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Successful memory retrieval depends not only onmemory fidelity but also on the mental preparedness on the
part of the subject. ERP studies of recognition memory have identified two topographically distinct ERP
components, the FN400 old/new effect and the late posterior component (LPC) old/new effect, commonly
associated with familiarity and recollection, respectively. Here we used a task-switching paradigm to examine
the extent to which adoption of a retrieval task-set influences FN400 and LPC old/new effects, in light of the
presumption that recollection, as a control process, relies on the adoption of a retrieval task-set, but that
familiarity-based retrieval does not. Behavioral accuracy indicated that source memory (experiment 2), but
not item recognition (experiment 1), improvedwith task-set adoption. ERP data demonstrated a larger LPC on
stay trials when a task-set had been adopted even with a simple recognition memory judgment. We conclude
that adopting a retrieval task-set impacts recollection memory but not familiarity. These data indicate that
attentional state immediately prior to retrieval can influence objective measures of recollection memory.
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Introduction

It is well established that attention is necessary for the effective
encoding of new declarative information in memory. Studies of
divided attention at encoding demonstrate that additional cognitive
demands reduce performance on explicit tests of memory (Baddeley
et al., 1984; Kellogg et al., 1982). Although dividing attention at
retrieval is less disruptive, it is becomingmore apparent that attention
can modulate certain aspects of retrieved memories, including
efficiency, accuracy, and quality (Duzel et al., 1999; Herron and
Wilding, 2004, 2006; Morcom and Rugg, 2002; Wheeler et al., 2006)
and that preparation to remember specific information may make
memory search and recovery more efficient (Dobbins and Han, 2006).
Tulving (1983) initially proposed that prior to an episodic memory
retrieval attempt, subjects may adopt a cognitive set or ‘retrieval
mode’ to ensure that stimuli are treated as episodic retrieval cues. The
adoption of a retrieval mode appears to play an important role in
controlled memory retrieval. Studies using functional magnetic
resonance imaging (fMRI) have shown that maintenance of retrieval
mode is associated with increased activation in right prefrontal cortex
(Buckner, 2003; Duzel et al., 1999; Grady et al., 2001; Lepage et al.,
2000; Nyberg et al., 1995; Velanova et al., 2003). Further, medial
temporal lobe structures demonstrate “match enhancement” activity
when stimulus repetitions are consistent with retrieval goal states
(Duncan et al., 2009; Hannula and Ranganath, 2008; Miller and
Desimone, 1994), whichmay reflect themedial temporal lobe's role in
retrieval mode. Studies using event-related potentials (ERPs) have
been particularly important in our current understanding of the
dynamics of retrieval mode (Duzel et al., 1999; Herron and Wilding,
2004, 2006; Morcom and Rugg, 2002), given their excellent temporal
resolution. These studies have identified diverging ERPs associated
with preparation to perform different retrieval tasks. In particular,
ERPs associated with preparation to make an episodic memory
judgment are more positive-going compared with those associated
with preparation to make a semantic memory judgment. This
divergence in task-related ERPs prior to retrieval is typically found
in anterior (frontal) electrodes, and is proposed to reflect the adoption
of a retrieval mode (Duzel et al., 1999; Herron and Wilding, 2004,
2006; Morcom and Rugg, 2002).

Several ERP studies of retrieval preparation have used a task-
switching paradigm to demonstrate that the adoption of a retrieval
mode may not be instantiated prior to all episodic retrieval attempts
(Herron andWilding, 2006;Morcom and Rugg, 2002) but insteadmay
emerge with at least one previous retrieval attempt. Morcom and
Rugg (2002) showed that ERPs related to the preparation to perform
episodic and semantic retrieval tasks diverged from one another only
when subjects performed the same task on the previous trial (stay)
but not when they switched from the previous task (switch),
tes of controlled and automatic recognition memory,
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reflecting a more transient adoption of a retrieval task-set. Behavior-
ally, they showed an increase in response time with switching
(switchNstayNstay+1) but no switch costs in accuracy. Given that
accuracy did not decrease on switch trials when ERPs did not reflect
adoption of a retrieval task-set, these data suggest that it is not
necessary to adopt a retrieval task-set to successfully make a simple
old/new recognition judgment. Herron andWilding (2006) replicated
the above ERP findings, but using a source memory judgment,
observed a significant linear increase in accuracy as a function of
transition (switchbstaybstay+1) suggesting that source memory
accuracy improves after the adoption of a retrieval task-set. These
behavioral results suggest that preparation constraining the memory
search space may be more important for recovery of details rather
than item memory components.

Other ERP studies of recognition memory examining the retrieval
attempt have identified two distinct components associated with
retrieval success, or ‘old/new’ effects. The FN400 old/new effect is
characterized by more positive-going ERPs elicited by correctly
identified studied items (hits) compared with correctly rejected
unstudied items (correct rejections) in midfrontal electrodes approx-
imately 300–500 ms after stimulus onset. The late posterior compo-
nent (LPC) old/new effect is characterized by more positive-going
ERPs elicited by hits compared with correct rejections (CRs) in left
posterior superior electrodes approximately 500–700 ms after stim-
ulus onset. Consistent with most dual process models of recognition
memory, the FN400 old/new effect is often considered to be
associated with familiarity or a sense of prior experience, or global
similarity, whereas the LPC old/new effect has been found to be
sensitive to detailed remembering, or recollection (Curran, 2000;
Curran and Cleary, 2003; Curran et al., 2006; Curran and Dien, 2003;
Curran and Hancock, 2007; Mecklinger, 2000; Nessler et al., 2001;
Paller et al., 2007; Rugg and Curran, 2007; Rugg et al., 1998; Vilberg
et al., 2006; Wolk et al., 2006; Woodruff et al., 2006). As opposed to
the FN400, encoding manipulations appear to modulate the LPC
(Curran, 2004; Norman et al., 2008; Rugg et al., 1998; Ullsperger et al.,
2000). Yet, it remains unclear whether these retrieval success effects
are more robust with adoption of a retrieval mode (Konishi et al.,
2000) or a retrieval task-set, and whether recollection and familiarity
components of retrieval success are differentially impacted by the
adoption of a task-set immediately prior to the retrieval attempt.

Conceivably, adoption of a task-set may help guide the retrieval
process such that the memory search is more efficiently constrained
prior to retrieval. Given that previous studies have shown that the
LPC, but not the FN400, is increased with the amount of information
recollected (Vilberg et al., 2006), LPC retrieval modulation would
suggest that changes in attention at retrieval may influence the
amount of information recollected or the likelihood of recollection.
Further, given that previous studies of the LPC have examined its
modulation with manipulations primarily implemented at encoding
(i.e. depth of processing), (Rugg et al., 1998) it is unclear whether this
old/new effect is influenced by the stored representation of the
memory, or also by the efficient recovery of details at retrieval. Task-
switching associated modulations in the LPC would broadly suggest
that the LPC old/new effect and retrieval success are impacted by
preparation constraining the retrieval search to facilitate recollection
of details. Broadly, this finding would be consistent with the idea that
preparation to remember facilitates the memory search (Buckner,
2003; Dobbins and Han, 2006; Wheeler et al., 2006).

In two experiments we investigated the influence of episodic
memory-specific task-set adoption on recollection memory. We
investigated whether preparation to retrieve a memory differentially
impacts the FN400 and LPC old/new effects associated with familiarity
and recollection, respectively, and whether preparation influences
memory accuracy in terms of simple recognition memory and
detailed source memory. We used a retrieval task-switching para-
digm, similar to those described above (Herron and Wilding, 2006;
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Morcom and Rugg, 2002), in which the retrieval task (episodic or
semantic) either changed from the previous trial (switch) or stayed
the same (stay). For purposes of clarity, we define retrieval mode as a
tonic state that is maintained across a sequence of episodic memory
judgments (Duzel et al., 1999; Nyberg et al., 1995; Velanova et al.,
2003), and distinguish this from a retrieval task-set, which we define
as an episodic memory-specific task-set that may alter on a trial-by-
trial basis. Thus, the present study focused on retrieval task-set
adoption.

We predicted that, due to the controlled processing nature of
recollection (Hay and Jacoby, 1999; Jacoby, 1991, 1996; Jennings and
Jacoby, 1993; Kelley and Jacoby, 2000), the LPC would be more robust
on stay trials when subjects have adopted a retrieval task-set. In
contrast, we predicted that the FN400 would be inert to task-
switching, given the more automatic nature of processing in support
of familiarity. This hypothesis is based on dual process models of
recognition memory which posit that recollection, which often
influences the LPC, is thought to be a more controlled process,
whereas familiarity, oftenmarked by the FN400, is thought to bemore
automatic (Curran, 2000; Jennings and Jacoby, 1993). We posit that
the controlled processing involved in preparation prior to retrieval
may help guide the retrieval process such that the memory search is
more efficiently constrained prior to retrieval (Jacoby et al., 1999).
This predicted outcome would suggest that subjects rely more on
recollection to make recognition memory judgments when they have
adopted a retrieval task-set, and that recollection, as a control process,
is facilitated by preparation prior to retrieval. In a second experiment,
we specifically addressed the question of whether episodic details are
more likely to be retrieved with preparation. We predicted that item
memory accuracy, measured in experiment 1, would be uninfluenced
by task-set adoption, whereas source memory accuracy, measured in
experiment 2, would improve with task-set adoption.

Experiment 1

Materials and methods

Subjects
Nineteen subjects (ages 18–30, mean 24.47) participated in the

experiment. Subjects were paid at a rate of $10/h, and provided
informed consent as required by the Institutional Review Board of
University of Pittsburgh. One subject was excluded from all analyses
because the ERP data failed to contribute ten or more artifact-free
trials to the conditions of interest, and another because the subject fell
asleep during the experiment. One subject only completed six of the
eight study-test blocks due to technicalmalfunction, but the data from
the six blockswere retained. Nine of the remaining seventeen subjects
were female (ages 18–30, mean 22.41).

Materials
Stimuli consisted of 480 color pictures of common objects (nouns)

divided into 8 lists of 60 and balanced for living versus non-living
status based on a survey that was given to 15 subjects who did not
participate in the experiment. The entire list consisted of ~40% living
objects (194/480) and ~60% (286/480) non-living objects. Pictures
were taken from multiple picture databases (The PASCAL Object
Recognition Database Collection: http://pascallin.ecs.soton.ac.uk/
challenges/VOC/databases.html, google images, mac images, and the
Tarr Lab at Brown: http://www.tarrlab.org). Picture stimuli were
modified in Photoshop such that all of the pictures consisted of a
single object on a white background (Fig. 1). Assignment to condition
and order of presentation of the pictures was randomized for each
subject. The stimuli were presented at the center of a 16 in. screen
monitor with a white background 48 in. from the subject. Pictures
subtended a maximum visual angle of 11.1° vertical and 11.9°
horizontal.
n on ERP correlates of controlled and automatic recognition memory,
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Fig. 1. Schematic of trial types during study and test sessions. “O” and “X” cues denote instruction to perform the episodic and semantic tasks, respectively. Cue phase duration is
shown following cue onset. Retrieval phase duration is shown following picture onset. Examples of switch and stay trials are shown.
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Experimental paradigm
The experiment alternated between study and test sessions for

each of 8 blocks. In each of the 8 study sessions, 30 pictures were
presented for 500 ms each. Encoding took place in the context of a size
judgment task (“Is the item pictured smaller or larger than a
shoebox?”). Subjects were trained on the study and test sessions
prior to participation in the experiment proper. Given the prior
training, subjects were aware their memory would be tested during
the study session, thus encoding can be considered intentional. The
study task was self-paced with a maximum of 3 s to respond. At the
end of each study phase subjects took a 30 second break which was
terminated by a 5 second “get ready” sign to indicate that the test
portion was about to begin. In the test phase, subjects performed a
cued retrieval task similar to those described in Morcom and Rugg
(2002) and Phillips et al. (2009) (Fig. 1). Each test phase contained the
same 30 pictures presented in the preceding study phase along with
30 new pictures. No pictures were repeated across the 8 blocks. Each
picture was preceded by an instructional task cue (“O” or “X”)
corresponding to the episodic or semantic task, respectively. The
episodic task cue directed subjects to indicate whether the subse-
quent object pictured was on the study list (old) or not (new). The
semantic task cue directed subjects to indicate whether the object
picturedwas living or non-living. The instructional cue either changed
from that of the previous trial (switch), was the same as the previous
trial (stay), or was the same as the previous two trials (stay+1). The
instructional task cue was presented for 500 ms, followed by fixation
for 4000 ms. The test picture was presented for 3000 ms, followed by
a blank screen for an additional 500 ms to signal the end of the trial.

Subjects used the middle and index finger of both hands to
respond, with response-to-hand mappings counterbalanced across
subjects. Subjects always used the same hand for living and non-living
responses, and the opposite hand for old and new responses. Subjects
were trained on the experimental task prior to testing.

ERP data acquisition
The ERP procedure was similar to that of Ally et al. (2009). An

elasticized Active Two electrode cap (Behavioral Brain Sciences
Center, Birmingham, UK) was fitted to subjects with a full array of
128 Ag-AgCl Biosemi “active” electrodes (Amsterdam, the
Netherlands). Electrodes were connected to the cap in a pre-
configured montage, which places each electrode in equidistant
concentric circles from 10 to 20 position Cz. As active electrodes are
amplified through the electrode at the source, they do not require
abrading of the skin to lower impedance levels. Additional electrodes
were placed on each mastoid process, as well as below and on the
outer canthus of the eyes to record vertical and horizontal
electrooculogram (EOG). EEG and EOG activities were digitized at a
Please cite this article as: Wilckens, K.A., et al., Effects of task-set adoptio
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sampling rate of 512 Hz with a low-pass filter of 0–100 Hz. A common
average reference and digital filter (0.03–30 Hz within the prepara-
tory phase, and 0.1–30 Hz within the retrieval phase) was applied to
the continuous data using Brain Electrical Source Analysis (BESA)
software (MEGIS software GmbH, Graefelfing, Germany).

For analyses within the preparatory phase, ERPs were formed off-
line by averaging 1800 ms of digitized data time-locked to the task
cuewith 200 ms of pre-stimulus data serving as baseline. Likewise, for
the retrieval phase, ERPs were time-locked to test probe (picture)
presentation and 1200 ms of digitized data were averaged with a
200 ms pre-stimulus baseline. Eye-blinks were corrected using the
BESA ocular artifact correction algorithm. Only artifact-free or blink-
corrected epochs were averaged. Epochs were defined as artifacts if
baseline drift exceeded±100 μv.

ERP data analysis
For analyses within the preparatory phase, we calculated mean

amplitudes time-locked to the instructional task cue for episodic and
semantic cues for each of the transition conditions (switch, stay, and
stay+1). Mean amplitudes for ERPs following the episodic and
semantic task cues were calculated for one time interval (800–
1500 ms) to examine ERPs related to episodic memory-specific
retrieval task-set. This interval was chosen based on previous research
(Morcom and Rugg, 2002) and based on visual inspection of the grand
average waveforms. For analyses within the retrieval phase, mean
amplitudes time-locked to the test probe onset were calculated for
episodic hits and CRs in the switch and stay conditions (collapsed
across stay and stay+1) for two different time intervals (300–
500 ms, and 500–700 ms) to examine old/new effects reflected by the
FN400 and the LPC, respectively. Mean amplitudes were averaged
across groups of electrodes to form three “central superior” regions of
interest for the preparatory phase (Fig. 2): Anterior-central (AC): C11,
C12, C13, C20, C21, C22, C24, C25, and C26; Midcentral (CC): A1, A2,
B1, C1, D1, and D15; and Posterior-central (PC): A5, A18, A19, A20,
A21, A31, and A32, and four “lateral superior” regions of interest for
the retrieval phase (Fig. 2): Left anterior superior (LAS): D3, D4, D11,
D12, and D13; Left posterior superior (LPS): A6, A7, D17, D27, and
D28; Right anterior superior (RAS): B30, B31, B32, C3, and C4; Right
posterior superior (RPS): B3, B4, B17, B18, and B19.

Experiment 1

Results

Behavioral analyses
The behavioral data indicated that retrieval task-switching

influenced recognition performance in terms of response time, but
n on ERP correlates of controlled and automatic recognition memory,
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Fig. 2. Biosemi Active-Two 128-electrode layout with the 3 central superior (gray) and
4 lateral superior (black) regions of interest.

Table 2
Hit, false alarm, and correct rejection rates and corrected accuracy (hit—false alarm) for
switch, stay, and stay+1 (standard error in parentheses) for experiment 1.

Hit False alarm Correct rejection Corrected accuracy

Switch .9226 (.0145) .0672 (.0166) .9327 (.0166) .8553 (.0200)
Stay .9220 (.0162) .0777 (.0105) .9223 (.0105) .8445 (.0177)
Stay+1 .9405 (.0146) .0641 (.0213) .9359 (.0213) .8764 (.0267)

4 K.A. Wilckens et al. / NeuroImage xxx (2011) xxx–xxx
not accuracy. Mean response times (RT) in milliseconds (ms) for
episodic hits, and semantic correct responses separated by transition
type (switch, stay, and stay+1), are shown in Table 1. A repeated
measures ANOVA on RTs for hits in the episodic condition revealed a
main effect of transition (switch, stay, stay+1), F(2,32)=32.363,
pb0.001. Post-hoc least squares difference (LSD) t-tests revealed
significantly slower RTs for switch compared with stay, t(16)=6.886,
pb0.001 and stay+1 trials, t(16)=6.565, pb0.001. RTs in stay and
stay+1 conditionsweremarginally different from each other t(16)=
1.888, p=0.077, reflecting that subjects were slower when they
switched retrieval tasks compared to when they performed the same
task on the previous trial (stay) and previous two trials (stay+1). The
same main effect of transition was found for correct responses in the
semantic task, F(2,32)=15.686, pb0.001. Similarly, RTs in stay and
stay+1 conditions were significantly faster than those in the switch
condition, t(16)=5.741, pb0.001 for stay, t(16)=4.782, pb0.001 for
stay+1, and RTs in the stay+1 conditionwere marginally faster than
those in the stay condition, t(16)=1.992, p=0.064. Consistent with
previous behavioral findings (Morcom and Rugg, 2002), there was no
main effect of transition for corrected accuracy (hits— false alarms), F
(2,32)=1.057, p=0.359, reflecting no accuracy switch costs. Overall,
based on the assumption that a retrieval task-set is not adopted unless
the same task has been performed on the previous trial (stay)
(Morcom and Rugg, 2002), these behavioral data are consistent with
the view that it is not necessary to adopt a retrieval task-set in order to
make an accurate item recognition memory judgment (Table 2).

ERP analyses
For all analyses, only effects of task cue, study status, and transition

are reported here.
Table 1
Response times for the episodic and semantic tasks on switch, stay, and stay+1 trials
(standard error in parentheses) for experiment 1.

Episodic Semantic

Switch 1244.20 (72.42) 1190.35 (62.67)
Stay 1119.00 (60.21) 1106.20 (55.60)
Stay+1 1081.09 (60.83) 1047.70 (59.08)
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Preparatory phase. We first aimed to identify evidence of retrieval
task-set adoption specific to episodic memory, consistent with
previous findings (Herron and Wilding, 2006; Morcom and Rugg,
2002). ERPs time-locked to episodic and semantic preparatory task
cues were separated according to transition type (switch, stay, stay+
1) as in Herron and Wilding (2006) and Morcom and Rugg (2002).
Data from 3 subjects were excluded for analyses within the
preparatory phase because their data failed to contribute more than
15 artifact-free trials in at least one of the conditions of interest. The
average number of trials contributing to the preparatory phase
analyses for each subject, for each condition were as follows
(minimum and maximum in parentheses): Episodic switch: 100.71
(70, 133); Episodic stay: 54.29 (32, 69); Episodic stay+1: 28.86 (19,
43); Semantic switch: 104.07 (69, 136); Semantic stay: 50.93 (33, 69);
Semantic stay+1: 25.14 (17, 35).

Preparatory phase (800–1500 ms). The first ERP analyses were
aimed at identifying activity associated with episodic memory-
specific retrieval task-set adoption within the preparatory phase.
Given the previous findings of Herron and Wilding (2004, 2006) and
Morcom and Rugg (2002), we expected that this effect would be
reflected by a significant main effect of transition only for the episodic
task cue in anterior electrodes beginning around 800 ms following
task cue onset. Visual inspection of the data (Fig. 3) indicated that
anterior-central ERPs evoked by the episodic task cue were more
negative-going than those evoked by the semantic task cue in the stay
condition. This effect, which persisted from approximately 800 ms
until the end of the recording epoch in the stay condition, was not
evident on switch trials (Fig. 3A). A 3×2×3 axis (anterior-central/
midcentral/posterior-central)×task cue (episodic/semantic)×transi-
tion (switch/stay/stay+1) repeated measures ANOVA revealed a
significant axis×task cue×transition interaction, F(4,52)=2.638,
pb0.05 as well as a significant axis×task cue×transition quadratic
trend, F(1,13)=6.146, pb0.05, reflecting that the quadratic trend in
transition was reliable only in anterior-central electrodes for episodic
task cues. Subsequent analyses restricted to episodic and semantic
task cues separately within anterior-central sites revealed a signifi-
cant main effect of transition, F(2,26)=5.508, p=0.01, and a
significant quadratic trend for episodic cues only, F(1,13)=17.75,
p=0.001, F'sb1 for semantic cues, reflecting that the main effect of
transition in which ERPs in the stay condition are more negative-
going than those in the switch and stay+1 conditions was reliable for
episodic cues (Fig. 3B left panel), but not for semantic cues (Fig. 3B
right panel). Paired samples t-tests also revealed that ERPs elicited by
the episodic task cues were significantly more negative-going
than those elicited by semantic cues only in the stay condition,
t(13)=2.431, pb0.05. This was not the case for the switch condition,
t(13)=.435, p=0.671, or the stay+1 condition, t(13)=.770,
p=0.455. That this relative negativity for episodic cues is not reliable
on stay+1 trials is consistent with the view that these effects reflect
the initial adoption of a retrieval task-set on stay trials, not the
maintenance of the task-set (Herron and Wilding, 2004, 2006;
Morcom and Rugg, 2002).

It should be noted that in previous studies of retrieval mode
(Herron and Wilding, 2006; Morcom and Rugg, 2002), ERPs elicited
by episodic cues in the stay condition were more positive-going than
other conditions, whereas, those reported here are more negative-
going. This discrepancy may be due to differences in the reference
n on ERP correlates of controlled and automatic recognition memory,
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Fig. 3. (A) Grand average ERPs elicited by episodic (solid) and semantic (dotted) cues separated by switch, stay, and stay+1 conditions at representative anterior, mid, and posterior
central electrode sites (location on Biosemi Active-Two 128-electrode layout shown on the right). ERPs elicited by episodic and semantic cues diverged more in the stay condition
compared with switch in anterior-central electrodes (upper panel) from 800 to 1500 ms. (B) Grand average ERPs elicited by switch (black) stay (solid red) and stay+1 (dotted red)
for episodic (left) and semantic (right) task cues at anterior-central electrode C22 (location on Biosemi Active-Two 128-electrode layout shown on the right). ERPs associated with
episodic cues in the stay condition weremore negative-going than those in the switch condition. This was not the case for semantic cues. (For interpretation of the references to color
in this figure legend, the reader is referred to the web version of this article.)

Fig. 4. Grand average ERPs elicited by hits and correct rejections in switch and stay conditions in representative electrodes for each of the four lateral superior regions of interest: LAS,
LPS, RAS, and RPS. Old/new effects are larger in the stay condition in LPS electrode A6. Electrode locations on Biosemi Active-Two 128-electrode layout shown in the middle panel.
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electrodes between these studies. Here we used a global vertex
reference point as opposed to a mastoid reference.

Retrieval phase. Our primary aim was to determine whether FN400
and LPC old/new effects were differentially modulated by retrieval
task-set adoption. To obtain sufficient power, we collapsed across stay
and stay+1 conditions for all retrieval phase analyses. ERPs were
time-locked to test probe (picture) onset for all retrieval phase
analyses. ERPs associated with hits and CRs were separated according
to transition type. The mean number of contributing trials for each
condition were as follows (minimum and maximum in parentheses):
Hit switch: 48.24 (33, 65); Hit stay: 38.88 (31, 51); CR Switch: 49.00
(28, 69); and CR Stay: 37.82 (25, 52).

Visual inspection of the data suggested that old/new effects were
largest in anterior superior electrodes between 300 and 500 ms, and
posterior superior electrodes between 500 and 700 ms after memory
probe onset. Fig. 4 displays grand average ERPwave-forms for hits and
CRs in switch and stay conditions in representative electrodes from
each of the four superior regions of interest.

FN400 (300–500 ms). To test the extent to which the FN400 old/
new effect is modulated by task-switching, an omnibus 2×2×2×2
(Left/Right×Anterior/Posterior×Study Status×Transition) repeated
measures ANOVA was conducted on ERPs elicited by hits and CRs in
each transition condition within lateral superior electrode groups.
This analysis revealed a significant main effect of study status,
F(1,16)=15.658, p=0.001 in which hits were more positive-going
than CRs for both switch and stay trials. Subsequent analyses
restricted to anterior sites between 300 and 500 ms revealed a
significant main effect of study status, F(1,16)=8.514, p=0.01 and
no interactions. Similarly, this analysis restricted to posterior electro-
des revealed a significant main effect of study status, F(1,16)=
10.486, p=0.005, and no interactions. These results reflect reliable
FN400 old/new effects not modulated by switching across lateral
superior electrodes bilaterally.

LPC (500–700 ms). The next analyses were aimed at identifying
whether the LPC old/new effect is reliably modulated by task-
switching. This ERP component is typically most robust in left
posterior superior (LPS) sites approximately 500–700 ms following
test probe onset (Curran, 2004; Rugg and Curran, 2007). Analyses
restricted to LPS sites, within the 500–700 ms interval revealed
significant main effects of study status, F(1,16)=5.496, pb0.05, and
transition, F(1,16)=8.225, pb0.025, and a significant study status×-
Fig. 5. Scalp topographies reflecting old/new effects for (A) switch and (B) stay conditions (h
sites. B) Old/new effects in the stay condition are maximal at LPS sites. These scalp topograp
condition.
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transition interaction, reflecting a larger left parietal old/new effect in
the stay condition relative to the switch condition, F(1,16)=
4.771, pb0.05. There was a main effect of study status in RPS sites,
F(1,16)=7.269, pb .05, but this effect was not modulated by
transition, F(1,16)=0.067, p=0.799. Follow-up paired t-tests in LPS
sites revealed that hitswere significantlymorepositive-going thanCRs
in the stay condition, t(16)=3.687, pb0.005, but not in the switch
condition, t(16)=0.795, p=0.437. In RPS sites, old/new effects did
not reach significance in both the switch, t(16)=1.972, and stay
conditions t(16)=1.783, consistent with previous studies showing
maximal old/new effects on the left (Ally et al., 2008, 2009; Olichney et
al., 2000; Rugg and Curran, 2007; Vilberg et al., 2006; Wolk et al.,
2006). This interaction inwhich old/neweffectswere larger in the stay
condition relative to the switch condition in LPS electrodes affirms our
prediction that the LPC old/neweffect ismore robust on stay trials than
on switch trials. This effect is illustrated in Fig. 4: In the representative
LPS electrode, A6, there were larger differences between ERPs elicited
by hits and CRs in the stay condition relative to the switch condition.
This effect was also evident in the scalp topographies. Old/new effects
were maximal at midfrontal sites in the switch condition, and left
posterior sites for the stay condition (Fig. 5). Thus these scalp
topographies support our prediction that late old/new effects typically
associated with recollection are reliable when subjects are more likely
to have adopted a retrieval task-set.

Experiment 2

Introduction

Experiment 2 was designed to test whether source memory
accuracywould benefit from task-set adoption. Given that recognition
accuracy was not influenced by task-switching in experiment 1, but
the ERP data demonstrated an intact LPC only in the stay condition, we
expected that source memory accuracy, a putative marker of
recollection memory would be influenced by task-switching. We
tested this hypothesis in experiment 2.

Materials and methods

Subjects
Twenty-four subjects (ages 18–29, mean 19.92) participated in

experiment 2. Subjects were recruited from the undergraduate
itNCR). A) Old/new effects in the switch condition are maximal at mid anterior superior
hies reflect a larger LPC old/new effect in the stay condition compared with the switch
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psychology subject pool at the University of Pittsburgh and given
research credit for their participation. Subjects provided informed
consent as required by the Institutional Review Board of University of
Pittsburgh. Data from two subjects were excluded from all analyses
due to a technical error and early termination of the experiment by
the participant. Fifteen of the remaining twenty-two subjects were
female (ages 18–29, mean 20.09).
Table 3
Response times for correct source judgments for location and operation tasks on switch,
stay and stay+1 trials (standard error in parentheses) for experiment 2.

Location Operation Mean

Switch 1279.21 (53.22) 1451.31 (77.46) 1365.26 (62.06)
Stay 1205.01 (52.22) 1404.87 (56.31) 1304.94 (51.84)
Stay+1 1186.25 (50.94) 1410.17 (67.58) 1298.21 (56.30)
Procedure
The procedure for experiment 2 was similar to that of experiment 1.

The critical difference was that experiment 2 tested source memory
accuracy. The experiment alternated between study and test
sessions for each of 4 blocks. In each of the 4 study sessions, 30
pictures were presented for 500 ms each. Additionally, in experi-
ment 2, the study session included two blocks of study trials. In one
block, subjects performed a pleasantness judgment in which they
indicated whether the object pictured was pleasant or unpleasant. It
was emphasized that there was no veridical response to this portion
of the experiment and that subjects should base their judgment on
their opinion. In another block of study trials, subjects performed a
moving/non-moving task. For this task, subjects indicated whether
the object pictured would move on its own volition in real life. Study
block order was random for each study-test cycle for each subject. At
the beginning of each study block, subjects were given instructions
as to which study task to perform (pleasantness or moving/non-
moving). Throughout the study session, pictures appeared on the
left side of the screen or the right side of the screen. Subjects were
told to attend to the side of the screen on which the pictures
appeared because it would be relevant for the later test portion.
Subjects trained on the study and test sessions prior to participation
in the experiment proper. Given the prior training, subjects were
aware their memory would be tested during the study session, thus
encoding can again be considered intentional. The study task was
self-paced with a maximum of 3 s to respond. At the end of each
study session subjects were reminded of the test instructions prior
to the start of the test session. In the test session, the same 30
pictures presented in the preceding study session were presented
along with 30 new pictures. No pictures were repeated across the 4
blocks. Prior to the presentation of each picture, subjects were cued
to perform either one of two episodic retrieval tasks or a semantic
task. One episodic task instructed subjects to retrieve the location of
the picture at study (left or right). Subjects were instructed to
indicate whether the word appeared on the left side of the screen or
the right side of the screen bymaking a button press with their index
finger to indicate “left”, their middle finger to indicate “right” and
their ring finger to indicate that the word was new (not presented at
study). This retrieval task will be referred to as the location task. The
other episodic retrieval task instructed subjects to retrieve which
encoding task they performed on the probe word. Subjects were
instructed to indicate which study task they performed by using
their index finger to indicate “pleasantness task”, their middle finger
to indicate the moving/non-moving task, and their ring finger to
indicate that the word was new. This retrieval task will be referred to
as the operation task, consistent with the terminology used by
Herron and Wilding (2004). The semantic task was the same as that
of experiment 1. Subjects judged whether the object pictured was
living or non-living. Subjects indicated the object was living with
their index finger, non-living with their middle finger, and used their
ring finger to indicate if they were unsure of the living/non-living
status. The instructional cue either changed from that of the previous
trial (switch), was the same as the previous trial (stay), or was the
same as the previous two trials (stay+1). The instructional task cue
was presented for 500 ms, followed by fixation for 4000 ms. The test
picture was presented for 3000 ms, followed by a blank screen for an
additional 500 ms to signal the end of the trial.
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Results

Behavioral results indicated that retrieval task-switching influ-
enced source memory performance in terms of response time as well
as accuracy. Mean response times for correct source judgments for
both location and operation tasks separated by transition type
(switch, stay, stay+1) are shown in Table 3. A main effect of
transition, F(2,42)=5.704, pb0.01, revealed that response times
were significantly slower in the switch condition compared with stay,
t(21)=2.439, pb0.05, and stay+1, t(21)=2.98, pb0.01. Mean
correct source judgments for both the location and operation tasks
separated by transition type (switch, stay, and stay+1), are shown
in Table 4. A task cue (location/operation)×transition (switch/stay/
stay+1) repeated measures ANOVA revealed a main effect of task
cue, F(1,21)=19.11, pb0.001, reflecting that source memory perfor-
mance was greater following location cues compared with operations
cues. Critically, this analysis also revealed a significant main effect of
transition, F(2,42)=3.894, pb0.05, with no task cue×transition
interaction, F(2,42)=1.794, p=0.179. A follow-up paired samples
t-test collapsed across source memory tasks and stay and stay+1
conditions, revealed that source accuracy in the switch condition
was significantly poorer than source accuracy in the stay condition,
t(21)=3.358, pb0.005. This result demonstrates that source memory
accuracy is influenced by task-switching and is consistent with the
view that a subject's ability to engage in recollection is influenced by
task-set adoption.

Discussion

Here we showed evidence that preparation influences the LPC old/
new effect, an ERP correlate of recollection memory. The LPC old/new
effect was influenced by the successful adoption of a retrieval task-set
whereas, the FN400 old/new effect, an ERP correlate of familiarity,
was not. To support these ERP results, behavioral data showed that
while item recognition memory accuracy was not influenced by task-
switching in experiment 1, source memory performance in experi-
ment 2 was significantly improved with task-set adoption. These
results support the view that preparation is important for constrain-
ing the retrieval search space to access details (Buckner, 2003;
Dobbins and Han, 2006; Jacoby et al., 1999, 2005).

We examined the influence of retrieval task-set adoption on ERP
correlates of retrieval success associated with recollection and
familiarity. Behaviorally, response times but not item recognition
accuracy were influenced by task-switching, supporting the view that
successful retrieval task-set adoption is not necessary to successfully
make a simple recognition memory decision (Morcom and Rugg,
2002) and suggesting that subjects may relymore on familiarity when
a task-set has not been adopted. Consistent with this view, behavioral
results from experiment 2 demonstrated significant switch-costs in
accuracy when a source memory judgment was required, reflecting
that recollection or source memory, but not item memory is
influenced by task-set adoption. These behavioral findings are
consistent with Herron and Wilding (2006). In terms of the ERP
data, within the preparatory phase we replicated previous ERP
findings (Herron and Wilding, 2004, 2006; Morcom and Rugg,
2002) showing that ERPs elicited by the preparation to perform the
two retrieval tasks diverged on stay trials but not on switch trials,
n on ERP correlates of controlled and automatic recognition memory,

http://dx.doi.org/10.1016/j.neuroimage.2010.12.059


Table 4
Source accuracy percent correct for the location and operation tasks, and the mean
collapsed across the two tasks, on switch, stay, and stay+1 trials (standard error in
parentheses) for experiment 2.

Location Operation Mean

Switch 75.05 (14.51) 59.66 (14.17) 67.36 (10.81)
Stay 76.14 (13.66) 63.64 (13.80) 69.89 (12.07)
Stay+1 76.61 (13.32) 68.09 (10.90) 72.35 (8.93)
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reflecting the adoption of a retrieval task-set with at least one
previous retrieval attempt (Fig. 3). We also replicated the finding that
this effect was not reliable on stay+1 trials. This finding is consistent
with the hypothesis that these ERP effects reflect the initial adoption
of a task-set on stay trials rather than the maintenance of such
(Morcom and Rugg, 2002). Alternatively, if these preparatory effects
reflected the maintenance of a retrieval task-set, the same divergence
in ERPs related to preparation to perform the two tasks would be
significant for both stay as well as stay+1 trials.

The critical novel finding reported here is that ERPs elicited by hits
within the retrieval phase were more positive-going than those
elicited by CRs between 500 and 700 ms in LPS electrodes only in the
stay condition, when subjects had made at least one prior retrieval
attempt. Further, ERPs elicited by hits were more positive-going than
CRs between 300 and 500 ms across superior electrodes for both
switch and stay trials. These results demonstrate that the LPC old/new
effect, an ERP correlate of recollection (Curran, 2000, 2004; Curran
and Cleary, 2003; Curran et al., 2006; Curran and Dien, 2003; Curran
and Hancock, 2007; Mecklinger, 2000; Nessler et al., 2001; Rugg and
Curran, 2007; Rugg et al., 1998; Ullsperger et al., 2000; Wolk et al.,
2006), is influenced by the adoption of a retrieval task-set. This result
was supported with the behavioral findings of experiment 2, which
demonstrated significantly greater source memory accuracy, a
putative marker of recollection, on stay trials when subjects have
adopted a task-set. Together these results demonstrate that prepara-
tion is important for the recovery of memory details.

One caveat worth noting is that the source memory behavioral
data suggest that the influence of task-set on the recovery of
associative details may depend on the content being retrieved, as
exhibited by the relatively selective effect of transition on source
accuracy for the operation task. Although the task×transition
interaction was not significant, it is possible that the relative
availability of different recollective details, or the nature of these
details (e.g. location versus operation), may influence the degree to
which task-switching modulates recollection. Further, it is unclear
whether the more robust LPC old/new effect seen with the item
recognition task of experiment 1 was a reflection of retrieval for the
particular task performed at encoding (size judgment) or some other
aspect of the study episode. Further, based on the results of
experiment 2, it is possible that source memory judgments requiring
recovery of operation information would demonstrate more robust
modulation of LPC old/new effects with adoption of a task-set, while
old/new effects elicited by location judgments would not be
influenced by task-set. However, it is also possible in the latter case
that non-criterial recollective details would be recovered in the
location task to a greater extent with adoption of an appropriate task-
set despite the lack of change in source accuracy, and LPC differences
would not be found. As the literature has produced variable data on
the influence of task-set on accuracy in similar designs (Duzel et al.,
1999; Herron and Wilding, 2004, 2006; Morcom and Rugg, 2002),
further work is needed to explore the relationship between the
demands of task-switching and the content of episodic information
that is the target of retrieval, as well as the encoding and retrieval
conditions that additionally influence this relationship. Nonetheless,
despite the differences between the tasks of experiment 1 and 2, the
converging influence of task-switching on both ERP and behavioral
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measures supports the general notion of the potential influence of
task-sets on recollection.

In contrast to the LPC, the FN400 old/new effect, an ERP correlate
of familiarity, was not modulated by the adoption of a retrieval task-
set. These data support the claim that recollection, as a control process
(Hay and Jacoby, 1999; Jacoby, 1991, 1996; Jennings and Jacoby, 1993;
Kelley and Jacoby, 2000) ismademore availablewhen a retrieval task-
set has been adopted. Familiarity however, which is conceived of as a
more automatic process, is unaffected by preparation prior to
retrieval. These results are supported by the dissociation in the
behavioral accuracy results of the two experiments reported here. In
experiment 1, recognition memory accuracy was not influenced by
task-switching, supporting the view that subjects may have made use
of familiarity to make a memory judgment in the switch condition
when a task-set had not yet been adopted.

The pattern of ERP results reported here is consistent with
previous studies that have manipulated processing at encoding.
Rugg et al. (1998) showed that the FN400 old/new effect was not
modulated by depth of processing at encoding, but that the LPC old/
new effect was greater for items studied through a deep encoding task
compared with a shallow encoding task. Curran (2004) showed that
the FN400 old/new effect was not modulated by full versus divided
attention at encoding, but that the LPC old/new effect was greater
with full attention at encoding, suggesting that details are more likely
to be later recollected when attention is fully allocated during study.
Additionally, Norman et al. (2008) manipulated interference (list
strength) at encoding and also found that the FN400 was not
modulated by weak versus strong interference. However, the LPC
old/new effect was greater with weak interference. This finding
suggests that subjects were more likely to engage in recollection
when interference from other study items was minimal.

Our current findings are unique from the abovementioned results
because this is the first demonstration that the LPC old/new effect, as
an ERP correlate of recollection, is influenced by changes in
attentional demands immediately preceding the retrieval attempt.
This finding suggests that recollection is made more available when a
subject has adopted a retrieval task-set or oriented attention to the
appropriate mnemonic information. This is a noteworthy finding
because it highlights the involvement of preparation immediately
prior to a retrieval attempt, even for simple recognition memory
judgments. It also highlights the controlled processing nature of
recollection and the LPC old/new effect. The results of experiment 2
support this interpretation given the improved accuracy for source
memory judgments with task-set adoption. Overall, this result
suggests that preparation to engage in episodic memory retrieval
may help to guide the retrieval process making recollection of
memory details more available or accessible.

Conclusion

We conclude that preparing to engage in episodic memory
retrieval influences the extent to which a recognition judgment is
based on recollection memory or a more vague sense of familiarity.
The ERP results demonstrate the impact of top-down control
processing even on simple recognition memory judgments. These
findings also raise the question of whether failure to adopt a retrieval
task-set or retrieval mode may be relevant to age-related memory
impairments. Given that recollection but not familiarity often declines
with advanced age (Hay and Jacoby, 1999; Jennings and Jacoby, 1993),
it may be that difficulties in engaging a retrieval task-set partly
underlie difficulties with recollection memory in older adults.
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