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Electrophysiologically Dissociating
Episodic Preretrieval Processing

Emma K. Bridger and Axel Mecklinger

Abstract

■ Contrasts between ERPs elicited by new items from tests
with distinct episodic retrieval requirements index preretrieval
processing. Preretrieval operations are thought to facilitate the
recovery of task-relevant information because they have been
shown to correlate with response accuracy in tasks in which
prioritizing the retrieval of this information could be a useful
strategy. This claim was tested here by contrasting new item
ERPs from two retrieval tasks, each designed to explicitly re-
quire the recovery of a different kind of mnemonic information.
New item ERPs differed from 400 msec poststimulus, but the
distribution of these effects varied markedly, depending upon
participantsʼ response accuracy: A protracted posteriorly lo-
cated effect was present for higher performing participants,
whereas an anteriorly distributed effect occurred for lower
performing participants. The magnitude of the posterior effect

from 400 to 800 msec correlated with response accuracy, sup-
porting the claim that preretrieval processes facilitate the recov-
ery of task-relevant information. Additional contrasts between
ERPs from these tasks and an old/new recognition task oper-
ating as a relative baseline revealed task-specific effects with
nonoverlapping scalp topographies, in line with the assumption
that these new item ERP effects reflect qualitatively distinct re-
trieval operations. Similarities in these effects were also used to
reason about preretrieval processes related to the general re-
quirement to recover contextual details. These insights, along-
side the distinct pattern of effects for the two accuracy groups,
reveal the multifarious nature of preretrieval processing while
indicating that only some of these classes of operation are sys-
tematically related to response accuracy in recognition mem-
ory tasks. ■

INTRODUCTION

Several models of episodic memory retrieval are charac-
terized by the view that there exist multiple stages at
which control can determine successful retrieval and sub-
sequent behavior (e.g., Moscovitch & Winocur, 2002;
Schacter, Norman, & Koutstaal, 1998). In one model, for
example, Burgess and Shallice (1996) outline the separate
but complementary contributions made by processes that
occur before and after retrieval has occurred. Subject to
current retrieval demands, the former specify details that
are goal-relevant whereas the latter determine whether
memory outputs meet such specifications. Of principal
interest in the current report is the influence of those pro-
cesses that occur before retrieval. The role of these mech-
anisms is highlighted most often in cases in which they
are presumed to be impaired, most commonly in con-
fabulating patients who pathologically retrieve irrelevant
or erroneous memory traces (see Metcalf, Langdon, &
Coltheart, 2007, for a review). Equally compelling support
for the influential role of these processes, however, would
come from demonstrating a relationship between the en-
gagement of these processes and episodic memory per-
formance in adults with intact control mechanisms.

One way of measuring preretrieval processes is to mea-
sure the neural activity elicited by new items employed in
recognition memory tests. It is typically assumed that, be-
cause these items have not been presented in a previous
study phase, they provide an uncontaminated index of
processing engaged before, but not during, successful re-
trieval (Hornberger, Morcom, & Rugg, 2004; Rugg &
Wilding, 2000). Furthermore, if such measures of brain
activity are compared across recognition tasks with dis-
tinct requirements, they should index the way in which
preretrieval processing is specified to the task in hand.
This logic has been applied to studies in which ERPs
have been employed as indices of brain activity and in
which reliable differences between ERPs elicited by new
items have been reported (for comparable fMRI con-
trasts, see Hornberger, Rugg, & Henson, 2006; Woodruff,
Uncapher, & Rugg, 2006). Retrieval requirements have
been manipulated in various ways, including by contrast-
ing test phases in which study and test formats either
do or do not match (Hornberger et al., 2004; Herron &
Rugg, 2003), by changing response requirements de-
pending upon the information associated with each item
(Dzulkifli & Wilding, 2005; Wilding, 1999), or by manipu-
lating the degree to which contextual details need to be
retrieved (Werkle-Bergner, Mecklinger, Kray, Meyer, &
Düzel, 2005; Ranganath & Paller, 1999, 2000; Johnson,Saarland University
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Kounios, & Nolde, 1997). In line with the variety of ma-
nipulations that have been employed and the assumption
that these contrasts index processes specific to each re-
trieval task, there is a considerable degree of heterogene-
ity in the timing and distribution of these effects across
studies. This variety highlights the diverse manner with
which retrieval cues can be processed in light of the par-
ticular task demands.

In one recent report, Bridger, Herron, Elward, and
Wilding (2009) developed the argument that the specific-
ity of these effects across experiments comes about be-
cause they reflect operations that relate to the recovery
of information relevant to the goals at hand. This asser-
tion was supported by the outcomes of analyses between
ERPs elicited by new items from two recognition memory
tasks, for which the task relevance of different kinds of
mnemonic information was manipulated by a simple
change in response requirements. Specifically, responses
at retrieval were based on those employed in Jacobyʼs
(1991) exclusion task. In each test phase, new items were
intermixed with old items that were associated with one
of two study contexts which, in the paradigm reported
by Bridger et al. (2009), related to the judgment required
for that item at encoding. Participants were only ever
required to endorse one class of old items as old (here-
after termed as “targets”) depending upon the associated
study context and to reject the remainder of old items
(nontargets) by responding to them on the same re-
sponse key as new items. Task requirements were thus
manipulated by changing the class of information that re-
quired a target response. Reliable differences between
new item ERPs from the two tasks were observed over
occipital sites from 500 to 1400 msec poststimulus but
only for a subgroup of participants whose ability to dis-
criminate between targets and nontargets was above
the group median. Notably, across all participants, there
was a positive relationship between this behavioral index
of response accuracy and the extent to which processing
of new items differed between the two recognition tasks
(operationalized simply as the magnitude of the differ-
ence between new item ERPs at occipital electrodes dur-
ing the critical time windows). Taken together, these data
comprise the first demonstration of a relationship be-
tween the engagement of preretrieval processes and in-
creases in behavioral accuracy on a memory task. This is
a necessary demonstration if the assumption that pro-
cesses engaged before retrieval can influence successful
retrieval is shown to be true.

These data points were also used to reason about the
efficacy of strategies that participants might use to com-
plete these tasks. One approach, for example, is to rely
equally on the recovery of both target and nontarget in-
formation in each test phase to correctly endorse or re-
ject each class of old item ( Jacoby, 1991). An alternative
strategy is to judge whether each item is associated with
target information and to use this information, alongside
the failure to recover such details, to respond appropri-

ately (Herron & Rugg, 2003). Bridger et al. reasoned that,
because only the second of these options assumes that
retrieval processing should be affected by changing target
designation, a systematic relationship between response
accuracy and the extent to which retrieval processing dif-
fered with target designation implied that the second strat-
egy was more likely to benefit correct responding in that
task. The embedded—and critical—assumption here is
that this is beneficial because the processes reflected in
the ERP contrast increase the likelihood that task-relevant
information is retrieved by biasing the retrieval process to-
ward target details in each test phase. In line with this is
the observation that, at the behavioral level, it was partici-
pantsʼ ability to accurately discriminate between the two
classes of information rather than the speed or efficiency
with which they responded to items that was related to
the engagement of preretrieval processing. Moreover, this
pattern suggests that, in tasks requiring binary discrimina-
tions of this kind, the benefits associated with prioritizing
task-relevant information outweigh those associated with
relying on the recovery of more than one type of informa-
tion (Bridger et al., 2009). The differences between new
item ERPs were therefore taken to reflect the engagement
of qualitatively distinct retrieval mechanisms associated
with maximizing the recovery of different memory con-
tents (in this case, target information) in each task.
It is also possible, however, to accommodate these

data within accounts that claim that new item ERP effects
reflect a quantitative change in the engagement of the
same process in the two tasks rather than the presence
of distinct retrieval operations (Bridger et al., 2009). Re-
course to one account of this kind often occurs when one
task appears to be more difficult than another on the ba-
sis of the associated behavioral performance, allowing for
the prospect that any changes in retrieval processing re-
flect a simple increase in the effort with which the same
retrieval resources are engaged (Rosburg, Mecklinger, &
Johansson, 2011; Rugg & Wilding, 2000). This particular
possibility cannot be entirely excluded when interpreting
the data reported by Bridger and colleagues because of
a consistent trend toward higher accuracy in one of the
two exclusion tests in that study. Moreover, in the case
that there were no behavioral indicators of changes in
task difficulty, the possibility that any ERP differences
might simply reflect the engagement of controlled pre-
retrieval processing in one task but not the other would
nonetheless remain. Accounts of this kind persist so long
as contrasts are limited to simple pairwise comparisons
because these cannot in and of themselves adjudicate be-
tween quantitative and qualitative accounts of retrieval
cue processing. With this in mind, the experiment de-
scribed here was designed to provide an explicit test of
the claim that pre-retrieval operations—as indexed by
new item ERP effects—index distinct retrieval operations
which facilitate the recovery of task-relevant information
rather than reflect the differential engagement of the
same process.
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The current study contained a number of measures
designed to enable this. First, recognition memory tasks
were employed which (i) extensive piloting ensured were
comparably difficult (to circumvent potential retrieval ef-
fort explanations) and (ii) were explicitly designed to en-
courage the recovery of one class of information in each
test phase. At study, participants were required to make
one of two judgments on items (in this instance, judging
the pleasantness of the item or how easy it would be to
draw). For a third class of items, they made both these
judgments sequentially. In subsequent test phases, all
old items were intermixed with new items, and partici-
pants made a yes/no response for each item. In one test
phase, participants were to respond yes if they had pre-
viously performed a pleasantness judgment on the item
at study and no if not. In the remaining test phase, a
comparable yes/no judgment was required, addressing
whether items had previously been encountered in the
drawing judgment task. The critical modification from
the exclusion task, therefore, was the addition of items
associated with both study contexts. These items were
included to reduce the degree to which it is useful to
recover nontargeted information in each test phase be-
cause the recovery of this information alone is no longer
sufficiently indicative of a “no” or reject response. Correct
responding nonetheless remains contingent upon the
recollection of target information in each test phase, mak-
ing prioritizing the recovery of target details in each test
phase an especially valid strategy for completing this task.
This emphasis on one class of diagnostic information in
each test is reflected in previous reports of this kind of
task (see Gallo, Weiss, & Schacter, 2004, for the earliest
such report), which refer to this as the criterial recollec-
tion task. If new item ERPs reflect preretrieval processes
that relate to the recovery of particular classes of informa-
tion then differences between new item ERPs from the
two criterial recollection tasks employed here should rep-
licate the pattern reported by Bridger et al. and show a
relationship between the engagement of these processes
and the likelihood of responding correctly in these tasks.
A second feature of the current design was included to

address the inability of pairwise contrasts to arbitrate be-
tween accounts that state that these effects reflect the
engagement of qualitatively distinct processes and those
that state that they reflect a change in the engagement of
the same process. Participants completed a third recog-
nition task in which the same types of studied informa-
tion were present but for which only simple old/new
judgments were required. This task thus provided a class
of new items for which processing was assumed to be
relatively neutral, without an emphasis on the recovery
of a particular class of information, and to which ERPs
from the criterial tasks could be separately contrasted.
These separate contrasts are assumed to provide indices
of genuine task-specific retrieval effects, because they
should reflect processes engaged exclusively toward the
recovery of information associated with pleasantness or

drawing judgments in each case. Evidence that these
task-specific effects differ significantly in their scalp topog-
raphies would provide convergent support for the claim
that participants engage in distinct retrieval processes in
each test phase rather than change the degree to which
they engage in the same preretrieval process. These
contrasts were also presumed to provide insight into a
complementary aspect of preretrieval processing by high-
lighting the general manner with which processing in the
criterial tasks differed from the old/new recognition task.
In line with the assumption that the requirement to prior-
itize the recovery of particular contextual details is com-
mon to the criterial but not to the old/new recognition
task, commonalities in the time course and scalp distribu-
tion of the differences between ERPs from these tasks
should also shed light on the nature of general preretrieval
control processes engaged in these tasks.

METHODS

Participants

Thirty-two native German speakers (13 men) were re-
cruited from the student population of Saarland Univer-
sity. Participants were compensated A8/hr or in course
credit for their time. All were right-handed and reported
no diagnosis of dyslexia or neurological problems. The
mean age of these participants was 23 years (range =
18–28 years). A further seven students (five men) also
participated but were excluded from the final analyses,
because they either failed to follow instructions in one
of the test phases (2) or were unable to successfully
discriminate between target and nontarget items as indi-
cated by a discrimination value ( p[target hit] − p[nontar-
get false alarm]) at or below zero.

Materials and Design

Four hundred eighty German nouns with a frequency of
1–60 occurrences per million and a word length of four
to nine letters were taken from the CELEX database
(Baayen, Piepenbrock, & van Rijn, 1993). All words were
independently verified as concrete by 39 native German
speakers. Raters made two further judgments about each
word: Using a scale of 1–4, they were required to deter-
mine (i) the ease with which the item depicted by the
word could be drawn and (ii) the pleasantness of the
item. The modes derived from these ratings along with
frequency per million were used to allocate words to
eight sets of 60 words matched for ease of drawing, pleas-
antness, and frequency.

The experiment was split into two separate study–test
cycles. Each cycle began with a study phase in which par-
ticipants were presented with 150 words. For 55 of these
words, participants were required to rate how difficult
it would be to draw the object denoted by each word
and for a further 55 words, participants were required
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to determine how pleasant the object denoted by the
word was. The remaining 40 words were presented twice
(in succession), and participants were required to com-
plete both tasks for these words. After study, participants
performed two criterial recollection tasks and an old/
new recognition task. In each criterial recollection task,
20 pleasant items, 20 drawing items, and 20 items from
both tasks were randomly intermixed with 30 new items,
and participants were required to make a yes/no response
to each item. In the pleasant criterial task, this decision
depended upon whether the item had been encoded
in the pleasantness task at study, whereas in the Drawing
criterial task, the decision referred to whether each item
had been in the drawing judgment task at study. In the
old/new recognition task, 15 pleasant items and 15 draw-
ing items were intermixed with 30 new items, and par-
ticipantsʼ yes/no judgments were made on the basis of
whether each item was old or new.

The unequal number of old and new items across the
three tasks precluded a complete counterbalance of items
across all experimental conditions. Instead, for each
study–test cycle, four sets of 60 words (matched for fre-
quency, ease of drawing, and pleasantness ratings) were
allocated to the following groups: (a) 60 old items in the
pleasant criterial task, (b) 60 old items in the Drawing
criterial task, (c) 60 new items for both criterial recollec-
tion tasks, and (d) all 60 (old and new) items in the old/
new recognition task. Table 1 depicts the experiment con-
ditions that comprise these groups. Rotating word sets
across these four groups as well as three times within each
set created 12 counterbalanced lists that ensured all items
served at least once in all the possible study conditions for
the two criterial recollection tests and that each set of
60 was encountered in each of the three retrieval tasks.

Procedure

Participants were initially fitted with an EEG cap (see re-
cording parameters below), a process which took approxi-
mately 1 hr. The experiment began once participants had
completed a short practice phase in which they were fa-

miliarized with the task requirements in both the study
and test phases. All instructions were provided both ver-
bally and on the computer screen. Participants were asked
to repeat each set of instructions for the three memory
tests back to the experimenter to ensure they understood
the separate task requirements.
In each study phase, cues immediately preceding each

word specified which judgment to make on the subse-
quent word (“ANGENEHM?” for the pleasantness judgment
and “ZEICHNEN?” for the judgment task). Responses
were made on a computer keyboard with the following
four-point scales; “very pleasant, pleasant, unpleasant, very
unpleasant” and “very easy to draw, easy to draw, difficult
to draw, very difficult to draw.” Task cues were presented
for 600 msec, followed by a blank screen for 500 msec and
then the word for 300 msec. The screen remained blank
until the participant made their response and the next
task cue appeared 1250 msec later. The order in which
these tasks were encountered was pseudorandomized,
such that the same task was never encountered more than
three times in succession. For 50% of those items for
which participants performed both tasks, the drawing judg-
ment was made first. Participants received a self-terminated
break midway through each study phase.
Test trials began with a fixation crosshair for 500 msec

followed by a blank screen for 500 msec. Words were
presented for 300 msec before a blank screen was pre-
sented until the participant responded. The next trial
began 1000 msec after a response was made. Participants
made yes/no responses depending upon the particular
task instructions (see Table 1). In keeping with the no-
menclature employed in standard exclusion tasks, items
which had only been presented once at study are here-
after referred to as targets if participants were required
to respond “yes” to them and nontargets if they were
to respond “no.” In each study–test cycle participants
always performed the two criterial recollection tasks
before the old/new recognition task, but the order in
which the pleasant and drawing criterial tasks were en-
countered was balanced across study–test cycles. Hand-
to-response mappings remained constant within each
experiment run and half of the participants responded
“yes” with the left index finger and “no” with the right
index finger.

Electrophysiological Recording Parameters and
Data Processing

Continuous EEG was recorded from 58 scalp locations
based on the extended international 10–20 system ( Jasper,
1958). EEG was acquired referenced to the left mastoid
and rereferenced off-line to the average of the mastoid sig-
nals. EEG signals were band-pass filtered from DC-250 Hz
and digitized at a sampling rate of 500 Hz. EOG activ-
ity was assessed using signals recorded from four addi-
tional electrodes above and below the right eye (vertical
EOG) and on the outer canthi (horizontal EOG). Electrode

Table 1. Experimental Conditions Generated by the Three
Retrieval Tasks (Pleasant, Drawing, and Old/New) and Four
Study Conditions (Pleasant, Drawing, Both, and New)

Retrieval Task

Pleasant Drawing Old/New

Study Pleasant Pleasant Pleasant

Drawing Drawing Drawing

Both Both –

New New New

Items to which participants were required to respond “yes” in each re-
trieval task are highlighted in bold.
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impedances were kept below 5 kΩ. Off-line, a digital band-
pass filter (0.03–500 Hz) was applied, and epochs were
created beginning 200 msec before and ending 1600 msec
after the onset of stimulus presentation. Waveforms were
corrected relative to a 200-msec prestimulus baseline pe-
riod. EOG blink and movement artifacts were corrected
using the modified linear regression algorithm (Gratton,
Coles, & Donchin, 1983) embedded in the EEProbe Soft-
ware package. ERP analyses were conducted only on items
to which a correct response was given. For illustrative
purposes only, a 12-Hz low-pass filter has been applied
to all ERP waveforms depicted in the figures.

RESULTS

Behavior

Study

Mean RTs for responding at study were 1214 msec (SD =
223 msec) for pleasantness judgments and 1226 msec
(SD = 230 msec) for drawing judgments. Response times
did not differ for the two encoding tasks ( p > .29).

Test

Table 2 displays the likelihoods of a correct response in
each criterial recollection task and each word category
along with corresponding mean RTs. These data followed
the pattern typically reported in this task: Accuracy was
greatest for correctly rejected new items, which were
more likely than correct responses to both items (t(1,
31) = 10.53, p < .001), which were more likely than tar-
get hits (t(1, 31) = 6.82, p < .001). These, in turn, were
more likely than correctly rejected nontargets (t(1, 31) =
2.10, p < .05). As a necessary step in determining how
ERP new item effects relate to accuracy and in line with
the approach reported by Bridger et al. (2009), partici-
pants were allocated to a high- or low-accuracy group ac-
cording to their performance in the two criterial tests.

This was operationalized using an index of each partici-
pantʼs ability to discriminate between targets and nontar-
gets ( p[target hit] − p[nontarget false alarm]) collapsed
across the two criterial tasks. Individuals were then split
into two groups, depending upon whether their discrimi-
nation score fell above or below the median (.38). The
mean target/nontarget discrimination scores were .52
and .20 for the subsequent high and low groups, re-
spectively. When submitted to an ANOVA with factors
of retrieval task (pleasant, drawing) and accuracy group
(high, low), these data revealed a main effect of accuracy
group (F(1, 30) = 78.62, p < .001) but no effect of re-
trieval task (F(1, 30) = 0.03, p = .87) or interaction (F(1,
30) = 1.26, p = .27).

Table 3 shows the probabilities of correct responses
along with associated RTs for both accuracy groups and
all three retrieval tasks. A global ANOVA with factors of
retrieval task (pleasant, drawing), word category (target,
nontarget, both, and new) and accuracy group (high, low)
revealed no main effects or interactions with the retrieval
task factor (all relevant p values > .37). Main effects of
word category (F(3, 90) = 90.45, p < .001) and accuracy
group (F(1, 30) = 69.44, p < .001) were moderated by
an interaction (F(3, 90) = 4.67, p < .05). Bonferroni-
corrected t tests (adjusted α level: 0.05/12 = 0.004) indi-
cated that, in both groups, correct responses to old items
were less likely than to new items (all ps < .004). In the
high-accuracy group, accuracy for nontargets did not dif-
fer significantly from that for targets or “both” items (both
p > .004) but was higher for “both” items than targets
( p< .004). The pattern was comparable in the low group,
except that correct responses were also significantly more
likely to a “both” item than to a nontarget ( p < .001). In
line with the critical comparisons between new item ERPs
across retrieval tasks and accuracy group, mean probabil-
ities of a correct response to a new item in the three re-
trieval tasks were submitted to an ANOVA with factors of
retrieval task (pleasant, drawing, old/new) and accuracy
group (high, low). Correct rejections were more likely in
the high group (F(1, 30) = 7.98, p< .01). There was also a
main effect of retrieval task (F(2, 60) = 42.37, p < .001)
because the likelihood of correctly rejecting a new item
was greater in the criterial than the old/new recognition
task (pleasant, t(31) = 7.27, p < .001; drawing, t(31) =
6.89, p < .001) but did not differ for the two criterial tasks
(t < 1).1 An ANOVA for old responses in the old/new
recognition task with factors of accuracy group and word
category (pleasant, drawing) revealed that the likelihood
of making a correct old response was greater in the high-
accuracy group (F(1, 30) = 14.60, p < .01).

Mean response times for the criterial tasks were sub-
mitted to the same global ANOVA employed for response
probabilities and revealed a main effect of word category
(F(3, 90) = 52.17, p < .001), which was moderated by an
interaction with accuracy group (F(3, 90) = 6.09, p <
.01). Bonferroni-corrected pairwise t tests (α level =
0.004) revealed that correct rejections were faster than

Table 2. Mean Proportions of Correct Responses along with
Associated Mean RTs for Each Word Category in the Two
Criterial Recollection Tasks (n = 32)

Retrieval Task

Word Status

Pleasant Drawing Both New

Pleasant

p(correct) .71 (.10) .66 (.15) .79 (.09) .94 (.06)

RT (msec) 976 (194) 1016 (213) 926 (182) 829 (145)

Drawing

p(correct) .65 (.15) .70 (.12) .81 (.10) .95 (.06)

RT (msec) 1022 (274) 964 (201) 937 (187) 816 (136)

SDs are in parentheses.
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all other responses (all ps < .004) in the low-accuracy
group but that response times did not differ for the
classes of old items. In the high-accuracy group, correct
rejections were also faster than responses to all other
items (all ps < .001), but responses to nontargets were
reliably longer than responses to targets ( p < .001) and
“both” items ( p < .001). Speed of responding did not dif-
fer between targets and “both” items in the high-accuracy
group. A planned ANOVA with factors of retrieval task
(pleasant, drawing, old/new) and accuracy group (high,
low) revealed no differences in response times for cor-
rect rejections from the three retrieval tasks.

In summary, participants in the high-accuracy group
were reliably more likely to make a correct response than
those in the low-accuracy group. More accurate respond-
ers were also slower to respond to nontargets. Critically,
across all participants, there was no evidence of changes
in difficulty for the two criterial tasks. Participants were,
however, less likely to correctly reject new items in the
old/new recognition task.

ERP Analyses

All analyses of ERP data are restricted to contrasts be-
tween ERPs elicited by correctly responding to new items
from the three retrieval tasks. To select time windows
and electrode sites that encapsulate real differences be-
tween correctly rejected new item ERPs, the following
procedure was followed. The mean amplitudes of ERPs

for the three retrieval tasks were quantified for 100 msec
bins from 200 to 1600 msec after stimulus presentation
and were used to conduct separate paired t tests (pleas-
ant vs. drawing, pleasant vs. old/new and drawing vs. old/
new) in each time window at each electrode. p Values
of < 05 but > .01 were regarded as significant only if
neighboring electrodes and/or neighboring time win-
dows showed a significant condition effect at p < .02
(see Rosburg et al., 2011, for a comparable approach).
The outcomes of these analyses were used to guide the
selection of time windows and electrode grids that best
encompassed the majority of ERP effects (from all three
contrasts) within the following constraints: Time win-
dows were to comprise epochs of equal duration, and elec-
trode grids were to sample equally from left, midline, and
right hemisphere sites and anterior, central, and posterior
sites. Mean amplitude data from three time windows
(400–800, 800–1200, and 1200–1600 msec) and a 3 ×
3 electrode grid comprising three frontal (F5, Fz, F6),
three central (C5, Cz, C6), and three parietal (P5, Pz, P6)
electrodes were chosen on the basis of the outcomes of
these contrasts.
In line with the primary hypothesis, analyses began with

paired comparisons between new item ERPs from the two
criterial tasks. To determine whether effects were influ-
enced by accuracy group, initial ANOVAs including factors
of accuracy group (high, low), retrieval task (pleasant,
drawing), anterior/posterior (frontal, central, parietal),
and laterality (left, midline, right) were conducted in each

Table 3. Mean Proportions of Correct Responses along with Associated Mean RTs for Each Word Category in the Criterial and
Old/New Recognition Tasks

Retrieval Task Accuracy Group

Word Category

Target Nontarget Both New

Pleasant High p(correct) .77 (.08) .74 (.12) .82 (.08) .97 (.02)

RT (msec) 1007 (198) 1081 (216) 961 (189) 836 (160)

Low p(correct) .65 (.09) .58 (.13) .75 (.10) .91 (.07)

RT (msec) 944 (191) 952 (195) 891 (173) 822 (133)

Drawing High p(correct) .78 (.10) .75 (0.10) .85 (.07) .97 (.05)

RT (msec) 1000 (195) 1120 (307) 978 (219) 835 (160)

Low p(correct) .63 (.08) .55 (.11) .76 (.10) .93 (.07)

RT (msec) 929 (207) 924 (200) 895 (145) 796 (110)

Pleasant Drawing New

Old/New High p(correct) .90 (.08) .86 (.08) .91 (.05)

RT (msec) 789 (142) 808 (139) 850 (170)

Low p(correct) .77 (.09) .77 (.13) .83 (.12)

RT (msec) 766 (122) 773 (122) 816 (128)

The data are separated for the two accuracy groups. SDs are shown in parentheses.
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epoch. The Geisser–Greenhouse correction for violations
of sphericity (Greenhouse & Geisser, 1959) was employed
where necessary. Only significant interactions including
the retrieval task factor are of concern and these are
shown for each time window in Table 4. Where accuracy
group interacted with retrieval task, subsequent analyses
were conducted separately for the two groups, and to an-
ticipate, these revealed distinct new item ERP effects in
each group. To determine whether either of these effects
was systematically related to response accuracy, corre-
lational analyses between the mean amplitudes of these
effects and response accuracy were conducted at the elec-
trode locations and time points where between-group
differences were present.
The next set of analyses comprised comparisons be-

tween ERPs from the old/new recognition task and those
from each criterial task. In a first step, these were aver-
aged across the two criterial tasks to highlight the overall
pattern with which ERPs from the old/new recognition

and criterial tasks differ from each other. ANOVAs for
these analyses employed the same factors as the pre-
ceding global ANOVA, except that the retrieval task factor
was updated (criterial, old/new) and the outcomes of
these contrasts (shown in Table 4) were deconstructed
using the same approach as for the criterial pairwise con-
trasts. Table 4 also shows the outcomes of the compari-
sons between new item ERPs from the separate criterial
tasks and the old/new recognition task, which reveal
changes in the pattern of interactions with location fac-
tors for the two contrasts. In a next step, the topogra-
phies of these task-specific pairwise comparisons were
directly contrasted against one another in each time
window to determine whether the variations in retrieval
task × location factors for the two contrasts reflect robust
differences in scalp topography. Demonstrating changes
in the scalp distribution of the two criterial task-specific
contrasts would support the claim that not entirely the
same cognitive processes were engaged in the two cri-

Table 4. Outcomes of Global ANOVAs for Pairwise Comparisons in Each Time Window

Epoch

400–800 msec 800–1200 msec 1200–1600 msec

Pleasant vs. Drawing

Task × Group 1,307.64*

Task × Anterior/Posterior 1.3,39.115.17** 1.4,43.113.59** 1.4,43.24.59*

Task × Laterality × Group 1.78,53.44.48* 1.9,57.03.42* 1.8,53.14.20*

Criterial vs. Old/New

Task 1,306.87*

Task × Anterior/Posterior 1.4,40.710.46** 1.5,44.76.80**

Task × Laterality 2,58.87.16**

Task × Anterior/Posterior × Laterality 3.5,104.73.25*

Pleasant vs. Old/New Recognition

Task 1,305.48*

Task × Anterior/Posterior 1.3,38.016.20** 1.4,42.511.32**

Task × Laterality 2,58.95.05*

Task × Anterior/Posterior × Laterality 3.5,105.73.16*

Drawing vs. Old/New Recognition

Task 1,305.61*

Task × Anterior/Posterior 1.5,46.35.51* 1.6,49.85.02* 1.6,47.24.49*

Task × Laterality 2,61.86.98**

Geisser–Greenhouse corrected degrees of freedom for deviations from sphericity are shown in superscript.

*p < .05.

**p < .01.
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terial tasks (Wilding, 2006). Task-specific subtractions
were thus extracted (pleasant minus old/new and drawing
minus old/new) for each epoch and subjected to ANOVAs
with factors of retrieval task subtraction (pleasant, draw-
ing), anterior/posterior (frontal, central, parietal), and lat-
erality (left, midline, right).

The additive nature of ANOVAs means that it is possi-
ble to obtain reliable interactions between condition and
location factors simply because the engagement of ac-
tivity is significantly greater in one condition rather than
because there is a change in the way in which activity is
distributed over the scalp (Wilding, 2006; McCarthy &
Wood, 1985). The recommended approach to overcom-
ing this problem and ensuring such outcomes reflect to-
pographical differences is to determine whether reliable
interactions between factors of condition and scalp lo-
cation remain when amplitude differences are removed
(Picton et al., 2000). Thus, where task-specific contrasts in-
teracted with scalp location, follow-up analyses were con-
ducted on data rescaled using the vector length method
and submitted to ANOVAs with factors of retrieval task
subtraction (pleasant, drawing) and electrode site (9) in
each time window. Reliable interactions of this kind would
thus confirm the presence of distinct scalp topographies
in each time window. Comparable analyses were also used
to determine whether the scalp distribution of differences

between new item ERPs (pleasant vs. drawing; criterial vs.
old/new; pleasant subtraction vs. drawing subtraction)
change over time. These time course analyses comprised
pairwise comparisons between rescaled subtraction data
from adjacent epochs and employed factors of epoch (2)
and electrode site (9). The mean trial numbers (range in
brackets) forming individual subjectsʼ average ERPs for
the high-accuracy group were 51 (37–59), 50 (28–60),
and 47 (30–57) for the pleasant, drawing, and old/new
recognition tasks, respectively. The means for the same
conditions in the low-accuracy group were 48 (35–57),
50 (42–58), and 44 (31–58).

Criterial Task New Item ERPs

Figure 1 shows the grand-averaged waveforms for ERPs
elicited by new items in the pleasant and drawing crite-
rial recollection tasks for the high- (left) and low-accuracy
(right) groups. The figure also contains topographic maps
depicting the scalp distribution of the differences between
correct rejections from the two test phases for each of the
two groups. The left panel shows these data for the high-
accuracy group, in which pleasant new item ERPs are more
negative than drawing new item ERPs over left posterior
sites, from approximately 500 msec poststimulus until the

Figure 1. Top: Grand-averaged ERP waveforms elicited by new items in the two criterial recollection tasks for the high-accuracy (left) and
low-accuracy (right) groups. Data are shown for the nine electrode locations over frontal (F5, Fz, F6), central (C5, Cz, C6), and posterior (P5, Pz, P6)
scalp sites used in all statistical analyses. Bottom: Topographic maps showing the scalp distributions of the differences between neural activity
elicited by new items for the high-accuracy (left) and low-accuracy (right) groups. Topographic maps are computed on the basis of the difference
scores obtained by subtracting mean amplitudes for ERPs elicited by new items in the drawing criterial task from those in the pleasant criterial task
and are shown for those time windows in which there was a reliable interaction between retrieval task and factors of scalp site in each group.
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end of the recording epoch. For the low-accuracy group,
however, depicted in the right panel, pleasant new item
ERPs are relatively more positive than drawing new item
ERPs from 500 to 1300 msec at anterior and central sites.
Table 4 shows reliable interactions, including the factors

of accuracy group and retrieval task in each time window,
prompting follow-up contrasts within each group. In the
400–800 msec time window, retrieval task interacted with
anterior/posterior for both the high- (F(1.29, 19.33) =
7.68, p < .01) and low-accuracy group (F(1.31, 19.61) =
7.88, p < .01). Analyses at each level of anterior/posterior
for the high-accuracy group revealed a main effect of re-
trieval task at posterior sites only (F(1, 15) = 11.35, p <
.01). These analyses in the low-accuracy group revealed
a main effect of retrieval task at anterior (F(1, 15) =
6.10, p < .05) and central sites (F(1, 15) = 6.12, p <
.05). Although there were no interactions with laterality in
this time window for either group, analyses at each level of
this factor were included to endeavor to break down the
initial interaction between accuracy group, retrieval task,
and laterality presented in Table 4. In the high-accuracy
group, this revealed interactions between retrieval task
and anterior/posterior at all three levels of laterality (all
Fs(<1.61, <24.11) > 4.76, p < .05). In the low-accuracy
group, there were main effects of retrieval task at left and
midline sites (all Fs(1, 15) > 4.72, p < .05) and interac-
tions between retrieval task and anterior/posterior at all
three levels of laterality (F(<1.9, <28.48) > 4.66, p <
.05). The initial interaction with accuracy group, retrieval
task, and laterality is likely to reflect the reversal in polar-
ity of the two effects, a difference which was most robust
over left hemisphere and midline sites.
From 800 to 1200 msec, retrieval task interacted with

anterior/posterior in the high- (F(1.29, 18.43) = 4.42, p<
.05) and low-accuracy group (F(1.59, 23.84) = 9.62, p <
.01). The anterior/posterior interaction breakdown in
the high-accuracy group revealed a main effect of re-
trieval task at posterior sites (F(1, 15) = 7.63, p < .05)
as well as interactions between retrieval task and later-
ality at anterior (F(1.72, 25.83) = 3.93, p < .05) and cen-
tral sites (F(1.78, 26.66) = 3.58, p < .05). These latter
interactions reflect the relatively greater difference be-
tween new item ERPs over left hemisphere sites for this
group. For the low-accuracy group, there was a main ef-
fect of retrieval task at anterior sites only (F(1, 15) = 4.91,
p < .05). In the final 1200–1600 msec time window, re-
trieval task interacted with laterality for the high group
(F(1.7, 25.55) = 4.97, p < .05), whereas there were no
significant effects for the low group. Analysis at each level
of laterality for the high group revealed a main effect of
retrieval task over the left hemisphere sites only (F(1,
15) = 7.36, p < .05). Combined, the outcomes of these
analyses confirm the impression provided by Figure 1
that new item ERPs show a temporally protracted left
posterior difference in the high-accuracy group begin-
ning around 400 msec but an anteriorly distributed effect
with a reversed polarity in the low-accuracy group.

The preceding analyses reveal between-group differ-
ences in the way in which new item ERPs were processed
according to the specific retrieval requirements. If these
changes in retrieval processing are systematically related
to the accuracy of retrieval judgments, either positively or
negatively, then it should also be possible to observe a
relationship between response accuracy and the engage-
ment of these processes at the individual subject level.
To investigate this, subtraction data were computed from
the nine electrode sites (F5, Fz, F6, C5, Cz, C6, P5, Pz,
and P6) in the three time windows used in all preceding
analyses. Criterial recollection subtraction amplitudes
were calculated by subtracting the mean amplitude of
ERPs from the pleasant task from the mean amplitude
of drawing ERPs. For all participants, these values were
plotted against discrimination scores ( p[target hit] −
p[nontarget false alarm]) averaged across the two criterial
recollection tasks. Across all participants, significant posi-
tive correlations were obtained in the 400–800 msec time
window at electrodes P5 (n = 32, r = 0.36, p < .05), Pz
(n= 32, r= 0.52, p< .01), and Cz (n= 32, r= 0.49, p<
.05). Figure 2 depicts scatterplots of these relationships
at electrode Pz, where the effect was largest. There were
no significant correlations at anterior sites from 400 to
800 msec or at any location in the latter two epochs.
The significant correlations in the early time window in-
dicate that response accuracy increased with the extent
to which the new item ERPs over posterior sites differed
from one another from 400 to 800 msec.

Criterial versus Old/New Recognition Task New
Item ERPs

Figure 2 shows, for all participants, the grand-averaged
waveforms for ERPs elicited by new items in the old/new
recognition task, plotted separately against ERPs from the
two criterial tasks. These contrasts are assumed to reflect
processes that relate to the recovery of contextual details
associated with the pleasantness task in one case and
drawing-related details in the other. From approximately
500 msec, items from both criterial recollection tasks are
more negative than old/new recognition new item ERPs.
Although the distribution of both these effects is maxi-
mal over central sites, this effect also extends over pos-
terior and right hemisphere sites for pleasant ERPs. From
800 msec onward, criterial task ERPs become more pos-
itive relative to old/new recognition task ERPs. From
1200 msec, for both contrasts, this relative positivity oc-
curs over both frontal and posterior sites. In the preced-
ing 800–1200 time window, however, only ERPs from the
pleasant task are relatively more positive than old/new rec-
ognition ERPs, and this effect is most pronounced at fron-
tal sites.

Table 4 shows the outcomes of the contrasts between
criterial task and old/new recognition ERPs both when
collapsed across and when separated for the two criterial
tasks. There were no interactions with accuracy group
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for any of these contrasts and subsequent subtraction and
rescaled analyses are thus collapsed across this factor. To
characterize the general pattern with which criterial task
ERPs (collapsed across the two tasks) differed from old/
new recognition ERPs, follow-up analyses were conducted
at each level of anterior/posterior in the 400–800 and 800–
1200 msec epochs. In the 400–800 msec window, these re-
vealed main effects of retrieval task at central (F(1, 31) =
5.83, p< .05) and posterior (F(1, 31) = 4.56, p< .05) sites
and retrieval task by laterality interactions at frontal (F(1.9,
59.1) = 4.00, p < .05), central (F(1.9, 60.4) = 9.06, p <
.001), and posterior (F(1.7, 54) = 4.79, p< .05) sites. These
interactions with laterality came about because effects
were present predominantly over the right hemisphere
and the midline for the central and posterior analyses,
whereas the effect was greatest over the left hemisphere
at anterior sites. Comparable follow-up contrasts in the
800–1200 msec revealed a main effect of retrieval task at
anterior sites only (F(1, 31) = 5.30, p < .05). Combined,
these analyses indicate a change in the pattern of differ-
ences between criterial and old/new recognition task ERPs
over time; whereas from 400-800 msec, criterial task ERPs
elicit a relative negativity over central sites, they demon-
strate an anterior positivity from 800 msec onward, which
becomes more diffusely distributed across the scalp from
1200 msec.

The preceding analyses reveal the overall manner with
which ERPs in the criterial task diverge from those in the
old/new recognition task. Table 4 also reports the out-
comes for these contrasts separated for the two criterial
tasks. To determine whether the topographies of these
effects differ from one another, the distributions of the
two effects were directly compared with one another via

a series of subtraction analyses. In the 400–800 msec win-
dow, retrieval task subtraction interacted with anterior/
posterior (F(1.31, 40.74) = 15.45, p < .05) in line with
the shift in distribution of the relative negativity of the
two effects in this time window; whereas this was greatest
at central sites for the drawing contrast, it was most nega-
tive at posterior sites for the pleasant contrast for which
it was also relatively positive at anterior sites. Retrieval
task also interacted with anterior/posterior in the subse-
quent 800–1200 msec time window (F(1.44, 44.71) =
13.74, p < .001). Whereas both effects demonstrated a
relative positivity in this time window, the distribution
was maximal at anterior sites for the pleasant task-specific
contrast. The same interaction term was also significant in
the final 1200–1600 msec time window (F(1.47, 45.5) =
4.67, p < .05), because of the anterior maximum of the
pleasant task-specific contrast compared with the poste-
rior drawing task-specific contrast (see Figure 3).

Topographical Analyses

Rescaled task-specific subtraction comparisons revealed
interactions between retrieval task and electrode site,
confirming that the effects were associated with reliably
distinct scalp topographies in all three time windows
(400–800, F(3.9, 120.82) = 5.29, p < .01; 800–1200,
F(4.47, 138.55) = 4.70, p < .01; 1200–1600, F(4.2,
130.15) = 2.69, p < .05). To determine whether the dis-
tributions of each of the two task-specific subtraction con-
trasts changed with time, the same rescaled data were
submitted to pairwise comparisons between adjacent time
windows. Reliable Epoch × Electrode location interactions
were revealed for the pleasant contrast when the 400–800

Figure 2. Scatterplot showing
the relationship between
target/nontarget discrimination
and difference score amplitudes
(drawing ERPs minus pleasant
ERPs) at electrode Pz in the
400–800 msec window for all
32 participants.
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and 800–1200 window (F(3.83, 118.62) = 4.12, p <
.01) and the 800–1200 and 1200–1600 epochs (F(3.7,
114.54) = 5.34, p < .01) were compared. These same in-
teraction terms were marginal for the drawing task-specific
contrasts (400–800 vs. 800–1200, F(4.04, 125.23) = 2.32,
p = .06; 800–1200 vs. 1200–1600, F(4.02, 124.68) = 2.38,
p = .06), and significant when collapsed across criterial
task (criterial vs. old/new; 400–800 vs. 800–1200, F(3.79,
117.58) = 3.27, p < .05; 800–1200 vs. 1200–1600, F(3.67,
113.61) = 3.92, p < .05).
To determine whether or how the scalp distributions

of the differences between criterial task ERPs changed
over time, analyses were conducted on rescaled subtrac-
tion data (drawing minus pleasant), calculated separately
for the two groups. For the high-accuracy group, there
were no interactions between retrieval task and electrode
site for any of the comparisons between adjacent time
windows (all ps > .16). Similarly, there was no evidence
of reliable changes in scalp distribution over the two time
windows in which criterial task ERPs differed from one
another for the low-accuracy group (400–800 vs. 800–
1200 msec time windows; p = .57). Thus, whereas there
was no evidence that the scalp distribution of differences
between criterial task new item ERPs changed over time
for either accuracy group, this was not the case for the
differences between criterial and old/new recognition

new item ERPs, the pattern of which changed over suc-
cessive epochs.

Within-group Task-specific Analyses

In a final analysis, task-specific subtraction (criterial minus
old/new) contrasts were conducted separately for the
high- and low-accuracy groups for the 400–800 msec time
window to provide support for the critical assumption that
higher performing participants engaged distinct retrieval
processing in each criterial test in this epoch. Figure 4
shows the contrasts in this time window for the high-
and low-accuracy group. Whereas the broad negativity of
the effects in the high group extends over left posterior
sites for the pleasant effect it demonstrates a right-sided
and more anterior distribution for the drawing effect.
The differences in distribution are more marked for the
low performing group; whereas the central negativity is
again evident for the drawing effect, the pleasant effect
was characterized by a prefrontally distributed positivity for
this group. Demonstrating that topographic differences re-
main for the high-accuracy group when low performers
are removed is necessary in line with the interpretation
that it is the engagement of distinct preretrieval operations
in this group, which is related to an increase in response
accuracy. In line with this critical assumption, retrieval task

Figure 3. Top: Grand-averaged ERP waveforms elicited by new items in the old/new recognition task contrasted against new items from the
pleasant criterial (left) and drawing criterial task (right) for all participants. Bottom: Topographic maps showing the scalp distributions of
these two effects computed by subtracting mean amplitudes for ERPs elicited by new items in the old/new recognition task from the two
criterial tasks.
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interacted with anterior/posterior in the high- (F(1.31,
19.6) = 7.35, p < .01) and low-accuracy group (F(1.31,
19.61) = 7.88, p< .01) and follow-up ANOVAs on rescaled
data confirmed the presence of significant interactions be-
tween retrieval task and electrode site for both the high-
(F(3.91, 58.62) = 2.86, p < .05) and the low-accuracy
group (F(3.3, 49.43) = 5.16, p < .01). Evidence that par-
ticipants who made more correct responses engaged dis-
tinct preretrieval operations in each criterial task supports
the claim that the correlation between the magnitude of
criterial task ERP differences and response accuracy re-
flects changes in the engagement of qualitatively distinct
retrieval operations.

DISCUSSION

New Item ERP Effects: Criterial Recollection Tasks

If new item ERP contrasts index preretrieval processes
that increase the likelihood that task-relevant information
is recovered (Bridger et al., 2009) the extent to which
these processes are engaged should correlate with accu-
racy in memory tasks in which facilitating the recovery of
this information favors correct responding. This hypoth-
esis was tested by contrasting ERPs elicited in two criterial
recollection tasks designed to encourage the explicit recov-
ery of target information in each test phase. ERPs elicited
by new items from the two tasks differed from 400 msec
onward, but the way in which ERPs differed depended
upon the likelihood that participants made a correct re-

sponse. In the low-accuracy group, ERPs from the pleas-
ant criterial task demonstrated an anterior positivity from
400 to 1200 msec, whereas ERPs elicited by these same
items in a high-accuracy group were more negative over
left posterior sites from 400 to 1600 msec. This pattern
comprises evidence of reliable changes in new item ERP
processing across all participants, in line with the assump-
tion that the parameters of the criterial test encouraged
the engagement of distinct retrieval processes in each test
phase.
Although there were reliable ERP new item effects in

both the high- and low-accuracy groups, the engagement
of only one of these effects was systematically related to
increases in response accuracy; across all participants, the
magnitude of the posterior criterial ERP effect from 400
to 800 msec correlated with each individualʼs ability to
respond correctly to targets and nontargets. This pattern
joins those reports in which retrieval cue processes have
been shown to relate to incremental variations in accu-
racy in recognition tasks (Bridger et al., 2009; see also
Rosburg et al., 2011). Nonetheless the current data differ
from previous findings in a notable way. Bridger et al. re-
ported that the magnitude of retrieval cue processing
ERP differences correlated with accuracy across all partic-
ipants, such that the effect was reliable only for a higher
performing subset of participants whilst there was no
evidence of differential retrieval cue processing for par-
ticipants who responded comparatively poorly. The cur-
rent data replicate the initial correlation but also provide
evidence that low performers engaged distinct retrieval
cue processing operations but that the amplitude of this
effect did not correlate with variations in accuracy.
The current findings provide important support for the

claim that the processes reflected by new item ERP con-
trasts can positively influence the recovery of particular
kinds of mnemonic information. This claim is supported
first by the absence of behavioral evidence that the cri-
terial tasks varied in difficulty, effectively removing the
possibility that any observed neural differences reflect
changes in retrieval effort. A second reason to take this
view follows directly from the logic underpinning criterial
recollection tasks. Correct responding in these tasks is
contingent upon the successful recovery of criterial infor-
mation, and a strategy in which one prioritizes the recov-
ery of criterial information in each test phase, therefore,
should be associated with increases in correct respond-
ing. In line with this, we observed a correlation between
the degree to which participants engaged distinct re-
trieval processes in each test and their ability to respond
correctly to targets and nontargets. The differences be-
tween new item ERPs over posterior sites from 400 to
800 msec are likely, therefore, to reflect retrieval opera-
tions concerned with recovering imagery-related infor-
mation in the drawing criterial test and valence-based
semantic details in the pleasant criterial test.
In previous reports of this kind, the stability of new

item ERP effects over time has led to the suggestion that

Figure 4. Topographic maps showing the scalp distributions of the
two task-specific contrasts (criterial recollection minus old/new
recognition) for the high- and low-accuracy groups in the 400–800 msec
time window.
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these effects represent the maintenance of internal re-
trieval cue processing that is biased in line with sought-
for information (Bridger et al., 2009; Hornberger et al.,
2004). The left posterior new item ERP effect here is in
keeping with such an account, in terms of both the out-
comes of the time course analyses, which indicated that it
remained stable from 400 to 1600 msec and the duration
over which its amplitude correlated with response accu-
racy, which comprised a 400-msec epoch until 800-msec
poststimulus. This time window is particularly important
because it maps onto what is known about the time
course of recollection. Evidence from both electrophysio-
logical indices of retrieval success (for a review, see Rugg
& Curran, 2007) and data from response-deadline para-
digms (Mecklinger, Brunnemann, & Kipp, 2011; Yonelinas
& Jacoby, 1994) converge to show that recollection oc-
curs by 800 msec poststimulus. In the current study, there-
fore, ERP new item effects in a task that required criterial
information to be recollected were no longer directly
linked to response accuracy beyond the point at which
recollection should have occurred. This correspondence
strongly implicates that these processes are tied to the
requirement to recollect contextual details and that they
are not sustained once recollection fails. Moreover, this
pattern supports the claim that not only can ERPs to new
items reflect the engagement of operations that influence
the degree to which retrieval is successful but that these
influential operations can occur before retrieval.
This point is also significant because it highlights an in-

consistency between the current data and that reported
by Bridger et al. (2009), where the relationship between
new item ERP effects and accuracy was most robust in
the epochs occurring after the point by which retrieval
should occur. This discrepancy raises the possibility that
there may be instances in which maintaining retrieval cue
processing beyond the time by which retrieval should
have occurred is useful, perhaps because it might influ-
ence the likelihood of retrieval on the subsequent trial.
One of the few task differences which might influence
whether this occurs is the relative proportion of new items
in the two tasks. Whereas new items represented a relative
minority in the exclusion task reported by Bridger et al.
(2009), they comprised half of all the items presented in
the current criterial tasks. It may be that the extent to
which it is efficient to sustain retrieval cue processing
beyond the time point at which retrieval should have oc-
curred is greater when the likelihood that the subsequent
retrieval trial contains an old item is relatively high as was
the case in the exclusion task in Bridger et al. (2009).
Although reasoning along these lines remains somewhat
speculative, it raises the possibility that the characteriza-
tion of retrieval cue processes may be sensitive to manip-
ulations as subtle as the ratio of old: new items.
The principal difference between the high- and low-

accuracy group in the current study was the ability to
discriminate between targets and nontargets, and the
observation that this measure correlated with the ampli-

tude of differences between ERPs to new items supports
Bridger et al.ʼs (2009) assertion that prioritizing the recov-
ery of one class of information confers benefits when bi-
nary discriminations of this kind are required. An additional
behavioral difference between the two accuracy groups is
also worth noting: participants in the high-accuracy group
showed a significant slowing when correctly responding
to nontargets. Such slowing is likely to reflect a greater
sensitivity to the intrinsic structure of the criterial recol-
lection task. Remember that, for nontargets, participants
are required to a make a “new” judgment to an old item.
Delaying responding therefore could reflect mechanisms
that ensure these items are not also associated with as-
yet-unrecovered criterial information (a possibility that
arises because of the presence of items associated with
both kinds of information) and/or to overcome response
conflict arising from the requirement to respond “new”
to an old item. The latter point might be especially sa-
lient here because nontargets constitute a minority of old
items (33%) rather than the 50% they typically comprise
in standard exclusion task paradigms. Regardless of which
account best explains the data, slowed responding for
nontargets corresponds with the assumption that higher
performers were more sensitive to the role of criterial in-
formation in this task and could adjust their responding
accordingly.

New Item ERPs: Criterial versus Old/New

The current design also allowed additional contrasts to
be made between new item ERPs from each of the crite-
rial tasks with those from a “baseline” old/new recogni-
tion test. These contrasts provide separate indices of the
retrieval processes specific to each of the two criterial
tasks and, for the first time, provide additional insight into
the nature of pre-retrieval processing in two ways. First, a
direct comparison of the scalp distribution of ERP effects
from the pleasant and drawing tasks (criterial ERPs minus
recognition ERPs) provided evidence that the topogra-
phies of the two effects were at least partially nonoverlap-
ping, as would be expected if participants were engaging
distinct retrieval processes in the two criterial tasks rather
than simple changes in the degree to which the same
process was engaged. Evidence for nonoverlapping topog-
raphies in the 400–800 msec time window was also ob-
served when contrasts were limited to the high-accuracy
group. This is an important finding, because it supports
the functional interpretation of the correlation between
the magnitude of the criterial ERP effects and response
accuracy. According to this account, the correlation re-
flects the fact that higher performing participants were
more likely to engage in retrieval cue processes that were
qualitatively distinct from each other rather than simple
changes in the engagement of the same process. Demon-
strating that criterial task-specific effects were associated
with distinct scalp distributions in the group of partici-
pants who were more likely to make a correct response
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provides important convergent support for this account.
Evidence for distinct criterial task-specific effects in the
low-accuracy group is also important but before discussing
the functional significance of those effects, we turn our at-
tention to the second way in which these contrasts can
complement current understanding of preretrieval pro-
cessing, by providing insight into processing that might
be common to the two criterial tests.

In principle, criterial retrieval requirements are likely
to require a greater degree of specificity than old/new rec-
ognition task demands. Whereas participants can make
correct judgments in the recognition task without retriev-
ing specific contextual details, the parameters of both
criterial tasks explicitly require participants to recollect
information for at least a proportion of old items. Con-
trasts between ERPs from these types of task, therefore,
might also reflect processes related to the general re-
quirement to retrieve associated information. These con-
trasts should be interpreted cautiously, however, because
they also correspond to a decrease in response accuracy
in the old/new recognition task, which may come about
because of the relaxed retrieval demands and/or a more
liberal response criterion for this task. Although the pos-
sibility that commonalities reflected in the criterial versus
recognition ERP effects correspond primarily to changes
in response accuracy cannot be entirely discounted, one
aspect of these differences supports the position that at
least a proportion of these effects relate to the height-
ened retrieval requirements in the criterial tasks.

From 400 to 800 msec, new item ERPs from both cri-
terial tasks showed a negativity at central and posterior
sites relative to recognition task ERPs. New item ERP effects
with a centrally-maximal but broad distribution around
400–800 msec have been previously reported in studies
in which contrasts were made between retrieval phases
that prompted different levels of retrieval specificity. These
comprise reports in which contrasts were made between
tasks for which the test format (e.g., word or picture)
of items either did or did not match the studied format
(Hornberger et al., 2004; Robb & Rugg, 2002). Across these
studies, new item ERPs weremore negative when the study
format of to-be-recovered information did not match the
test format. The sensitivity of these effects to the match
between study and test format led to the proposal that this
negativity represents the extent to which retrieval pro-
cesses are focused upon the conceptual characteristics of
retrieval cues, because it is only at this level that percep-
tually nonmatching cues and targets overlap with one an-
other (Hornberger et al., 2004). This reasoning can be
extended to the current data in so far as the recovery of
conceptual information is required in the two criterial tasks
but not in the recognition task where responding can, in
principle, be made on the basis of perceptual matching
only. We tentatively propose, therefore, that the relative
negativity for criterial ERPs from 400 to 800 msec reflects
the engagement of operations that emphasize conceptual
details associated with each item, in line with the assump-

tion that stressing the conceptual aspects of retrieval cues
might enable the recovery of semantic information neces-
sary in both criterial tasks.
The idea that emphasizing processing associated with

to-be-recovered information during test benefits episodic
retrieval is drawn from the principle of transfer appro-
priate processing, which states that the likelihood that
retrieval occurs is a function of the extent to which re-
trieval cues are processed in line with encoding opera-
tions (Morris, Bransford, & Franks, 1977). With respect
to the current processes, therefore, engaging and main-
taining internal representations that correspond to the
class of sought-for information should increase the like-
lihood that this information is recovered. This would
hold both for the recapitulation of generic semantic op-
erations as well as the re-engagement of processes biased
toward more particular characteristics, such as judging
valence or attention to visual or physical characteristics
of items. In addition, if the central negativity does in part
capture aspects of preretrieval processing that are com-
mon to the two criterial tasks, the fact that this could
occur during the same time window in which criterial
task-specific processes are present, introduces the possi-
bility that participants are able to engage in more than
one class of preretrieval process at the same time during
a recognition task. A challenge for future research, there-
fore, would be to investigate this possibility using com-
parable retrieval manipulations that are not confounded
by behavioral differences.

New Item ERP Effects Associated with Low
Task Performance

We have argued that the left posterior criterial ERP effect
observed in the early window for the high-accuracy group
reflects retrieval operations associated with recovering
different kinds of information because the magnitude of
this effect correlates with response accuracy in tasks that
require the recovery of specific kinds of information. What
might the processes reflected by the anterior criterial ERP
effect in the low-accuracy group, which do not correlate
with accuracy, represent? In a number of previous stud-
ies, frontally-based positive waveforms have been associ-
ated with increases in the engagement of retrieval effort
(Rosburg et al., 2011; Dzulkifli, Sharpe, & Wilding, 2004;
Ranganath & Paller, 2000) in line with the position that
prefrontal control mechanisms should be engaged to
a greater degree as retrieval becomes more difficult or
requires a greater degree of specification (Mecklinger,
2010). It is reasonable to hypothesize here that lower per-
formers, aware of their poor performance, might have sim-
ply increased the engagement of control mechanisms.
This is unlikely to reflect the changes in activity over ante-
rior sites for this group, however, because there was no
behavioral indication that one of the tasks was more diffi-
cult than the other. We favor an alternative account, which
rests on the fact that the outcomes of the task-specific
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contrasts strongly suggest that this anterior positivity pri-
marily reflects processes engaged in the pleasant criterial
task.
The task-specific pleasant criterial contrast from 400 to

800 msec depicts the onset of a longer-lasting positivity
over frontal sites (Figure 3, bottom left). The outcomes
of the within-group contrasts in this time window, more-
over, indicate that this anterior positivity arises predomi-
nantly in the low-accuracy group and is absent in the
high-accuracy group (see Figure 4). Together, these obser-
vations indicate that the anterior difference between cri-
terial new item ERPs in the low group reflects processes
intrinsic to the pleasantness task. Whereas both study
tasks require the recovery of item semantics, a unique
component of the pleasantness judgment is to attend to
the valence of each item. It is possible that the response
requirements of the pleasantness criterial task may have
caused some individuals to attend to the valence of new
items. In line with this interpretation is the similarity be-
tween the frontal distribution of the current effect and
the results of explicit investigations of the neural correlates
of valence processing. Dolcos and Cabeza (2002), for ex-
ample, report that ERPs elicited by items varying in valence
differentiate over anterior sites from 500 to 800 msec post-
stimulus. König and Mecklinger (2008) also report tem-
porarily extended frontal positive slow waves associated
with the processing of positively valenced images from
250 to 1000 msec. Moreover, mechanisms associated with
valence processing have been shown to anatomically dis-
sociate from the automated processing of arousing stimuli.
Kensinger and Corkin (2004) report the hemodynamic
correlates of processes that predicted whether neutral,
negative, and nonarousing or negative and arousing words
were later remembered. Whereas the encoding of arous-
ing items initiated an amygdalar–hippocampal network,
this dissociated from a pFC–hippocampal network that re-
sponded to valenced information only, highlighting the
presence of frontally mediated processes associated with
the processing and encoding of valenced information.
Although those studies linking frontally based modula-

tions and valence processing have typically employed
paradigms that differ markedly from the current task, we
argue that similarities in polarity and anterior distribution
between those reports and the current effect are in keep-
ing with the notion that the anterior positivity reported
here is a reflection of top–down item valence processing.
Although in the current study this effect was, to some ex-
tent, present for all participants from 400 msec onward,
evidence that it was engaged to a greater extent by the
low-accuracy group is in line with the notion that these
participants tended to emphasize the valence of new items
in the pleasant criterial task. Processing of this kind might
detract from the ability to engage more efficient retrieval
cue strategies, such as those presumed to be engaged by
the higher performing participants. Although we favor an
account of this kind, plausible alternatives remain, such as
the likelihood that the effect represents enhanced valence

processing in light of the paucity of other semantic char-
acteristics available to these participants. Whereas the cur-
rent data are unable to distinguish between possibilities of
this kind, we stress that they nonetheless provide, for the
first time, a characterization of the retrieval cue processing
associated with the requirement to recover one particular
class of information.

Concluding Remarks

The present findings replicate and extend those reported
by Bridger et al. (2009), and support the proposal that pre-
retrieval processes facilitate the retrieval of task-relevant
details because they relate to accuracy in tasks in which
prioritizing the recovery of this information is especially
valuable for correct responding. Contrasts unique to the
current design allowed further insight into these opera-
tions by providing indices of processes unique to each cri-
terial task. These contrasts revealed task-specific effects
with distinct scalp distributions for all participants. That
this was also the case when contrasts were limited to high
performing participants supported the assumption that
participants who made more accurate responses engaged
qualitatively rather than quantitatively distinct retrieval
processes in each test phase. Distinct scalp distributions
were also found for the criterial task-specific effects in
the low-accuracy group, but these differences are likely
to reflect a frontal effect that was specific to the processing
engaged in the pleasantness task. Finally these contrasts
also provide insight into operations that may be com-
mon to the requirement to explicitly recover contextual
information. Together, these findings emphasize the mul-
tifaceted manner with which retrieval cues can be pro-
cessed in line with task demands and support those
models of controlled retrieval which state that specifica-
tion processes engaged before retrieval can influence cor-
rect responding in memory tasks.
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Note

1. Readers will note that Table 3 also shows a higher overall
“hit” rate in the old/new recognition than the criterial task and
that corresponding increases in hits and false alarms are in line
with the adoption of a more liberal criterion in the old/new rec-
ognition task. It is not possible to explicitly test this, however,
because of the absence of response bias measures that are not
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contingent upon assumptions about the models that underpin
responding in recognition tasks (Snodgrass & Corwin, 1988).
This problem is especially compounded here because the map-
ping of old/new items onto yes/no responses is confused both
within and across recognition tasks.
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