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Event-related potentials (ERPs) were recorded during the test phases of two modified recogni-
tion memory tasks. The study phases for the tasks were identical. In the test phase of the source
task, participants made initial old/new judgments to visually presented words and, for each word
judged old, indicated in which of two voices the word had been heard at study. In the test phase
of the Remember/Know task, participants again made an initial recognition judgment, but then
indicated whether recognition was accompanied or unaccompanied by a ‘‘recollective experi-
ence.’’ Consistent with previous findings, two temporally and topographically distinct effects
differentiated the ERPs evoked by old words attracting correct source judgments from ERPs to
new words. The same two effects, topographically indistinguishable from those in the source
task, were found for the Remember/Know task. The findings support the view that recollection
defined by accurate source discrimination and recollection defined as the subjective experience
of remembering are neurally and functionally equivalent. q 1998 Academic Press

Several models of recognition memory sociated in several ways (e.g., Gardiner &
(e.g., Gardiner & Java, 1993; Hintzman & Java, 1990; Jacoby & Kelley, 1992; Rajaram,
Curran, 1994; Jacoby & Dallas, 1981; Mand- 1993; Yonelinas, 1994), although debate con-
ler, 1980) distinguish between two bases for tinues about just how distinct these two kinds
making a recognition judgment, frequently re- of memory are from both functional (Johnson,
ferred to by the terms recollection and famil- Hashtroudi, & Lindsay, 1993) and neurologi-
iarity. Recollection refers to recognition based cal (Knowlton & Squire, 1995) perspectives.
on the conscious retrieval of a specific study The focus of the present paper is on the pro-
episode. Thus, recollection provides informa- cesses supporting recollection and, in particu-
tion not only about whether a test item is lar, on the similarity or otherwise of the pro-
‘‘old’’ or ‘‘new’’ but also about the context cessing associated with recollection as it is
in which the item was studied. Familiarity, by defined with respect to two different proce-
contrast, refers to recognition based on infor- dures for studying recognition memory. The
mation devoid of contextual content. Familiar- first of these procedures—the process dissoci-
ity-based recognition provides no basis for ation procedure—was developed by Jacoby
discriminating between previously studied and colleagues (Jacoby, 1991; Jacoby, Toth, &
items according to their study contexts. In- Yonelinas, 1993) as a general method by
deed, it is not associated with awareness of which to separate the influence of ‘‘con-
any aspect of a specific study episode. scious’’ and ‘‘automatic’’ processing on be-

Recollection and familiarity have been dis- havior. As applied to recognition memory, the
procedure is used to estimate the relative in-
fluence of recollection and familiarity on rec-This research was supported by a programme grant
ognition memory for a given class of studiedfrom the Wellcome Trust. The authors are grateful to

D. L. Nelson and two anonymous referees for their com- items. The procedure is based on a number of
ments on a previous version. key assumptions, chief among which are that
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ity to retrieve contextual (source) information,of St Andrews, St Andrews, Fife KY16 9JU, UK. Fax:

(/)1334-463042. E-mail: mdr@st-andrews.ac.uk. and that the relationship between recollection
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48 RUGG, SCHLOERSCHEIDT, AND MARK

and familiarity is one of independence. The (Gardiner & Java, 1993; Richardson-Klavehn,
Gardiner, & Java, 1996) that there need be noprocedure, and its attendant assumptions, has

stimulated much debate (e.g., Dodson & John- correspondence between these two concep-
tions of recollection, since they are defined inson, 1996; Graf & Komatsu, 1994; Mulli-

gan & Hirshman, 1997; Richardson-Klavehn, quite different terms. According to this argu-
ment, the process dissociation procedure isGardiner, & Java, 1996; Toth, Reingold, &

Jacoby, 1995). predicated on a definition of recollection as
the ability intentionally to use contextual in-A different approach to separating the two

bases of recognition memory was proposed by formation to control responding. The remem-
ber/know procedure, by contrast, identifiesTulving (1985) and subsequently employed in

a series of studies by Gardiner and his col- recollection with the phenomenal experience
of remembering the past, irrespective ofleagues (e.g., Gardiner, 1988; Gardiner &

Parkin, 1990; Gardiner & Java, 1990, 1991; whether retrieval is intentional, or whether re-
trieved information is used to control behav-see also Rajaram, 1993). The ‘‘Remember/

Know’’ procedure requires participants to ac- ior. In contrast to this view, Jacoby and his
associates (Yonelinas & Jacoby, 1995; Ja-company ‘‘old’’ recognition decisions by an

introspective judgment about whether recog- coby, Yonelinas, & Jennings, 1996; see also
Donaldson, MacKenzie, & Underhill, 1996)nition was accompanied by a ‘‘recollective ex-

perience,’’ in which case a ‘‘Remember’’ re- have argued that the process dissociation and
remember/know procedures are functionallysponse is made, or whether instead the partici-

pant just ‘‘knew’’ that the item was old equivalent, so long as the assumption is made
that recollection and familiarity are indepen-because it felt familiar, in which case a

‘‘Know’’ response is given (in a recent ver- dent bases for recognition. These authors ar-
gued that the principal difference between thesion of this procedure [Gardiner, Java, &

Richardson-Klavehn, 1996], the range of op- definitions of recollection embodied in each
procedure is that the remember/know proce-tions was extended to include recognition

based on a guess). Recollective experience re- dure tends to provide higher estimates of rec-
ollection, because retrieval of any aspect of afers to awareness of any aspect of the learning

episode, whether external (e.g., speaker voice) study episode, rather than only those aspects
that permit contextual discrimination, countsor internal (a particular association engen-

dered by a study item) to the participant. Re- as recollection (see also Perfect, Mayes,
Downes, & Van Eijk, 1996).member responses are identified with recollec-

tion, whereas know judgments are considered In the present study, the question of the
similarity of the processing associated withto reflect recognition based on familiarity.

Several experimental variables have been re- operational and experiential definitions of rec-
ollection was investigated from a neurophysi-ported to have dissociative effects on these

two classes of recognition judgment (see the ological perspective. This was achieved by
comparing the event-related brain potentialsaforementioned references).

The question addressed in the present stud- (ERPs) elicited by recognition memory test
items defined as ‘recollected’ by the two ap-ies is whether the two approaches to defining

recollection described above—the opera- proaches. The rationale for this approach lies
in the assumption that if two experimentaltional approach of Jacoby and the experiential

approach of Gardiner—are convergent. More conditions are associated with qualitatively
different patterns of brain activity, then thereprecisely, are the memory processes that sup-

port recollection, as defined by the ability to are strong grounds for proposing that the dif-
ferent conditions engaged at least partiallyretrieve contextual information about a study

episode, the same as those that underlie recog- non-overlapping neural, and hence functional,
processes. By contrast, purely quantitative dif-nition accompanied by the phenomenal expe-

rience of ‘‘remembering’’? It has been argued ferences between two conditions are more

AID JML 2555 / a014$$$$42 06-10-98 06:05:47 jmla AP: JML



49ERPs AND RECOLLECTION

likely to constitute evidence for different lev- the left parietal ERP old/new effect may be an
electrophysiological correlate of recollectionels of engagement of the same neural/func-

tional processes. In the case of ERPs, the dis- (Paller & Kutas, 1992; Paller, Kutas, & Mc-
Isaac, 1995; Rugg, Cox, Doyle, & Wells,tinction between qualitative and quantitative

differences reduces to the distinction between 1995; Smith, 1993; Wilding, Rugg, & Doyle,
1995; Wilding & Rugg, 1996). In two studieseffects with different scalp topographies (i.e.,

different spatial distributions of electrical ac- (Smith, 1993; Rugg, Wells, & Doyle, cited in
Rugg, 1995), the effect was found to betivity across the scalp), and effects that while

differing in their magnitudes, are topographi- greater in magnitude for ERPs elicited by
items that attracted Remember responses thancally equivalent (Rugg & Coles, 1995). This

is because topographical differences can only for ERPs to items attracting Know responses,
suggesting that the effect reflects processesoccur if the neural generators of the respective

ERP effects differ either with respect to their associated with the subjective experience of
recollection (see also Düzel, Yonelinas, Man-loci or to the relative strengths of their activa-

tion. By contrast, when ERP effects differ gun, Heinze, & Tulving, 1997). In neither of
these studies, however, was the scalp distribu-solely in their magnitude, it can be concluded

that the respective experimental conditions en- tion of the effect well characterized and,
equally important, neither was the effect com-gaged the same population of generators, with

the same relative strengths of activation. Thus, pared with that elicited by items operationally
defined as recollected.so far as one is willing to accept the assump-

tion that experimental conditions that are neu- The starting point for the present study is a
report by Wilding and Rugg (1996), in whichrophysiologically dissociable are most likely

functionally dissociable also (see Rugg & ERPs were formed separately for items cor-
rectly judged old in a recognition memory testColes, 1995 for further discussion of this as-

sumption), ERPs (along with other functional according to the accuracy of a subsequent
source judgment (speaker voice). The left pa-neuroimaging methods) can be used to search

for dissociations between the cognitive pro- rietal old/new ERP effect was larger for items
that were correctly assigned to their study con-cesses engaged in different experimental tasks

and conditions. text than it was for recognized items that were
assigned to the incorrect context. Since theIt is well established that ERPs elicited by

words in tests of recognition memory differ availability of information about study context
is the defining feature of recollection as opera-according to their study status (for reviews see

Johnson, 1995, and Rugg, 1995), in that items tionalized by the process dissociation proce-
dure, these findings suggest that the left pari-correctly judged to be old elicit ERPs that

are more positive-going than those elicited by etal effect is strongly associated with pro-
cesses associated with recollection defined innew items. This so-called old/new effect is

typically maximal at temporo-parietal elec- this way.
In addition to supporting the idea that thetrode sites, and larger over the left than the

right hemisphere. It onsets approximately 400 left parietal ERP old/new effect indexes recol-
lection, Wilding and Rugg’s (1996) data al-ms post-stimulus and lasts for about 400–600

ms. The effect is not found for ERPs elicited lowed a second old/new effect to be identified.
This effect also onset around 400 ms post-by old items incorrectly endorsed as new

(misses), or by new items incorrectly judged stimulus, but was more sustained over time
than the left parietal effect, and was maximalold (false alarms). It has therefore been argued

(Rugg, 1995) that it reflects brain activity con- over frontal regions of the scalp, where it ex-
hibited a right-greater-than-left asymmetry.tributing to, or contingent upon, the retrieval

of information necessary to permit accurate The right frontal old/new effect was also
larger for items that were correctly assignedrecognition judgments.

A number of authors have suggested that to their encoding context, leading Wilding and
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Rugg (1996) to propose that, like the left pari- In the present experiments, a source mem-
etal effect, it too reflects processes associated ory task similar to that employed by Wilding
with recollection. and Rugg (1996) was employed, in which the

The findings of Wilding and Rugg (1996) requirement at test was to make a speeded
indicate that the retrieval of source informa- ‘‘old/new’’ judgment, and, for those items
tion is associated with two ERP old/new ef- judged to be old, a subsequent source deci-
fects. Since the process dissociation procedure sion. It was expected that, relative to new
is predicated upon a definition of recollection items, ERPs elicited by recognized old items
in terms of source retrieval (Buchner, Erd- attracting accurate source assignments would
felder, Steffens, & Martensen, 1997) it is rea- exhibit left parietal and right frontal old/new
sonable to suppose that these findings can be effects. In a second task, participants were
thought of as the ERP ‘‘signature’’ of recol- once again required at test to make a speeded
lection so defined. This supposition receives old/new judgment, but for items judged to be
support from a further study by Wilding and old they were required to make a subsequent
Rugg (1997) in which the ERP correlates of Remember/Know judgment rather than a
retrieval were investigated in a recognition source assignment. The critical question is
memory ‘‘exclusion’’ task. In brief, the exclu- whether the pattern of ERP effects associated
sion task was devised by Jacoby (1991) as a with recognized old items receiving a correct
means of placing recollection and familiarity source judgment differs qualitatively from that
in ‘‘opposition’’ and is central to the logic of found for recognized items receiving a Re-
the process dissociation procedure. Partici- member judgment. If the answer to this ques-
pants study items in two different contexts and tion is affirmative, it can be concluded that
are required at test to classify as old only those recollection defined operationally, and recol-
items belonging to a designated context, re- lection defined subjectively, are neurally, and
sponding to the remaining old items and to therefore most likely functionally dissociable.
new items in the same way. Therefore to per-

EXPERIMENT 1form this task accurately, it is not sufficient
merely to recognize previously studied words; Method
relevant information about their contexts must

Participantsalso be retrieved. Wilding and Rugg (1997)
reported that, relative to new words, correctly The participants were 19 young adults,
classified ‘‘target items’’ (old items that had to drawn from the undergraduate and graduate
be endorsed as such) elicited ERPs containing student population of the University of St An-
both of the aforementioned old/new effects. drews. They were each remunerated at the
This finding is consistent with the idea that rate of £3.50 per hour. The data from 1 partic-
these effects are indeed associated with recol- ipant were rejected because of technically un-
lection, defined operationally, and demon- satisfactory recordings, and a further 2 parti-
strates in addition that the effects are not con- cipants were rejected because task perfor-
fined to tasks in which recognition and source mance was too poor to permit the formation
judgments are made sequentially.1 of ERPs from an acceptable number of trials.

Of the 16 participants whose data contributed
1 In contrast to the ERPs to the targets, those to the to the study, all were right-handed, as defined

excluded old words showed a left parietal old/new ef-
by writing hand, and 4 were female. Eachfect, but no evidence of a right frontal effect, despite
participant gave informed consent prior to en-the fact that a significant proportion of the excluded

items were recollected. Wilding & Rugg (1997) argued tering the study.
that this finding suggests that the right frontal effect
is not an obligatory correlate of recollection, perhaps Experimental Material
because the processes it reflects are influenced by strate-

The stimuli consisted of 320 low frequencygic factors. A similar point arises from the findings of
Rugg et al. (1996). (range, 1–7 per million; Kucera & Francis,
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1967) open class words, ranging in length course of this interval, participants were re-
quired to count back in threes from an arbi-from four to nine letters. They were used to

form eight lists, each containing 40 words. trarily chosen number, so as to block rehearsal
of the study items. The interval between theEach of these lists served as a study list. The

ordering of items in each list was randomly end of each test task, and the beginning of
the study task of the succeeding block, wasdetermined. Within each of the lists, half of

the items were spoken by a male voice, and also approximately 5 min.
Before the presentation of the first studyhalf were spoken by a female voice.

The auditory stimuli were digitized at 22 task, participants were informed that the aim
of the experiment was to investigate memorykHz with 16-bit resolution. They were edited

so that the beginning of the stored sound seg- for auditorily presented words. They were fur-
ther instructed not to try to remember thement corresponded to the onset of the spoken

word. The mean duration of these stimuli was study items deliberately, but to concentrate
instead on performing the study task as well650 ms and did not differ according to the

gender of the voice. They were presented bin- as they could.
Each trial of the study tasks began with theaurally through headphones at a comfortable

hearing level. Visual stimuli were presented presentation of a fixation point (an asterisk)
for 1 s, which was erased 100 ms prior toin central vision on a computer screen. They

were presented at a moderate contrast for a stimulus presentation. Participants were in-
structed to respond verbally to each item, stat-duration of 300 ms in white letters against

a black background. The words subtended a ing whether it was spoken in a male or a fe-
male voice and rating its pleasantness on a 4-maximum horizontal visual angle of 1.5 de-

grees and a vertical angle of 0.4 degrees. point scale. Responses were monitored by the
experimenter, and rate of presentation was ex-Four test lists were created by randomly

combining the items from a pair of the study perimenter-paced.
For two of the test tasks participants per-lists, and including a further four unstudied

items, which acted as fillers. All lists began formed source judgments, and for the re-
maining two tasks they were required to makewith a sequence of three of the filler items,

with another filler occupying the first position a Remember/Know discrimination. The two
tasks were administered in an ABBA design,after the rest point (see below).

The study and test lists were used to create with half of the participants starting with the
source task, and half with the Remember/eight study-test blocks, by combining each of

the four test lists with one or other of its corre- Know task. The instructions for each task
were given immediately before it was first per-sponding study lists. The blocks were admin-

istered to participants such that each critical formed. Thus, participants who began with the
Remember/Know task were unaware that theyitem appeared with equal frequency as a stud-

ied or an unstudied word within each of the would subsequently be required to perform
source judgments on studied items.two tasks.

For both tasks each trial began with the
Procedure presentation of a fixation asterisk for 500 ms.

This was erased 110 ms before the presenta-Following electrode placement (see be-
low), participants were seated in front of the tion of the test item. One second after the

response to that item, a question mark wasstimulus presentation monitor, and the head-
phones positioned. Each participant was pre- presented for 2.5 s. For both tasks, participants

were instructed to judge whether each testsented with four study-test blocks, each of
which contained a different set of items. The item was one that had been heard in the imme-

diately preceding study task, or whether it wasinterval between the end of each study task,
and the commencement of the corresponding new, signaling their responses by immediately

pressing one of two microswitch keys withtest task, was approximately 5 min. In the
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TABLE 1the index finger of one or other hand. For
items judged to be new, no further response Experiment 1: Accuracy and RT
was required in either task. For items judged

Correct Correct source/to be old, participants were required to wait
rejection Hit Rememberfor the appearance of the question mark, and

then to make a second judgment, again by Accuracy
pressing one of the two keys. In the source Source

task 95.3 (5) 86.7 (6) 75 (10)task, the judgment was whether the test item
R/Khad been heard in the male or female voice. In

Task 95.5 (4) 87.8 (8) 71.2 (20)the Remember/Know task, participants were
RTs

required to signal whether they ‘‘remem- Source
bered’’ the test item, or whether they merely task 1219 (204) 1212 (172) 1198 (171)

R/K‘‘knew’’ that it was old. The difference be-
Task 1256 (264) 1197 (196) 1148 (181)tween these two forms of recognition was ex-

plained in terms similar to those employed
Note. Accuracy: Proportions of correct rejections and

previously (e.g. Gardiner & Java, 1991), and hits for the initial recognition decision, along with propor-
the instructions made no reference to fact that tion of hits attracting correct source or Remember judg-

ments. RTs: RTs (ms) for the initial recognition decisionthe studied items could be categorized by the
for each of the above response categories. SDs are invoice in which they had been presented at
parentheses.study. For each participant, the key assign-

ments for the initial and second judgments
remained invariant across the four study-test
blocks. The assignments were however coun- enced to the left mastoid, and the right mastoid

was employed as an active recording channel.terbalanced across participants such that there
was no correlation between the hands used ERPs were subsequently algebraically ad-

justed to represent recordings with respect to afor old/new, male/female and R/K judgments.
Each test task was interrupted after 43 items linked mastoid reference. The EEG and EOG

signals were filtered with a bandpass of 0.03–for a brief rest break. In addition to the task
instructions described above, participants 35 Hz (3 dB points). They were sampled on-

line at a rate of 6 ms per point for a durationwere instructed to remain relaxed, to maintain
fixation, and to refrain from blinking other of 1536 ms, commencing 102 ms before the

presentation of each test word.than when the question mark was displayed
on the monitor. ERPs were formed for a variety of different

response categories, as described below. Tri-
ERP Recording als on which base-to-peak EOG amplitude ex-

ceeded 122 mV were rejected prior to averag-Scalp EEG was recorded from 25 tin elec-
trodes embedded in an elasticated cap. Re- ing, as were trials on which baseline drift (dif-

ference between first and last data point)cording locations were based on the interna-
tional 10–20 system (Jasper, 1958) and con- exceeded 55 mV at any scalp site. In order to

maintain an acceptable signal/noise ratio, andsisted of 3 midline sites (Fz, Cz, Pz) and 11
sites over each hemisphere: FP1/FP2, F7/F8, in keeping with previous studies (Wilding et

al., 1995; Wilding & Rugg, 1996), only ERPsLF/RF (75% of the distance from Fz to F7/
F8); F3/F4, T3/T4, LT/RT (75% of the dis- formed from 16 or more artifact free trials for

any given response category were acceptedtance from Cz to T3/T4); C3/C4, T5/T6, LP/
RP (75% of the distance from Pz to T5/T6); for analysis.
P3/P4; and O1/O2. EOG was recorded bipo-

Resultslarly from electrodes placed on the outer can-
thus of the left eye, and above the supraorbital Behavioral data. The performance data for

each task are shown in Table 1. As can beridge of the right eye. All channels were refer-
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seen from the table, accuracy was high for
the initial recognition decision, and reached
similar levels in each task. A 2 (task) by 2
(response category) ANOVA revealed a single
effect of response category [(F1,15) Å 40.50,
MSe Å .005, p õ .001], indicating that the 8%
advantage for correct rejections over hits was
reliable. The proportion of hits for which the
source was correctly identified (source task),
and for which a Remember response was
given (Remember/Know task) did not differ
reliably. Too few false alarm were committed
to permit an analysis of source or Remember/
Know judgments on these trials.

Table 1 also shows the RTs associated with
correct responses on the initial old/new judg-
ment and the RTs for this judgment restricted
to those items that subsequently attracted cor- FIG. 1. Experiment 1: Grand average ERP waveforms

from the source task (upper section) and remember/knowrect source or Remember judgments. An
(lower section) task elicited by correctly judged new itemsANOVA (factors of task and response) con-
(new) and correctly classified old items that received antrasting the RTs for correct rejections, and
accurate source or a Remember judgment (Recollected).

those for correct recognition judgments that Waveforms are shown from electrode sites on the midline
were followed by correct source or Remember (Fz, Cz, and Pz), and over left and right frontal (LF, RF),

anterior temporal (LT, RT), parietal (LP, RP), posteriorjudgments, revealed a main effect of response
temporal (T5, T6), and occipital (O1, O2) regions of the[(F1,15) Å 5.13, MSe Å 13137, p õ .05], and
scalp.a task by response interaction [(F1,15)Å 7.17,

MSe Å 4186, p õ .025]. Tukey HSD tests
revealed that, for the Remember/Know task,
RTs to correct rejections were significantly Grand average ERPs elicited by new and

recollected items in each task are shown forlonger than those to correct recognition judg-
ments. No other contrast was reliable. selected sites in Fig. 1. Individual participants’

waveforms were formed from means of 67 and
ERPs 46 trials for new and recollected categories

respectively in the source task, and from 68The analyses described below were con-
ducted on ERPs elicited by test items in each and 43 trials for the same categories in the

Remember/Know task. Turning first to thetask belonging to two response categories: un-
studied items correctly judged to be new source task, the ERPs to new and recollected

items begin to differ from around 400–500(hereafter new items), and studied items that
were both correctly judged old and assigned ms post-stimulus, with those to the latter class

of items becoming more positive. This posi-to their correct study voice (source task), or
given a Remember response (Remember/ tive shift is larger over left than over right

posterior sites, but there is a tendency for thisKnow task); these items will be referred to
collectively as recollected items. ERPs were asymmetry to reverse at frontal electrodes.

The positive shift is replaced around 800 mscollapsed over the variable of study voice.
ERPs elicited by items correctly judged old post-stimulus by a negative-going effect,

which is most prominent at Pz, evident alsoand associated with incorrect source or with
Know responses were not analyzed, as only a at left frontal electrodes, but virtually absent

over right frontal sites. A similar pattern ofminority of participants contributed 16 or
more trials to these response categories. effects is evident in the Remember/Know task,
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but with two exceptions: first, the positive
shift associated with recollected items appears
substantially larger than that evident in the
source task. Second, the prominent late nega-
tive wave seen in that task is almost absent,
such that the asymmetries in the frontally dis-
tributed differences between ERPs to new and
recollected items take the form of a positive
shift over the right hemisphere, rather than the
relative absence of the negative shift seen at
the left hemisphere electrodes.

The strategy employed to analyze these data
is similar to that adopted by Wilding and Rugg
(1996). Mean amplitudes (measured with re-
spect to the mean of the prestimulus baseline)
of the ERPs elicited by new and recollected
items were obtained for three consecutive
latency regions, 500–800, 800–1100, and
1100–1400 ms. These data were subjected to
three sets of analyses, as described below. The
differences in the mean amplitude of each re-
gion between the recollected and new re-
sponse categories (the old/new effects) are il-
lustrated in Fig. 2.

In the first set of analyses, the data were
analyzed by ANOVA separately for each

FIG. 2. Experiment 1: Mean difference between thetask, employing the factors of response cate-
amplitudes of the ERPs elicited by recollected and newgory (recollected vs new), hemisphere (left vs
items in the 500–800, 800–1100, and 1100–1400 latencyright), and a set of sites (LF/RF vs LT/RT vs
regions, shown separately for each task at selected lateral

LP/RP vs T5/T6 vs. O1/O2) corresponding to electrode sites.
those employed by Wilding and Rugg (1996).
The principal purpose of these analyses was
to establish the reliability of the old/new ef- rectly represented the magnitude of the old/

new effect at each electrode site, and testedfects in the ERPs from each task, a prerequi-
site for subsequent across-task comparisons for differences between the magnitude of the

effects in each task. The analyses took theof the topographies of these effects. Signifi-
cant effects that do not involve the factor of form of a single ANOVA for each latency

region, with factors of task and site (all 25response category are not reported, as they
are of no relevance to the aims of the study. electrodes).

In the final and, for the purposes of theThe degrees of freedom of these and all the
other ANOVAs reported below were sub- present study, most important set of analyses,

the scalp topographies of the old/new effectsjected to the Geisser–Greenhouse procedure
to correct for violations of non-sphericity associated with each task were compared, us-

ing the ANOVA design described in the fore-(Winer, 1971), and F ratios are reported with
corrected values. going paragraph. The ANOVAs were con-

ducted on the difference scores after they hadThe second set of analyses contrasted the
magnitudes of the old/new effects from each been rescaled by the procedure recommended

by McCarthy and Wood (1985) to remove thetask. The analyses were conducted on differ-
ence scores (recollected minus new) that di- confounding effects of global differences in
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magnitude. According to the logic outlined in response category, hemisphere and site
[F(2.3,34.1) Å 4.35, MSe Å 0.277, p õ .025].the Introduction, significant differences be-

tween the topographies of the two classes of As can be seen from Fig. 2, these effects re-
flect the fact that the recollected response cate-old/new effect (as signified by one or more

reliable task 1 electrode site interaction ef- gory is more positive than the new category,
and that this effect is substantially larger overfects) would constitute evidence that the tasks

engage functionally dissociable memory pro- the left hemisphere at all sites other than for
the frontal pair. The analysis of the 800–1100cesses.
ms region gave rise once again to a main effect

Within-Task Analyses of response category [F(1,15) Å 16.68, MSe Å
9.24, p Å .001], and to an interaction betweenSource task. ANOVA of the 500–800 ms

latency region revealed a main effect of re- response category and site [F(1.6,24.0) Å
4.38, MSe Å 1.06, põ .05]. The effects reflectsponse category [F(1,15) Å 14.98, MSe Å

9.02, p õ .005], and an interaction between the greater magnitude of the old/new effects
at the lateral parietal sites than elsewhere. Theresponse category, hemisphere and site

[F(3.2,47.3) Å 3.50, MSe Å .303, p õ .025]. three way interaction between these factors
approached significance [p Å .06]. As can beThese effects reflected the generally more pos-

itive-going amplitudes of the recollected seen in Fig. 2, there is a tendency for a reversal
in asymmetry between frontal and more poste-waveforms, and the fact that the old/new ef-

fects tend to reverse their asymmetry between rior electrode sites. Finally, ANOVA of the
1100–1400 ms data revealed a significant in-anterior and more posterior electrodes (see

Fig. 2). Analysis of the 800–1100 ms latency teraction between response category, hemi-
sphere, and site [F(2.0,29.5) Å 3.86, MSe Åregion revealed two reliable effects, for the

interactions between response category and 0.729, põ .05]. Figure 2 shows that this inter-
action occurred because the old/new effectssite [F(2.4,35.4) Å 5.61, MSe Å .886, p Å

.005], and among response category, site, and differ in their relative magnitudes across
hemispheres according to electrode site. Nota-hemisphere [F(2.7,41.0) Å 4.41, MSe Å .577,

põ .025]. Figure 2 indicates that these effects bly, the effects are markedly greater at the
right than the left frontal electrodes, but showonce again reflect a reversal in the asymmetry

of old/new effects between frontal and tem- no such tendency at temporo-parietal sites.
In sum, the foregoing analyses revealed thatporo-parietal electrodes, along with a reversal

of polarity of the effects between frontal and for both tasks, and in all three latency regions
analyzed, ERPs differed reliably according tomore posterior left hemisphere sites. ANOVA

of the 1100–1400 data gave rise to a main response category. These differences mainly
took the form of more positive-going wave-effect of response category [F(1,15) Å 7.65,

MSe Å 9.01, p õ .025], and to an interaction forms for the recollected than for the new re-
sponse category. The differences tended to bebetween response category, hemisphere and

site [F(2.8,41.3) Å 3.99, MSe Å .650, p õ larger over the left than over the right hemi-
sphere for temporo-parietal electrode sites, but.025]. These effects occurred because the

waveforms in this latency region were more showed a reversal of this asymmetry at the
frontal sites. An exception to this pattern wasnegative-going in the recollected than in the

new response category, with the largest effects found for the source task in the 800–1100 and
1100–1400 ms regions: in the earlier region,at left frontal and bilateral occipital sites.

Remember/know task. ANOVA of the data the old/new effects at frontal sites were nega-
tive-going, and in the later region, this wasfrom the 500–800 ms latency region revealed

a main effect of response category [F(1,15) Å true at all electrode sites. In each region, how-
ever, the frontal old/new differences remained62.64, MSe Å 7.67, põ .001], and interactions

between response category and hemisphere strongly asymmetric, in that they were mark-
edly more positive over the right hemisphere.[F(1,15) Å 10.08, MSe Å 1.55, p õ .01], and
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Across-Task Analyses etal sites was statistically reliable in the 500–
800 ms region, but that neither the frontal nor

For each of the latency regions, ANOVAs the parietal asymmetries were independently
comparing the magnitudes of old/new effects reliable in the 800–1100 region. The ANOVA
across tasks revealed a main effect of task of the 1100–1400 ms latency region gave rise
[500–800: F(1,15) Å 13.75, MSe Å 28.24, p solely to an interaction between site and hemi-
õ .002; 800–1100: F(1,15) Å 18.54, MSe Å sphere [F(1,15) Å 9.50, MSe Å 0.187, p õ
24.89, p õ .001; 1100–1400: F(1,15) Å .01]. Tukey tests indicated that the old/new
12.33, MSe Å 46.69, p õ .005]. As is obvious effects from the frontal electrodes were sig-
from Fig. 2, in each case, the result arose be- nificantly greater over the right hemisphere,
cause old/new effects were greater (more posi- but that the effects did not differ between the
tive) in the Remember/Know task than in the parietal electrodes.
source task.

ANOVAs contrasting the scalp topograph- Discussion
ies of the old/new effects for each task and

Performancelatency region revealed no effects involving
the factor of task in any region (maximum F Performance measures from the two tasks
for the task 1 site interaction Å 1.58), but in were broadly comparable for both the initial
each case gave rise to main effects of site recognition judgment and the subsequent
[500–800: F(4.2,62.3) Å 9.82, MSe Å 0.220, source or Remember/Know judgments. There
põ .001; 800–1100: F(5.1,76.7) Å 3.57, MSe was however a task effect for RTs to the initial
Å 0.523, p õ .01; 1100–1400: F(3.8,56.9) Å judgment. RTs were shorter for old items at-
3.05, MSe Å 0.488, p õ .05]. These results tracting remember judgments than they were
indicate that the topographies of the old/new for correct rejections, but the analogous effect
effects for each task were statistically equiva- was absent in the source task. This interaction
lent, but that their relative magnitudes signifi- indicates that the nature of the subsequent
cantly varied over the electrode sites. To char- judgment exerted an influence on the initial
acterize these site effects further within the recognition decision. We return to the implica-
context of previous studies (e.g., Wilding & tions of this finding under General Discussion.
Rugg, 1996), each ANOVA was followed up Although the proportions of correct source
by a subsidiary analysis confined to an ante- and Remember responses were equivalent, it
rior (LF, RF) and a posterior (LP, RP) pair is highly unlikely that these two response cate-
of electrodes, employing the factors of site gories included equal proportions of recol-
(frontal vs parietal), and hemisphere. For the lected items. Along with previous researchers
first two latency regions, the ANOVAs gave (e.g., Yonelinas & Jacoby, 1995), we assume
rise to main effects of site [500–800: F(1,15) that Remember responses identify most of the
Å 4.91, MSe Å 0.306, p õ .05; 800–1100: items that were associated with some form
F(1,15) Å 11.88, MSe Å 0.706, põ .005], and of recollective experience, but capture only a
to site by hemisphere interactions [500–800: small fraction of the items that were judged
F(1,15) Å 13.52, MSe Å 0.103, p õ .005; old on the basis of familiarity alone, or as the
800–1100: F(1,15) Å 8.48, MSe Å 0.429, p result of a lucky guess. By contrast, in addition
õ .025]. In each case these effects reflect a to those trials on which the source was recol-
cross-over interaction between left and right lected, correct source judgments would also
frontal and parietal sites, such that old/new have been made on some trials even when
effects are relatively greater over the right source recollection failed. These latter trials
hemisphere frontally and the left hemisphere would include ones on which the initial old/
parietally. Tukey tests contrasting the scores new judgment was made on the basis of famil-
from the two electrodes of each homotopic iarity or a lucky guess, along with other trials

on which recollection occurred, but the recol-pair revealed that the asymmetry at the pari-
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lected information was insufficient to specify in the present study involves relatively greater
negativity over the left hemisphere. Thus,the item’s source. A number of different ap-

proaches, based on varying assumptions, can while the direction of the asymmetry of the
effect (right more positive than left) is thebe employed to estimate the contribution of

these ‘unrecollected’ items to the overall total same as in Wilding and Rugg (1996, 1997),
the magnitude and polarity of the effect overof correct source judgments (e.g., Bayen,

Murnane, & Erdfelder, 1996). According to each hemisphere are not.
There are however strong grounds forone simple approach, based on the threshold

model outlined in the Appendix, the propor- thinking that the frontal old/new effect in the
present source task can be identified with thetion of ‘‘true’’ source judgments for items

judged old in the present study is 0.5. Ac- right frontal effect described by Wilding and
Rugg (1996, 1997). The present pattern of re-cording to this estimate, therefore, only about

66% (0.5/0.75) of the ERPs to ‘‘recollected’’ sults appears to be a consequence of the pre-
viously identified right frontal old/new effectitems in this task were actually associated with

veridical source memory. Some of the re- summating with another component, a late
negative shift that is also associated with rec-maining trials might have been ones on which

recollection of other aspects of the study epi- ollected items, and which is evident in Fig.
1 at the Cz and Pz electrode sites. On thesode occurred, but the remainder will be ones

on which recollection failed—trials that assumption that this shift is bilaterally distrib-
uted, and extends sufficiently far anteriorly towould presumably have attracted a Know

judgment in the Remember/Know task. It affect frontal electrodes, it is easy to see how
a right-sided positive-going old/new effect attherefore follows that the ERP correlates of

recollection should be less evident in the these sites would be transformed into a left-
sided negative-going effect—it amounts tosource task than in the Remember/Know task,

an issue to which we return below. the addition of a constant negative value to
the old/new effects that would otherwise have

ERP Data occurred at each homotopic electrode pair.
Evidence in support of this explanation canTurning to the ERP data, the first question

to address is whether the findings from the be found in the data from the Remember/
Know task (see Fig. 1). In this task, the afore-source task replicate the results of Wilding

and Rugg (1996). In qualitative terms, the an- mentioned late negative shift is considerably
less prominent at the posterior midline sites,swer is affirmative: the differences between

the ERPs elicited by items attracting correct and the frontal old/new effect takes the form
of greater positivity over the right hemisphere.source judgments (recollected items) and

those elicited by new items comprised two But when the topographies of the old/new ef-
fect from the two tasks were compared di-temporally and topographically distinct ef-

fects, one with a left temporo-parietal distribu- rectly, they were found to be statistically
equivalent, strongly suggesting that the sametion and the other maximal at frontal elec-

trodes. The first of these effects can confi- population of generators was responsible for
the effects in each task.dently be identified as the left parietal old/new

effect described in numerous previous studies
Comparison of the ERPs from Each Taskof recognition memory, including that of

Wilding and Rugg (1996; see Introduction). As noted above, the scalp topographies of
the old/new effects associated with the sourceIt is less clear, however, that the second effect

should be identified with Wilding and Rugg’s and the Remember/Know tasks did not differ
significantly. The topographic analyses there-right frontal old/new effect. Instead of taking

the form of a positive-going effect distributed fore provide no evidence that the forms of
recollection identified with each task are asso-over the right hemisphere, the frontal old/new

effect associated with correct source memory ciated with qualitatively different patterns of
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neural activity. The findings thus converge question is that the relatively small size of the
negative wave in the Remember/Know task iswith the results of previous behavioral work

(Yonelinas & Jacoby, 1995; Jacoby et al., a consequence of the substantially larger old/
new effects that occurred in this task. In other1996) to suggest that operational and subjec-

tive definitions of recollection are functionally words, the generators of the negative wave
were equally active in the two tasks, but theequivalent.

Although the old/new effects in the source consequences are less evident in the Remem-
ber/Know task because the wave summatedand Remember/Know tasks were qualitatively

very similar, the effects in the Remember/ with a positive-going effect of greater magni-
tude in that task than in the source task.Know task were greater in magnitude. One

explanation for this difference between the The functional significance of the late nega-
tive wave is unclear. Findings similar to thosetasks stems from the proposal that the magni-

tude of old/new effects is proportional to the here have been described in previous studies
(Rugg, Schloerscheidt, Doyle, Cox, & Patch-amount of information recollected (Rugg et

al., 1995). For this explanation to work, it ing, 1996; Wilding & Rugg, 1996, 1997), and
it is clear that the wave is often found in ERPsmust be assumed that more information was

recollected when participants undertook the elicited by items classified as old. In the stud-
ies of Wilding and Rugg, the wave was mostRemember/Know task than the source task. It

could be argued, for example, that the ‘‘re- prominent in ERPs elicited by items attracting
false alarms. Thus the wave is unlikely to re-trieval sets’’ engendered by the two tasks dif-

fered, such that in the source task retrieval flect processing related specifically to recol-
lection, and is dissociable from the neural ac-was biased in favor of information relevant to

adducing the source of a test item, whereas in tivity underlying either the left parietal or the
right frontal old/new effect (see also Rugg etthe Remember/Know task, in which all infor-

mation about a study episode is equally rele- al., 1996). In the study of Wilding and Rugg
(1997), the wave was quantified in the ERPsvant, retrieval was less selective. A more par-

simonious explanation is that the magnitudes elicited by several different classes of item,
both studied and unstudied, and correctly andof the old/new effects associated with each

task differ little, if at all, and that what differs incorrectly responded to. Its amplitude was
negatively correlated with mean RT to eachinstead is the proportion of trials on which the

effects are manifest. Unlike the first explana- class of item, suggesting that it is more closely
associated with response-related than withtion, this latter account receives direct support

from the behavioral findings, which suggest mnemonic factors. This association with re-
sponse time may help explain why the wavethat in the source task recollection may have

been absent on up to a third of the trials associ- was more prominent in the ERPs from the
present source task than it was in those fromated with correct source assignments.
the very similar task employed in Experiment

Late Negative Wave 1 of Wilding and Rugg (1996); RTs for items
attracting correct source judgments were someAs has already been discussed, the ERPs

elicited by recollected and new items were 150 ms slower in the present experiment than
in the previous one.differentiated not only by the left parietal and

right frontal old/new effects, but by a late neg-
ative wave that was particularly prominent in EXPERIMENT 2
the ERPs elicited by recollected items in the

Introduction
source task. Two questions arise: why should
the negative wave associated with recollected The scalp topographies of the ERP effects

from the source and Remember/Know tasksitems be greater in magnitude in the source
task, and what is the wave’s functional sig- employed in Experiment 1 were statistically

indistinguishable, a finding consistent withnificance? The most likely answer to the first
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the idea that the two tasks engaged equivalent uted to the study were right-handed, and 9
were female. Each participant gave informedneural and functional processes. The effects

associated with the two tasks did differ how- consent prior to participation in the study.
ever in two related respects. First, the magni-

Experimental Materialtude of the differences between the ERPs to
recollected and new words was greater in the The experimental items and lists were the

same as those employed in Experiment 1.Remember/Know task than in the source
task. Second, a late negative wave was more

Procedureprominent in the ERPs elicited by recollected
items in the source task. In light of these The general procedure for the study phases

was identical to that employed in Experimentdifferences between the tasks, it is arguable
that the negative findings with respect to the 1. Unlike in that experiment, however, the

voice in which each study item was presentedtopographic analyses should be treated with
circumspection. dictated which of two encoding tasks should

be performed, a procedure first employed byAs discussed previously, we attribute these
ERP differences between the tasks to the fact Wilding & Rugg (1997). Participants were in-

structed to listen to each word, respond ver-that a higher proportion of correct source
judgments than Remember judgments were bally by repeating it and stating whether it

was spoken in a male or female voice andmade on the basis of guesses. If this explana-
tion is correct, then the differences between then, depending on the gender of the voice,

either rate the word as ‘‘pleasant/unpleasant’’the tasks should diminish as the contribution
of guesses to correct source judgments de- or as ‘‘active/passive.’’ The mapping of task

to gender was alternated across participants.clines. In Experiment 2, the study task used
in the first experiment was modified in order At test, the procedure was identical to that

employed in Experiment 1 with the exceptionto increase the accuracy of source judgments,
the expectation being that this manipulation of the stimulus exposure duration, which was

500 ms, and the size of the stimuli, whichwill reduce or perhaps eliminate the differ-
ences found in Experiment 1. To the extent subtended a maximum horizontal visual angle

of approximately 2.8 deg, and a vertical anglethat this expectation is fulfilled, it will then
be possible to compare the scalp topographies 0.5 deg.2 The instructions for the Remember/

Know task were unchanged from those used inof the ERP effects from each task in the ab-
sence of large overall differences in the mag- Experiment 1. For the source task, participants

were informed that judgments could be basednitude of the effects, or of differences in the
relative contribution of the (putatively) re- on either the gender of the voice of the test

word at study or the task in which it partici-sponse-related late negative wave evident in
the source ERPs in Experiment 1. pated. All other aspects of the test procedure,

including the recording and averaging of EEG,
were the same as in Experiment 1.Method

Participants Results

Behavioral DataThe participants were 17 young adults
drawn from the same population as for Experi- The performance measures are shown in
ment 1. None of the participants had taken Table 2. An ANOVA contrasting hit and cor-
part in Experiment 1. They were each remu-
nerated at the rate of £5.00 per hour. The data

2 Experiment 2 formed part of a larger study of thefrom 1 participant were rejected because task
effects of aging on ERP correlates of recollection. The

performance was too poor to permit ERPs to duration and size of the stimuli were changed to make
be formed from an acceptable number of tri- them more perceptible, and hence more suitable for use

with older participants.als. The 16 participants whose data contrib-
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TABLE 2 trials contributing to the new and recollected
ERPs were, respectively, 60 and 48 in theExperiment 2: Accuracy and RT
source task, and 63 and 41 in the Remember/

Correct Correct source/ Know task. The pattern of differences between
rejection Hit Remember the ERPs to recollected and new items appears

to be very similar in the two tasks, and toAccuracy
resemble that seen for the Remember/KnowSource

task 92.7 (7) 85.2 (7) 88.6 (6) task in experiment 1 (Fig. 1). The data were
R/K subjected to the same series of analyses as

Task 94.9 (6) 83.8 (8) 76.9 (9) those applied to the ERPs from Experiment
RTs

1. The mean amplitudes of the old/new effectsSource
in each task are shown for selected electrodetask 1251 (292) 1358 (335) 1334 (323)

R/K sites in Fig. 4.
Task 1310 (336) 1284 (287) 1207 (245)

Within Task Analyses
Note. Accuracy: Proportions of correct rejections and

Source task. ANOVA of the 500–800 mshits for the initial recognition decision, along with propor-
tion of hits attracting correct source or Remember judg- data revealed a significant main effect of re-
ments. RTs: RTs (msec) for the initial recognition deci- sponse category [F(1,15) Å 41.84, MSe Å
sion for each of the above response categories. SDs are 12.77, p õ .001], and significant interactions
in parentheses.

between category and site [F(1.8,27.3)Å 5.74,
MSe Å 1.15, põ .01], and category and hemi-

rect rejection rates for the initial recognition sphere [F(1,15) Å 4.73, MSe Å 2.67, põ .05].
decision revealed a main effect for type of These effects reflect the temporo-parietal
response [F(1,15) Å 13.42, MSe Å .010, p õ maximum of the old/new effects in this la-
.005], indicating that the 9% advantage for
correct rejections was reliable. An across-task
t test showed that the proportions of recog-
nized items that were assigned to the correct
source exceeded the proportion attracting a
Remember response [t15 Å 4.15, p õ .001).
ANOVA (factors of task and response cate-
gory) contrasting the RTs to correct rejections
and to correct recognition judgments that were
followed by correct source or Remember
judgments gave rise to a significant interaction
between task and response category [F(1,15)
Å 12.75, MSe Å 10796, p õ .005], reflecting
opposite patterns in the differences between
correct rejections and hits in the two tasks.
Tukey HSD tests showed that the RTs for cor-
rect rejections were reliably slower than those
to hits in the Remember/Know task, but that
the RTs to hits and correct rejections did not
differ in the source task. In addition, RTs to
hits were faster in the Remember/Know than FIG. 3. Experiment 2: Grand average ERP waveforms

from the source task (upper section) and remember/knowin the source task.
(lower section) task elicited by correctly judged new itemsERPs
(new) and correctly classified old items that received an

The grand average waveforms for each task accurate source or a Remember judgment (Recollected).
Electrode sites as for Fig. 1.are shown in Fig. 3. The mean numbers of
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500–800 and 800–1100 ms regions gave rise
in each case to a main effect of response
category [F(1,15) Å 24.99, MSe Å 25.72, p
õ .001; F(1,15) Å 8.40, MSe Å 47.21, p õ
.025], reflecting the reliability of the old/new
effects in these regions. ANOVA of the
1100–1400 ms data revealed a reliable inter-
action between category, hemisphere and site
[F(2.4,35.9) Å 4.05, MSe Å 1.35, p õ .025],
reflecting the emergence in this latency range
of the right frontal old/new effect.

Across-Task Analyses

The ANOVAs contrasting the magnitudes
of the old/new effects from each task revealed
no evidence for task effects in any latency
region (max. F for main effect Å 1.93; for
task by site interaction õ1). The ANOVAs
contrasting the scalp topographies of these ef-
fects likewise revealed no evidence of task-
dependent differences in scalp distribution in
any latency region (F for the task 1 site inter-
action õ1 in each case). The ANOVAs did,
however, give rise to significant effects of
electrode site for the 500–800 ms [F(3.7,55.2)
Å 3.99, MSe Å 0.610, p õ .01] and the 1100–

FIG. 4. Experiment 2: Mean difference between the 1400 ms [F(4.0,59.7) Å 3.79, MSe Å .559, p
amplitudes of the ERPs elicited by recollected and new õ .01] latency regions. For the first of these
items in the 500–800, 800–1100, and 1100–1400 latency regions, a subsidiary ANOVA confined to data
regions, shown separately for each task at selected lateral

from lateral frontal and parietal electrodeselectrode sites.
gave rise to no significant effects. For the
1100–1400 ms data, the equivalent analysis
gave rise to a site by hemisphere interactiontency range, and the fact that the effects are

larger over the left than the right hemisphere. [F(1,15) Å 8.82, MSe Å .533, põ .01]. Tukey
tests indicated that the frontal old/new effectsANOVA of the 800–1100 ms latency re-

gion gave rise solely to a main effect of cate- in this latency range were significantly larger
over the right hemisphere.gory [F(1,15)Å 8.12, MSeÅ 18.60, põ .025],

reflecting the more positive-going waveforms
Discussionelicited by recollected items. Finally, ANOVA

of the 1100–1400 ms region revealed a sig- As expected, the encoding task had the ef-
fect of markedly improving source memorynificant interaction between response cate-

gory, hemisphere and site [F(1.9,28.9)Å 5.11, relative to the level of performance observed
in Experiment 1. The change of encoding taskMSe Å 1.15, p õ .025]. Inspection of Fig. 4

shows that this interaction reflects the strong had only a slight effect however on the propor-
tion of recognized items endorsed as havingright-sided asymmetry of the old/new effects

at lateral frontal sites and the tendency toward been Remembered. There are at least two pos-
sible reasons why Remember judgments werea reversed asymmetry at temporo-parietal

electrodes. not affected as much as source judgments. It
might be that the changed encoding task im-Remember/know task. The analysis of the
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proved memory for attributes of the encoding provides no reason to modify the conclusion
that recollection, whether defined operation-episode useful for making the source determi-

nation, but that it did not lead to an increase in ally or subjectively, engages equivalent cog-
nitive operations.the proportion of trials on which more general

episodic information—the basis of a Remem- There is one respect in which the findings
from the present experiment differ from thoseber response—was retrieved. Alternatively,

the unchanged proportion of Remember re- of Experiment 1. Unlike in the first experi-
ment, the between-task analyses failed to re-sponses may reflect the adoption in Experi-

ment 2 of a stricter criterion for making such veal evidence of a reliable asymmetry in the
old/new effects from the temporo-parietalresponses, offsetting the beneficial effects on

recollection of the changed encoding task. The electrodes, despite the clear trends in favor of
a left hemisphere maximum evident in Figs. 3present data do not provide a means of distin-

guishing between these possibilities. and 4. For three reasons, this failure to obtain
evidence for a statistically reliable effectOne other noteworthy aspect of the behav-

ioral findings is that, as was found also in seems likely to represent a Type II error. First,
such asymmetries were found not only in Ex-Experiment 1, the RTs to correctly classified

new items and to ‘‘recollected’’ old items dif- periment 1, but in several other similar studies
(e.g. Rugg et al., 1996; Wilding & Rugg,fered according to task. Whereas there was no

reliable difference between these two response 1996, 1997). Second, collapsed across task,
11 out of the 16 participants showed largercategories for the source task, in the Remem-

ber/Know task RTs for old words subse- old/new effects from the left lateral parietal
electrode than from the equivalent right hemi-quently attracting a Remember response were

shorter than those to new items. A possible sphere site, compared to 13 out of 16 partici-
pants in Experiment 1. And finally, as de-explanation for this pattern of findings is pro-

posed under General Discussion. scribed below, a direct comparison of the
scalp topographies of the old/new effects fromIrrespective of the reason for the disparity

between the tasks in their sensitivities to the each experiment showed that they were statis-
tically equivalent.change of encoding task, the estimated pro-

portion of correct source judgments in Experi-
Across-Experiment Analysesment 2 attributable to guessing (0.12) [1 0

(0.78/0.89)] is substantially less than that in The ERP data from the two experiments
were combined for two sets of analyses. InExperiment 1 (0.34). Thus, if the difference

in the size of the old/new effects from each the first set, the topographies of the old/new
effects from each task and experiment weretask in Experiment 1 was indeed the result of

the diluting effect of guesses in the source contrasted. This not only permitted a direct
test of whether the topographies differed be-task, these differences should be much less in

evidence in the present experiment. This tween the experiments, but also, by virtue of
a doubling of participant numbers, allowed aseems to have been the case, as the old/new

effects from each tasks were statistically more powerful test for task-related differences
in topography than that afforded by theequivalent in magnitude.

The equivalent magnitudes of the old/new within-experiment analyses described above.
The second set of analyses addressed theeffects from each task arguably provide a

more secure basis from which to compare question of whether the similarities between
the ERP old/new effects in the two tasks re-their scalp topographies than was the case in

Experiment 1. As in that experiment, the top- flected a carryover effect between successive
study-test blocks. Specifically, it could be thatographic analyses offer no evidence of any

differences in the scalp distribution of the old/ the similarity of the effects in the Remember/
Know task to those in the source task resultednew effects associated with the different

tasks. Thus, the outcome of these analyses from participants treating both tasks as tests
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of source memory, such that Remember judg- tal electrode in the 800–1100 and 1100–1400
ms regions.ments merely acted as a surrogate for judg-

ments of source. This issue can be addressed
Analysis of First Blocksdirectly by forming ERPs for each task from

the first of its two study-test blocks only and Figure 6 shows the across-experiment grand
average ERPs for the first block of each taskcontrasting the old/new effects from each task

when that block was also the first to be run at selected sites when the task was also the
first run of the experiment. Sixteen partici-in the experiment. This procedure removes the

influence of carryover effects between the pants contributed data to the source task (al-
though for two participants ERPs to recol-source and Remember/Know tasks and there-

fore allows an assessment of the likely conse- lected items could be formed from only 12
and 13 trials, respectively), and 14 partici-quences of such effects on the analyses of the

full data sets. pants’ ERPs were available from the Remem-
ber/Know task (the ERPs to recollected items
from the remaining two participants could beTopographic Analyses
formed from only 9 and 5 trials, respectively).

The recollected minus new difference The mean number of trials used to form ERPs
scores from the two experiments were re- was 21 and 31, respectively, for recollected
scaled and subjected to an ANOVA em- and new items in the source task and 21 and
ploying the between-participants factor of ex- 33 for the equivalent items in the Remember/
periment and the same within-participants fac- Know task. Despite the relatively poor signal-
tors as for the equivalent analyses of the data to-noise ratios of these ERPs, it can be seen
from the individual experiments. For each la- from Fig. 6 that old/new effects are clearly
tency region ANOVA revealed main effects evident in the waveforms from each task. The
of electrode site [500–800: F(4.6,138.5) Å magnitudes of the old/new effects were con-
10.72, MSe Å .0.414, p õ .001; 800–1100: trasted with an ANOVA that employed the
F(5.4,160.5) Å 4.58, MSe Å 0.750, p õ .001; between-participants factor of task (with un-
1100–1400: F(4.5,134.2) Å 6.34, MSe Å equal Ns) and the within-participants factors
0.525, p õ .001] but no sign of site by task of hemisphere and site. These analyses re-
or a site by experiment interactions (all Fs õ vealed no evidence of a task effect, or of an
1), or of interactions between these three fac- interaction between task and any other factor,
tors (maximum F Å 1.07). The scalp topo- in any latency region (all Fs õ 1). The scalp
graphies of the old/new effects, collapsed over topographies of the effects from each task
experiment, are illustrated for each latency re- were also contrasted. For each latency region,
gion in Fig. 5, where their similarity across the global ANOVA revealed main effects of
the two tasks is evident. As would be expected site [500–800: F(6.2,173.8) Å 5.22, MSe Å
from this figure, subsidiary topographic analy- 0.431, p õ .001; 800–1100: F(5.3,159.5) Å
ses confined to the left and right lateral frontal 2.29, MSe Å 0.642, p õ .05; 1100–1400:
and parietal electrodes revealed evidence of F(4.5,126.6) Å 5.71, MSe Å 0.277, p õ .001],
interactions between hemisphere and elec- but no evidence of a task by site interaction
trode site in all three latency regions [500– (all Fs õ 1). Subsidiary ANOVAs confined
800: F(1,30) Å 5.04, MSe Å 0.423, p õ .05; to the lateral frontal and lateral parietal elec-
800–1100: F(1,30) Å 7.08, MSe Å 0.944, p trodes revealed a significant interaction be-
õ .025; 1100–1400: F(1,30) Å 16.99, MSe Å tween hemisphere and site in each latency re-
0.360, p õ .001]. Tukey tests revealed that gion [500–800: F(1,28) Å 10.04, MSe Å
the old/new effects were significantly larger 0.191, p õ .005; 800–1100: F(1,28) Å 5.82,
at the left than the right parietal electrode in MSe Å 0.451, p õ .025; 1100–1400: F(1,28)
the 500–800 and 800–1100 ms latency re- Å 8.21, MSe Å 0.179, p õ .01]. Tukey tests

revealed that the old/new effects were signifi-gions and larger at the right than the left fron-
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FIG. 5. Spherical spline maps illustrating the scalp topography of the differences between ERPs to
recollected and new items in the source task (upper row) and Remember/Know task (lower row). Data
collapsed across experiments.

cantly larger over the left than the right pari- ation of the pattern of RTs to test items. In
etal scalp in the first region and larger at the both experiments, RTs in the Remember/
right than the left frontal electrode in the last Know task were reliably slower for correct
region. rejections than they were for correctly classi-

fied old words that were subsequently given
GENERAL DISCUSSION a Remember response. By contrast, the RTs

to correct rejections and to old items subse-Behavioral Data
quently attracting an accurate source judgmentThe only substantive difference in behav-
did not differ. In addition, RTs in Experimentioral performance between Experiments 1 and
2 to old words in the Remember/Know task2 was that higher levels of source accuracy
were reliably shorter than those in the sourcewere found in the second experiment. Possi-
task, and a nonsignificant trend in the sameble reasons why the modification to the en-
direction was found in Experiment 1.coding task benefited source judgments but

Although we can do little more than specu-did not lead to a markedly higher incidence
late about the reason for these findings, theyof Remember responses have been discussed
indicate that the nature of the subsequent de-previously, and will not be rehearsed. It is,
cision (which source? vs Remember/Know?)however, worth noting that the differential
exerted an influence on the initial recognitionsensitivity of the two tasks to the change in
decision. Thus the two decisions were notencoding conditions between Experiments 1
carried out serially; presumably, participantsand 2 indicates that source and Remember
began to access information relevant to thejudgments were unlikely to have been based
second decision before they had determinedon the same information, a point to which
whether a test item was old or new. The pat-we return below when discussing the ERP
tern of the interaction between response cate-findings.

The same point emerges from a consider- gories and tasks suggests that participants
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scalp distribution of ERP old/new effects.
Thus, the findings from these experiments
suggest strongly that items defined as recol-
lected either by virtue of accurate memory for
their source or because they attract a Remem-
ber response, engage equivalent patterns of
neural activity as recorded from the scalp. Fol-
lowing the logic outlined in the Introduction,
these findings support the proposal, put for-
ward by Yonelinas and Jacoby (1995) on the
basis of their behavioral findings, that opera-
tional and subjective definitions of recollec-
tion are functionally equivalent.

There are however a number of possible
objections to this conclusion. First, it could
be argued that the experimental procedure
adopted here did not permit a fair comparison
between the two tasks. According to this argu-
ment, by employing two distinct study con-
texts, and requiring participants to alternate
between the two tasks, the Remember/Know
task was transformed into a de facto sourceFIG. 6. Grand average ERPs formed from items pre-

sented in the first blocks of the source (N Å 16) and task, with participants using their ability to
Remember/Know (N Å 14) tasks when each task was also recollect speaker voice as the criterion for
the first run of the experiment. Data are collapsed across making a Remember response on the majority
experiments and shown for lateral frontal and parietal sites.

of trials. There are two principal difficulties
with this argument. First, it is not clear how
it can accommodate the finding that the pat-were relatively slower to determine that a test
terning of RTs differed between tasks in bothword was old in the source task than in the
experiments. This finding likely indicates theRemember/Know task. This pattern may re-
adoption of different retrieval or decisionflect the fact that the source task required the
strategies in the two tasks (see above), some-retrieval of more differentiated information
thing that would not be expected if one taskthan did the Remember/Know task and thus,
was merely acting as a surrogate for the other.on average, a more extended memory search
Second, the comparison of the ERPs obtained(Johnson et al., 1993; Johnson, Kounios, &
from the first blocks to be run in the experi-Reeder, 1994). To the extent that initial and
ments offers no support for the idea that per-subsequent judgments were based on over-
formance of the source task influenced thelapping information, recognition judgments
strategy adopted for the Remember/Knowwould therefore be slower for items attract-
task. Participants who performed the Remem-ing correct source judgments than they would
ber/Know task in the first experimental blockbe for those associated with Remember re-
were unaware at that time that they wouldsponses.
also be required to perform a test of source

ERPs memory. Nonetheless, the topography of their
ERP old/new effects closely resembled thatNeither the separate analyses of the data
found for ERPs averaged over both blocks andfrom each experiment nor the analyses con-
did not differ significantly from the topogra-ducted on the combined data sets yielded any

evidence for task-related differences in the phy of the old/new effects associated with the
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source task when it was run as the first experi- of techniques that sample brain activity more
homogeneously than do ERPs, such as PETmental block.

Another line of attack on the conclusion and fMRI. Never the less, the present findings
at the very least point to an important area ofthat source and Remember judgments engage

equivalent processing is to argue that task- similarity between recollection as identified
by source and Remember judgments. Whetherspecific processes were time-locked not to the

test item, but to the onset of the response cue defined by operational or experiential criteria,
recollection engages the same two neural sys-for the second judgment. Hence, task differ-

ences in ERPs might have been more evident tems, reflected by the left parietal and right
frontal old/new ERPs effects respectively.in the period (averaging about 900 ms in dura-

tion) between the termination of the recording What might be the neurological and func-
tional significance of these effects? Followingepoch and the onset of the cue. Previous find-

ings suggest, however, that this is an unlikely Squire et al. (1993) (see also Moscovitch,
1992, and Knowlton & Squire, 1995), Wildingpossibility. In the study of Wilding and Rugg

(1996), which employed the same recording and Rugg (1996) proposed that the two effects
reflected functionally and neuroanatomicallyparameters and an essentially identical experi-

mental procedure to those adopted here, ERPs distinct cognitive operations, both of which
are important for accurate source memory.elicited by recognized test items began to dif-

fer according to the accuracy of the subse- These operations involve the retrieval of item
and contextual information from memory, andquent source judgment from around 400 ms

post-stimulus onset. More recently, Düzel et processing the products of retrieval to gener-
ate an episodic representation capable of sup-al. (1997), employing a very similar procedure

(but with a fixed delay of 2 s between the onset porting accurate source discrimination. Squire
et al. (1993) proposed that the first of theseof the test item and the cue for the second

response), demonstrated ERP differences be- operations depends upon the medial temporal
lobe memory system, whereas the second op-tween items attracting Remember or Know

judgments which also onset around 400 ms. eration is supported by the prefrontal cortex.
Wilding and Rugg (1996) identified the leftTogether, the findings from these studies indi-

cate that the ERP correlates of both accurate parietal effect with the first of these opera-
tions, and the right frontal effect with the sec-(as opposed to inaccurate) source memory and

Remember (rather than Know) judgments ond, ‘‘post-retrieval,’’ operation. According
to the present findings, these same two mem-would have been active for approximately the

final 1000 ms of the 1434 ms recording epoch ory operations support not only accurate
source judgments, but also the phenomenalemployed here. Thus the present findings are

unlikely merely to reflect a delay in the onset experience of recollection as manifest in Re-
member judgments.of the recollective processes supporting accu-

rate source and Remember judgments to a Why should items defined as recollected ac-
cording to operational and subjective criteriapoint beyond the end of the recording epoch.

The third problem with the present findings engage the same two cognitive operations?
The answer may lie in the fact that the tasksis that their interpretation depends on ac-

cepting the null hypothesis. Scalp ERPs are used to identify items as recollected according
to these different criteria are similar in twosensitive to only a fraction of the neural activ-

ity elicited by a given event (Coles & Rugg, important respects: they encourage intentional
retrieval, and they require that responses be1995), and it is therefore possible that differ-

ences in brain activity underlying functionally selected on the basis of the outcome of the
retrieval operation. In other words, each taskimportant differences in the ways that the two

classes of recollected item are processed can- places a strong emphasis on both retrieval and
post-retrieval processes. These two sets ofnot be detected with the ERP technique. Re-

solving this possibility will require the use processes are obviously inherent to tasks of
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source memory, and to variants of the source APPENDIX 1
memory task such as the ‘‘exclusion’’ condi- To estimate the proportion of trials on
tion of the process dissociation procedure em- which the source of a recognized item was
ployed by Jacoby and his associates (Jacoby, recollected.
1991). The same is equally true, however, for Let pS Å the proportion of correct source
the Remember/Know procedure, when partici- responses, and pR Å the proportion of trials
pants are also required both to attend to the on which the source was recollected. Assume
outcome of a retrieval attempt and to employ that a correct response will be made whenever
the outcome as the basis for differential re- the source is recollected or, if recollection
sponding (respond Remember vs respond fails, when the resulting guess is correct. For
Know). a binary source judgment the probability of a

A final caveat concerning the present data correct guess, averaged over the two judg-
remains. The phenomenal experience of recol- ments, is 0.5. Then,
lection can arise incidentally, in the absence
of the intention to retrieve, and the conse-

pS Å pR / (1 0 pR)/2quences of such recollection need not be
evident in on-line behavior (Bowers & Schac- pR Å pS 0 (1 0 pR)/2 Å 2pS 0 1
ter, 1990; Richardson-Klavehn et al., 1996;
Schacter, Bowers, & Booker, 1989). The ERP In Experiment 1, pS Å 0.75, and pR Å 0.5.
correlates of incidental recollection have yet In Experiment 2, pS Å 0.89, and pR Å 0.78.
to be fully characterized (although see
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