing, study duration, andssumptions about how recollection and famil-
word frequency effects. Moreover, recall/recogiarity are related during time of encoding. How-
nition comparisons lead to the same conclusiorever, because some models assume that the tv
as the estimation methods with respect to levefgocesses rely on separate storage systen
of processing, generation, dividing attention atAtkinson and Tulving) it is possible that they
study, study duration, divided attention at tesinight be sensitive to different encoding manip-
false recognition, amnesia, and aging. The onlylations. In fact, Tulving argues that only certain
variable for which there is disagreement is wordlypes of encoding dissociations should be ob
frequency, which, as discussed further belovgerved. That is, he argues that information mus
may reflect the fact that recall and word—worgass through the semantic system that suppor
associative recognition involve a form of recolfamiliarity before entering the episodic system
lection that is somewhat distinct from that measthat supports recollection. Thus, it should be
ured by other measurement methods. possible to find encoding manipulations that in-
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fluence recollection to a greater extent than fatative recognition tasks can sometimes be sup
miliarity, but any encoding manipulation that inported by familiarity or recollection can some-
fluences familiarity should also have similar eftimes operate in more of a continuous mannei
fects on recollection. (see Yonelinas, 1997, 1999; Qui, Raye, John-
The existing evidence is consistent with Tulvson, & Michell, 2001). Nonetheless, the exist-
ing’s proposal. For example, encoding manipung results are clear in showing that the simple
lations such as levels of processing, dividing asignal detection process that accurately de-
tention, generation, and the administration afcribes familiarity does not provide a satisfac-
benzodiazepines influence recollection to ®ry account of recollection.
greater extent than familiarity, whereas no en- L
coding manipulations have been identified thdt"e Conceptual/Perceptual Distinction
have larger effects on familiarity than recollec- One of the central assumptions of the early
tion. Although it is possible that future studieslual-process models (Mandler and Atkinson) is
will produce such dissociations, the observeithat recollection reflects a conceptual or elabo-
pattern is consistent with the claim that duringative process, whereas familiarity reflects a
encoding, information must pass through the rerore sensory or perceptual process. The result
gions supporting familiarity before engaging therovide some support for this claim in showing
regions that support recollection. that recollection and familiarity are preferen-
tially sensitive to conceptual and perceptual ma-
nipulations, respectively. For example, recollec-
Most dual-process models assume that famition increases more with semantic compared tc
iarity reflects the assessment of a continuoyserceptual encoding conditions than does famil-
memory strength index, whereas recollectiorarity. Moreover, other elaborative encoding
reflects the retrieval of qualitative or associativenanipulations like generation compared to read
information about a study event (Atkinsonconditions and full compared to divided atten-
Mandler, Jacoby, and Yonelinas). Moreover, fation conditions are also found to increase recol-
miliarity is sometimes formalized using signallection to a greater extent than familiarity. In
detection theory, whereas recollection has beaontrast, perceptual fluency manipulations in-
formalized as a threshold process (Atkinson arntlience familiarity but not recollection, support-
Yonelinas). The evidence generally supportig the claim that familiarity is more sensitive
these claims. For example, remember responsies perceptual manipulations than recollection.
often are accompanied by above-chance ass®imilarly, changing the presentation modality
ciative recognition, whereas familiarity-basedf words between study and test leads to de-
responses are not. Moreover, as response critgeases in familiarity, but does not influence
rion is relaxed familiarity increases graduallyrecollection.
as expected if old items are more familiar than Both processes, however, are sensitive to con
new items and they form overlapping equaleeptual manipulations to some extent, and thu
variance Gaussian distributions, whereas recdhe results are more consistent with models the
lection estimates remain relatively constant, gsropose that familiarity can support conceptual
expected if recollected information leads tas well as perceptual information (Jacoby). For
high confidence recognition responses. Morexample, although deep compared to shallow
over, ROCs in amnesics are well described bgrocessing, full compared to divided attention,
signal detection theory, whereas associativend generate compared to read conditions ten
recognition memory ROCs in healthy subjectso increase recollection more than familiarity, in
indicate that recollection is often better deall of these cases familiarity is found to increase
scribed as a threshold process. Several studiés, some extent. Moreover, conceptual fluency
however, have shown that associative ROCs ameanipulations lead to increases in familiarity,
not always perfectly consistent with a singlesuggesting that familiarity is sensitive to con-
threshold process, suggesting that either assteptual manipulations.

The Signal Detection/Threshold Distinction
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In sum, although there is support for théamiliarity-based responses can be withheld
claim that recollection and familiarity are differ-until recollection is completed (e.g., in remem-
entially sensitive to conceptual and perceptubkr/know conditions), subjects can vary their
manipulations, the conceptual/perceptual disesponse criterion on familiarity-based re-
tinction does not provide a completely satisfacsponses, and fluency effects on familiarity can
tory characterization of these processes. These reduced if subjects become aware that flu.
results indicate that familiarity cannot be deency is being manipulated. Thus, it appears tha
scribed as reflecting the activation of entirelglthough the products of familiarity are avail-
presemantic or lexical representations, as tlable relatively automatically compared to recol-
Mandler and Atkinson models propose, buection, the use of familiarity information is not
must reflect in part conceptual fluency (Jacobypligatory.
or the products of a semantic memory system Whether recollection is more accessible to
(Tulving). conscious experience than familiarity is not
clear. The results from remember/know studies
suggest that subjects can become conscious

Jacoby (1991) argues that one of the fundaware of both recollection and familiarity and
mental differences between recollection and féhey can report on them when asked to do sc
miliarity is that they reflect controlled and autoThus, it would appear that both processes ar
matic processes, respectively, and a number aécessible to conscious awareness. Nonetheles
other models are consistent with this claint is possible that under conditions in which sub-
(Atkinson, Mandler, and Yonelinas). Thus, thégects are not explicitly asked to introspect abou
two processes are expected to be differentiallifeir subjective experiences, they may be les
sensitive to variables that have different effectsonscious of familiarity than recollection. As far
on controlled and automatic processes (ses | am aware, however, none of the existing
Hasher & Zacks, 1979; Shiffrin & Schneiderstudies have directly addressed this issue.
1977). For example, relative to recollection, fa- During encoding, the evidence that familiar-
miliarity should be less attention demandingty is an automatic process is considerably
more perceptual than conceptual, require lesgeaker. Dividing attention during encoding has
processing time, and be less likely to involvéarger detrimental effects on recollection than
conscious awareness. familiarity, indicating that the encoding mecha-

In general, at time of retrieval, familiarity is nisms that are required for recollection are more
more automatic than recollection. For examplattention-demanding than those supporting fa
during time of test, familiarity is less demand-miliarity. However, dividing attention at encod-
ing of attention, faster, and more perceptuahg often does have some detrimental effect or
than recollection. It should be pointed outfamiliarity, indicating that additional attention at
however, that familiarity is not automatic in anencoding does benefit subsequent familiarity-
absolute sense. For example, familiarity dodsased recognition. Moreover, increasing study
appear to decrease with extremely short returation leads to comparable increases in bot
sponse deadlines and when subjects are told ecollection and familiarity, indicating that the
ignore the study items. Moreover, familiarity isencoding time required for recollection and fa-
not automatic in the sense that the subject is umiliarity does not differ substantially.
able to control whether that process leads to a )
behavioral response—in the way an air puff téntermedlate—Term versus Long-Term Memory
the eye may automatically lead to an eye-blink. Several dual-process models assume that f
There are numerous examples indicating thatiliarity should decrease more rapidly than rec-
subjects have control over whether familiarityollection. For example, models that assume tha
is used as a basis of responding. For examplamiliarity reflects temporary item activation
recollection can be used to oppose the effects ¢htkinson and Mandler) lead to the expectation
familiarity (e.g., in the exclusion conditions),that familiarity should decrease rather rapidly.

The Controlled/Automatic Distinction
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Moreover, Eichenbaum et al. (1993) proposesssociative recognition tests; and amnesic pe
that the parahippocampal region, which sugients exhibit pronounced deficits on most asso
ports familiarity-based responses, reflects an iniative recognition tests. However, there is some
termediate-term storage system that, at least ievidence that familiarity can support memory
tially, should exhibit a faster forgetting rate thaffior associations under a limited set of condi-
recollection. In agreement with the latter claintjons. For example, familiarity does appear to
the results suggest that over short retention isupport associative recognition between differ-
tervals (i.e., 8 to 32 intervening items) familiarent parts of faces when the faces are presente
ity does decrease rapidly, whereas recollection an upright orientation and of word—word as-
is relatively unaffected. Across longer term desociations when the word pairs are treated a
lays (i.e., across minutes to months) both recatew compound words. The finding that familiar-
lection and familiarity are found to exhibit con-ty can support learning of novel items and
siderable forgetting. novel associations when the separate items at
The finding that familiarity decreases mordreated as a single item suggests that familiarity
rapidly over short-term retention intervals thasupports memory only for aspects of study
does recollection provides support for the notioevents that are unitized (Yonelinas). The unitiza-
that familiarity reflects temporary activationtion hypothesis is also broadly consistent with
(Atkinson and Mandler). However, familiarity several other findings. For example, there is evi
and recollection often remain well above chanagence that familiarity can support memory for
after 6 months, indicating that this “activation”object—location associations (Caldwell & Mas-
can be quite long-lived. Thus, even though fason, 2001). In this study, subjects participated ir
miliarity does initially decrease rapidly, it ap-a computer game in which they were required tc
pears to be more than simply an “intermediat@lace drawings of common objects into different
term” storage. locations within complex realistic contexts. Al-
though further studies will be necessary to de:
termine exactly what aspects of this study were
The models that assume that familiarity reeritical in leading familiarity to support associa-
flects activation of preexisting representationtdve recognition judgments, one possible expla-
(Atkinson, Mandler) predict that familiarity nation is that the level of complexity and inter-
should not support novel learning. In contrasgction that was promoted in that experiment lec
Jacoby and Tulving argue that familiarity can bt the integration of the object and location in-
quite flexible and should be able to suppoformation. There is evidence from a few other
novel learning. A somewhat intermediate posstudies that patients with selective hippocampa
tion is adopted by Yonelinas, who argues that féesions can learn new word—-word and face—fac
miliarity should support learning of new itemsassociations, but not new face—voice associa
but it should not support learning of associatiort#ons (e.g., Vargha-Khadem et al., 1997). The
between arbitrarily paired items unless the twmore pronounced impairment in face—voice as:
items are unified and treated as a single item. sociations seen in hippocampal patients may
The results are in closest agreement with tlaise because it is more difficult to unitize faces
latter proposal. That is, familiarity supportswvith auditory information than it is to unitize
memory for new items such as random geometvo words or two faces. The latter results sug-
ric shapes, nonwords, and unfamiliar faces. Igest that familiarity may be capable of support-
contrast, familiarity does not generally suppoiihg memory for novel associations when the two
learning of new associations as seen in testsitdfms are processed in the same cortical region:
associative recognition. For example, items thathereas recollection may be needed to associa
elicit a know response are not related to abovitems that are processed in different cortical re-
chance associative recognition judgments; estiions (Mayes et al., 2001).
mates from the ROC method indicate that famil- The finding that familiarity can support new
jarity estimates often approach zero folearning is inconsistent with models that treat

Can Familiarity Support Novel Learning?
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familiarity as the activation of existing represenas a word rather than as a picture—Wagnet
tations (Atkinson and Mandler). Although itGabrieli, & Verfaelie, 1997). Fourth, benzodi-
may be possible to develop models in which faazapines generally reduce familiarity to some
miliarity reflects some form of activation, itextent, whereas these drugs typically do not in
must be more complex than in these early mofluence perceptual implicit memory (e.g., Wein-
els and must be able to support learning of novgartner, Eckardt, Molchan, & Sunderland,
items and novel associations under some condi992). In fact, the one drug that has the smalles
tions. Nonetheless, it does not appear that faméffect on familiarity (i.e., lorazapam) has effects
iarity can support all forms of novel learningon the perceptual system (e.g., Wagemans
equally well (Tulving and Jacoby); rather, itNotebaert, & Boucart, 1989) and has been
only supports new learning under a limited sethown to disrupt performance on perceptual im-
of conditions. The unitization hypothesigplicit memory tests (e.g., Bishop & Curran,
(Yonelinas) can account for some of these find995; Danion et al., 1992; Vidailhet, Danion,
ings, but further work is needed to determin€henin, & Kazes, 1999). Fifth, familiarity is re-
what the necessary and sufficient conditions adeiced in amnesic groups with extensive tempo
for unitization to occur. Such studies will be esral lobe damage, and these groups typically dc
sential in determining the limits of learning thahot exhibit deficits on perceptual implicit tests
the brain can support without the hippocampug.g., see Gabrieli, 1998). In fact, an encephaliti
and in so doing will further our understanding opatient with extensive temporal lobe atrophy
the function of the medial temporal lobes. was found to perform at chance on recognition
memory tests, but performed normally on per-
ceptual priming tests (Hamann & Squire 1997,
Stark & Squire, 2000), indicating that recollec-
Some dual-process models assume that fantibn and familiarity could be eliminated without
iarity contributes to both recognition and perdisrupting perceptual implicit memory. Sixth,
ceptual implicit memory (Mandler), while otherthe ERP correlates of familiarity are distinct
models assume that they reflect distinct forms &bm those typically associated with perceptual
memory (Tulving). There is an extensive bodimplicit memory (e.g., Paller, Kutas, &
of research showing that familiarity is functionMclsaac, 1998; Rugg, Mark, Schloerscheidt,
ally dissociable from performance on perceptudirch, & Allan, 1998), suggesting that these two
implicit memory tasks, indicating that familiar-forms of memory reflect partially distinct neural
ity is not identical to perceptual implicit mem-substrates. Finally, the neuroimaging results
ory (for similar arguments see Jacoby & Kelleyfrom perceptual priming studies often implicate
1992; Stark & Squire, 2000; Wagner & Gabrieliextrastriate regions in the occipital lobe (see
1998). First, encoding manipulations such aSabeza & Nyberg, 2000), and there is little evi-
levels of processing, study duration, and dividedence linking this region to familiarity.
attention generally increase estimates of famil- Further evidence that the processes that suy
iarity, but, they do not generally influence perport performance on implicit tests are function-
ceptual implicit memory (see Roediger & Mc-ally distinct from those seen in recognition tests
Dermott, 1993; Light & Prull, 1995; Mulligan, comes from studies using the process dissocic
1999). Second, familiarity is greater for genertion procedure in these different types of mem-
ated than read items, whereas the oppositedsy tests. For example, the automatic influence:
true for perceptual implicit memory (e.g., Jaof memory in stem completion tests are found tc
coby, 1983; Roediger & McDermott, 1993;be greater for items that were read than thos
Winnick & Daniel, 1970; Slameka & Graf,that were generated (e.g., Jacoby et al., 1993
1978). Third, familiarity exhibits a picture-supewhereas familiarity is greater for generated thar
riority effect, whereas perceptual implicit memfor read items (e.g., Jacoby, 1991). Moreover, in
ory shows the opposite effect (i.e., verbal imrecognition, familiarity is found to decrease
plicit memory is better if the items were studiednore rapidly than recollection across intermedi-

The Relationship between Familiarity and
Implicit Memory
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ate delays (e.g., Yonelinas & Levy, 2002)miliarity may be similar to conceptual implicit
whereas in stem completion the two processegmory. In support of this claim, an examina-
that contribute to performance are found to déion of the existing results indicates that famil-
crease at similar rates (e.g., McBride & Dosheiarity-based recognition responses are function-
1999). ally quite similar to performance on conceptual
Although familiarity is dissociable from per- implicit memory tasks. For example, like famil-
ceptual implicit memory, which indicates thatiarity, conceptual implicit memory, as measured
the two forms of memory cannot be identical, ibn tasks like the exemplar generation, increase
is probably premature to conclude that the sanwith deep compared to shallow encoding
processes that support perceptual implicit menfHamann, 1990), picture naming compared to
ory do not contribute to familiarity-based recogword reading (Vaidya & Gabrieli, 1996), word
nition. First, perceptual priming effects are typi-generation compared to word reading (Srinivas
cally small (i.e., 5-20%) compared to familiarity& Roediger, 1990), long compared to short
effects (i.e., 20—60%). Thus, it is possible thastudy durations (Challis & Sidhu, 1993), and
familiarity-based recognition reflects the contrifull compared to divided attention (e.g., Mulli-
bution of several subprocesses, only one a@fan & Stone, 1999; Light, Prull, & Kennison,
which also contributes to perceptual implicit2000). Moreover, like familiarity, conceptual
memory. As discussed below, other processédsplicit memory is not disrupted by lorazapam
such as those supporting conceptual impliciBishop & Curran, 1998) or by frontal lobe le-
memory, may contribute to familiarity and thussions (Gershberg, 1997). Note that although fa-
overshadow the perceptual priming effects. Seariliarity often appears to be preserved in aging,
ond, there are often differences in the retrievalonceptual implicit memory results are mixed,
cues that are provided in the perceptual implicindicating deficits in some cases and preservec
and recognition tests, and thus the dissociatiop@rformance in others (see Light, Prull, La
observed between these tests could be due Vbie, & Healy, 2000). As with familiarity, some
part to those cue differences. In support of thigroups of amnesics exhibit normal conceptual
claim, some of the dissociations between famikmplicit memory (e.g., Gardner, Boller,
iarity and perceptual implicit memory disappeaMoreines, & Butters, 1973; Graf, Shimamura,
when examining implicit tasks like lexical deci-& Squire, 1985; Shimamura & Squire, 1984;
sion in which the entire word is presented, as i€arlesimo, 1994; Cermak, Verfaellie, & Chase,
is in recognition memory tests. For example1995; Vaidya, Gabrieli, Keane, & Monti, 1995),
like familiarity, lexical decision performance whereas others exhibit significant deficits (e.g.,
generally benefits from full compared to dividedBlaxton, 1992). In addition, a recent study di-
attention (see Bentin Moscovitch & Nirhod,rectly contrasting conceptual implicit memory
1998) and deep compared to shallow levels @nd familiarity in different amnesic groups indi-
processing (Duchek & Heely, 1989; Bentin etated that selective hippocampal lesions did no
al., 1998). Studies that directly contrast familiardisrupt familiarity or conceptual implicit mem-
ity to perceptual implicit memory with tasks thatory, whereas more extensive temporal lobe le-
use similar test cues will be useful in fully as-sions extending into the parahippocampal gyrus
sessing the relationship between these forms disrupted both familiarity and conceptual im-
memory. Nonetheless, the current results do npticit memory (Lazzara, et al., 2001). These re-
support models that treat familiarity and percepsults indicate that both familiarity and concep-
tual implicit memory as reflecting exactly thetual implicit memory rely on regions in the
same process (Mandler). parahippocampal gyrus. The similarities be-
Jacoby (1991) argued that familiarity-basedween familiarity and conceptual implicit mem-
recognition judgments were not limited to asory suggest that these types of memory are sim
sessments of perceptual fluency, but rather thédar and may in fact rely on common
relied heavily on assessments of conceptuaiechanisms. Nonetheless, there are importar
processing fluency. If this is the case then feadifferences in the tasks used to measure thes
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forms of memory that may lead to dissocia- The frontal lobes are thought to play a critical
tions. Future studies directly contrasting familrole in both recollection and familiarity (Tulv-
iarity and conceptual implicit memory will be ing and Aggleton). The results are clear in show:
important in addressing this issue. ing that the prefrontal cortex is critical for recol-
lection, but are somewhat less clear about th
role these regions play in familiarity. For exam-
A number of dual-process models assunyde, patients with frontal lobe lesions, particu-
that the medial temporal lobes are particularlkarly to the dorsolateral prefrontal cortex, ex-
important for recollection (Tulving, Mandler, hibit pronounced deficits in recollection and
Jacoby, Yonelinas), and this claim has been sugppear to exhibit preserved familiarity-based
ported by results from a variety of studies. Faecognition. Moreover, in studies of normal
example, patients with damage to the medialging, frontal lobe pathology is related to the se-
temporal lobes exhibit greater deficits in recolective recollection deficits observed in those
lection than in familiarity and greater disruptiorsubjects. Similarly, neuroimaging studies indi-
of recollection- than familiarity-related ERPscate that the frontal lobe activation during en-
Similarly, benzodiazepines, which act on theoding is correlated with subsequent recollec-
hippocampus and limbic system, are found tiion-based responses rather than familiarity-
lead to disproportional deficits in recollectionbased responses. However, during retrieval
Finally, neuroimaging studies indicate that thboth recollection- and familiarity-based re-
hippocampal and parahippocampal regiorsponses are related to frontal lobe activation
within the medial temporal lobe are often actisuggesting frontal involvement in both types of
vated during recollection- but not familiarity-recognition responses. The fact that frontal lobe
based recognition responses. lesions do not lead to deficits in familiarity sug-
Various models assume that the most impogests that these regions do not play a necessa
tant region for recollection within the medialrole in this process. However, another possibil-
temporal lobes is the hippocampus, whereas thg is that the frontal lobes are necessary for fa
parahippocampal gyrus is more directly relatechiliarity, but that the role they play is not rigidly
to familiarity (Eichenbaum, Aggleton, Tulving, localized to one specific frontal region, but
and Yonelinas). Studies from lesion patientsather can be supported by other frontal region:
provide strong support for this claim, whereashen one region is damaged. Consistent witt
neuroimaging results provide only mixed supthis claim, there is evidence that the frontal
port. For example, patients with relatively seledebes are fairly plastic and can functionally reor-
tive hippocampal lesions tend to exhibit seleganize after injury (e.g., Buckner, Corbetta,
tive deficits in recollection, whereas patientSchatz, Raichle, & Petersen, 1993).
with lesions that include the hippocampus and The precise roles that the frontal lobes play ir
surrounding parahippocampal regions exhibiecognition memory are only poorly under-
deficits in both recollection and familiarity, indi-stood. The prolonged nature of the frontal ERF
cating that the hippocampus and surroundirgffects observed in recognition, suggest that the
parahippocampal regions are necessary for rémntal lobes play a role in monitoring the prod-
ollection and familiarity, respectively. The neu-ucts of memory retrieval. The fact that they are
roimaging results, however, indicate that activasbserved for both recollection- and familiarity-
tion in the hippocampus and parahippocampbbsed responses suggests that both processes
gyrus is often related to recollection during enquire some sort of frontally mediated monitor-
coding and retrieval, but not to familiarity. Whying or decision process. The neuroimaging
the parahippocampal region is necessary for feesults have also indicated that the frontal re:
miliarity, but only appears to activate in associagions may be involved in both recollection- and
tion with recollection, is not yet clear, and furfamiliarity-based responses and have furthe
ther studies will be necessary to resolve thsuggested that they reflect partially distinct re-
apparent paradox. gions in the prefrontal cortex. Verifying that the

Neuroanatomical Substrates
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frontal lobes do play a necessary role in famifamiliarity, they already have played a critical
iarity-based responses and clarifying exactlole in differentiating between alternative theo-
what functional role these regions play in recogies and are important in setting further con-
nition are critical questions for future studies. straints on the development of future models.
Tulving and colleagues have argued that redlonetheless, numerous neuroanatomical ques
ollection- and familiarity-based retrieval are lattions about these two processes remain to be a
eralized to right and left frontal hemispheres, reswered. For example, although the frontal lobes
spectively, and that the left frontal lobe isare critical for recollection, and may be impor-
involved during encoding into episodic memoryant for familiarity, it is not yet clear exactly
(i.e., encoding that supports later recollectiorwhat functional roles these regions play. More-
based judgments). The two hemispheres appeaer, some models indicate the different thala-
to exhibit some degree of lateralization with remic regions may be involved in recollection and
spect to materials, but there is little consisteri@miliarity (Aggleton). Unfortunately, there is
evidence to suggest that they are differentiallgurrently little evidence from human studies that
involved in recollection and familiarity. For ex-is useful in determining the role these regions
ample, lesions to frontal or medial temporgblay in recollection and familiarity. Moreover,
lobe regions in the left hemisphere tend to haveeuroimaging studies have indicated that othe
more pronounced effects on memory for verbaégions such as the parietal lobe and cingulat
than nonverbal materials, whereas lesions to thee involved in recognition, but it is not yet clear
right hemisphere tend to have more pronouncedhat functional role they play or exactly how
effects on nonverbal materials. Moreover, neuhey are involved in recollection and familiarity.
roimaging studies indicate that memory for ver- )
bal materials tends to involve the frontal an8SS€ssing the Measurement Methods
medial temporal regions in the left hemisphere The current review provides a unique oppor-
to a greater extent than the right and that nonveunity to assess the different measurement mett
balizable materials tend to involve the righbds across a wide variety of studies. The result
hemisphere more than the left. A number dfom these studies provide direct support for
early neuroimaging studies suggested that revany, but not all, of the assumptions underlying
trieval from episodic memory (i.e., recollection}he different task-dissociation methods. For ex-
involved the right hemisphere to a greater exteatple, the finding that familiarity is faster than
than the left, whereas retrieval from semantiecollection indicates that response-speedin
memory (i.e., familiarity) involved the left moremethods provide a useful way of separating rec
than the right (see Nyberg et al., 1996). Lesioollection and familiarity. Similarly, in general,
studies, however, have provided no support f@omparisons of item recognition performance
this distinction, and several recent neuroimagvith recall and associative recognition perform-
ing studies have suggested the opposite; that lefice are in agreement with other measuremer
frontal regions are involved in recollection remethods, indicating that recall and associative
trieval, whereas right frontal regions may beecognition tasks provide a reasonable metho
more important for familiarity. of assessing recollection. Although comparison:
In sum, the lesion and neuroimaging resul@cross these different tasks may be complicate
provide strong evidence that recollection reliegy differences in retrieval cues and response re
on the prefrontal cortex and the hippocampuguirements, the results were generally consis
In contrast, the neural substrates of familiaritient with other methods in which retrieval cues
are less well understood, but there is some indind response requirements were kept constar
cation that the temporal lobe regions outside tlsiggesting that these differences did not play
hippocampus and possibly frontal regions magritical role in most studies. However, one im-
be important. Although the results from lesiomportant caveat regarding recall and associativ«
and neuroimaging studies are only beginning tecognition methods is with respect to word-fre-
uncover the neural substrates of recollection aggiency effects in the sense that word—word as
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sociative recognition and recall were affectedure measures subjective experiences that ar
differently by word frequency than all otherunrelated to recollection and familiarity (e.g.,
measures of recollection. These results indica@ardiner, Ramponi, & Richardson-Klavehn,
that care must be taken when interpreting the r&£999; Gardiner & Richardson-Klavehn, 2000).
sults from these two measures of recollection One important methodological issue that be-
because they may not always generalize to otreame obvious in reviewing the existing studies
measures of recollection. was that the estimation methods appeared to b
The results also provide support for the asritically affected by excessively high levels of
sumptions underlying the three process-estimperformance (i.e., ceiling effects). Although
tion methods, at least within certain limits, andnost experiments avoided ceiling effects, when
indicate that these methods are in close agrabey were observed the estimation methods ap
ment about the nature of recollection and famipeared to lead to aberrant conclusions. For ex
iarity. For example, as discussed above, the rample, in the 10 experiments using estimation
sults indicate that recollection and familiaritymethods to examine the effects of generate
operate independently at time of retrieval ancompared to read conditions, 9 of those experi-
thus provide support for the independence asients indicated that generating compared tc
sumption underlying the process-dissociatiomeading words at study led to an increase in fa-
remember/know, and ROC methods. The comailiarity estimates. In contrast, one experiment
vergence of the remember/know results withsing the process-dissociation procedure indi-
those of the other estimation and task-dissocieated that generation led tadacreasen famil-
tion methods indicates that subjects are awareiafity estimates (Wagner et al., 1989). Impor-
recollection and familiarity and can reliably retantly, that was the experiment with the highest
port on these processes. However, one possibdgel of recollection in the generation condition
exception was a patient with damage to rigl{t67 compared to the average of .42 in the othel
ventral prefrontal regions who exhibited normaéxperiments). Another process-dissociation ex:
associative recognition but made very few rgeriment in which estimates of recollection
member responses. Although further work isere extremely high (e.g., approaching .80)
needed to verify and replicate this result, it ialso led to aberrant results (Dehn & Engelkamp,
important in suggesting that the use of recolled997). That is, unlike numerous other process-
tion may not always be associated with the coestimation studies and task-dissociation studies
scious experience of remembering. The convetat experiment suggested that dividing atten-
gence of the results from the ROC methods wition and response speeding ledinareasesin
those from other estimation and task-dissocigamiliarity.
tion methods indicates that the method’s under- The ceiling effect problem was also observec
lying assumptions are reasonable; namely thiat studies using the remember/know procedure
familiarity is well described as a signal-detecFor example, in studies of word frequency, 16 of
tion processes and that recollection supports rdl7 different experiments indicated that familiar-
atively high confidence responses. ity and recollection increased more for low than
Thus, the current results are in agreement withigh frequency words and that the effect was
several previous studies that have directly corarger for recollection than familiarity. The one
trasted the different estimation methods withirexperiment that did not show this pattern usec
single experiments and have concluded thalhe remember/know procedure (i.e., Experimen
these three methods lead to comparable concl2-in Reder et al., 1999) and had an average re
sions (e.g., Perfect, Mayes, Downes, & Van Eijkollection estimate of .80 for low frequency
1996; Guttentag & Carroll, 1997; Yonelinas &words. In another experiment in that same study
Jacoby, 1995; Yonelinas, Dobbins, et al., 1996erformance was lower and the aberrant patter
Yonelinas, 2001a, 2001b; Rugg, Schloerscheidias not observed (Experiment 3 in Reder et al.
& Mark, 1998), and they are in disagreemen1999). Note that Experiment 2 in that study alsc
with the claim that the remember/know procesuffered from ceiling effects but it exhibited a
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pattern that was consistent with the majority dimates do not exceed .50 and overall levels o
other studies. Thus, it appears that although cedlecuracy do not approach 0 or 100%.
ing effects can influence the pattern of processAlthough the different experiments and meas-
estimates, they do not do so in every case. urement methods generally led to consisten
Ceiling effects were also seen in studies aonclusions, there were isolated cases in whicl
aging. In studies in which ceiling effects wer@an experiment was not in agreement with the
avoided (i.e., recollection was less than .60pajority of other studies. Some of those dis-
aging was found to lead to a decrease in recakepancies may have been spurious, but it is im
lection but did not influence familiarity. In con-portant to carefully examine each one becaus
trast, in studies in which estimates of recolledhey could provide important insights into the
tion were greater than .60, the parameteature of recollection and familiarity and the
estimates suggested that familiarity was dishfferent measurement methods. First, there
rupted by aging. In fact, in one case (Perfect atere several within-method discrepancies (i.e.
al.,, 1995) the familiarity deficits seen in théwo experiments used the same method to ex
aged were greater than the recollection deficiggnine a manipulation, but led to different con-
observed in that group. clusions), but in most cases these difference
Other authors have discussed the problem wiost likely reflected a Type Il error (i.e., incor-
ceiling effects on the process-dissociation praoectly accepting the null hypothesis). For exam-
cedure (e.g., Curran & Hintzman, 1995; Jacobple, with the levels of processing manipulation,
Toth, & Yonelinas, 1993; Yonelinas, Regehr, &the three estimation methods, the recall/recogni
Jacoby, 1995; Yonelinas, 2001); however, théon methods, and the results from two re-
current results indicate that the problem is mosponse-deadline experiments indicated that fa
general than was earlier thought. For example rtiliarity was less sensitive to the levels of
has been noted previously that as recollectigniocessing manipulation than recollection. In
increases, exclusion scores must decrease, ahtrast, one experiment using the deadline
they can often approach 0. Estimates of famitnethod reported similar levels of processing ef-
iarity are undefined when exclusion scores afects at fast and slow response deadlines, su
equal to 0 and this can lead to distorted paramgesting that familiarity was not less sensitive to
ter estimates. A similar problem appears to hottie manipulation than recollection (Gillund &
in remember/know experiments. For exampl&hiffrin, 1984). A similar pattern was seen in
as recollection increases, the number of itenssudies examining the effects of changing pres
available for familiarity-based responses deentation modality between study and test. In
creases. To the extent that the measure of fangkneral, there was a small but consistent de
iarity is based on fewer and fewer responsesiease in familiarity when the modality was
these measures should become unreliabkwitched between study and test. Consister
Moreover, as discussed above as performana@h this, one response-deadline study (Toth,
approaches ceiling, the two processes may 1896) indicated that modality match effects
longer independently contribute to performancevere larger for the fast than slow response con
thus leading to biased estimates. dition. In contrast, a similar response-deadline
If ceiling effects can distort the estimategxperiment failed to find a significant difference
from the process-estimation methods then whatt the modality effects between fast and slow re-
are the boundary conditions in which the estsponses (Mulligan & Hirshman, 1995).
mation methods can be expected to lead to validTwo other examples of within-method incon-
process estimates? Based on the findings in tlistencies were seen in studies of amnesia. Firs
review, it appears that when estimates of recahost studies indicated that recency judgment
lection increase beyond .60 that the estimatiamere more disrupted than item recognition judg-
methods can lead to distorted estimates of famitients in amnesia (Aggleton et al., 2000; Hurst
iarity. Thus, a conservative approach would b& Volpe, 1982; Huppert & Piercy, 1976, 1978;
to design experiments such that recollection eKopelman, 1989; Meudell et al., 1985; Parkin et
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al., 1994; Parkin & Hunkin, 1993; Squire,procedures, indicated that recollection was
1982), whereas a few studies indicated that tlyeeater for low than high frequency words. This
deficits were comparable on these two types obnflicting pattern of results was not limited to a
test (Milner, Corsi, & Leonard, 1991; Sagarfew isolated experiments, suggesting that thes
Gabirieli, Sullivan, & Corkin, 1990). The formerdifferences were reliable. Why then did this dis-
results are consistent with a large number efepancy arise? Recall tests differ from recogni-
studies indicating that associative recognitiotion in the sense that they provide no retrieva
memory judgments are more disrupted by ancues and they require subjects to generate targ
nesia than are item recognition judgments. Thems; thus it is possible that either of these twc
failure to find a disproportionate deficit in refactors could lead to differences between recal
cency judgments in some experiments may hased recognition tests. However, neither of these
reflected a Type Il error, but it may also be thdifferences can account for the observed worc
case that recency judgments are less disruptedriequency dissociations because a high fre
amnesia than other types of associative recoggiency advantage was also observed ir
tion judgments. That is, familiarity may be morevord—word associative recognition—a task in
useful in recency judgments than in other asseich retrieval cues are provided and subject:
ciative tests because the more recent items ame not required to generate target items. As dis
more familiar. Another case of a within-methoatussed above, one account of the discrepancy
inconsistency was seen in recall and recognitighat item recognition and most forms of associa:
comparisons in amnesics with damage extentive recognition rely on recollection of item-
ing beyond the hippocampus. Some studiespecific information, whereas recall and word—
showed that these patients exhibited a dispravord associative recognition rely additionally
portionately large deficit in recall compared t@n recollection for the relations between items.
recognition (e.g., Huppert & Piercy, 1976; HirstAlthough further studies will be necessary to
et al., 1986, 1988; Isaac & Mayes, 1999; Johrtest this account, the results are important ir
son & Kim, 1985) but others did not (MacAn-suggesting that there are two different types o
drew et al., 1994; Shimamura & Squire, 1987ecollection processes or two different types of
Haist et al., 1992). The failure to find a larger rerecollected information.
call than recognition deficit could be due to a In sum, there are a wide variety of measure-
lack of statistical power, but it may also reflecinent tools available to assess recollection an
the fact that both recollection and familiarityfamiliarity. The assumptions underlying most
process are disrupted in these patients (e.methods are well supported by the empirical re:
Yonelinas et al., 1998). Further studies of amnsults; however, methods relying on recall,
sia contrasting recency judgments with other agword—word associative recognition, and possi-
sociative memory judgments, as well as studiddy recency judgments must be interpreted cau
contrasting recall and recognition in differentiously because there are conditions unde
amnestic groups, will be useful in resolvingvhich they differ from other measures of recol-
these issues. lection. Moreover, the current examination of
One important across-method difference (i.ethe estimation methods indicates that in order tc
when different measurement methods lead &void biasing the parameter estimates provide
different conclusions about the effects of a mdpy these methods it is important to carefully de-
nipulation) was with respect to the effects afign studies to avoid ceiling effects.
word frequency on recollection. That is, recall , ) .
and word-word associative recognition per! € Relationship to Other Memory Theories
formance was better for high than low fre- The original dual-process models were devel-
quency words, suggesting that recollection exped to account for results showing that at leas
hibited a high frequency advantage, but othéwo different processes or types of memory con:
associative recognition tests, as well as the reibuted to recognition performance. A number
member/know, process-dissociation, and ROGSf other models have been developed that eithe
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are similar to or build directly on the majorber of similarities with dual-process models.
dual-process models. In many of these cases tlemory judgments are assumed to reflect twc
models were designed with a specific experiypes of memory processes (i.e., heuristic an
mental paradigm in mind, and they often do naystematic). The heuristic process reflects an a:
make testable predictions about many of the exzessment of the activation of memory records
periments described above. Nevertheless, theych as “is the familiarity level of this item suf-
often differ from the major dual-process modelfciently great?” or “is the retrieved perceptual
in important ways and thus may provide imporinformation sufficiently detailed?” In contrast,
tant theoretical contributions to the understandkhe systematic process reflects more comple
ing of recollection and familiarity. judgments such as deciding if the memory is
For example, Reder et al. (2000) developedansistent with the subject’'s general knowledge
dual-process model to account for word freAs with the dual-process models, one proces:
quency effects in recognition memory. Theyi.e., the heuristic process) is assumed to be re
argue that familiarity reflects the assessment afively automatic in the sense that it is expecte
the activation of word nodes, whereas recollete be faster and less attention-demanding tha
tion reflects the assessment of activation diie other process. The heuristic and systemati
nodes that represent specific events. Thus batfemory processes, however, do not appear t
processes rely on assessments of activation imap perfectly onto recollection and familiarity
manner consistent with signal-detection theorin the sense that the heuristic process is not lim
The model was found to account for the effeciged to assessments of memory strength infor
of word frequency seen in recognition memorynation, but can also support complex associa
and to generate the novel prediction that waise information such as spatial and contextual
subsequently verified, that know responsasformation about the study event. Thus, recol-
would be greater for high than low frequencyection and familiarity may be more appropri-
words (Reder et al.,, 2000). Another dualately treated as two different types of heuristic
process model that is quite consistent with mamyrocesses.
of the observed recognition results is that of Squire and colleagues (e.g., Squire, 1994
Brainerd and colleagues (e.g., Brainerd, Reyn&gquire & Zola, 1998) have proposed a model in
& Mojardin, 1999). This model was developedvhich the medial temporal lobes function as a
to account for developmental changes in falsenified declarative memory system that support:
recognition and assumes that recognition relié®th recognition and recall performance,
on two independent memory processes (i.avhereas the frontal lobes play an additional ex:
verbatim memory and gist memory). Truescutive role in tasks like free recall. Thus, two
recognition is thought to rely on both verbatinprocesses are involved in recall, whereas onl
memory and gist memory, whereas false recogne is involved in recognition. The model is
nition is thought to arise primarily on the basisonsistent with the current results in the sens
of gist memory. Verbatim memory reflects itemthat it predicts that selective frontal lobe lesions
specific information about the surface form o$hould produce disproportionate deficits in re-
the studied items and gives rise to the expedall compared to recognition. However, the
ence of recollection, whereas gist memory renodel treats recognition as reflecting a single
flects meaning and relational information and imemory system and provides no principled way
experienced as familiarity. In agreement witlof accounting for the behavioral or neuropsy-
this model, recollection and familiarity arechological dissociations observed between rec
found to operate independently, and recollectiavilection and familiarity. For example, the
is generally found to be less susceptible to falseodel predicts that medial temporal lobe dam-
alarms than familiarity. age that disrupts recall must disrupt recognitior
Johnson and colleagues (e.g., Johnsoim a similar extent, and the results from studies
Hashtroudi, & Lindsay, 1993) have proposed af patients with selective hippocampal damage
“source monitoring framework” that has a numeisconfirm this prediction.
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One potentially useful way of modeling recdidly than that supporting associative judgments
ollection and familiarity is to use a multidimen-Moreover, if recognition simply reflects the as-
sional signal-detection approach (Macmillan &essment of a variety of recollective strength di-
Creelman, 1991) in which the two processes anmeensions, then it is not clear why recollection
treated as orthogonal memory strength dimerelies on the hippocampus, whereas familiarity
sions, such that studying an item leads to an idees not. The model also suffers from the sam
crease in the recollective and familiarityroblem as the previous multidimentional sig-
strengths of that item (Rotello, Macmillan, &nal-detection model in the sense that it is base
Reeder, 2001). Because recollection and fam#elely on assessments of Gaussian strength di
iarity are treated as separate dimensions, titbutions and thus runs into problems account:
should be possible to produce double dissocieng for associative recognition ROCs.
tions between recollection and familiarity. One signal-detection model that may be able
Moreover, this type of model has recently beeto overcome the problems associated with the
shown to be consistent with results from reGaussian assumption is a model proposed b
member/know studies which have been prolikelley and Wixted (2001). In this model, recog-
lematic for single-process models (Rotello atition judgments are based on assessments
al., 2001). Although it is not yet clear whether ifamiliarity strength and recollection (or associa-
can account for all the behavioral dissociatiorts/e) strength. Both recollection and familiarity
described above, it represents a potentially vesgrength distributions are assumed to be Gaus:
useful method of describing recollection and faan, but recollection is thresholded such that
miliarity. One critical limitation of this ap- only some discrete proportion of old items are
proach, however, is that it appears to be incoassumed to be recollected. This threshold aspe:
sistent with the types of ROCs that have beaf the model allows it to produce ROCs that are
observed in associative recognition studies. Thatore linear in shape (much in the same way the
is, the core assumption of this type of model e Yonelinas model does), something that the
that memory judgments are based solely ather signal detection models cannot. Althougt
Gaussian strength distributions, and the ROGere are a number of critical assumptions un
observed in associative recognition tests shaderlying this model that still need to be as-
that this assumption is often violated. sessed, it has been shown to provide a good a

A somewhat different approach is to assummunt of the results from a number of
that there are many different memory strengifissociative recognition experiments (Kelley &
dimensions reflecting different types of recolWixted, 2001).
lected information such as “list 1 strength,” “list One assumption that is sometimes made
2 strength,” “visual modality strength,” and saabout recollection is that it is only used when it
on. This approach has been shown to provide absolutely necessary (Hintzman & Curran,
good fits to results from source memory and e2994; Rotello & Hiet, 2000). That is, because
clusion conditions (Banks, Chen, & Prull, 1999familiarity can be used to discriminate between
Banks, 2000). However, it is not yet cleaold and new items, under standard recognitior
whether the model provides a principled way ahemory conditions performance is based exclu
accounting for behavioral dissociations thadively on assessments of familiarity. Only in
were described above. For example, if recogriests like associative recognition or tasks in
tion judgments simply reflect the assessmentswhich subjects are instructed to use recollectior
different strength dimensions then it is not cleauch as in exclusion conditions or remember,
why manipulations like response-deadline re&know conditions do subjects make use of recol
duce the type of strength used in associatiVection. There is, however, very little evidence to
recognition judgments more than that used suggest that subjects refrain from using recol-
item recognition judgments, nor why thdection in item recognition tests, whereas there
strength information used to make item recognis considerable evidence indicating that recol-
tion judgments is found to decrease more rafection does contribute to performance in these
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tests. The suggestion that recollection might netrength, thus they are single-factor models o
contribute to item recognition comes from rerecognition. However, because they can incor-
sponse speeding studies. That is, the accurapprate multiple types of memory information
response-time functions observed in condition(g.g., items and associations), and they include
in which recollection is required are biphasicfamiliarity process, as well as a recall process
suggesting that two processes are influencitigey can produce dissociations between differ-
performance. In contrast, in standard iterant types of recognition memory tasks. For ex-
recognition conditions the functions are monoample, Ratcliff, Van Zandt, and McKoon (1995)
onic, and thus it is possible to account for thershowed that the SAM model could account for
using a single familiarity process. These resulsome results from the process-dissociation pro
do not show that recollection is not contributingedure using only the familiarity process. These
to item recognition, it merely shows that it is nofindings are important in showing that it is pos-
necessarily the case that it does. Evidence tlsilble to produce behavioral dissociations with-
recollection does contribute to item recognitiolmut using two separate memory retrieval mecha
comes from several sources. First, if recolleaiisms. However, they also noted that the mode
tion was only used under test conditions wheidid not work in general as a way of accounting
it was explicitly required, then overall recognifor process-dissociation results unless the reca
tion memory accuracy should be much greatprocess was assumed to contribute to recogn
under these conditions than under standatidn memory (for similar arguments see Clark &
recognition conditions. Although there is eviGronlund, 1995; Hintzman & Curran, 1994;
dence for a slight trend in this direction in excluYonelinas, 1994). The global memory models
sion and remember/know studies (Yonelinasnay provide a useful way of implementing rec-
1994; Khoe et al., 2000), these differences amdlection and familiarity on a computation level.
quite small, suggesting that requiring recolled-lowever, one potential limitation is that they
tion does not fundamentally alter the processese not generally consistent with ROC results
involved in recognition. Second, an examinationbserved in associative recognition tasks be
of ROCs in item-recognition tests indicates thatause they base recognition memory on the ac
the shapes of the observed functions can be usegsment of a Gaussian signal detection lik
to accurately predict performance on remenstrength measure (Yonelinas, 1997, 1999; als
ber/know and associative memory tests (Yonelsee Ratcliff, Sheu, & Gronlund, 1992, for fur-
nas, 2001a, 2001b), indicating that the recollether problems with the global model accounts of
tion process supporting remembering anBOCs). Moreover, as with the multidimensional
associative recognition is playing a critical rolsignal-detection models, they do not provide
in item recognition. Third, the ERP correlates ofnuch in the way of understanding the results
recollection and familiarity are still observed irffrom patient, ERP, or neuroimaging studies in
standard recognition test conditions (Curraithe sense that, at least as they are currently fo
2000; Duzel et al., 2001), indicating that thesmulated, they do not make testable prediction:
two processes are initiated even in item recograbout neuroanatomical substrates of thes
tion tests. processes.

One potential criticism of the dual-process A computational model that appears to over-
models is that they have not yet been specifiedaime many of the difficulties associated with
a computational level. A number of computathe global models is the Complementary Learn
tional models of recognition have been prang Systems model (e.g., McClelland, Mc-
posed (e.g., SAM, TODAM, and MINERVA2), Naughton, & O'Reilly, 1995; Norman &
and these models can account for a large bo@yReilly, 2001; O'Reilly & Rudy, 2001). The
of behavioral data (for review see Clark &model is based on the assumption that the hip
Gronlund, 1996). In general, these models apocampus and surrounding cortex support inter
sume that recognition decisions are based on active but distinct mnemonic functions. The hip-
assessment of a global measure of memappcampus supports recollection by developing
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minimum overlapping representations of priostrates of recollection and familiarity. Familiarity
episodes, whereas the surrounding cortex gradsfound to be a fast, signal-detection-like process
ally tunes populations of cortical units to rethat operates independently of recollection. It is
spond strongly to different stimuli in such a wayound to be relatively automatic and somewhat
that it can discriminate between familiar ananore sensitive to perceptual manipulations thar
new items. A review of the model goes beyontkcollection, although it is not limited exclu-
the scope of the current article (for a detailesively to perceptual information. Unlike recol-
discussion of the model see Norman &ection, familiarity does not readily support
O’Reilly, 2001), but the results from prelimi-learning of novel associations, although it can
nary simulations with that model are promisingupport learning of novel items and novel associ-
because they indicate that it can account for tla¢ions if they are treated as single items. Famil-
differential importance of hippocampal versugarity is functionally distinct from perceptual im-
the surrounding neocortex in recollection anglicit memory, but it shares a number of
familiarity, and successfully predicts behaviorasimilarities with conceptual implicit memory.
properties of recollection that other models havRecollection depends critically on the hippocam-
not (e.g., producing linear and curvilineapus and frontal lobes, whereas familiarity ap-
ROCSs). It is not yet clear whether the model igears to rely on separate temporal lobe region:
able to account for the full body of results disand may rely on separate frontal lobe regions.
cussed above; however, models such as this oné@he dual-process models have been critical ir
are particularly promising because they aim tivaming many of the questions that have guidec
incorporate the behavioral and neuroanatomicampirical research in human memory over the
knowledge about recollection and familiaritypast 30 years and have led to important discov
within the same theoretical framework. eries about the nature of the processes that su
port memory performance. Although future
studies are necessary to further delineate th

Results collected using a variety of differenneural substrates of these processes, and to fu
measurement methods, across an extremeher differentiate the subprocesses that are in
broad range of empirical paradigms, includingolved in recollection and familiarity, the exist-
behavioral, neuropsychological, and neuroimagng research has provided a broad foundation o
ing studies, have been useful in characterizinghich to build an understanding of human
the functional nature and neuroanatomical sulsnemory.

Conclusions

APPENDIX

Raw Scores and Estimates of Recollection (R) and Familiarity (F) from the
Process Estimation Studies

1) LEVELS OF PROCESSING Remember Know
Remember/Know Old New Old New R F
Yonelinas (2001, Expt. 3)
Shallow 0.19 0.03 0.32 0.18 0.16 0.21
Deep 0.54 0.03 0.27 0.18 0.51 0.40
Gardiner (1988, Expt. 1)
Shallow 0.45 0.01 0.16 0.01 0.44 0.28
Deep 0.66 0.01 0.17 0.01 0.65 0.49
Rajaram (1993, Expt. 1)
Shallow 0.32 0.02 0.30 0.14 0.30 0.30
Deep 0.66 0.02 0.20 0.14 0.64 0.45
Gregg & Gardiner (1994)
Shallow 0.31 0.05 0.34 0.23 0.26 0.24

Deep 0.61 0.01 0.27 0.16 0.60 0.52
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1) LEVELS OF PROCESSING Remember Know
Remember/Know old New Old New R F
Gardiner, Java, et al. (1996, Expt. 1)
Shallow 0.15 0.03 0.20 0.11 0.12 0.12
Deep 0.72 0.03 0.18 0.11 0.69 0.53
Gardiner, Java, et al. (1996, Expt. 2)
Shallow 0.13 — 0.25 — 0.13 0.29
Deep 0.42 — 0.24 — 0.42 0.41
Gardiner, Ramponi, et al. (1999, Expt. 1)
Shallow 0.30 0.02 0.16 0.06 0.29 0.16
Deep 0.51 0.02 0.12 0.06 0.50 0.18
Khoe et al. (2000, Expt. 1)
Shallow 0.16 0.05 0.39 0.28 0.11 0.17
Deep 0.29 0.05 0.39 0.28 0.24 0.25
Java et al. (1997, Expt. 2)
Shallow 0.50 0.04 0.22 0.12 0.46 0.32
Deep 0.71 0.04 0.10 0.03 0.67 0.31
Perfect et al. (1995, Expt. 2A)
Shallow 0.37 0.28 0.02 0.05 0.09 —0.04
Deep 0.68 0.18 0.02 0.01 0.50 0.05
PDP Inclusion Exclusion
Old New Old New R F
Yonelinas (2001, Expt. 3)
Shallow 0.52 0.19 0.18 0.11 0.26 0.09
Deep 0.77 0.19 0.14 0.11 0.55 0.16
Toth (1996, Expt. 3)
Shallow 0.56 0.22 0.33 0.26 0.27 0.21
Deep 0.91 0.22 0.30 0.26 0.65 0.61
Wagner et al. (1997)
Shallow 0.57 0.16 0.18 0.10 0.33 0.14
Deep 0.88 0.16 0.22 0.10 0.60 0.42
Komatsu et al. (1994, Expt. 1)
Shallow 0.74 0.27 0.35 0.23 0.35 0.29
Deep 0.90 0.27 0.27 0.23 0.60 0.41
Wagner, Stebbins et al. (1998, Expt. 1)
Shallow 0.54 0.27 0.28 0.17 0.16 0.11
Deep 0.76 0.27 0.31 0.17 0.35 0.26
ROC Confidence
>1 >2 >3 >4 >5 R F
Yonelinas (2001, Expt. 3)
Shallow 0.42 0.54 0.63 0.76 0.89 0.26 0.24
Deep 0.68 0.76 0.83 0.90 0.95 0.50 0.37
New 0.10 0.18 0.28 0.45 0.71 — —
Yonelinas, Kroll, et al. (1998)
Shallow 0.86 0.77 0.56 0.43 0.31 0.27 0.25
Deep 0.93 0.86 0.73 0.63 0.49 0.44 0.36
New 0.66 0.44 0.16 0.09 0.03 — —
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APPENDIX—continued

2) GENERATE/READ Remember Know
Remember/Know Old New Old New R F
Gardiner, Java, et al. (1996, Expt. 3)
Read 0.14 — 0.25 — 0.14 0.29
Generate 0.38 — 0.28 — 0.38 0.45
Gardiner (1988, Expt. 2)
Read 0.30 0.07 0.17 0.09 0.23 0.15
Generate 0.54 0.07 0.16 0.09 0.47 0.25
Gardiner, Ramponi, et al. (1999, Expt. 2)
Read 0.11 0.03 0.17 0.09 0.08 0.10
Generate 0.21 0.03 0.18 0.09 0.19 0.14
Wippich (1992, Expt. 1)
Read 0.17 0.02 0.24 0.12 0.15 0.17
Generate 0.40 0.02 0.31 0.12 0.38 0.39
Curran & Hildebrandt (1999)
Read 0.43 0.02 0.22 0.05 0.41 0.33
Generate 0.52 0.02 0.22 0.05 0.50 0.41
Donaldson et al. (1996)
Read 0.31 0.02 0.41 0.14 0.29 0.45
Generate 0.76 0.02 0.21 0.14 0.74 0.73
PDP Inclusion Exclusion
Old New Old New R F
Jacoby (1991, Expt. 3)
Read 0.48 0.18 0.37 0.22 0.15 0.24
Generate 0.80 0.18 0.29 0.22 0.55 0.44
Jennings & Jacoby (1993, Expt. 2)
Read 0.65 — 0.52 — 0.13 0.60
Generate 0.84 — 0.30 — 0.54 0.65
Verfiellie & Treadwell (1993)
Read 0.45 0.17 0.33 0.19 0.14 0.20
Generate 0.67 0.17 0.34 0.19 0.35 0.34
Dodson & Johnson (1996, Expt. 1)
Read 0.43 0.27 0.33 0.25 0.07 0.10
Generate 0.81 0.27 0.33 0.25 0.46 0.35
Wagner, Stebbins, et al. (1998, Expt. 1)
Read 0.72 0.27 0.35 0.19 0.29 0.26
Generate 0.88 0.27 0.13 0.19 0.67 0.16
3) DIVIDED ATTENTION AT STUDY Remember Know
Remember/Know Old New Old New R F
Yonelinas (2001, Expt. 1)
Full 0.45 0.02 0.38 0.26 0.43 0.43
Divided 0.29 0.02 0.45 0.26 0.27 0.37
Yonelinas (2001, Expt. 2a)
Full 0.57 0.01 0.26 0.14 0.56 0.46
Divided 0.39 0.01 0.32 0.14 0.38 0.38
Yonelinas (2001, Expt. 2b)
Full 0.23 0.02 0.40 0.26 0.21 0.25
Divided 0.15 0.02 0.42 0.26 0.13 0.23
Yonelinas (2001, Expt. 2c)
Full 0.36 0.03 0.34 0.24 0.33 0.28
Divided 0.21 0.03 0.37 0.24 0.18 0.22
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3) DIVIDED ATTENTION AT STUDY Remember Know
Remember/Know Old New Old New R F
Parkin, Gardiner, & Rosser (1995, Expt. 1)
Full 0.54 0.04 0.28 0.10 0.50 0.50
Divided 0.38 0.08 0.28 0.15 0.30 0.29
Mangels, Picton, & Craik (2001)
Full 0.63 0.01 0.24 0.12 0.62 0.54
Divided 0.17 0.02 0.34 0.20 0.16 0.20
Gardiner & Parkin (1990)
Full 0.50 0.01 0.20 0.04 0.49 0.36
Divided 0.27 0.01 0.22 0.08 0.26 0.22
PDP Inclusion Exclusion
Old New Old New R F
Jacoby & Kelly (1991)
Full 0.77 — 0.35 — 0.42 0.59
Divided 0.68 — 0.48 — 0.20 0.60
Gruppuso et al. (1995, Expt. 3)
Full 0.84 0.03 0.50 0.03 0.34 0.72
Divided 0.76 0.05 0.53 0.05 0.23 0.63
ROC Confidence
>1 >2 >3 >4 >5 R F
Yonelinas (2001, Expt. 1)
Full 0.49 0.65 0.76 0.84 0.92 0.49 0.43
Divided 0.31 0.47 0.62 0.75 0.89 0.31 0.36
New 0.02 0.05 0.13 0.28 0.56 — —
Yonelinas (2001, Expt. 2A)
Full 0.69 0.77 0.83 0.89 0.94 0.56 0.51
Divided 0.51 0.63 0.71 0.80 0.89 0.39 0.42
New 0.04 0.08 0.15 0.25 0.46 — —
Yonelinas (2001, Expt. 2B)
Full 0.38 0.50 0.63 0.75 0.88 0.25 0.26
Divided 0.27 0.42 0.57 0.69 0.83 0.16 0.23
New 0.06 0.14 0.28 0.43 0.61 — —
Yonelinas (2001, Expt. 2C)
Full 0.49 0.60 0.70 0.80 0.91 0.34 0.27
Divided 0.33 0.45 0.58 0.71 0.87 0.17 0.23
New 0.09 0.16 0.27 0.45 0.38 — —
4) STUDY DURATION Remember Know
Remember/Know Old New Old New R F
Yonelinas, Dobbins, et al. (1996, Expt. 2)
1x 0.32 0.05 0.31 0.28 0.27 0.16
2% 0.46 0.05 0.29 0.28 0.41 0.24
Gardiner & Radomski (1999)
1x 0.24 0.06 0.22 0.12 0.19 0.17
3% 0.46 0.06 0.27 0.09 0.41 0.40
Jacoby et al. (1999, Expt. 1)
1 0.40 — 0.35 — 0.40 0.58
3X 0.59 — 0.35 — 0.59 0.85
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APPENDIX—continued
4) STUDY DURATION Remember Know
Remember/Know old New Old New R F
Jacoby et al. (1999, Expt. 2)
1 0.34 — 0.34 — 0.34 0.52
3% 0.61 — 0.29 — 0.61 0.74
Kinoshita (1997, Expt. 1)
1x 0.51 0.05 0.19 0.09 0.46 0.30
2X 0.71 0.05 0.15 0.09 0.66 0.43
Dewhurst & Anderson (1999, Expt. 1)
1s 0.53 0.04 0.15 0.14 0.49 0.16
4s 0.71 0.04 0.12 0.14 0.67 0.27
8s 0.74 0.04 0.11 0.14 0.70 0.28
Hirshman & Henzler (1998)
58S 0.16 0.08 0.34 0.24 0.08 0.14
2S 0.31 0.08 0.38 0.24 0.23 0.28
Gardiner, Kaminski, et al. (1996, Expt. 1)
1x 0.30 0.13 0.29 0.18 0.17 0.21
2X 0.29 0.04 0.38 0.16 0.25 0.37
4x 0.33 0.02 0.52 0.11 0.31 0.66
Gardiner, Kaminski et al. (1996, Expt. 2)
1 0.25 0.08 0.32 0.09 0.17 0.33
2X 0.27 0.03 0.46 0.13 0.24 0.50
4x 0.42 0.01 0.38 0.07 0.41 0.58
Gardiner, Kaminski et al. (1996, Expt. 2)
1 0.22 0.04 0.27 0.13 0.18 0.21
3% 0.41 0.05 0.33 0.13 0.36 0.41
Hirshman et al. (2002)
5s 0.18 0.09 0.31 0.26 0.10 0.09
12s 0.26 0.09 0.31 0.26 0.17 0.13
25s 0.35 0.09 0.32 0.26 0.27 0.21
PDP Inclusion Exclusion
old New old New R F
Jacoby (1999, Expt. 4)
1 0.59 0.17 0.33 0.16 0.25 0.28
3% 0.81 0.17 0.32 0.16 0.49 0.45
Yonelinas (1994, Expt. 3)
1x 0.51 0.24 0.40 0.24 0.11 0.21
3% 0.64 0.24 0.42 0.24 0.22 0.30
ROC Confidence
>1 >2 >3 >4 >5 R F
Yonelinas et al. (1996, Expt. 2)
1x 0.87 0.75 0.61 0.47 0.34 0.28 0.19
2x 0.92 0.83 0.73 0.62 0.49 0.43 0.24
New 0.71 0.50 0.31 0.14 0.05 — —
5) MASSED VERSUS DISTRIBUTED Remember Know
Remember/Know old New Oold New R F
Parkin, Gardiner, & Rosser (1995)
Massed 0.35 0.04 0.40 0.18 0.31 0.43
Distributed 0.54 0.04 0.34 0.18 0.50 0.55
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5) MASSED VERSUS DISTRIBUTED Remember Know
Remember/Know Oold New Oold New R F
Parkin & Russo (1993)
Massed 0.51 0.06 0.26 0.17 0.45 0.35
Distributed 0.66 0.06 0.19 0.17 0.60 0.38
Dewhurst & Anderson (1999, Expt. 1)
Massed 0.67 0.05 0.11 0.10 0.62 0.23
Distributed 0.65 0.03 0.14 0.17 0.62 0.22
PDP Inclusion Exclusion
Old New Old New R F
Benjamin & Craik (2001, Expt. 1)
Massed 0.56 0.10 0.37 0.10 0.20 0.35
Distributed 0.66 0.10 0.37 0.10 0.30 0.42
Benjamin & Craik (2001, Expt. 2)
Massed 0.50 0.08 0.22 0.08 0.28 0.23
Distributed 0.62 0.08 0.20 0.08 0.42 0.26
6) BENZODIAZEPINES Remember Know
Remember/Know Old New Oold New R F
Mintzer & Griffiths (2000)
Placebo 0.67 0.04 0.18 0.05 0.63 0.49
Triazolam (low) 0.48 0.09 0.22 0.09 0.39 0.32
Triazolam (high) 0.43 0.14 0.26 0.15 0.29 0.28
Curran, Gardiner, et al. (1993)
Placebo 0.68 0.03 0.15 0.08 0.65 0.39
Lorazapam 0.44 0.03 0.26 0.08 0.41 0.38
Bishop & Curran (1995)
Placebo 0.52 0.00 0.24 0.00 0.52 0.50
Lorazapam 0.34 0.01 0.33 0.01 0.34 0.49
Hirshman et al. (2001)
Placebo 0.26 0.09 0.31 0.26 0.18 0.14
Midazolam 0.15 0.12 0.25 0.20 0.04 0.06
7) RESPONSE DEADLINE Inclusion Exclusion
PDP Old New Old New R F
Yonelinas & Jacoby (1994, Expt. 3)
Slow 0.75 0.15 0.36 0.15 0.39 0.44
Fast 0.68 0.15 0.38 0.15 0.30 0.39
Yonelinas & Jacoby (1995)
Slow 0.76 0.30 0.42 0.30 0.35 0.34
Fast 0.67 0.33 0.53 0.33 0.14 0.29
Toth (1997, Expt. 3)
Slow 0.76 0.21 0.25 0.27 0.57 0.34
Fast 0.70 0.22 0.37 0.24 0.35 0.34
Benjamin & Craik (2001, Expt. 1)
Slow 0.68 0.05 0.32 0.05 0.37 0.45
Fast 0.54 0.15 0.42 0.15 0.13 0.32
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8) DIVIDED ATTENTION AT TEST Inclusion Exclusion
Remember/Know Old New Old New R F
Gruppuso et al. (1995, Expt. 3)
Full 0.77 0.04 0.46 0.04 0.32 0.62
Divided 0.75 0.05 0.64 0.05 0.12 0.67
Dodson & Johnson (1996, Expt. 1)
Full 0.61 0.23 0.27 0.25 0.36 0.18
Divided 0.63 0.31 0.39 0.25 0.18 0.20
9) PERCEPTUAL MATCHING—WORDS Remember Know
Remember/Know Old  New Old  New R F
Rajaram (1993, Expt. 1)
Same modality 049 0.02 025 014 047 035
Different modality 049 0.02 025 014 047 0.35
Gegg & Gardiner (1994, Expt. 1)
Same modality 0.42 0.03 034 017 039 041
Different modality 050 0.03 0.26 017 047 0.35
Gegg & Gardiner (1994, Expt. 2: slow encoding condition)
Same modality 0.66 0.06 0.17 0.08 060 041
Different modality 069 0.12 012 007 057 031
Gegg & Gardiner (1994, Expt. 2: perceptual fast encoding condition)
Same modality 0.11 0.03 052 018 0.08 0.40
Different modality 0.10 0.05 0.27 009 005 0.21
10) PERCEPTUAL MATCHING—DRAWINGS Remember Know
Remember/Know old New Old New R F
Yonelinas & Jacoby (1995, Expt. 2)
Same size 0.45 0.08 0.36 0.36 0.37 0.26
Different size 0.30 0.08 0.41 0.36 0.22 0.19
Yonelinas & Jacoby (1995, Expt. 3)
Same size 0.37 0.03 0.41 0.36 0.34 0.28
Different size 0.27 0.03 0.40 0.36 0.24 0.18
Rajaram (1996, Expt. 2)
Same size 0.49 0.03 0.28 0.08 0.46 0.47
Difference size 0.39 0.03 0.33 0.08 0.36 0.46
Rajaram (1996, Expt. 3)
Same reflection 0.54 0.03 0.30 0.11 0.51 0.54
Different reflection 0.49 0.03 0.33 0.11 0.46 0.53
Inclusion Exclusion
Old New Old New R F
PDP
Yonelinas & Jacoby (1995, Expt. 1)
Same size 0.68 0.42 0.42 0.42 0.26 0.15
Different size 0.55 0.42 0.45 0.42 0.10 0.08
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11) THE PICTURE SUPERIORITY EFFECT Remember Know
Remember/Know Old New Old New R F
Rajaram (1993, Expt. 2)
Words 0.51 0.01 0.18 0.01 0.50 0.36
Pictures 0.81 0.08 0.09 0.08 0.73 0.39
Dewhurst & Conway (1994, Expt. 1)
Words 0.31 0.02 0.28 0.02 0.29 0.39
Pictures 0.77 0.10 0.15 0.10 0.67 0.54
Wagner et al. (1997, Expt. 4)
Words 0.26 0.03 0.27 0.14 0.23 0.22
Pictures 0.82 0.03 0.13 0.14 0.79 0.58
Rajaram (1996, Expt. 1)
Words 0.43 0.02 0.24 0.12 0.41 0.30
Pictures 0.80 0.02 0.13 0.10 0.78 0.55
Dewhurst & Conway (1994, Expt. 1)
Words 0.31 0.02 0.28 0.10 0.29 0.30
Pictures 0.77 0.02 0.15 0.10 0.75 0.55
Dewhurst & Conway (1994, Expt. 2)
Words (visualize object) 0.76 0.01 0.17 0.07 0.75 0.64
Pictures 0.58 0.01 0.21 0.07 0.57 0.43
Dewhurst & Conway (1994, Expt. 3)
Words (visualize object) 0.64 0.00 0.29 0.02 0.64 0.79
Pictures (write word) 0.79 0.00 0.14 0.02 0.79 0.65
Dewhurst & Conway (1994, Expt. 3)
Words (visualizet write) 0.64 0.00 0.29 0.02 0.64 0.79
Pictures (visualize- write) 0.79 0.00 0.14 0.02 0.79 0.65
Inclusion Exclusion
PDP old New Old New R F
Wagner et al. (1997)
Words 0.67 0.13 0.28 0.12 0.38 0.33
Pictures 0.93 0.13 0.22 0.12 0.70 0.61
12) INTERMEDIATE-TERM DELAYS Inclusion Exclusion
(number of intervening items) old New old New R F
PDP
Yonelinas & Levy (2001, Expt. 1)
8 0.68 0.27 0.42 0.27 0.27 0.30
16 0.67 0.27 0.41 0.27 0.26 0.28
32 0.62 0.27 0.33 0.27 0.29 0.20
Yonelinas & Levy (2001, Expt. 2)
8 0.69 0.22 0.46 0.22 0.22 0.38
16 0.59 0.22 0.42 0.22 0.17 0.28
32 0.55 0.22 0.33 0.22 0.22 0.20
13) LONG-TERM DELAYS Remember Know
(number of intervening hours) old New old New R F
Remember/Know
Hockley & Consoli (1999, Expt. 1)
0.03 0.53 0.05 0.22 0.16 0.48 0.30
0.5 0.54 0.10 0.20 0.19 0.44 0.22
24 0.28 0.11 0.27 0.24 0.17 0.11
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13) LONG-TERM DELAYS Remember Know
(number of intervening hours) old New old New R F
Remember/Know
Hockley & Consoli (1999, Expt. 2)
0.03 0.53 0.06 0.21 0.13 0.47 0.31
48 0.22 0.11 0.30 0.24 0.11 0.11
168 0.21 0.13 0.30 0.28 0.08 0.06
Gardner & Java (1991, Expt. 1)
0.166 0.49 0.00 0.26 0.05 0.49 0.46
1 0.42 0.01 0.24 0.06 0.41 0.35
24 0.27 0.03 0.27 0.06 0.24 0.31
168 0.25 0.05 0.23 0.08 0.20 0.22
Gardiner & Java (1991, Expt. 2)
168 0.24 0.05 0.25 0.10 0.19 0.22
672 0.19 0.02 0.21 0.09 0.17 0.17
4032 0.15 0.02 0.17 0.09 0.13 0.11
Gardiner (1988, Expt. 2)
1 0.52 0.04 0.15 0.03 0.48 0.27
168 0.32 0.10 0.19 0.14 0.22 0.12
Knowlton & Squire (1995, Expt. 1)
0.166 0.46 0.02 0.21 0.04 0.44 0.35
168 0.24 0.11 0.25 0.16 0.14 0.14
Knowlton & Squire (1995, Expt. 2)
0.166 0.47 0.01 0.14 0.02 0.46 0.24
168 0.23 0.04 0.18 0.07 0.19 0.16
Knowlton & Squire (1995, Expt. 3)
0.166 0.34 0.03 0.19 0.04 0.31 0.24
168 0.18 0.02 0.20 0.07 0.16 0.17
14) FLUENCY MANIPULATIONS Remember Know
(because the manipulations influenced both old and new R (old F (old
items the effects were averaged across old and new items) old New old New +new) -+ new)
Remember/Know
Rajaram & Geraci (2000)
Control 0.43 0.03 0.24 0.07 0.23 0.25
Fluent 0.41 0.04 0.30 0.13 0.23 0.32
Rajaram (1993, Expt. 3)
Control 0.42 0.05 0.18 0.13 0.24 0.22
Fluent 0.43 0.05 0.24 0.18 0.24 0.31
Kinoshita (1997, Expt. 1)
Control 0.61 0.04 0.15 0.08 0.32 0.23
Fluent 0.61 0.07 0.20 0.10 0.34 0.31
LeCompte (1995, Expt. 2)
Control 0.45 0.14 0.25 0.20 0.30 0.34
Fluent 0.39 0.16 0.31 0.28 0.28 0.42
Inclusion Exclusion
Old New old New R (old F (old
+ new) + new)
PDP
LeCompte (1995, Expt. 1)
Control 0.63 0.24 0.53 0.25 0.05 0.40
Fluent 0.66 0.32 0.55 0.33 0.05 0.45
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15) FALSE RECOGNITION (Deese Paradigm) Remember
Remember/Know Old New Oold New R F
Roediger & McDermott (1995)
Studied 0.49 0.02 0.23 0.09 0.47 0.36
Critical lure 0.48 0.03 0.29 0.13 0.45 0.41
Schacter, Verfaellie, et al. (1996)
Studied 0.49 0.10 0.18 0.16 0.39 0.17
Critical lure 0.55 0.14 0.17 0.22 0.41 0.12
Schacter, Verfaellie, et al. (1997, Expt. 1)
Studied 0.29 0.05 0.29 0.14 0.24 0.27
Critical lure 0.17 0.05 0.26 0.20 0.12 0.09
Schacter, Verfaellie, et al. (1997, Expt. 2)
Studied 0.35 0.03 0.30 0.11 0.31 0.35
Critical lure 0.15 0.04 0.22 0.10 0.12 0.15
Israel & Schacter (1997, Expt. 1)
Studied 0.60 0.08 0.14 0.05 0.52 0.30
Critical lure 0.19 0.06 0.14 0.10 0.13 0.06
Israel & Schacter (1997, Expt. 1)
Studied 0.67 0.06 0.12 0.09 0.61 0.26
Critical lure 0.36 0.08 0.15 0.10 0.28 0.12
Mintzer & Griffiths (2000)
Studied 0.53 0.09 0.22 0.10 0.44 0.36
Critical lure 0.45 0.10 0.26 0.11 0.35 0.35
Gallo et al. (2001, Expt. 2)
Studied 0.43 0.05 0.16 0.10 0.38 0.17
Critical lure 0.36 0.07 0.20 0.12 0.29 0.19
Gallo et al. (2001, Expt. 3)
Studied 0.35 0.05 0.20 0.09 0.30 0.20
Critical lure 0.25 0.06 0.24 0.14 0.19 0.17
Anastasi et al. (2000, Expt. 3)
Studied 0.30 0.04 0.21 0.11 0.26 0.19
Critical lure 0.23 0.12 0.25 0.18 0.11 0.12
Miller & Gazzaniga (1998)
Studied 0.42 0.02 0.25 0.09 0.41 0.33
Critical lure 0.24 0.02 0.27 0.09 0.23 0.26
Norman & Schacter (1997)
Studied 0.54 0.01 0.26 0.07 0.53 0.48
Critical lure 0.36 0.01 0.36 0.07 0.35 0.48
16) SHIFTING RESPONSE CRITERION Remember Know
gRecoII'ecnon anq familiarity are estimated old New old New R(Old) F (Old)
or old items only; false alarms are not
incorporated into the parameter estimates)
Remember/Know
Postma (1999)
Liberal instructions 0.52 0.03 0.31 0.14 0.52 0.65
Strict instructions 0.38 0.02 0.30 0.03 0.38 0.48
Strack & Forster (1995, Expt. 1)
50% old instruction 0.37 0.02 0.33 0.23 0.37 0.52
30% old instruction 0.30 0.03 0.26 0.10 0.30 0.38
Strack & Forster (1995, Expt. 2)
Liberal instructions 0.26 0.05 0.42 0.23 0.26 0.56
Strict instructions 0.25 0.00 0.11 0.02 0.25 0.14
Hirshman & Henzer (1998)
70% instructions 0.28 0.11 0.43 0.35 0.28 0.59
30% instructions 0.19 0.05 0.29 0.13 0.19 0.36
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16) SHIFTING RESPONSE CRITERION Remember Know
]SRecoII.ection and_ familiarity are estimated old New old New R(Old) F (Old)
or old items only; false alarms are not
incorporated into the parameter estimates)
Remember/Know
Yonelinas (2001, Expt. 1)
Confidence>1 0.37 0.02 0.54 0.55 0.37 0.85
Confidence>2 0.37 0.02 0.43 0.27 0.37 0.68
Confidence>3 0.37 0.01 0.32 0.12 0.37 0.51
Confidence>4 0.36 0.01 0.19 0.04 0.36 0.30
Confidence>5 0.35 0.01 0.05 0.01 0.35 0.08
Yonelinas, Dobbins, et al. (1997)
Confidence>1 0.39 — 0.51 — 0.39 0.83
Confidence>2 0.39 — 0.40 — 0.39 0.66
Confidence>3 0.39 — 0.28 — 0.39 0.46
Confidence>4 0.39 — 0.16 — 0.39 0.25
Confidence>5 0.37 — 0.05 — 0.37 0.07
Gardiner, Richardson-Klavehn, et al. (1997)
50% instructions 0.36 0.03 0.23 0.09 0.36 0.35
30% instructions 0.32 0.03 0.22 0.12 0.32 0.31
PDP Inclusion Exclusion
Old New old New R (Old) F (Old)
Dodson & Johnson (1997)
66% heard 0.63 0.25 0.35 0.22 0.26 0.46
33% heard 0.61 0.25 0.32 0.27 0.32 0.47
Yonelinas (1994, Expt. 1)
Confidence>1 0.96 0.66 0.61 0.66 0.36 0.94
Confidence>2 0.86 0.32 0.39 0.32 0.46 0.73
Confidence>3 0.74 0.12 0.26 0.12 0.48 0.50
Confidence>4 0.60 0.04 0.13 0.04 0.47 0.24
Confidence>5 0.42 0.01 0.04 0.01 0.38 0.06
Yonelinas (1994, Expt. 2)
Confidence>1 0.96 0.65 0.61 0.65 0.35 0.94
Confidence>2 0.83 0.20 0.37 0.20 0.47 0.69
Confidence>3 0.74 0.08 0.24 0.08 0.50 0.47
Confidence>4 0.61 0.03 0.12 0.03 0.49 0.24
Confidence>5 0.41 0.00 0.04 0.00 0.37 0.06
Yonelinas (1994, Expt. 3)
Confidence>1 0.84 0.62 0.71 0.62 0.13 0.82
Confidence>2 0.70 0.40 0.55 0.40 0.15 0.64
Confidence>3 0.57 0.24 0.41 0.24 0.16 0.49
Confidence>4 0.45 0.13 0.29 0.13 0.16 0.35
Confidence>5 0.28 0.05 0.14 0.05 0.14 0.16
17) WORD FREQUENCY Remember Know
Remember/Know Old New Old New R F
Gardiner & Java (1990, Expt. 1)
High 0.31 0.05 0.16 0.09 0.26 0.14
Low 0.43 0.04 0.17 0.07 0.39 0.23
Kinoshita (1995, Expt. 1)
High 0.17 0.01 0.10 0.08 0.16 0.03
Low 0.31 0.01 0.11 0.08 0.30 0.08
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17) WORD FREQUENCY Remember Know
Remember/Know Old New old New R F
Kinoshita (1995, Expt. 3)
High 0.17 0.06 0.32 0.22 0.11 0.15
Low 0.28 0.05 0.27 0.14 0.23 0.23
Strack & Forester (1995, Expt. 1)
High 0.25 0.02 0.30 0.16 0.23 0.24
Low 0.42 0.03 0.29 0.17 0.39 0.33
Guttentag & Carroll (1997, Expt. 1)
High 0.35 0.04 0.27 0.19 0.31 0.22
Low 0.50 0.04 0.23 0.13 0.46 0.32
Gardiner, Richardson-Klavehn, et al. (1997)
High 0.28 0.03 0.22 0.10 0.26 0.20
Low 0.39 0.03 0.22 0.11 0.37 0.26
Bowler et al. (1998)
High 0.41 0.19 0.12 0.02 0.22 0.18
Low 0.52 0.05 0.11 0.04 0.47 0.19
Joordens & Hockley (2000, Expt. 1A)
High 0.48 0.06 0.25 0.14 0.42 0.34
Low 0.58 0.04 0.22 0.09 0.54 0.41
Joordens & Hockley (2000, Expt. 1B)
High 0.44 0.07 0.22 0.11 0.37 0.26
Low 0.53 0.06 0.19 0.08 0.48 0.31
Reder et al. (2000, Expt. 1)
High 0.70 0.02 0.22 0.12 0.68 0.61
Low 0.80 0.01 0.16 0.04 0.79 0.76
Reder et al. (2000, Expt. 2)
High 0.80 0.02 0.16 0.11 0.78 0.69
Low 0.90 0.01 0.08 0.04 0.89 0.76
Reder et al. (2000, Expt. 3)
High 0.15 0.03 0.33 0.24 0.12 0.14
Low 0.35 0.01 0.31 0.15 0.34 0.33
Hirshman et al. (2001)
High 0.18 0.09 0.36 0.33 0.09 0.08
Low 0.34 0.08 0.26 0.19 0.26 0.19
PDP Inclusion Exclusion
Old New old New R F
Komatsu et al. (1994)
High 0.83 0.38 0.41 0.29 0.33 0.27
Low 0.81 0.15 0.21 0.16 0.62 0.38
Guttentag & Carroll (1997, Expt. 1)
High 0.62 0.23 0.30 0.23 0.32 0.21
Low 0.73 0.17 0.25 0.17 0.48 0.31
ROC Confidence
>1 >2 >3 >4 >5 R F
Arndt & Reder (2002, Expt. 1)
High (Old) 0.92 0.76 0.59 0.44 0.29 0.24 0.21
Low (Old) 0.91 0.77 0.68 0.57 0.43 0.40 0.34
High (New) 0.83 0.51 0.27 0.12 0.04 — —
Low (New) 0.62 0.28 0.14 0.07 0.03 — —
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17) WORD FREQUENCY Confidence
ROC >1 >2 >3 >4 >5 R F
Arndt & Reder (2002, Expt. 2)
High (Old) 0.91 0.76 0.59 0.45 0.31 0.25 0.15
Low (Old) 0.88 0.75 0.64 0.55 0.45 0.42 0.21
High (New) 0.82 0.57 0.36 0.19 0.05 — —
Low (New) 0.67 0.37 0.20 0.11 0.03 — —
18) AMNESIA Remember Know
Remember/Know Old New Old New R F
Knowlton & Squire (1995)
Controls 0.46 0.02 0.21 0.04 0.44 0.35
Amnesics 0.17 0.09 0.16 0.10 0.08 0.08
Schacter, Verfaellie, et al. (1996)
Controls 0.71 0.06 0.13 0.12 0.65 0.32
Amnesics 0.28 0.14 0.23 0.20 0.14 0.08
Schacter, Verfaellie, et al. (1997)
Controls 0.49 0.00 0.30 0.10 0.49 0.49
Amnesics 0.20 0.07 0.30 0.12 0.14 0.25
Blaxton & Theodore (1997, Expt. 1)
Controls 0.29 0.15 0.45 0.17 0.14 0.43
Amnesics 0.25 0.12 0.41 0.29 0.14 0.22
Blaxton & Theodore (1997, Expt. 2)
Controls 0.35 0.10 0.27 0.11 0.25 0.28
Amnesics 0.26 0.13 0.32 0.13 0.13 0.29
PDP Inclusion Exclusion
old New Old New R F
Verfaellie & Treadwell (1993)
Controls 0.56 0.17 0.34 0.19 0.25 0.26
Amnesics 0.47 0.32 0.41 0.27 0.01 0.12
Confidence
>1 >2 >3 >4 >5 R F
ROC
Yonelinas et al. (1997)
Controls (Old) 0.89 0.81 0.65 0.53 0.40 0.36 0.30
Amnesics (Old) 0.98 0.91 0.80 0.62 0.38 0.07 0.21
Controls (New) 0.66 0.44 0.16 0.09 0.03 — —
Amnesics (New) 0.93 0.79 0.61 0.41 0.18 — —
19) AGING (studies in which estimates Remember Know
of recollection were below .60) old New old New R F
Remember/Know
Parkin & Walker (1992, Expt. 1)
Young 0.52 0.01 0.25 0.04 0.51 0.48
Old 0.20 0.01 0.46 0.09 0.19 0.48
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19) AGING (studies in which estimates Remember Know
of recollection were below .60) old New old New R F
Remember/Know
Parkin & Walker (1992, Expt. 2)
Young 0.37 0.02 0.43 0.05 0.35 0.63
Oold 0.12 0.02 0.55 0.07 0.10 0.55
Perfect et al. (1995, Expt. 1)
Young 0.53 0.05 0.23 0.05 0.48 0.44
Oold 0.18 0.07 0.53 0.03 0.11 0.61
Java (1996)
Young 0.16 0.00 0.08 0.01 0.16 0.09
Oold 0.10 0.00 0.08 0.01 0.10 0.08
Norman & Schacter (1997, Expt. 1)
Young 0.54 0.01 0.26 0.07 0.53 0.48
Oold 0.53 0.08 0.22 0.08 0.46 0.37
Friedman & Trott (2000)
Young 0.50 0.02 0.22 0.06 0.48 0.38
Old 0.43 0.07 0.23 0.06 0.36 0.34
PDP Inclusion Exclusion
Old New Old New R F
Jennings & Jacoby (1993, Expt. 2)
Young 0.79 — 0.37 — 0.42 0.63
Oold 0.70 — 0.45 — 0.25 0.60
Jacoby (1999, Expt. 4)
Young 0.77 0.15 0.25 0.18 0.56 0.39
Oold 0.66 0.17 0.39 0.16 0.26 0.36
Raybash & Hoyer (1996)
Young 0.72 0.19 0.33 0.18 0.38 0.35
Old 0.66 0.20 0.41 0.20 0.25 0.35
Caldwell & Masson (2001, Expt. 1)
Young 0.63 0.27 0.18 0.26 0.44 0.06
Old 0.48 0.26 0.29 0.28 0.21 0.10
Benjamin & Craik (2001, Expt. 2)
Young 0.56 0.07 0.21 0.07 0.35 0.25
Oold 0.54 0.14 0.44 0.14 0.10 0.35
20) AGING (studies in which estimates Remember Know
of recollection exceeded .60) old New old New R F
Remember/Know
Perfect et al. (1995, Expt. 2b)
Young 0.88 0.01 0.10 0.02 0.87 0.81
Old 0.25 0.03 0.39 0.08 0.22 0.44
Schacter et al. (1997, Expt. 1)
Young 0.80 0.02 0.07 0.09 0.78 0.26
Old 0.69 0.04 0.08 0.11 0.65 0.15
Schacter et al. (1997, Expt. 2: scores are collapsed
across conditions in which recollectian69)
Young 0.62 0.04 0.22 0.17 0.58 0.41
Old 0.43 0.19 0.16 0.15 0.24 0.10
Perfect & Dasgupta (1997)
Young 0.74 0.02 0.17 0.06 0.72 0.59
Old 0.48 0.08 0.23 0.10 0.40 0.33
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APPENDIX—continued

20) AGING (studies in which estimates Remember Know
of recollection exceeded .60) old New old New R F
Remember/Know

Perfect et al. (1995, Expt. 2A: scores are collapsed
across conditions in which recollectien67)

Young 0.54 0.01 0.33 0.03 0.54 0.68
Old 0.52 0.03 0.14 0.03 0.49 0.26
Mark & Rugg (1998)
Young 0.64 — 0.19 — 0.64 0.53
Old 0.64 — 0.21 — 0.64 0.58
Inclusion Exclusion
Old New Old New R F
PDP
Jennings & Jacoby (1997)
Young 0.95 0.09 0.09 0.10 0.87 0.60
Old 0.90 0.17 0.29 0.15 0.59 0.54
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