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Abstract

A variety of processes contribute to successful recognition memory, some of which can be associated with spatiotem-
porally distinct event-related potential gliew effects. An early frontal and a subsequent parietaired effect are
correlated with the familiarity and recollection subcomponents of recognition memory, respectively, whereas a late,
postretrieval oldnew effect seems to reflect an ensemble of evaluation processes that are set by the task context in
which retrieval occurs. Both the early frontal and the parietal/iddv effects are differentially modulated by the
informational contente.g., object forms and spatial locationsf recognition and seem to rely on brain systems
damaged in amnesia. The late frontal effect appears to reflect prefrontal cortex activation. A neurophysiologically based
model of recognition memory retrieval is presented and it is shown that coupling recognition memory subprocesses with
distinct old/new effects allow examination of the time course of the processes that contribute to correct and to illusory
memories. In conjunction with event-related functional magnetic resonance imaging activation patterns the brain
systems recruited by various aspects of episodic memory retrieval can be identified.

Descriptors: Event-related potentials, Recognition memory, Recollection, Familiarity/r@\ effects, Memory
retrieval

Everyone knows the experience of seeing a face that looks familiansed to refer to processes by which linked information in long-
but not being able to retrieve the person’s name or the context iterm memory is assessed without forming larger representational
which the face was seen before. Alternatively, an individual couldunits that allow recollection processes to occur.
meet the same person, immediately recognize him or her and re- Cognitive psychologists have developed a variety of techniques
member his or her name as well as the several experiences thtt dissociate the recollection and familiarity components of rec-
were shared with this person. These two apparently different formsgnition memory. Jacob§1991) introduced the process dissocia-
of recognition underlie so-called dual-process theories of recognition procedure in which subjects are presented with two classes of
tion memory that assume recognition memory to be comprised oitems for study. At test they are instructed to respond with an old
two components: familiarity and recollectioRecollectionrefers  response to items belonging to one class of study stifexilu-
to the consciously controlled retrieval of information from a prior sion task or to respond old to all items that have been studied
study episode. In contrast, the tefamiliarity does not refer to a (inclusion task The exclusion task can only be performed when
specific process but rather to the phenomenal experience thatthe two classes of study items can be discriminated, whereas rec-
particular item “reminds one of something.” The processes, howognition based on familiarity is assumed to be sufficient to dis-
ever, that lead to this phenomenal experience are still a matter afriminate old from new items in the inclusion task. Based on these
debate. In the following discussion, the term familiarity will be assumptions separate values for recollection and familiarity can be
calculated(Jacoby, 1991l Hintzman and Currai1994 applied
the response-signal technigii2osher, 198%to dissociate the con-
The research presented in this article was conducted at the Freie Untribution of familiarity and recollection processes to recognition
versitat Berlin and at the Max-Planck-Institute of Cognitive Neurosciencejudgments. In this method the test item is followed after a variable
" Lletlr?;]gk the following individuals for their valuable social and scientific delay by a 5|gnal th_a trequires an |mmed_|ate response. Recognition
support all these years: Angela Friederici for focusing my attention on the2Ccuracy typically increases as a function of delay. The authors
modularity of brain functions and D.Y. von Cramon for his teaching in €xamined response functions for false-alarm response evoked by
functional neuroanatomy. | am also grateful to Trevor Penney, Mireilleitems that were similar with studied items. They found a higher
Besson, Cyma Van Petten, Markus Ullsperger, and Doreen Nessler fgsronortion of false-alarm response to these items at short delays

valuable comments on an earlier version of this manuscript. . . .
Address reprint requests to: Axel Mecklinger, Max-Planck-Institute of than at long delays and took these biphasic response functions to

Cognitive Neuroscience, Stephanstrasse 1a, 04103 Leipzig, Germany. E-maat/ggest that familiarity rises earlier during retrieval than recollec-
meckling@cns.mpg.de. tion. Another way of dissociating familiarity and recollection is the
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“RemembefKnow” procedure proposed by Tulving985. Sub-  end, a series of studies are reviewed that used event-related po-
jects are instructed to accompany old recognition decisions by ¢entials(ERPS to examine the neurocognitive systems underlying
judgment of whether the item was old because they explicitlyrecognition memory for object forms and spatial locations. Next,
remembered it or because it felt familiar. Remember responses atbe issue is addressed whether a content-specific brain organization
identified with recollection and Know responses are assumed tof recognition memory processes is orthogonal to the dual-processes
reflect recognition based on familiarity. Although there is an on-account of a familiarity and recollection subcomponent of recog-
going debate to what extent the various approaches to define amdtion memory. ERP evidence is provided for the view that content-
measure recollection and familiarity are converdehtRugg, Schlo-  specific organization of recognition memory for object forms and
erscheidt, & Mark, 199Bdual-process models are successful in spatial locations reflects the differential contribution of recollec-
explaining many basic recognition memory phenomena. tion and familiarity processes. The second section concerns the

Another important contribution to our understanding of the brain systems underlying recognition memory and the more de-
mechanisms that lead to recognition memory judgments cometiled functional characteristics of its subcomponents. In the third
from neuropsychology. Neuropsychological research is concernesection, ERP correlates of recognition memory subprocesses are
with the localization of cognitive functions in the brain and with used for a fine-grained analysis of illusory memories. Brain acti-
the brain systems and processes that are recruited by specific ination patterns from a functional magnetic resonance imaging
formation processing functions. Neuropsychological findings havefMRI) study are used to identify the brain regions recruited by
had an important impact on our understanding of memory system#lusory memories. In the final section a neurocognitive model of
and processes in generdilner, Squire, & Kandel, 1998and  recognition memory retrieval is developed.
have also added to our understanding of how the familiarity and
recollectlon components of recogn.ltlon memory are r.eallzed in theCONTENT—SPECIFIC ORGANIZATION OF
human brair(Molpe, Holtzman, & Hirst, 1986 Another important
o . ; ; . RECOGNITION MEMORY
implication of neuropsychological studies of memory is that im-
pairments in recognition memory can be content specific. That ISERP Measures of Recognition Memory
brain lesions can attenuate recognition memory performance for
some contents while the ability to recognize other contents is spardRPs are small voltage oscillations measured at the scalp that are
(cf. Shallice & Warrington, 1970 Pigott and Milner(1993 ex- time-locked to the processing of external events. ERPs have been
amined recognition memory for figurative details and spatial lo-examined in a large number of recognition memory studies using
cations in line drawings of complex scenes in a group of temporaboth direct and indirect tests of memofor an overview, see
lobectomy patients. While all patients were impaired in object-Rugg, 199%. In direct tests of memory, correctly classified old
based recognition judgments, a selective impairment in recognizitems elicit more positive-going waveforms than new items. These
ing spatial locations was found in patients with partial to completeeffects are labeled ofthew effects and are assumed to be com-
removal of the right hippocampus. A selective recognition memoryprised of a N400 component, which is reduced with repetition, and
deficit for spatial materials after right medial temporal lobectomy a late positive component, which is enhanced by repetitiBes-
(including the hippocampulisvas reported by Owen, Sahakian, son, Kutas, & Van Petten, 1992; Joyce, Paller, Mclsaac, & Kutas,
Semple, Polkey, and Robbiii$995, confirming the relevance of 1998; Rugg, 1990; Van Petten, Kutas, Kluender, Mitchiner, &
the hippocampus for spatial recognition memory judgments. It isMclsaac, 1991 Old/new effects in direct tests of memory are not
important to note that it is unknown how these content-specificelicited by erroneously rejected old itenisiisse$ or by false
impairments in recognition memory map onto the proposed recolalarms to new iteméNeville, Kutas, Chesney, & Schmidt, 1986
lection and familiarity subcomponents of recognition memory. TheyTherefore, they are not simply a consequence of item repetition nor
can be orthogonal to these subcomponents or, alternatively, reflecto they reflect the execution of an old response. Rather thé old
the fact that the familiarity and the recollection subcomponent areew effects are considered to be associated with the successful
differentially recruited by different recognition memory contents. retrieval of events from a prior study episode.

These studies suggest that different processes underlie recog- Different spatiotemporal patterns of the pietw effects have
nition memory for object forms and spatial locations. However, been associated with different subcomponents of recognition mem-
they do not allow unambiguous inferences on the functional arory. For example, differences between old and new items in the
chitecture of recognition memory in the nonlesioned brain for therange from 300 to 500 ms at frontal recording sites have been
following three reasons. First, functional deficits after brain lesionsfound to be insensitive to a depth of processing manipulation and
can either reflect that a particular, unimpaired processing systernonsequently this aspect of the gheew effect was associated with
does not receive the appropriate input, or that the processing sy&amiliarity (Rugg et al., 1998 Conversely oldnew effects in the
tem itself is damaged. Second, selective impairments can reflecti@nge between 400 and 600 ms that are most pronounced at pari-
compensatory strategy characteristic for the lesioned brain that istal recording sites, that is, parietal giebw effects, have been
of no relevance for the understanding of the nonlesioned braifiound to be correlated with the hit rate and decision confidence
(Shallice, 1988 Third, neuropsychological studies of recognition during recognition judgment&lohnson, Kreiter, Russo, & Zhu,
memory in most instances require particular testing conditions1998; Johnson, Pfefferbaum, & Kopell, 1985 hey also were
adapted to the patients’ needs and therefore do not allow finemore pronounced for items given a Remember response than for
grained analyses of the subcomponents underlying recognition merthose given a Know responéemith, 1993; but see Spencer, Abad,
ory. Therefore, an important question is whether a similar segregatio& Donchin, in pressand were sensitive to a depth of processing
of object-based and spatial-based recognition memory is also chamanipulation at studyPaller & Kutas, 1992 These results were
acteristic of the nonlesioned human brain. taken to support the view that the parietal oldw effects are

This report is structured as follows: The first section includesclosely tied to the recollection component of recognition memory
an examination of whether there is a content-specific organizatiofAllan, Wilding, & Rugg, 1998. Another spatiotemporally distinct
of recognition memory in the nonlesioned human brain. To thisaspect of the ol¢hew effect is observable in a late time window,
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sometimes even beyond the execution of responses with a maxBoth recognition tasks elicited oldew effects with a broad
mum over right frontal recording sites. It is associated with thetemporal distribution. Several aspects are noteworthy. First, there
successful retrieval of contextual information from the study epi-was a pronounced anterj@osterior dissociation in the magni-
sode(Wilding & Rugg, 1996 and is assumed to reflect various tude of the oldnew effects elicited in both tasks. The spatial
strategic processes that operate on the products of the retrievisk showed a posteriorly focused distribution whereas the ob-
process(Allan et al., 1998; Mecklinger & Meinshausen, 1998; ject task showed a frontally focused topography. Second, as ap-
Trott et al., 1999 parent from the effect sizes of the gltew effects illustrated in
Figure 2b, between 1,200 and 1,800 ms pronouncedneld

N ) effects emerged at frontal recordings that were most pronounced
Recogpnition Memory for Object Forms over the right frontal cortex in the object task, whereas pari-
and Spatial Locations etally focused effects were obtained in the spatial task during
In a series of studies we used the ERP technique to disentangle trtlréls time interval. TO ensure that .these topograph!c effects were

i . not confounded with differences in absolute amplitude, a series

subcomponents of recognition memory for object forms and spabf topographical profile analyse€lohnson, 1998 was per-
tial locations(Mecklinger, 1998; Mecklinger & Bosch, 1999; Meck- pograp P Y . ! ! S pe
. : - ; formed. These analyses revealed reliable antgvmsterior dif-
linger & Meinshausen, 1998Basically, we asked subjects to make . ;

o . . . ferences for the early effects and a reliable difference between
recognition judgments for the two information types and we trledthe late and earlv frontal effects in the obiect task
to identify both types of judgments with distinct spatiotemporal y ) :

. . Prior to relating these distinct spatiotemporal ERP signatures
voltage patterns. To ensure that these spatiotemporal ERP SIgn("%If)tained in recognition memory tests for object forms and spatial
tures could indeed be identified with the retrieval of a specific 9 y ) P

information type, two conditions had to be satisfied: First, ERPS!ocatlons to subcomponents of recognition memory, alternative

L . o . ) . interpretations for the differential ERP pattern were considered. It
elicited during recognition tests for both information kinds could . . . .

. . . . is conceivable that the between-task ERP differences arise from
not be affected by differential encoding operations

- Second, giver}le intrinsic properties of the stimulus materials. The aforemen-
that even late ERP components such as the P300 are modulateth prop '

physical stimulus characteristi¢Roth, Blowers, Doyle, & Kopell, gned studies used geometric forfesg., circle, cross, ellipsénat

1982, we had to ensure that both recognition memory tests useahare a ""?‘”et_y c_)f b_a5|c _features such as lines, angles, an_d tex;ures
. . . . . and by this similarity might have required more demanding dis-
physically identical stimulus materials.

The basic experimental paradigm is illustrated in Figure 1_cr|m|nat|on processes as compared with the easy-to-discriminate

The subjects were instructed to memorize four abstract objec?Ioatial locations. We tested this hypothesis in an experiment in
hich the geometric forms were replaced by line drawings of

forms and their respective spatial locations in a two-dimensiona ighly familiar everyday objecte lasses, pipe, hammer, ptc
spatial matrix. The subjects were instructed to maintain an im- gnly yday ob) 9.9 + PIpe, Vo

age of the objects and their spatial locations. To minimize verbaﬁ\.cCordlng to Snodgrass and Vanderwdr$80, all 12 objects had

- . : igh rankings on a familiarity scale and low rankings on a com-
rehearsal strategies, an articulatory suppression task had to be” . . . . .
) exity scale. All other experimental details were identical to those
performed between study and test. Prior to the subsequent te! ) ) ) )
. . ’ . of, the first two experiments; however, to enable a more fine-
phases, each including eight judgments, a cue was presented that

indicated whether recognition judgments for object forms or Spa_grained analysis of the spatiotemporal ERP pattern, high density

tial locations would be required. Subjects responded faster anglectroencephalogram recor_dlr(gs e.'ec”F’de)s“_’eTe applied. Fig-
ure 3a shows a clear anteriposterior dissociation of the early

also more accurately for spatial locations than for object forrns'oId/new effects evoked in both tasks. Closer visual inspection of
The ERP waveforms elicited by correct old and new response§ne waveforms elicited by old and " :

. . . - y old and new items in both tasks suggests
at two representative electrode sites are illustrated in Figure Za%hat the frontally focused effects in the object task arise from the
attenuation of a frontally focused N400-like negative component
to old objects, whereas the parietal maximal effects reflect an
enhanced late positive component to old spatial locations. In fact,
Study phase Cue Test phase in the object task at frontal recordings the mean voltages were

(n=4) (n=8) 11.2 wV for old responses and 9,V for new responses. In the
spatial task at parietal recordings the mean voltages wereudb.8
for old judgments and 14 .4V for new judgments. This pattern of
results supports the view of a content-specific brain organization
for object-based and spatially based recognition memory.

As mentioned earlier, an important issue is whether this content-
new specific organization of recognition memory is orthogonal to the
dual-process account of recognition memory. Frontally focused
old/new effects of similar kinds have been found recently in a
variety of explicit memory task&urran, in press; Penney, Meck-
old linger, Hilton, & Cooper, 2000; Rugg et al., 19%hd several lines
of evidence suggest that these effects are related to the familiarity
component of recognition memofgf. Rugg et al., 1998 Curran

old

new

] o ) ) ) INote that the term “frontal N400-like negative component” was cho-
Figure 1. Schematic illustration of the experimental task used to examinesen to distinguish the present negative component from the centroparietally
recognition memory for object forms and spatial locations. focused N400 initially reported by Kutas and Hillyatt980.
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Figure 2. (a) Event-related potentials elicited by object-based and spa-
tially based recognition judgments at a frontgk) and parietal P2) elec-
trode site. In this and the following figures, negative voltages are plotted
upwards.(b) Effect sizes of the corresponding gliew effects at frontal
and parietal-occipital recordings in an eai®p0—600 msand late(1,200—
1,800 m3 time interval.
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(in press found that a frontal N400O-like componefthe FN400 domain of processing and by which it can be integrated in a task
was attenuated for words that were similae., singulayplural context(Mecklinger, 1998; Rugg, 1995; Rugg & Doyle, 1994
ambiguities to studied words. Frontally focused gliew effects ~ This format might include different forms of relationships estab-
have also been reported in a series of ERP studies on memory fiished by prior experience and activation of these relationships
three-dimensiondBD) possible and impossible line drawings. Pen- might be critical for recognitior{Weiskrantz, 1997 We assume
ney et al.(2000 examined explicit and implicit memory for 3D that a spatial location is not represented by a semantic code but
possible and impossible objedtSchacter & Cooper, 1993and  rather is coded into a visual-structural representation format that
found an attenuated negative component over frontal scalp sites fanainly comprises surface descriptions of the visual ifRénney
3D possible objects in an explicit but not in an implicit retrieval et al., 2000; Schacter, Cooper, Delaney, Peterson, & Tharan).1991
task, a finding that supports the view that familiarity as indexed byOnly the semantic code representation format includes conceptual
frontally focused oldnew effects is an explicit memory phenom- factors that modulate familiarity when recognition is tested explic-
enon. Given these lines of evidence, we are inclined to associaifly and gives rise to frontally focused oldew effects. The visual-
the frontal old'new effects with increased processing fluency by structural representation format entails structural descriptions that
which items are experienced as being more familiar. cannot be represented on a conceptual level and thus do not allow
Why was a frontal effect not obtained in the recognition mem-contextual integration. These descriptions enable recollection but
ory tasks for spatial locations? It has been suggested recently thab other forms of recognition memory. In this vein, the parietally
the N400 component is elicited by items that can be represented ifocused oldnew effects elicited by spatial locations can be con-
a unitized code, a format that represents an item within a particulasidered as correlates of the recollection component of recognition
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Figure 3. (a) Event-related potentials elicited by object-based and spatially based recognition judgments using familiar and low
complexity stimuli at a frontalFz) and parietal(P2) electrode site(b) Topographic distribution of the early oldew effects
(300-600 myin both tasks. These and all following topographic maps were calculated with a two-dimensional spherical spline
interpolation algorithm using a radial projection from Cz, which respects the length of the medidaPands, Pernier, Bertrand, &
Echallier, 1989.

memory. We take this pattern of results to suggest that object fornextra study time. This dissociation has been taken to suggest that
recognition and spatial recognition rely differentially on recollec- recognition unlike recall depends on perceptual priming processes
tion and familiarity. In other words, there is a distinction between (an implicit memory phenomengnhat are not reliant on medial
a conceptually based representation system, accessible by objgemporal lobe structures, whereas recall, an explicit memory phe-
forms and enabling increased processing fluency in a recognitionomenon, is reliant on the integrity of medial temporal lobe
memory test, and a perceptually based, less flexible format thastructures.
mainly enables recollection. As only recognition memory for ob-  Other models, however, assume that familiarity and recollec-
ject forms but not for spatial locations gives rise to late-occurringtion are both part of an explicit memory system that is damaged
old/new effects maximal over the frontal scalp, it is conceivableafter amnesia. This view is based on results showing that amnesic
that the postretrieval operations reflected in these effects are comatients were similarly impaired in Remember and in Know rec-
tingent upon conceptual semantic representations. ognition responseKnowlton & Squire, 1995and on other stud-
ies that revealed highly similar impairments in recall and recognition
in amnesic patient$Haist, Shimamura, & Squire, 1992These
SUBCOMPONENTS OF RECOGNITION MEMORY: results support the view that familiarity and recollection recruit the
BRAIN SYSTEMS AND FUNCTIONAL SIGNIFICANCE same brain mechanisniZola & Squire, 1999
Under the abovementioned assumption that the two subcom-
ponents of recognition memory are explicit and implicit memory
phenomena and by this depend on different brain structures, rec-
An important issue concerns the brain systems underlying thegnition memory for spatial locations that is more reliant on rec-
familiarity and recollection components of recognition memory. In ollection should be more degraded in amnesic patients as compared
some models the distinction between familiarity and recollectionwith recognition memory for object forms for which an additional
appears similar to the distinction between implicit and explicit familiarity component can be assumed. In this case the parietal
memory. In fact, dual-process models differentiate between amwld/new effects should be attenuated whereas the frontghela
explicit recollection component and a more perceptually baseeffects should be spared in the amnesic patients.
familiarity component(Jacoby & Dallas, 1981 This view, that We tested these predictions by performing an recognition mem-
familiarity and recollection are implicit and explicit memory phe- ory experiment with a group of patients who had transient global
nomena and by this depend on different brain structures, is builischemia(TGI) due to cardiac arre$Mecklinger, von Cramon, &
on dissociations in amnesic patients between impaired perforMatthes-von Cramon, 1998Although TGI leads to a variety of
mance on recall tasks and intact performance in recognition menmmeuropathological changes, some brain regions such as the medial
ory tasks. To illustrate this point, Volpe et @ll986 found that  basal temporal lobe@ncluding the hippocampal formatiprare
recognition memory performance in amnesic patients was compaselectively vulnerable to a lack of blood and oxygen suflgrvos-
rable to controls, whereas there was a pronounced decline in tHdavarro & Diemer, 1991l Consequently, six of the eight patients
patients’ recall performance even when the patients were givestudied were amnesic according to a criterion of scoring well on 1Q

Familiarity and Recollection in Amnesic Patients
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tests of non-m_nemgnic abilities and performing poorly on tests of Spatial Task

mnemonic abilities like the Wechsler Memory Scale-Revistdch-

sler, 1987. The patients and a group of 24 age-matched controls

performed the object and spatial recognition memory taskth- .

out mirror-based judgmentsising a blocked presentation of both Controls Patients
conditions.

As expected, task performance was poorer for the patients tharfF/Z,
for the controls. The mean proportion of correct responses was
72% in the object taskcontrols 94% and 74% in the spatial task
(controls 95%. Even though the patients’ performance level was
low, it was significantly different from chance for seven patients in
the object task and for six patients in the spatial task. The ERP
waveforms evoked by correctly classified old and new responses
for patients and controls in both tasks are shown in Figuyabfect PZ
task and Figure Sspatial task

In showing frontally focused olthew effects in the object task =~ ==
and parietal maximal olthew effects in the spatial task, the con-
trol group data resemble those obtained in previous experiments
using the same experimental paradigm with randomized task pre-
sentation(Mecklinger, 1998. Interestingly, neither task evoked
any old/new effects in the patient group. This result is further -10+uVv
illustrated in Figure 6, which shows the mean amplitude measures | . old
of the old/new effects in the 300-600-ms time interval for those
patients who performed above chance in the respective memoryo'2
task. The mean olthew effects in the control group were around
3 wV, whereas no corresponding effects were obtained for eitheFigure 5. Event-related potentials elicited by spatially based recognition
patients. judgments in patients with transient global ischer(if@l) (right) and

This pattern of results implies that under the assumption thafnatched controlgleft).
object-based and spatial-based recognition judgments differen-
tially rely on familiarity and recollection, both processes depend
on brain structures damaged after TGI. Therefore, these results add

——t—t sec —
0.2 0.6 new

Object Task

Controls Patients

-10 T nv

— ——+—+—+—— seC
-0.2 0.2 0.6

— new

to the increasing evidence that the recollection and familiarity
components of recognition memory are related functions of de-
clarative memory and depend on the brain systems damaged in
amnesia(Gabrieli, 1999; Haist et al., 1992; Knowlton & Squire,
1995.

Given that the patients showed neither a familiarity-related ERP
effect nor a recollection-related ERP effect, the issue arises as to
how the patients performed the task. The fact that most patients
performed above chance suggests that some form of nondeclara-
tive memory is spared after TGl and must have contributed to
recognition performance. A likely candidate could be perceptual
priming, a form of nondeclarative memory that is spared in am-
nesic patient§Cermak, Verfaellie, & Chase, 19953However, in
the present experiment a fixed set of items was used interchange-
ably as old and new items in different task blocks such that in-
creased processing fluency could not build up across the experiment.
We rather assume that another form of nondeclarative memory,
which is learning skills for accessing and retrieving memory in-
formation, is spared after TGI. Because skills learning of similar
kinds has been found in amnesic patients for unique and non-
repeated itemge.g., Cohen & Squire, 198@ is not unlikely that
such skills were acquired and applied to multiple objects and lo-
cations in the present study. In support of this view we found
performance improvements between the first and the last test block
in both recognition tasks in the patients that were of similar mag-
nitude to those obtained for control®ecklinger, von Cramon,
et al.,, 1998 To summarize, the combined behavioral and ERP
data suggest that both components underlying recognition memory

Figure 4. Event-related potentials elicited by object-based recognition judg-"n €Xplicit tasks are affected similarly by TGI. This finding implies

ments in patients with transient global ischertii&!) (right) and matched
controls(left).

that declarative memory functions, even though they are reflected
by ERP components, are not necessarily required for recognition
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Figure 6. Magnitude of the early ol¢thew effects of transient global ischen(i@Gl) patients that performed above chance in the
recognition tasks and the mean ghéw effects of the corresponding controls in the objéeft) and spatialleft) recognition task.

memory performance. Rather, in the present study it may be a forrelicited by forget and remember items. In detail the predictions
of nondeclarative memory, that is, skill learning and acquisition,were as follows: If a remembgorget instruction is delayed with
that guides recognition judgments without giving rise to ERPrespect to item presentation it should not render forget words less
modulations. familiar than remember items. Consequently there should be no
differences in the frontal oljthew effect as a function of rememliger
forget instruction. Second, an instruction to forget should result in
reduced retrieval of aspects of the study episode, that is, a lower
proportion of trials with conscious recollection, and therefore the
The studies reviewed so far suggest that different spatiotemporglarietal olg'new effects should be attenuated. Finally, given that
patterns of the olghew effects can be associated with the famil- the right frontal effect is related to retrieval success, that is, eval-
iarity and recollection subcomponents of recognition memory inuation or monitoring effects contingent on successful retrieval, it
direct tests of memory. An additional ERP effect, which onsets ashould be smaller for forget items for which fewer retrieval prod-
the time the response is executed at right frontal recording sitegjcts are available. These predictions were tested using a directed
seems to be associated with postdecision evaluation and monitofergetting paradigm. The study phase consisted of an equal number
ing processes. Both the frontal and the parietaloiv effects are  of remember and forget word480 words in total presented in
differentially modulated by the informational conténobject forms ~ random order. Each word was followed by a remember or forget
and spatial locationsof recognition and can be considered as instruction after a delay of 2.5 s. The subsequent test phase in
declarative memory functions that rely on the brain systems damwhich the subjects were instructed to respond old to all previously
aged in amnesia. To allow more detailed proposals about the funseen words, irrespective of the rememferget instruction, com-
tional significance of the different ofthew effects, that is, the prised all study words and an equal number of new wdsd®
subprocesses of recognition memory they are associated with, it idlisperger et al., in press
important to examine how these effects are modulated by task Reaction times were faster and error rates were lower for re-
variables usually used in direct tests of memory and to examinenember words than for forget words, indicating that the forget
how the subprocesses underlying these effects operate in concertittstruction was effective. Figure 7a shows the ERP waveforms for
enable adequate recognition judgments. correctly classified new and old words associated with either a
The task variable we manipulated wadigected forgetting Ull- remember or forget instruction. There are pronounced spatiotem-
sperger, Mecklinger, & Milller, in pregsA well-established but poral differences between the gltew effects for both word types.
also poorly understood phenomenon in experimental memory reFigure 7b shows the topographic distribution of the/olew ef-
search is that study items that are followed by an instruction tdects in three successive time windows. Consistent with our pre-
forget are more poorly remembered than items instructed to beliction, both forget and remember words elicited a topographically
remembered. At least three different mechanisms have been praimilar frontal old/new effect between 350 and 550 ms, which,
posed to explain this directed forgetting effect: differential encod-however, was larger in magnitude for remember than for forget
ing (Bjork, 1972, formation of separate storage sets for both words. Second, a parietal effect in the 550—850-ms time interval
remember and forget itentEpstein, 1972 and an inhibition mech-  was obtained for remember words but not for forget words. A late
anism that blocks the retrieval of forget iterfidacLeod, 1989 right frontally focused oldnew effect arises at around 800 ms and
We assumed that if an instruction to forget initiates a process byeaches its maximum between 900 and 1,200 ms. Most interest-
which the access to that item is inhibited during retrieval thisingly the right frontal effect was larger for forget words than for
additional process at the time of retrieval should be reflected by aemember words and also displayed a somewhat different scalp
qualitatively different spatiotemporal pattern of gfeew effects  distribution. This latter result, together with the poorer memory

Probing the Functional Characteristics
of the Different Old/New Effects
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Figure 7. (a) Event-related potentials elicited by correctly recognized to-be-remembered WHEdR:-hit), correctly recognized
to-be-forgotten word$TBF-hit) and by correct rejections in a directed forgetting tabk.Topographic distribution of the correspond-
ing old/new effects for remember and forget words in the three consecutive time intervals.

performance for forget items, is at odds with the retrieval successre engaged, some of which are context dependent, for example,
account of the late right frontal effe€Donaldson & Rugg, 1998; higher evaluation demands when few retrieval products are avail-
Wilding & Rugg, 1996. The present result is more consistent with able or when the valence of items are changed from irrelevant
the view that an ensemble of evaluation or monitoring processeéstudy) to relevant(tesy (cf. Henson, Rugg, Shallice, Josephs, &
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Dolan, 1999; Wagner, Desmond, Glover, & Gabrieli, 1p8@8was  studied lure words. However, lure words by definition are highly
the case for the forget words but not for remember words in theassociated with a large number of studied words, whereas old
present study. words are selected based on their relationship with the lure words
The implications of these results for the understanding of thebut not for their relationship with each other. This asymmetric
mechanisms involved in directed forgetting are twofold: First, therelationship between old and lure words can lead to different re-
presence of qualitatively different gldew effects at parietal and sponse criterions for lure and old wor@diller & Wolford, 1999)
right frontal recordings sites argues against the view that directednd can also assert differential effects on the ERPs evoked by lure
forgetting effects arise solely from the modulation of an unidimen-and old words when these are presented intermixed in a test phase
sional variable such as elaboration during encodisge Paller, (cf. Rubin et al., 1999 To overcome these limitations we used
1990, for similar argumentsThey do, however, suggest that rec- semantic categories as stimulus materials and selected old words
ognition judgments for words associated with a forget instructionand similar words from the same semantic categhigssler, Meck-
are based mainly on familiarity followed by more extensive post-linger, & Penney, submittgd
decision evaluation demands. Judgments for remember words are In a first experiment, we examined gliew effects to old words
based on a combination of recollection and familiarity and requireand categorically relatetsimilar) words. If false recognition of
fewer evaluation processésee Ullsperger et al., in press, for a similar words relies on general familiarity and true recognition of
detailed discussion of implications for models of directed forgekting old words results from recollection of item-specific information
from the study episode, false recognition should evoke a frontal
ILLUSORY MEMORIES old{new effect whereas true r_ecognition should evoke frpntal and
parietal effects. Conversely, if, as suggested by Roedinger and
The purpose of a final set of experiments was to examine thévicDermott(1995, false memories can be the result of conscious
subprocesses contributing to illusory recognition memory. In arecollection there should be no qualitative differences between the
typical experimental setting, illusory or false recognition can beold/new effects evoked by true and false recognition.
inferred from old responses to new words that are on some level To prevent perceptual fluency for old words in the test phase a
related or similar to previously studied words, be it phonologically cross-modal recognition memory task was used. In the study phase
(Rubin, Van Petten, Glisky, & Newberg, 1998emanticallf{Roe-  the subjects listened to 150 wor( exemplars selected from 25
dinger & McDermott, 1995 or episodicallyMiller & Gazzaniga, categoriesand in the subsequent test phase a total of 300 words
1998. For related new words this false-alarm rate is usually higher(150 old words, 100 similar words drawn from the study catego-
than the false-alarm rate to new unrelated items. Various accountses, and 50 new words drawn from new categorigse hit rate
have been proposed to explain false recognition: For exampleyas 73% and the false-alarm rate to similar words amounted to
false recognition is assumed to reflect encoding failures, becausg0% and thus was considerably higher than the basic false-alarm
subjects generate similar items during study of associated itemsate(12%). Figure 8a shows the ERPs evoked by correctly rejected
By this, false recognitions result from source confusions duringnew words and by old responses to similar and old items. The
recognition because it cannot be inferred whether an item watopographic distribution of the ofshew effects in an early400—
studied or generated. The role of such an associative process is al660 mg and a latg1,200-16,00 mstime interval evoked by true
emphasized in more retrieval-oriented models of false memorieand false recognitions is illustrated in Figure 8b. Notably, there
(cf. Schacter, Norman, & Koutstaal, 199®attern separation fail- were reliable frontal, parietal, and right frontal gicew effects for
ures during encoding lead to good memories for what items haveld items, whereas for lure words there was a small but statistically
in common(e.g., categorical relatedngdsut to poor memory for  reliable, slightly right lateralized frontal ofethew effect in the 400—
distinctive, item-specific information. This view is similar to a 600-ms time interval, and at parietal sites starting around 600 ms
distinction proposed by Conway and Rulfl®93, who referredto  old responses to lure words gave rise to a negative slow wave with
different forms of memory based on general event knowledge and duration of about 1,000 ms. Interestingly, the late right frontal
event-specific knowledge. The view that false memories arise mainlpld/new effect, starting around 1,200 ms, was indistinguishable
from familiarity-based recognition judgments was, however, chal-for true and false recognition judgments.
lenged by a study by Roedinger and McDern{@895. Using the Given that the frontal olghew effect though significant, was
RemembefKnow procedure they showed that false recognitionsmall, we considered alternative measures of familiarity. We di-
responses were accompanied by remember judgments as freectly contrasted old and new responses for lure items because lure
quently as correct recognitions, indicating that under some circumwords that attract an old response should be more familiar than
stances recollectiofor at least the feeling of recollectipoccurs  those that are rejected. In fact, as can be seen in Figure 9, new
for similar but new items. responses to lure words evoked a pronounced frontal negative
component that was attenuated for old responses to lure words.
The negative component might reflect search in episodic memory
by which recollected information about the specific study words
Words that are categorically related to studied words presumablallows rejection of semantically related lure words. A similar view
are more prone to feelings of familiarity than words for which no has been proposed by the “recall-to-reject accog@tark, 1992;
such relationship exists and therefore should show a unique ERRintzman & Curran, 1994 The absence of this component reflects
signature. Measuring ERPs evoked by old words and categoricallg failure in accessing item-specific, within-category information
related new words should allow estimations of the contribution ofthat can be best described as “illusory familiarity.” The lure words
recollection and familiarity to true and false recognition judg- may remind the participants of the studied words. In support of the
ments. Most of the ERP studies of false memories used the sodew that false recognition is based on illusory familiarity rather
called Deese paradigiDeese, 1950in which participants study than recollection, there were no statistically reliable ERP differ-
sets of words that are all semantically associated with nonstudiednces between correct and erroneously classified lure words at
(lure) words. At test, false recognitions are examined for the non-parietal recording sites in this time interval.

Neurophysiological Aspects
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Interestingly, both illusory and correct old judgments evokedunitary functional account of the right frontal effects. Rather, these
late right frontal olgdnew effects. Moreover, the effects were also results suggest that it is the retrieval context and not the further
present though less pronounced for correctly rejected lure wordgrocessing of recollection products that drives these effects. In the
The absence of a parietal gliew effect for lure words suggests present study a low proportion of new words appeared among a
that familiarity assessment may have been the basis for false resequence of categorically related words and subjects might have
ognitions, so that this pattern of results again argues against adapted a retrieval strategy of attempting to recover information
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Figure 9. Event-related potentials to correct rejections and false alarms to lure wordglaftFand the topographic distribution of
the corresponding difference wave in an egdy0—480 mstime interval(right).

from the study phase whenever an familiar item was presentedscalp. Several ways to overcome this ambiguity in estimating the
Conversely, the cross-modal character of the tasldy: visual;  neuronal generators of a scalp recorded voltage pattern have been
test: auditory may have caused a change in retrieval context thaproposedsee Kutas & Dale, 1997; Nunez, 1984 particularly
led to a more careful evaluation of familiar words. promising approach is to constrain the dipole configurations by
The old/new effects were not the only features that distin- means of fMRI recordings. Such fMRI recordings allow identifi-
guished old responses to old and categorically related words. Asation of the brain regions recruited by information processing
shown in Figure 8a, only old responses to lure words evoked activities with a relatively high spatial resolution and it seems
negative slow wave over parietal recording sites. Moreover, oldeasonable to assume that the neuronal activity that produces scalp-
response times to lure words were about 200 ms longer than nevecordable voltage patterns also causes changes in hemodynamic
responses to new words and the slow wave differences were largegstocesses that can be visualized by means of fNiRI Opitz,
between these two conditions, suggesting that the negative sloMecklinger, Friederici, & von Cramon, 1999
wave apparently is related to response times. Slow waves with To examine the neuronal mechanisms that contribute to the
similar timing, functional, and topographical characteristics haveaforementioned recognition-related ERP effects, we conducted the
been elicited by false-alarm response in an exclySimiusion  above-described, illusory recognition experiment with fMRI re-
recognition memory taskWilding & Rugg, 1997. cordings. The functional imaging data were then used as “soft”
The present results show that the spatiotemporal fractionatioeonstraints(Dale & Sereno, 1993in estimating the dipole con-
of ERP old/new effects allow some important insights in the na- figurations of some of the recognition-related ERP effects. The
ture of illusory memories. The study differed from other false fMRI experiment was identical to the ERP study with the excep-
memory studiegDUzel, Yonelinas, Mangun, Heinze, & Tulving, tion that the interval between two words in the test phase was
1997; Johnson, Nolde, Mather, Kounios, Schacter, & Curran,)1997increased from 3.6 to 6.75 s. Sixteen subjects were tested and
by the low false-alarm rate and the control for bidirectional se-imaging was performed with a Bruker 3T scanner. The blood
mantic relationships. The results indicate that false recognitions obxygen level dependertBOLD) response was acquired from 16
categorically related words arise from illusory familiarity that gives axial slices parallel to the AC-PC lin€Slice thickness: 5 mm,
rise to increased evaluation demands, whereas correct recognitioimgerslice distance: 2 mmImage acquisition was synchronized
rely on both familiarity and recollection and in the present retrievalwith the onset of the test phase stimuli, allowing an event-related
context evoke similar postdecision evaluation processes. analysis of the BOLD signaffor details of signal analysis see
Mecklinger, Nessler, Penney, & von Cramon, 19®ased on the
outcome of the ERP experiment our fMRI analysis focused on the
Hemodynamic Brain Activity following two aspects: the early frontal negative component elic-
ited by correct rejections but not by false alarms to lures and the
ERP measures provide excellent temporal resolution for studyindpilateral parietal slow wave elicited by false alarms to categori-
the subprocesses contributing to recognition memory, but infereally related words.
ences about the neuronal generators of these effects are problem-
atic. Our discussion of the oldew effects so far implies that
different aspects of the retrieval process are associated with a 2t should be noted that the soft-constrained dipole analysis approach
characteristic pattern of neuronal activity that gives rise to a parwas also applied to other effects, that is, the/ak differences in the
ticular ERP olgdnew effect. However, determining the location, middle and the late time intervals. However no biologically and statistically

strength, and orientation of the neuronal sources that contribute t@aﬁonablet)ffsulti Weg obtained, Suggeﬁtiﬂg that mqltt:pledsourr?es‘ not all
. - them visible in the BOLD response might have contributed to these ERP
the scalp-recorded ERP components is an ill-posed problem. Th%ﬁfects. Conversely, the regions showing increased hemodynamic re-

is, in principle there are an infinite number of dipole configurations sponses do not necessarily lead to enhanced electrical responses at the
inside the brain that can produce a given voltage pattern on thecalp(see Opitz et al., 1999
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As is apparent from Figure 9, the early difference between oldresponses to old words. A single dipole model that constrained the
and new responses to lure words was restricted to medial-frontalipole location to the medial-frontal cortex fMRI activation focus
recording sites. As outlined above, the negativity might be relatedaiccounted for 86.4% for the variance in the grand-average ERP
to some sort of recollection required to reject similar wditdmtz- data in the 640—800-ms time interval in which the slow wave was
man & Curran, 1994; Rotello & Heit, 1999Thus, contrasting the most pronouncedcf. Figure 13.

BOLD response for new and old responses to lure words should The combined analyses of ERP and fMRI data revealed some
enable us to identify brain regions that are required for the retrievaimportant insights into the brain mechanisms recruited by the rec-
of this event-specific episodic information. Figure 10 shows brainollection and familiarity subcomponents of recognition memory.
regions for which significantly largeip < .00J) brain activations  The right IFG activation for correctly rejected lure words relative
were found(averaged across 16 subjedisr correct rejections of  to false alarms to these words is consistent with results from pre-
lure words than for false alarms to lure words. This right hemi-vious neuropsychological and neuroimaging studies showing that
sphere activation is located in the pars orbitalis of the inferiorthe right IFG(i.e., BA 10/11) is recruited by episodic retrieval
frontal gyrus(IFG) (Talairach coordinates: 39, 35) (see Talai- (McDermott, Buckner, Petersen, Kelley, & Sanders, 1999; Wagner
rach & Tournoux, 1988 et al., 1998 or when event-specific retrieval of prior study infor-

A similar though smaller activation pattern was obtained for themation is requiredSchacter, Curran, Galluccio, Milberg, & Bates,
corresponding left hemisphere region. In a second step we pett996. The ACC is considered to be part of an anterior attention
formed a dipole analysis of the medial frontal ghétw effect for  network, activated under conditions of response competition. Re-
lure words. A realistically shaped head model with three volumesponse competition occurs whenever response selection require-
(brain, skull, scalpwas developed using the boundary elementments are demanding and the likelihood of committing an error is
method(Zanow, 1997. Dipole locations were kept fixed at the left high, as, for example, when a competing response has to be sup-
and right IFG regions activated in the fMRI stugsf. Figure 1J. pressedAwh & Gehring, 1999; Carter, Braver, Barch, Botvinick,
With these constraints dipole orientations and strength were fittedNoll, & Cohen, 1998; Turken & Swick, 1999It is conceivable
using the grand-average ERP data. This two-dipole model acthat the ACC activation reflects an enhanced response conflict or
counted for 86% of the olthew effect for lure words in the 440— its attentional modulation, caused by the requirement to classify
480-ms time interval in which the effect was most pronounced.categorically familiar words as “new.”

Echoing the right hemisphere preponderance of the fMRI data, the
estimated dipole strength was considerable higher in the right thaWODELING MEMORY RETRIEVAL

n t?ﬁ left hemcljsrér;;;e];_ di ¢ cular i h In this section | will summarize the electrophysiological evidence
€ secon Inding of particular interest was the pro-¢,,q multicomponent view of recognition memory and present a

hounced bilat_eral _negative slow wave elicited by false alarms nodel of the facets of episodic memory retrieval. Recent neuro-
lure words. Given its co-occurrence with prolonged response time sychological findings on the brain mechanisms mediating the

it is conceivable that the pronounced bilateral negative slow wav ubcomponents of recognition memory will be reviewed and fi-

reflects motor-related processes related to prolonged false alar%lly the role of working memory in episodic retrieval will be
responses. As shown in Figure 12, contrasting old responses to lufe ‘.o ..

words with new responses to new words revealed significant ac-

tivation in the anterior cingulate cortéACC) (Talairach coordi- - )

nates:—9, 8, 40. A similar frontomedial cortex activation, though Facets of Recognition Memory Retrieval

slightly more anterio Talairach coordinates: 3, 21, B&/as ob-  The experiments discussed so far support the view that recognition
tained when old responses to lure words were contrasted with olchemory is a multicomponent process the aspects of which can be

Figure 10. A sagittal, coronal, and lateral view of functional magnetic resonance ima@gwigl) activation patterns in the pars
orbitalis of the inferior frontal gyru$lFG). This brain region was stronger activated by correctly rejected than by falsely classified lure
words.



Recognition memory 577

POONANN
SESN)

a8

17

440 .. 480 msec

Figure 11. Location and orientation of the two inferior frontal gyrti§G) dipoles that accounted for 86% of the variance in the “old”
to lure minus “new” to lure difference wave in the event-related potential experiment.

Figure 12. A sagittal, coronal, and lateral view of the functional magnetic resonance imaigl) activation in the anterior
cingulate corteXACC). This brain region was stronger activated by falsely classified lure wgadd” to lures) than by correctly
rejected new wordg‘new” to new).
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Figure 13. Asingle dipole constrained to the functional magnetic resonance imé&ditiy ) activation pattern in the anterior cingulate
cortex (ACC) accounted for 86% of the variance in the “old” to lure minus “new” to new event-related potential difference waves.
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A Neurocognitive Model of Recognition Memory

Processes Familarity Recollection Post-retrieval
assessment evaluation

ERP-correlate frontal old/new parietal old/new late right frontal
effect effect old/new effect

Timing 300 .. 500 msec 400 .. 700 msec 800 msec...

Exp. Manipulation | < Object recognition * Spatial recognition * Object recognition
* TBR and TBF words  * TBR words « larger for TBF than
* False and correct * Correct recognitions for TBR words

recognitions * False and correct
recognitions

Brain Systems MBTL MBTL Right PFC

Perirhinal cortex (?) EHDC (?7)

Figure 14. A neurocognitive model of recognition memory. Note that “Exp. Manipulations” is not a survey of studies in which
event-related potential ofdew effects have been reported. Rather, for reasons of simplicity only those experiment reported in the
present paper are illustrated. TBR to-be-remembered; TBF to-be-forgotten; MBTL= medial-basal temporal lobes; PRE
Prefrontal cortex; EHDG= extended hippocampal-diencephalic complex.

associated with spatiotemporally distinct aspects of the ERP oldpoint of view this frontal olgdnew effect may reflect the assess-
new effects. The main features of the episodic memory retrievament of links in long memory that associate a particular item with
model are illustrated in Figure 14. In the temporal domain we wereother long-term memory information without necessarily forming
able to distinguish three effects: First, familiarity assessment irarger representational units that allow recollection processes to
intentional retrieval tasks is associated with a frontal/okv occur.
effect between 300 and 500 ms. It is the first electrophysiological Even though this empirical evidence together with its unique
sign of differential processing of old and new information and itsfrontal scalp distribution and its timing characteristics suggests
elicitation presupposes some form of representation format thahat this effect reflects a unique, familiarity contribution to recog-
allows integration of an item into the context in which it was nition memory, it is still conceivable that recollection contributes
presented. Even though this frontal effect in some instances ovete this effect. An interesting hint about the functional significance
laps temporally with the parietal oldew effect, it is topographi- of the early frontal oldnew effects was provided recently by Cur-
cally distinctive from the parietal effect and reflects different memoryran(in press. He showed that in one of two experiments there was
processes. This frontal effect is elicited by line drawings of objectsa frontal positive difference between correctly rejected new and
but not by spatial locations that cannot be represented at a cordre words, a comparison that excludes a contribution of recollec-
ceptual level(Mecklinger, 1998 It is found for words that sub- tion. Further research along these lines will be required to obtain
jects were instructed to forget during encodifidjlsperger et al., a more detailed picture of the processes reflected in the frontal
in press$ and it is insensitive to levels of processing instructions old/new effect.
(Rugg et al., 1998 It is similar for words that share similarities The second effect in the temporal domain is a clear correlation
with studied words and for studied words prop@urran, in press between recollection and the parietal aiéw effect. The parietal
This frontal old/new effect is also found when words that are old/new effect is temporally delayed and, depending on stimulus
categorically related to studied words are classified erroneously amaterials and testing conditions, reaches its maximum between
old but not when these words are correctly rejected. One asped00 and 700 ms. It is sensitive to levels of processing during study
that all these stimuli eliciting the frontal oldew effect have in  (Rugg et al., 1998and other manipulations that enhance recol-
common may be that they “remind one of somethihfyecause lective experiencéPaller & Kutas, 1992; Paller, Kutas, & Mclsaac,
their unitized representation formats allow this. The line drawings1995; Ullsperger et. al., in presdn addition the parietal olthew
of objects remind one of similar drawings, the forget words remindeffect appears to be correlated with the subjective experience of
one of studied remember words, or the semantically similar luregecollection(Duzel et al., 1997; Smith, 1992nd it clearly sepa-
words remind one of their studied associates. From a processingtes correctly classified studied items from erroneously classified
categorically related word&urran, in press; Nessler et al., sub-
mitted) or words that shared syllables with studied wotBsibin

3| want to thank Cyma van Petten for bringing my attention to this €t al., 1999. Based on topography, timing, and sensitivity to ex-
aspect. perimental manipulation, at a component level this effect presum-
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ably reflects modulations of the P300 component, which is assumetbn, 1997; Ennaceur, Neave, & Aggleton, 199%hereas lesions
to be associated with context updating proce&Seschin & Coles,  in perirhinal cortex, which also houses a large number of visually
1988, Spencer et al., in prgss responsive neurons, had no disrupting effect.

A third electrophysiological aspect contributing to recognition ~ Neuropsychological studies show that lesions to the perirhinal
judgments was a late oldew effect that in all studies reported cortex that spare the hippocampus can impair some forms of mem-
above onset at the time the response was executed, extended futy but do not lead to anterograde amnesia. A patient described by
several hundred milliseconds, and was dominant at right frontaKapur et al.(1994 with extensive bilateral damage to the temporal
recording sites. This late right frontal effect was larger for wordslobes mainly sparing the hippocampus showed no anterograde am-
associated with a forget instruction for which no parietal effectnesia but a retrograde amnesia with deficits in semantic and factual
occurred and was indistinguishable for correct and illusory recogknowledge. Conversely, Vargha-Khadem, Gadian, Watkins, Con-
nitions. Senkfor and Van Pettéh998 reported abilatera) fron- nelly, Van Paesschen, and Mishkih997) reported the reversed
tal effect beginning at about 700 ms that did not distinguish trialsdissociation after hippocampal pathology that spared the adjacent
with accurate and inaccurate source judgmésee Penney, Meck- temporal cortices. These patients, who had had a perinatal hyp-
linger, Hilton, & Cooper, 1999, for similar resujtsNotably the  oxia, showed intact factual knowledge and reading comprehension
reaction times were around 1,650 ms in the study by Senkfor antiut a pronounced amnesia for everyday autobiographic events.
Van Petten. These findings argue against a unitary functional acAlthough the retrieval of autobiographic information presupposes
count of long duration frontal olthew effects(i.e., retrieval suc-  conscious recollection, impairments in semantic and factual knowl-
cess or retrieval effoytand rather suggest that it reflects more edge cannot necessarily be equated with a degradation of familiarity-
global aspects of the context in which retrieval takes place. It isbased recognition. Nevertheless the aforementioned results point
conceivable that these late right frontal effects reflect a tonicallyto a neuroanatomical separation of familiarity and recollection
maintained state entered by the participants in episodic retrievakithin the medial-basal temporal lobes. More convincing support
tasks. In support of this view, Ranganath and Pdll&99 found for a neuroanatomical dissociation of both subcomponents of rec-
that ERPs to correctly rejected new items for which contributionsognition memory needs to be provided by double dissociations
from episodic memory can be excluded differed as a function ofwithin the same experiment and using the same stimulus materials.
the retrieval context, that is, the specificity of information that had The fact that both aspects of recognition memory can be mapped
to be recovered from memory, at left frontal recording sites. Thisonto spatiotemporally distinctive ERP effects adds a new method-
finding suggests that these late-onsetting effects reflect the engagelogical tool to this endeavor.
ment of cognitive operations that are set by the retrieval context
and successful recollection seems not to be necessary for th
elicitation.

In light of the partial temporal and spatial overlap of the A final aspect to be considered is the role of working memory in
three olgnew effects, from a methodological point of view, new intentional retrieval tasks. Previous neuropsychological studies have
techniques that allow a more fine-grained decomposition of spashown that patients with media-basal temporal lobe lesions per-
tiotemporal sources of variance such as spatiotemporal principdbrm well in recognition tasks with retention intervats 15 s
components analysié€Spencer, Dien, & Donchin, 1999analy-  (Cave & Squire, 1992; Chao & Knight, 1995This finding indi-
ses of source current distributiofi§ndsche, Maess, & Friederici, cates that for retention intervals 15 s, study phase items are
1999; Kutas & Dale, 1997 or the application of methods with maintainable in a short-term working memory store. Therefore
higher spatial resolutions as the magnetoencephaloghdeck- old/new effects obtained with intervals of that duration cannot
linger, Maess, Opitz, Pfeifer, Cheyne, & Weinberg, 19@8e  necessarily be related to episodic memory retrieval but have to
desirable. take into account a working memory contribution. Many studies
examining oldnew effects as a function of repetition lag used
incidental rather than explicit recognition tasks. The few studies,
however, that explicitly tested oldew effects under different re-
Another way that may help to distinguish different subprocesses ofention intervalgcf. Rugg & Nagy, 1989found that with retention
recognition memory is the neuropsychological approach. The abintervals of more than 45 min the early and frontally distributed
sence of frontal and parietal gldew effects in the object and old/new effects disappeared, whereas later parietally focused ef-
spatial recognition tasks performed by amnesic patients who hafiécts were still present. In the studies discussed in the present
TGl due to cardiac arrest supports at first glance the view that botheport the mean retention delay ranged from a minimum of 20 s in
subcomponents of recognition memory depend on the medialthe patient study(Mecklinger, von Cramon, et al., 19980 a
basal temporal lobe memory systégquire & Zola-Morgan, 1992  maximum of 15 min in the directed forgetting stufiyllsperger
Recent neuropsychological studies and results from animal reet al., in press Within this time range there were no apparent
search, however, provide some indirect support for a double disdifferences in the timing and scalp topography of the/oklv
sociation of familiarity and recollection after lesions of the perirhinal effects. Nevertheless we examined the extent to which working
cortex and the hippocampus prodéggleton & Brown, 1999, memory contributes to ERP oldew effects within an experiment.
suggesting an important functional segregation with the medialTherefore the ERP data in one studylecklinger, 1998 was an-
basal temporal lobe system. These studies suggest that familiariglyzed post hoc for good and poor performers, with the assumption
is reliant on the perirhinal cortex inferior to the hippocampusbeing that good performers would have higher working memory
proper, whereas recollection presupposes the integrity of the excapacity than low performers. This analyses revealed that neither
tended hippocampal-diencephalic system, a system that links thiae frontal nor the parietal ofthew effects were statistically dif-
hippocampus proper with the anterior thalamic nuclei. In animalsferent for the two groupscf. Mecklinger, 1998, Figure J0At
lesions to the fornixa fiber bundle carrying hippocampal efferents present, the absence of any differential ERP/otlv effects as a
and afferentsimpaired spatial working memof¥Ennaceur & Aggle-  function of working memory variables in explicit recognition mem-

Hole of Working Memory

Neuropsychological Evidence
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ory tasks is most consistent with the view that the main contribu-of ERPSs in brain-injured patients or with functional brain imaging
tion of working memory comes from rehearsal process in the studytechniques that allow the identification of functionally relevant
test interval by which study phase information enters long-termneuronal structures. Important issues to be solved in further re-
memory. search concern the interdependence of the three patterns /of old
In conclusion, the identification of subprocesses of recognitionnew effects. Additional experimental manipulations are required
memory with three distinct spatiotemporal gifeew effects—an that allow an adequate separation of familiarity and recollection
early frontal effect related to familiarity assessment, a second paand by this separation minimize a potential confound of both vari-
rietal effect related to recollection, and a third process that is tiecables. Similarly, a related important issue is whether conscious
to the task context in which retrieval occurs—provides a usefulfamiliarity and increased perceptual fluency that occurs without
and promising tool for studying the neurocognition of recognition awareness show distinguishable ERP correl@aslgaiyan & Pos-
memory. This holds in particular when the traditional ERP ap-ner, 1997.
proach is integrated with other approaches such as the examination
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