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Is detecting prospective cues the same as
selecting targets? An ERP study

ROBERT WEST and NICHOLAS WYMBS
University of Notre Dame, Notre Dame, Indiana

Prospective memory represents our ability to realize intentions that must be delayed for some pe-
riod of time. In this study, we examined modulations of the event-related brain potentials (ERPs) as-
sociated with target selection in visual working memory and prospective-cue detection in prospective
memory. Targets and prospective cues elicited an N2pc, indicating that a common neural mechanism
supports selection in working memory and prospective memory. Partial least squares analysis revealed
that the N300 and prospective positivity were associated with a latent variable that contrasted the ERPs
elicited by prospective-cue trials with those elicited by target-present and target-absent trials, in agree-
ment with the idea that these modulations of the ERPs are uniquely related to prospective memory.

Prospective memory represents our ability to realize
intentions that must be delayed for minutes, hours, or
days (Ellis, 1996; Meacham & Leiman, 1982) and can be
conceptually distinguished from recognition memory,
which involves the recollection of information related to
previous episodes (Tulving, 1983), and working memory,
which involves the active maintenance of a limited amount
of information for a relatively brief period of time (Bad-
deley, 1986). Considerable evidence indicates that a vari-
ety of experimental variables have similar effects on the
efficiency of prospective memory, recognition memory,
and working memory, leading to the suggestion that simi-
lar cognitive processes and neural mechanisms may sup-
port these different forms of memory (for a review, see
McDaniel & Einstein, 2000). Given these findings, one
might wonder what differentiates prospective memory
from other forms of memory. The prevailing view is that
prospective memory requires self-initiated attentional
processes that facilitate the recognition of a stimulus as
a prospective memory cue when it is encountered in the
absence of an external agent that serves to prompt re-
trieval (Craik, 1986; Graf & Uttl, 2001; Smith, 2003). In
contrast, within the context of recognition or working
memory, an external agent almost always prompts mem-
ory retrieval. For instance, in laboratory tasks in which
recognition memory is measured, individuals are often
instructed to indicate whether any of a series of stimuli
was presented in an earlier study episode. Evidence from
recent studies has begun to elucidate the nature of the
neural mechanisms and cognitive processes that differ-
entiate prospective memory from other forms of mem-
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ory (Burgess, Quayle, & Frith, 2001; McDaniel, Glisky,
Rubin, Guynn, & Routhieaux, 1999; Smith, 2003). In the
present study, we expanded on this growing body of lit-
erature by examining the degree to which common and
distinct modulations of the event-related brain potentials
(ERPs) were associated with the detection of prospective
memory cues (West, Herndon, & Crewdson, 2001) and
the selection of target stimuli represented in visual work-
ing memory (Eimer, 1996).

The contribution of attentional processes to the detec-
tion of prospective memory cues has been described in
two models (Guynn, McDaniel, & Einstein, 2001; Smith,
2003). In the automatic associative model, Guynn et al.
propose that prospective remembering occurs when a fo-
cally attended prospective memory cue interacts with a
memory trace that represents the cue—intention associa-
tion, resulting in delivery of the intention to conscious
awareness. In agreement with this proposal, data from a
number of studies have demonstrated that prospective
memory is less efficient when individuals are engaged in
processing that is incongruous with that required for the
detection of a prospective memory cue (Marsh, Hicks, &
Hancock, 2000; Meier & Graf, 2000), presumably re-
sulting from the allocation of focal attention to attributes
of the stimulus that are unrelated to its role as a prospec-
tive memory cue. In the preparatory attention and memory
(PAM) processes theory of prospective memory, Smith
proposes that the allocation of preparatory attentional pro-
cesses, which are thought to consume working memory
capacity, is required for a stimulus to be recognized as a
prospective memory cue. In agreement with this pro-
posal, an index of preparatory attentional processes was
found to correlate with the accuracy of prospective mem-
ory and individual differences in working memory ca-
pacity (Smith, 2003).

In agreement with predictions derived from the auto-
matic associative and PAM models, work from our labo-
ratory indicates that the amplitude of the N300—a mod-
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ulation of the ERPs associated with the detection of
prospective memory cues (West et al., 2001; West &
Ross-Munroe, 2002)—is modulated by the allocation of
attention in prospective memory tasks. The N300 is a
phasic modulation of the ERPs that peaks 300—400 msec
after stimulus onset over the occipital-parietal and frontal
regions (West et al., 2001) and differentiates prospective
memory hits from prospective memory misses and ongo-
ing activity trials (West & Ross-Munroe, 2002). West
et al. (2001) investigated the influence of attention on the
N300 in a study in which individuals were told to ignore
highly salient prospective cues for half of the blocks and
to make a prospective response when the prospective
cues were detected in the remaining blocks. In that study,
the amplitudes of the N300 in the attend and ignore con-
ditions were similar over the left hemisphere, indicating
that this modulation probably reflected the N2 compo-
nent, which is elicited by perceptually salient stimuli
(Mangun & Hillyard, 1995). In contrast, the amplitude
of the N300 over the right hemisphere was greater in the
attend condition than in the ignore condition, presumably
reflecting the influence of attention on prospective re-
membering. Further evidence that attentional processes
contribute to generation of the N300 comes from a study
that revealed that the amplitude of this modulation is sen-
sitive to the working-memory demands of the ongoing
activity (West, Bowry, & Krompinger, 2004). In that
study, the amplitude of the N300 was attenuated when
prospective memory cues were embedded in a 3-back
working memory task relative to when cues were embed-
ded in a 1-back working memory task, supporting the pro-
posal that preparatory attentional processes that consume
working memory capacity underlie successful prospective
remembering (Smith, 2003).

The ERP correlates of target selection for information
represented in visual working memory have been exam-
ined by a number of investigators. One component, the
N2pc, is associated with target selection in visual search
tasks (Luck & Hillyard, 1994) and visual discrimination
tasks (Eimer, 1996). The N2pc reflects an enhancement
of the N2 component 200-300 msec after stimulus onset
over the occipital-parietal region of the scalp that is con-
tralateral to the visual field in which the target is pre-
sented (Luck & Hillyard, 1994). Luck and Hillyard argued
that the N2pc was associated with distractor suppression
during visual search. However, the observation that the
N2pc is elicited when a single target and a single distrac-
tor are presented in the display led Eimer to argue that
the N2pc was related to target selection rather than to
distractor suppression.

The N300 associated with the detection of a prospec-
tive memory cue and the N2pc associated with target se-
lection are similar in a number of ways. Both are maxi-
mal in amplitude over the occipital-parietal region of the
scalp (Eimer, 1996; West et al., 2001) and appear to reflect
subcomponents of the N2, which is generally elicited by
the presentation of a task-relevant stimulus. The N300 is
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elicited by prospective memory cues that are defined
by letter case (West et al., 2001), color (West & Ross-
Munroe, 2002), and word identity (West & Krompinger,
in press). Like the N300, the N2pc is elicited by targets
that are defined by a single feature or a conjunction of
features (e.g., orientation, color, or size; Luck, Fan, &
Hillyard, 1993; Luck & Hillyard, 1994) and by those that
are defined by letter and word identity (Eimer, 1996). To-
gether, these similarities lead one to wonder whether a
common neural mechanism that supports the selection of
task-relevant information contributes to generation of the
N300 and the N2pc.

In addition to the N300, prospective memory hits elicit
a prospective positivity that reflects a sustained modula-
tion over the parietal region of the scalp 600— 1,000 msec
after stimulus onset (West & Krompinger, in press; West &
Ross-Munroe, 2002). The prospective positivity has been
dissociated from the P3 component, which is associated
with target categorization (West, Wymbs, Jakubek, &
Herndon, 2003), and from the recognition old—new ef-
fect, which is associated with the retrieval of a previously
studied item from memory (West & Krompinger, in press).
The functional significance of processes contributing to
generation of the prospective positivity is not clearly un-
derstood; however, some evidence indicates that this
modulation of the ERPs is associated with postretrieval
processes that support the coordination of the prospec-
tive and ongoing activity components of the task follow-
ing retrieval of the intention from memory (West et al.,
2003).

The present study was designed to compare the func-
tional characteristics of the neural generators of the N300
with those of the N2pc when prospective memory cues
were embedded in a target discrimination task similar to
that used by Eimer (1996). If a common neural mecha-
nism contributes to the detection of prospective memory
cues and target selection, the functional characteristics
of the N300 and N2pc should be similar. Specifically, the
amplitude of these modulations of the ERPs should be
greater over the hemisphere that is contralateral to the
visual field in which the prospective cue or target ap-
pears. In contrast, if distinct processes contribute to the
detection of prospective memory cues and target selec-
tion, the N300 and N2pc should demonstrate different
functional characteristics. We also sought to replicate the
finding that the prospective positivity can be dissociated
from the target P3 (West et al., 2003).

To evaluate these hypotheses, a prospective memory
component was embedded in a target discrimination
task. In the task, individuals indicated whether a trial-
specific target letter presumably represented in visual
working memory was present or absent, or made prospec-
tive responses to prospective memory cue letters. Test
displays included a fixation cross flanked by two letters.
This aspect of the design allowed us to compare the N2pc
elicited by targets and the N300 elicited by prospective
cues presented in the left or right visual field; further-
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more, our design differs from those used in previous
studies of the N300 in which cues have been presented at
fixation, making it difficult to distinguish the N300 from
other subcomponents of the N2 (see, e.g., West et al.,
2001; West & Ross-Munroe, 2002).

Two analytic methods were used to quantify modula-
tions of the ERPs associated with target selection and the
detection of prospective memory cues. Multivariate analy-
sis of variance (MANOVA) in combination with measures
of mean amplitude at select electrodes was used to quan-
tify the presence of the N2pc and P3 elicited by target-
present trials, and the presence of the N300 and prospec-
tive positivity elicited on prospective-cue trials. These
analyses allow one to establish the presence of the vari-
ous modulations of interest within a conventional data-
analytic framework. However, MANOVA and other meth-
ods based on the general linear model are not ideally
suited for making comparisons across task conditions
when spatial and temporal overlap among components is
present, as is the case for the N2pc and N300 on one hand,
and for the P3 and prospective positivity on the other (Mc-
Carthy & Wood, 1985). Therefore, partial least squares
(PLS) analysis (Lobaugh, West, & McIntosh, 2001; McIn-
tosh, Bookstein, Haxby, & Grady, 1996) was used to ex-
amine the latent structure of the ERPs elicited by target-
present, target-absent, and prospective memory cue trials.
PLS analysis is a multivariate data-analytic technique that
allows one to simultaneously consider the full spatial and
temporal distribution of task-related effects in ERP data
sets across all time points, electrode locations, task con-
ditions, and participants in a single analysis. PLS analy-
sis is particularly powerful when the objective is to iden-
tify modulations of the ERPs that overlap in time course
and topography that are differentially affected by task
conditions (Lobaugh et al., 2001).

METHOD

Participants

Nineteen individuals (age range 18—24 years, M = 19.84 years)
participated in the study. There were 13 males, and all the partici-
pants reported a right hand preference. The individuals received
extra course credit for their participation in the study.

Materials and Procedure

The stimuli for the task were 19 consonants from the English al-
phabet presented in the color yellow. The letters B and N were not
used in the study, given the potential for confusion with D and M,
which were used as prospective memory cues. The stimuli were dis-
played in uppercase letters measuring 5 X 5 mm, and were viewed
from approximately 50 cm.

The task included 1 practice block of 18 trials and 10 test blocks
of 108 trials each. The practice block included 4 prospective-cue
trials, 7 target-present trials, and 7 target-absent trials. The test
blocks included 12 prospective-cue trials, 48 target-present trials,
and 48 target-absent trials. For 6 of the prospective-cue trials, the
cue letter (D or M) was presented on the left side of the display, and
for the remaining prospective-cue trials the cue letter was presented
on the right side of the display. Within a block, each of the prospec-
tive cues D and M appeared three times on each side of the display.

For prospective-cue trials, a nontarget letter was presented in the
display opposite the cue. For the target-present trials, the target let-
ter was presented on the left or right of the display and a nontarget
letter was presented opposite the target letter. The target letter ap-
peared on the left side of the display in 24 trials and on the right side
of the display in 24 trials. For the target-absent trials, two letters
were presented in the display that were neither the target letter, nor
the prospective-cue letters, nor the target letters from the previous
2 trials.

Each trial included three displays (target, fixation, and test). For
the target display, the target letter was presented in the center of the
computer monitor for 150 msec. The target was then replaced by a
fixation cross for 400 msec, which was in turn replaced by the test
display. The test display included a fixation cross and two letters
presented to the right and left of the fixation cross. The outer edges
of the letters were separated by 35 mm. The test display was pre-
sented for 400 msec and was then replaced by a blank screen until
the response was made. The screen remained blank for an addi-
tional 500 msec after the response, and then the target letter for the
next trial was presented. For the first trial of each block, the screen
was blank for 1,000 msec after the space bar was pressed to initiate
the block.

Before data collection began, a description of the target selec-
tion task was given to the participants. They were told that on each
trial a target letter would be presented briefly, followed by a fixa-
tion cross and then a test display. The participants were told to
press the C key with the left index finger if the target letter was
present in the test display and to press the V key with the right
index finger if the target letter was not present in the test display.
Additionally, the participants were told to press the X key with the
left middle finger when the letter D was presented in the test dis-
play and the B key with the right middle finger when the letter M
was present in the test display. The participants were instructed that
a present—absent judgment was not required for trials in which a
prospective response was made, and that the prospective letters and
the target letter for a given trial would never appear together in the
test display. Finally, the participants were told that the test display
would be presented for approximately one half of a second and that
they would have as much time as necessary to respond.

Electrophysiological Recording and Analysis

The EEG (bandpass .01-100 Hz, digitized at 256 Hz, gain 2,500,
12-bit A/D conversion) was recorded from an array of 45 tin elec-
trodes sewn into an Electro-cap (Electro-Cap International, Eaton,
OH) or affixed to the skin with an adhesive patch (at Fpz, Fz, Pz,
Oz, Iz, Fpl, Fp2, Af3, Af4, F3, F4, F7, F8, F9, F10, Fcl, Fc2, Fc5,
Fc6, Ft9, Ft10, C3, C4, T7, T8, Cpl, Cp2, Cp5, Cp6, P3, P4, P7, P8,
Po3, Po4, O1, 02, P09, Pol10, M1, M2, Lol, Lo2, Iol, and 102).
Vertical and horizontal eye movements were recorded from the oc-
ular electrodes. During recording, all the electrodes were refer-
enced to Electrode Cz; for data analysis they were re-referenced to
an average reference, Electrode Cz was reinstated, and a 20-Hz
zero-phase shift low-pass filter was applied.

ERP analysis epochs were extracted offline and included
—200 msec of prestimulus activity and 1,000 msec of poststimulus
activity. Ocular artifacts associated with blinks were corrected
using a covariance technique that simultaneously modeled artifact
and artifact-free EEG (Electromagnetic Source Estimation; Source-
Signal Imaging, San Diego). Trials contaminated by other artifacts
(peak-to-peak deflections over 50 uV) were rejected before aver-
aging. ERPs were averaged for correct responses to target-absent,
target-present-left, target-present-right, prospective-cue-left, and
prospective-cue-right trials. As an additional precaution against ar-
tifacts arising from horizontal saccades to the test display letters,
the individual ERP waveforms were inspected for all participants
and conditions. If a noticeable left—right inversion was found for an



individual’s lateral ocular electrodes, the data for that individual
were excluded from the analyses. This procedure resulted in the ex-
clusion of data for three individuals.

Partial least squares analysis (Lobaugh et al., 2001; McIntosh
et al., 1996). PLS analysis operates on an ERP data matrix con-
taining participants and conditions in the rows and the amplitudes
for all time points and electrodes in the columns. The input matrix
for PLS was obtained by mean-centering the columns of the ERP
data matrix with respect to the grand mean. The averages within
task were thus expressed as deviations around zero. Singular value
decomposition (SVD) was performed on the deviation matrix to
identify the structure of the latent variables (LVs). Three outputs
were derived from the SVD that were used to interpret the relation-
ships between ERP amplitudes and task design. The first was a vec-
tor of singular values, which represent the unweighted magnitude
of the LVs and can be used to calculate the proportion of the cross-
block covariance (i.e., task-related variance) attributable to each LV.
The second and third outputs contain the structure of the LVs and
are orthogonal pairs of vectors (saliences). One vector defines the
contrasts among conditions (design scores) and is used to determine
which conditions differ from one another within the context of a
given LV. The other vector (ERP saliences) identifies when and
where the effects in the design scores are expressed for the LV. The
significance of the LVs’ singular values was determined using a
permutation test (500 replications) that provides an exact probabil-
ity of observing the singular value by chance (e.g., p = .001); the
stability of the ERP saliences at each time point and location in
space was established through bootstrap resampling (200 replica-
tions), which provides a standard error for each of the saliences
(Mclntosh et al., 1996). The ratio of the salience to its bootstrapped
standard error is approximately equivalent to a z score; therefore,
bootstrap ratios greater than 2.5 can be taken to indicate stable
saliences or time points that differ from zero.

RESULTS

Behavioral Data

Response accuracy was quite high for target-absent tri-
als (M = 95%), indicating that target or prospective-cue
false alarms were rare. There was a left—right advantage
in accuracy for target-present and prospective-cue trials,
with accuracy being higher for stimuli presented in the
left visual field (target M = 91%, cue M = 77%) than for
those presented in the right visual field (target M = 88%,
cue M = 73%). Accuracy was also higher for target-
present trials than for prospective-cue trials. A 2 (stimu-
lus: target vs. prospective cue) X 2 (visual field: left vs.
right) analysis of variance (ANOVA) confirmed that
these effects were significant [stimulus, F(1,18) = 16.80,
p < .01; visual field, F(1,18) = 17.37, p < .01] and did
not interact (stimulus X visual field, F < 1).

The response time data were consistent with the re-
sponse accuracy data. Response time was shorter for tar-
get and prospective-cue trials presented in the left visual
field (target M = 696 msec, cues M = 1,056 msec) than
for those presented in the right visual field (target M =
744 msec, cue M = 1,103 msec) and shorter for target-
present trials than for prospective-cue trials. A 2 (stimu-
lus: target vs. prospective cue) X 2 (visual field: left vs.
right) ANOVA confirmed that these effects were signif-
icant [stimulus, F(1,18) = 104.36, p < .01; visual field,
F(1,18) = 18.60, p < .01] and did not interact (stimulus X
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visual field, /" << 1). Response time for target-absent trials
(M = 934 msec) fell between the response times for target-
present and prospective-cue trials.

Electrophysiological Data

Mean voltage. The grand average ERPs at electrodes
demonstrating the N2pc, N300, P3, and prospective pos-
itivity are presented in Figure 1. These modulations of
the ERPs were quantified in a series of MANOVAs in-
cluding data from electrode locations utilized in previous
studies. The mean voltage of the N2pc was quantified as
250-270 msec; that of the N300, as 340-360 msec; that
of the P3, as 400—425 msec; and that of the prospective
positivity, as 725-750 msec.

The analysis of the N2pc reflected a 5 (condition) X 2
(electrode: Po9-Po10 vs. P7-P8) X 2 (hemisphere) design.
In this analysis, the condition X hemisphere interaction
was significant [Wilks’s A = .18, F(4,14) = 1647,p <
.001], reflecting the greater negativity for targets and
prospective cues presented in the left visual field over the
right hemisphere of the scalp and the greater negativity
for targets and prospective cues presented in the right vi-
sual field over the left hemisphere of the scalp (Table 1).
Follow-up analyses contrasting target-present with target-
absent trials and prospective-cue with target-absent tri-
als revealed that the N2pc was elicited by targets [condi-
tion X hemisphere: Wilks’s A = .43, F(2,16) = 10.49,
p <.001] and prospective cues [condition X hemisphere:
Wilks’s A = .66, F(2,16) = 4.06, p < .04]. An addi-
tional comparison revealed that the amplitude of the
N2pc was greater for targets than for prospective cues
[condition X hemisphere: Wilks’s A = .19, F(3,15) =
21.81,p <.001].

The analysis of the N300 reflected a 5 (condition) X 2
(electrode: Po9—Po10 vs. P7-P8) X 2 (hemisphere) de-
sign. In this analysis, the main effect of condition was sig-
nificant [Wilkss A = .31, F(4,14) =7.92,p <.001], re-
flecting greater negativity for prospective-cue trials than
for target-present or target-absent trials (Table 2), and the
condition X hemisphere interaction was not significant
[Wilks’s A = .65, F(4,14) = 1.92,p > .15]. Follow-up
analyses revealed that the amplitude of the N300 was
greater for prospective-cue trials than for target-present
[Wilks’s A = .38, F(3,15) = 8.22, p < .01] and target-
absent [Wilks’s A = .35, F(2,16) = 14.93,p <.001] tri-
als, that the difference between target-present and target-
absent trials was not significant [Wilks’s A = .88,
F(2,16) = 1.11, p > .30], and that the amplitude of the
N300 for prospective-cue trials was greater for prospec-
tive cues presented in the left visual field than for those
presented in the right visual field [Wilks’s A = .76,
F(,17) =5.26,p <.04].

The analysis of the P3 represented a single-factor de-
sign including data for the five conditions at Electrode
Pz. In this analysis, the effect of condition was signifi-
cant [Wilks’s A = .07, F(4,14) = 48.29, p < .001], with
the amplitude of the P3 being greater for target-present
trials than for prospective-cue or target-absent trials
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Figure 1. Grand average event-related potentials (ERPs) at electrodes demonstrating the
N2pc, N300, P3, and prospective positivity. (A) ERPs for target-absent trials and left and right
target-present trials. (B) ERPs for target-absent trials and left and right prospective-cue tri-
als. The tall bars represent stimulus onsets, and the short bars represent 250-msec increments.

(Table 2). Follow-up analyses revealed that the differ-
ence between prospective-cue trials and target-present
trials was significant [Wilks’s A = .21, F(3,15) = 18.86,
p <.001] and that the difference between prospective-cue
and target-absent trials was not significant [Wilks’s A =
97, F <1].

The analysis of the prospective positivity represented
a single-factor design including data for the five condi-
tions at Electrode Pz. In this analysis, the effect of condition
was significant [Wilks’s A = .23, F(4,14) =11.51,p <
.001], with the amplitude of the prospective positivity
being greater for prospective-cue trials than for target-
present or target-absent trials (Table 2). Follow-up analy-
ses revealed that the difference between prospective-cue
trials and target-present trials was significant [ Wilks’s
A = .24, F(3,15) =16.07,p < .001] and that the differ-

ence between target-present and target-absent trials was
not significant [Wilkss A = .94, F <1].

Partial least squares analysis. The PLS analysis in-
cluded the ERPs (0-1,000 msec) elicited by correct re-
sponses for target-present and prospective-cue trials
presented in the left and right visual fields and for target-
absent trials, and included data for all but the ocular
electrodes. The permutation test revealed that the first two
LVs were significant (p = .000 and p = .032) and that the
third LV was marginally significant (p = .082); these
LVs accounted for 80.60%, 9.24%, and 8.24% of the
crossblock covariance, respectively. As is illustrated in
Figure 2, LV1 expressed the ERP correlates of prospec-
tive memory, representing a contrast between prospective-
cue trials and target-present and target-absent trials and
reflecting an occipital-parietal negativity between 300
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Table 1
Mean Voltage (in Microvolts) in the Range of the N2pc Collapsed Across Electrodes for Targets
and Cues Presented to the Left (Electrodes P7, Po9) and Right (Electrodes P8, Po10) Visual
Fields, and on Target-Absent Trials, for the Left and Right Hemispheres

Target Left Target Right Cue Left Cue Right Target Absent

Hemisphere M SE M SE M SE M SE M SE

Left —4.96 .61 —6.34 77 —4.91 .53 —5.60 .64 —4.65 .57

Right —5.76 77 —4.28 78 —5.40 .96 —4.52 .84 —4.64 5
Table 2

Mean Voltage (in Microvolts) for the N300 (Electrodes P7-P8 and Po9-Po10), P3 (Electrode Pz),
and Prospective Positivity (Electrode Pz) for Targets and Cues Presented to the Left and Right
Visual Fields, and on Target-Absent Trials
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Target Cue
Left Right Left Right Target Absent
Modulation M SE M  SE M SE M SE M SE
N300 -8 57 —81 55 —274 43 —1.78 57 —1.17 .46
P3 5.51 52 535 57 2.11 .57 250 .73 2.50 .48

Prospective positivity ~ 1.47 58 125 .61

6.72 1.02 7.08 1.03 1.62 .73

and 500 msec (N300), a frontal positivity between 300 and
500 msec, and a broadly distributed sustained occipital-
parietal positivity from 600 msec (prospective positiv-
ity). LV2 expressed an effect of visual field of presenta-
tion on the neural correlates of prospective memory,
representing a contrast between prospective cues pre-
sented in the left and right visual fields and reflecting a
phasic right occipital-parietal positivity between 200 and
400 msec (N300), frontal negativity between 300 and
800 msec, and a left central-parietal negativity between
400 and 800 msec. LV3 expressed the neural correlates
of target selection, representing a contrast between tar-
get-absent trials on one hand and target-present and
prospective-cue trials presented in the right visual field
on the other, and reflecting a left occipital-parietal postiv-
itity that peaked between 200 and 300 msec (N2), a right
occipital-parietal negativity that peaked slightly later, a
broadly distributed occipital-parietal negativity that
peaked at around 400 msec (P3), and a left central sus-
tained negativity from 300 to 1,000 msec (slow wave).

DISCUSSION

This study was designed to examine similarities in and
differences between modulations of the ERPs associated
with the selection of target stimuli maintained in visual
working memory and the detection of prospective mem-
ory cues. The study was motivated by work indicating
that both target selection and the detection of prospective
memory cues are associated with phasic negativities over
the occipital-parietal region of the scalp that are elicited
when prospective cues and targets are defined by a num-
ber of different attributes and more sustained positivities
over the parietal region (Eimer, 1996; West et al., 2001).
The behavioral data revealed a robust left-right advan-
tage in terms of response time and accuracy for targets
and prospective cues. The ERP data revealed common
(i.e., N2pc) and distinct (i.e., N300, P3, prospective pos-

itivity) modulations of the ERPs elicited by target trials
and prospective-cue trials. These findings demonstrate
that a common neural mechanism supports selection
processes in visual working memory and prospective
memory, and that processes that are unique to prospec-
tive memory further support the realization of delayed
intentions (Graf & Uttl, 2001).

The behavioral data were largely consistent with find-
ings from previous research. Response time was shorter
and response accuracy higher for target-present and
prospective-cue trials presented in the left visual field
than for those presented in the right visual field. Re-
sponse accuracy was lower and response time longer for
prospective-cue trials than for target-present trials when
these two classes of stimuli were embedded in a single
task. The reduction in response accuracy for prospective-
cue trials relative to target-present trials was consistent
with evidence from a recent study in which the behavioral
and ERP correlates of prospective memory, recognition
memory, and cued recall were compared (West & Kromp-
inger, in press). In that study, the frequency of prospective-
cue hits was lower than that of recognition or cued-recall
hits when the characteristics of the prospective and retro-
spective components of the task were closely matched.
West and Krompinger argued that the difference in re-
sponse accuracy for the prospective and retrospective
components of the task arose from demands placed on
processes that are distinct from those of prospective
memory such as the need to detect prospective cues and
to coordinate the ongoing and prospective components
of the task (West & Krompinger, in press).

The N2pc was elicited by targets and prospective cues,
in agreement with the hypothesis that a common neural
mechanism supports the selection of task-relevant stim-
uli regardless of whether the stimuli are represented in vi-
sual working memory or associated with a delayed inten-
tion. This finding indicates that the N2pc can be elicited
by target stimuli that remain static over an extended pe-
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Figure 2. Design scores demonstrating task contrasts and electrode saliences at select electrodes demonstrating
the time course of the three latent variables (LVs). (A) LV1 reflects the contrast of prospective-cue trials with the
other conditions and represents the prospective positivity (Pz), a frontal positivity (Fz), and the N300 (Po9—Po10).
(B) LV2 reflects the contrast of prospective-cue trials presented to the left and right visual fields and represents a
sustained frontal modulation (Fz) and a phasic right-hemisphere modulation between 200 and 400 msec (N300;
Po10). (C) LV3 reflects the contrast of target-absent trials with target-present and prospective-cue trials presented
in the right visual field and represents the P3 (Pz), the slow wave (Cz), a left-hemisphere positivity between 200 and
400 msec (N2Pc; P7), and a right hemispheric negativity around 400 msec (P8). The scale for LV1 ranges from —4
to 6 uV and that for LV2 and LV3 from —2 to 1 uV. The short bars reflect 250-msec increments. The time points
at which the bootstrap ratios exceeded 2.5 are plotted as circles above the salience waveforms.

riod of time (e.g., prospective cues), in agreement with
evidence from previous studies using search and dis-
crimination tasks (Eimer, 1996; Luck & Hillyard, 1994),
and by target stimuli that are updated dynamically on a
trial-by-trial basis (e.g., the targets in the present study).
The amplitude of N2pc was greater for target trials than
for prospective-cue trials. It seems unlikely that this dif-
ference would have arisen from differences in trial prob-

ability of prospective memory cues and of target trials,
given that Luck and Hillyard (1994) found that target
probability did not influence the amplitude of the N2pc in
a visual search task. Instead, this finding may indicate
that the representation of targets in visual working mem-
ory differed from that of prospective cues in prospective
memory, in agreement with evidence indicating that in-
formation associated with delayed intentions is repre-



sented differently than information in other memory
stores (Goschke & Kuhl, 1993).

Unlike the N2pc, the N300 was limited to prospective-
cue trials. The amplitude of the N300 was greater for pro-
spective memory cues presented in the left visual field
than for those presented in the right visual field, and this
effect did not interact with hemisphere. This finding is
consistent with previous data indicating that the influ-
ence of attention on the N300 is greater over the right
hemisphere than over the left (West et al., 2001). Com-
plementing these ERP data, studies examining the func-
tional neuroanatomy of prospective memory using PET
and fMRI have revealed differential activation in the
right inferior parietal cortex when individuals are ex-
pecting a prospective memory cue relative to when cues
are not expected (Burgess et al., 2001), and in right ex-
trastriate and parietal cortices when individuals make
prospective responses (Reynolds, West, & Braver, 2003).
Together, findings related to hemispheric differences in
the N300 and differential activation of regions within the
right parietal and extrastriate cortices lead to the sug-
gestion that the right hemisphere contributes to an atten-
tional process that facilitates the detection of prospec-
tive memory cues.

The PLS analysis revealed three reliable LVs: two that
captured modulations of the ERPs related to prospective
memory and a third that captured modulations of the
ERPs related to target selection. The first LV contrasted
prospective-cue trials with target and nontarget trials, ex-
pressing the neural correlates of prospective memory.
This LV reflected the N300 over the occipital-parietal
and frontal regions and the prospective positivity over
the parietal region. The association of the N300 and
prospective positivity with a distinct LV is consistent
with previous research demonstrating that these two
modulations of the ERPs are unique to prospective mem-
ory (West et al., 2004; West & Krompinger, in press).
The second LV seemed to express the influence of atten-
tion on the ERPs elicited by prospective memory cues.
This LV contrasted prospective memory cues presented
in the left and right visual fields and reflected a compo-
nent of the N300 over the right occipital-parietal region
and a more sustained modulation over the frontal region.
The electrode saliences for the second LV were near zero
over the parietal region for the entire analyzed epoch, in-
dicating that the prospective positivity was not expressed
by this LV. The sensitivity of subcomponents of the N300
to the influence of attention and the insensitivity of the
prospective positivity to the influence of attention is con-
sistent with other work from our laboratory (West et al.,
2004). Together, these findings provide support for the
proposal that the fundamental contribution of attention
to prospective remembering is to facilitate the detection
of prospective memory cues when they are encountered
in the environment (Guynn et al., 2001; Smith, 2003).

The third LV expressed the neural correlates of target
selection (Eimer, 1996; Luck & Hillyard, 1994), con-
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trasting the ERPs elicited by nontarget trials with those
elicited by target trials and prospective memory cue tri-
als presented in the right visual field. This LV reflected
the N2 or N2pc over the occipital-parietal region, the P3
over the parietal region, and a slow wave over the right
frontal central region. The association of the P3 with the
third LV and that of the prospective positivity with the
first LV is consistent with the proposal that these modu-
lations of the ERPs reflect the activity of different neural
mechanisms rather than the notion that the prospective
positivity simply reflects a delayed P3 (West et al., 2003).
Supporting this idea, data from two other studies indicate
that different factors influence the amplitude of the P3
and that of prospective positivity. In one study, the am-
plitude of the P3, but not that of the later portion of the
prospective positivity, was modulated by perceptual sa-
lience, whereas the prospective positivity, but not the P3,
was modulated by the number of prospective memory cues
(West et al., 2003). In a second study, West et al. (2004)
demonstrated that the amplitude of the P3 elicited by tar-
get trials was modulated by working memory load in the
n-back task, whereas the amplitude of the prospective
positivity was not sensitive to differences in working
memory load. Also, simulation work in the performance
of PLS analysis when applied to ERP data reveals that
latency-shifted components tend to be associated with
the same LV at which the latency shift is captured by the
presence of a sign-wave-like component in the electrode
saliences (Lobaugh et al., 2001). This finding leads to
the expectation that the P3 and prospective positivity
should be associated with the same LV if the prospective
positivity was merely a delayed P3, which was not the
case in the present analysis. Together, these findings
support the idea that the P3 and prospective positivity re-
flect distinct components of the ERPs associated with
different cognitive processes.

In this study, we have argued that performance of the
two components of the task was dependent on different
forms of memory, with target selection being supported
by visual working memory and the detection of prospec-
tive memory cues being supported by prospective mem-
ory. Alternatively, one could argue that the two compo-
nents of the task are commonly supported by working
memory and differ only in the length of the delay inter-
val between encoding and stimulus presentation (i.e.,
less than 1 sec for target stimuli and several seconds for
prospective-cue trials). No distinction between these two
alternatives can be made on the basis of the present data;
however, data from a study in which prospective memory
cues were embedded in an n-back working memory task
provide insight into this issue (West et al., 2004). In that
study, 1-back targets were associated with amplitude
modulations of the N2 and P3 components, as occurred
in target trials in the present study; in contrast, 3-back
targets were associated with modulations over the frontal
and parietal regions similar to those observed in studies
of recognition memory. These findings are consistent with
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the proposal that information can be represented in one of
two states in working memory—namely, that which is in
the focus of attention (1-back targets) and that which is
activated but outside of the focus of attention (i.e., 3-back
targets; Cowan, 1995; McElree, 2001). In West et al.
(2004), the N300 and prospective positivity elicited by
prospective memory cues were associated with an LV that
was distinct from those expressing modulations of the
ERPs associated with 1-back and 3-back targets. This
finding led to the suggestion that the detection of prospec-
tive memory cues was supported by processes other than
those supporting the recognition of target stimuli repre-
sented in working memory (West et al., 2004).

A persisting question within the prospective memory
literature is the degree to which prospective memory
tasks may reflect a form of dual-task paradigm (Smith,
2003). If one assumes that for the current task the target-
present and prospective memory judgments were per-
formed in a sequential fashion across trials, the adoption
of a dual-task strategy in this paradigm would be ex-
pected to result in a delayed N2pc for prospective-cue
trials, since individuals would be expected initially to ar-
rive at a target-absent decision and then recognize the
prospective-cue letter. Findings from the analyses of the
mean amplitude data were not consistent with the adop-
tion of such a strategy, since the N2pc occurred at the
same time for target and prospective-cue trials (i.e., in
the 250—270-msec interval) and the interaction of visual
field of presentation and hemisphere was absent in the
340-360-msec interval used to quantify the N300. Al-
ternatively, if individuals were performing the two com-
ponents of the task in parallel, this could be expected to
result in an N2pc that had a similar time course for tar-
gets and prospective cues. The present data do not allow
us to distinguish a parallel dual-task account of our re-
sults from an account in which the cognitive processes
related to prospective remembering are limited to those
trials in which a candidate prospective cue is detected
(Einstein & McDaniel, 1996).

In summary, the findings of the present study indicate
that there are both commonalities and differences be-
tween the ERP correlates of target selection for stimuli
maintained in visual working memory and the ERP cor-
relates of the detection of prospective memory cues. Tar-
gets and prospective memory cues elicited an N2pc, re-
vealing that a common neural mechanism contributes to
the selection of task-relevant stimuli in prospective mem-
ory and working memory. In contrast, the N300 was
elicited only by prospective memory cue trials and ap-
pears to reflect the activity of distinct subcomponents that
are differentially sensitive to the influence of attention.
These findings are consistent with those of a growing
body of literature indicating that an attentional mecha-
nism possibly supported by the right hemisphere serves to
facilitate the detection of prospective memory cues when
they are encountered, thereby enhancing the efficiency
of prospective memory (Burgess et al., 2001; Smith,
2003).

REFERENCES

BADDELEY, A. (1986). Working memory. Oxford: Oxford University
Press.

BURGESS, P. W., QUAYLE, A., & FriTH, C. D. (2001). Brain regions in-
volved in prospective memory as determined by positron emission
tomography. Neuropsychologia, 39, 545-555.

CowaN, N. (1995). Attention and memory: An integrated framework.
New York: Oxford University Press.

CRrAIK, F. 1. M. (1986). A functional account of age differences in mem-
ory. In F. Flix & H. Hagendorf (Eds.), Human memory and cognitive
capabilities, mechanisms and performance (pp. 409-422). Amster-
dam: Elsevier, North-Holland.

EIMER, M. (1996). The N2pc component as an indicator of attentional
selectivity. Electroencephalography & Clinical Neurophysiology, 99,
225-234. -

EINSTEIN, G. O., & McDANIEL, M. A. (1996). Retrieval processes in
prospective memory: Theoretical approaches and some new empiri-
cal findings. In M. Brandimonte, G. O. Einstein, & M. A. McDaniel
(Eds.), Prospective memory: Theory and applications (pp. 115-142).
Mahwah, NJ: Erlbaum.

ELLIs, J. (1996). Prospective memory or the realization of delayed in-
tentions: A conceptual framework for research. In M. Brandimonte,
G. O. Einstein, & M. A. McDaniel (Eds.), Prospective memory: The-
ory and applications (pp. 1-22). Mahwah, NJ: Erlbaum.

GOSCHKE, T., & KUHL, J. (1993). Representation of intentions: Persist-
ing activation in memory. Journal of Experimental Psychology:
Learning, Memory, & Cognition, 19, 1211-1226.

GRAF, P, & UTTL, B. (2001). Prospective memory: A new focus for re-
search. Consciousness & Cognition, 10, 437-450.

GUYNN, M. J., McDANIEL, M. A., & EINSTEIN, G. O. (2001). Remem-
bering to perform intentions: A different type of memory? In H. D.
Zimmer, R. L. Cohen, M. J. Guynn, J. Engelkamp, R. Kormi-Nouri,
& M. A. Foley (Eds.), Memory for action: A distinct form of episodic
memory? (pp. 25-48). Oxford: Oxford University Press.

LoBAUGH, N. J., WEST, R., & McINTOsH, A. R. (2001). Spatiotemporal
analysis of experimental differences in event-related potential data
with partial least squares. Psychophysiology, 38, 517-530.

Luck, S.J.,FaN, S., & HILLYARD, S. A. (1993). Attention-related mod-
ulation of sensory-evoked brain activity in a visual search task. Jour-
nal of Cognitive Neuroscience, 5, 188-195.

Luck, S.J., & HILLYARD, S. A. (1994). Electrophysiological correlates
of feature analysis during visual search. Psychophysiology, 31, 291-
308.

MANGUN, G. R., & HILLYARD, S. A. (1995). Mechanisms and models of
selective attention. In M. D. Rugg & M. G. H. Coles (Eds.), Electro-
physiology of mind: Event-related brain potentials and cognition
(pp. 40-85). New York: Oxford University Press.

MaRrsH, R. L., Hicks, J. L., & Hancock, T. W. (2000). On the inter-
action of ongoing cognitive activity and the nature of an event-based
intention. Applied Cognitive Psychology, 14, S29-S42.

McCARTHY, G., & Woob, C. C. (1985). Scalp distributions of event-
related potentials: An ambiguity associated with analysis of variance
models. Electroencephalography & Clinical Neurophysiology, 62,
203-208. -

MCcDANIEL, M. A., & EINSTEIN, G. O. (2000). Strategic and automatic
processes in prospective memory retrieval: A multiprocess frame-
work. Applied Cognitive Psychology, 14, S127-S144.

McDANIEL, M. A., GLISKY, E. L., RUBIN, S. R., GUYNN, M. J., &
ROUTHIEAUX, B. C. (1999). Prospective memory: A neuropsycho-
logical study. Neuropsychology, 13, 103-110.

MCELREE, B. (2001). Working memory and focal attention. Journal of
Experimental Psychology: Learning, Memory, & Cognition, 27, 817-
835.

McInTosH, A. R., BOOKSTEIN, F. L., HAXBY, J. V., & GraDY, C. L.
(1996). Spatial pattern analysis of functional images using partial
least squares. Neurolmage, 3, 143-157.

MEACHAM, J. A., & LEIMAN, B (1982). Remembering to perform future
actions. In U. Neisser (Ed.), Memory observed (pp. 327-336). San
Francisco: Freeman.

MEIER, B., & GRrAF, P. (2000). Transfer appropriate processing for




prospective memory test. Applied Cognitive Psychology, 14, S11-
S28.

REYNOLDS, J., WEST, R., & BRAVER, T. (2003, March). Differentiation
of prospective memory and working memory using a mixed state and
event-related fMRI design. Poster presented at the meeting of the
Cognitive Neuroscience Society, New York.

SmiTH, R. E. (2003). The cost of remembering to remember in event-
based prospective memory: Investigating the capacity demands of
delayed intention performance. Journal of Experimental Psychology:
Learning, Memory, & Cognition, 29, 347-361.

TULVING, E. (1983). Elements of episodic memory. Oxford: Oxford
University Press.

WEST, R., BOWRY, R., & KROMPINGER, J. (2004). The locus of working
memory demands on prospective memory and prospective memory
demands on ongoing activity performance. Manuscript submitted for
publication.

PROSPECTIVE MEMORY 363

WEST, R., HERNDON, R. W., & CREWDSON, S. J. (2001). Neural activity
associated with the realization of a delayed intention. Cognitive Brain
Research, 12, 1-10.

WEST, R., & KROMPINGER, J. (in press). Neural correlates of prospective
and episodic memory. Neuropsychologia.

WEST, R., & R0oss-MUNROE, K. (2002). Neural correlates of the forma-
tion and realization of delayed intentions. Cognitive, Affective, & Be-
havioral Neuroscience, 2, 162-173.

WEST, R., Wymss, N., JAKUBEK, K., & HERNDON, R. W. (2003). Effects
of intention load and background context on prospective remember-
ing: An event-related brain potential study. Psychophysiology, 40,
260-276. -

(Manuscript received September 8, 2003;
revision accepted for publication June 7, 2004.)





