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Prospective memory (PM) refers to memory for future intentions. Difference due to memory (Dm effect) is the difference in 
neural activity related to stimuli that were subsequently remembered or forgotten. Using event-related potentials (ERPs), the 
present study investigated the Dm effect for PM using a subsequent task-switching paradigm. The results showed that a Dm 
effect of ERP P150 was more positive-going for later PM hit trials than for later PM forgotten trials during 100–200 ms. This 
Dm effect may reflect the process for the production of future intention or the process for attention. Consistent with previously 
reported Dm effects of other types of memory, we found that the fbN2 (250–280 ms) and late positivity component (400–700 
ms) were stronger in later PM hit trials than in forgotten trials. The fbN2 was evoked by Chinese characters. The late positivity 
component was related to the precise encoding process. In conclusion, because of the early P150, PM encoding appears to be 
somewhat different from previously identified Dm effects. However, further research is needed. Our findings reveal that Dm 
effects of PM share similar characteristics with known Dm effects of other types of episodic memory after the very early stage 
of neural processing.  
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Prospective memory (PM) is a type of episodic memory, 
defined as remembering to perform intended actions. In 
contrast to retrospective memory (RM) that recalls past 
events and external stimuli, PM refers to remembering to 
carry out intended actions in the future that are represented 
internally. PM has three main characteristics: a delay be-
tween encoding and the intended action, an ongoing task in 
the delay, and self-initiated intention execution [1]. A 
task-switching approach [2] for studying PM involves ask-
ing participants to remember to press a key on a keyboard 
(e.g., “D”) whenever they see a particular item (e.g., red 
words) in the context of an ongoing task (e.g., tone judg-

ment). PM tasks include four cognitive phases: intention 
formation, intention retention, intention initiation, and in-
tention execution [3]. Forming an intention is an essential 
phase for successful PM and is also a prerequisite of PM 
performance [4]. Three components must be encoded in the 
intention formation phase: the retrieval criterion, the to-be- 
performed action, and the decision [5]. Zöllig et al. [4] pro-
posed that forming an intention requires not only RM pro-
cesses, but also executive functions. As an example of these 
components, suppose that I sit in a classroom with the in-
tention to buy a textbook when I go past the book store on 
my way home. RM processes involve the time at which the 
PM response has to be performed (i.e., past the book store). 
Executive functions involve planning and coordinating the 
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decision to act (i.e., buying the textbook). 
Since the concept of PM was put forward, the majority of 

research has focused on specific processes or group differ-
ences during the retrieval phase [6−14]. However, there are 
limited studies examining the neural basis of the PM en-
coding phase using brain imaging techniques, e.g., event- 
related potentials (ERPs), functional magnetic resonance 
imaging (fMRI), and positron emission computed tomogra-
phy (PET). A previous fMRI study on the encoding of fu-
ture intentions (PM) and actions (RM) showed that PM ac-
tivated the temporal lobe including the hippocampus (pre-
dicting overall memory success), and some additional re-
gions, including left rostrolateral PFC and the right para-
hippocampal gyrus (recruited by future intention processing) 
[15]. The results provided evidence that PM encoding has 
both a common episodic memory network and an executive 
network specifically recruited by an intention. ERP was 
used to investigate the PM encoding mechanism [4,10,11]. 
West and colleagues [10,11] found that a late positivity 
component (LPC) and frontal-polar slow wave (FPSW) 
modulated intention formation in adult PM. Researchers 
have shown that LPC differentiated the ERPs elicited by 
“memory hit” intention trials and “forgotten” trials from 
those elicited by baseline activities or differential LPCs 
between “hit” intention trials and the baseline [4]. The “hit” 
intention trial was associated with a more positive LPC 
compared with that of the “forgotten” trial in the parietal re-
gion. Curiously, the LPC polarity reversed in lateral frontal- 
temporal regions. The parietal LPC was probably a P3-like 
response, and the frontal LPC reversal was attributed to the 
method of ERP [11]. Moreover, Zöllig et al. [4] found that 
the LPC was different among adolescents, young adults, and 
old adults, indicating that they adopted different intention 
encoding strategies. The FPSW differentiated the ERPs  
elicited by “hit” intention trials from “forgotten” trials [10,11], 
or differentiated the ERPs elicited by “hit” intention trials 
from those elicited by the baseline [4]. The FPSW showed a 
sustained negativity over the fronto-polar region, which 
reflected the neural correlates of elaborative encoding pro-
cesses only in adolescents and adults [11]. Although the 
polarity was reversed, they believed it resembled subse-
quent memory effects (Sm; Dm) [16,17]. The Dm effect 
refers to the neural activity difference between stimuli that 
were subsequently remembered or forgotten. However, in 
many Dm effect studies, the P300 or LPCs for lat-
er-remembered items were more positive than those for lat-
er-forgotten ones [18].   

Although these results are extremely valuable, 
knowledge gaps remain in PM encoding studies. One way 
to study memory encoding is to monitor brain electrical 
activity with the ERP technique. The neurophysiological 
correlates of the Dm effect provide a way to indicate re-
trieval performance during the encoding phase. Although 
previous studies found some ERPs (LPC, FPSW) associated 
with PM encoding, they did not compare the Dm effect in 

PM to that in episodic memory. PM is a special kind of ep-
isodic memory, with the relationship between them still 
unclear. The numbers of “forgotten” ERP trials were often 
low in these experiments [10,11]. ERPs require multiple 
trials to extract brain signals from background brain activity 
(approximately 15 trials are required to form a reliable ERP 
average for an individual participant) [19]. Additionally, 
they did not distinguish the components of intention for-
mation [5]. Poppenk et al. [15] performed an fMRI experi-
ment to investigate PM encoding from the identification of 
PM cues. The scope of our study was also limited to the 
identification of PM cues (Chinese two-character words).  

The present experiment aimed to investigate the Dm 
effect of PM and its relationship with known Dm effects 
using the ERP technique. The procedure was similar to that 
used by West and Krompinger [13], with modifications 
such as a distraction task following the encoding phase to 
prevent subjects from repeating, low-frequency Chinese 
two-character words as stimuli, and different presentation 
duration and ITI of stimuli. The most distinctive difference 
was that the aim of this study was to explore both the 
encoding and retrieval phases. We mainly focused on the 
PM encoding phase and compared the ERPs for later PM hit 
trials with those of later PM forgotten trials. According to 
an fMRI study, PM encoding is supported by both a common 
episodic memory network and an executive network 
specifically recruited by future-oriented intention [15]. 
Therefore, the hypothesis of this ERP study was that there 
might be a unique ERP component for PM encoding 
(associated with intention and frontal planning) which 
differentiates a Dm effect from the Dm effect related to 
episodic memory. This study provided evidence from ERPs 
regarding the mechanism involved in the encoding phase of 
PM. 

1  Methods 

1.1  Participants 

Fifteen right-handed students (7 males and 8 females; mean 
age=22 years, range=18–24 years) participated in the 
experiment. All participants could speak standard Mandarin. 
They were healthy, with normal or corrected-to-normal 
vision. They were provided with written and oral 
descriptions of the study before written informed consent 
was obtained.  

1.2  Stimuli 

The experimental materials included 1440 Chinese two- 
character words (range=2–5 occurrences/million) [20]. Of 
them, 192 pairs were selected as similar lexical words (one 
character was the same, the other was different). The rest 
were used in an ongoing task. The similar lexical words 
were divided into two groups, with 96 pairs used in the 
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ongoing activity phase and divided into two sets as PM cues 
and PM lures. The remaining 96 pairs were used in a 
recognition task and were divided into two sets as RM cues 
and new items. Half of all the words were composed of two 
characters sharing the same tones; the other half were different. 
The words were matched on tone of the Chinese characters, 
familiarity, and visual complexity. Any polyphones were 
eliminated. 

1.3  Procedure 

Subjects sat comfortably in front of a computer monitor in a 
sound-proof room with dim light. All stimuli were shown at 
the center of the screen against a black background. The 
font used was 60-point SimSun. Subjects were requested to 
fixate their eyes on the center of the screen. A fixation cross 
subtending a visual angle of 1.86°×4.37° was presented in 
the center of the screen before each trial began, and the ITI 
lasted (900±200) ms. Each trial was presented pseudo 
randomly. Each of the 48 blocks of the memory task 
included three phases, as shown in Figure 1. Each phase 
(Encoding, Same/Different trials, Recognition) was preceded 
by instructions indicating the actions in the next phase of 
the block to be performed. The encoding phase included 
two PM cues (in red) for a later PM test and two RM cues 
(in blue) for a later recognition test that were presented 
sequentially. All the cues were presented for 500 ms. In this 
phase, subjects were asked to memorize all the presented 
words. The distraction task followed the encoding phase, in 
which participants were asked to subtract 3 from a 3-digit 
number shown on the screen for 3000 ms. In the ongoing 
activity phase, each trial was presented in white against the 
black background for 1300 ms. There were three kinds of 
words including two PM cues which were studied in the 
encoding phase, two PM lures, and 22 tone judgment trials 
(11 the same and 11 different).   

Participants were required to judge whether the tones of 
two characters were the same (press the “F” key) or not  
 

 

Figure 1  Experimental paradigm. 

(press the “J” key) for the ongoing trials and the PM lure 
trials. PM lures were to ensure that subjects responded 
based on recognizing PM cues, not on perception. For PM 
cues, participants were required to do a PM response (press 
the “D” key). PM cue and lure trials were presented on trials 
6–25 and as separated by a minimun of five tone judgment 
trials. The apperance of PM cues before and after the PM 
lures was conterbalanced. The recognition phase following 
the ongoing activity phase included four trials, two of which 
were the RM cues from the encoding phase. The others 
were similar words (new). Subjects were required to 
discriminate old items (press the “J” key) from new items. 
Before the task began, individuals were shown a flow 
diagram that outlined the structure of the task and what to 
do during each phase of the task. 

In the encoding phase, subjects attempted to memorize 
red words (prospective memory cues) for a later prospective 
memory test and blue words (retrospective memory cues) 
for a later recognition test. In the ongoing activity phase, 
there were three kinds of words including PM trials, PM 
lures and ongoing trials. Subjects judged whether the tones 
of the words were the same for ongoing trials, and PM lures. 
For PM trials, however, the correct response was a PM re-
sponse. In the recognition phase, subjects were asked to 
discriminate old (RM trials) from new items. 

1.4  Acquisition and analysis of electrophysiological data 

Electroencephalographic recordings were made from 62 
scalp sites using Ag/AgCl electrodes embedded in an elastic 
cap of ESI-64-channel EEG recording system. Vertical 
electrooculographic (EOG) signals were recorded by elec-
trodes placed directly above and below the supra-orbital 
area of the left eye. Horizontal EOG and blinks were moni-
tored via a bipolar montage at the outer canthi of both eyes. 
A left mastoid reference electrode was used online, and the 
reference was changed offline to the average of left and 
right mastoid recordings. The ground electrode was between 
FPz and Fz. EEG signals were filtered with a band-pass of 
0.05–40 Hz and sampled at a rate of 500 Hz. Impedance 
was less than 5 kΏ. EEG recordings were averaged off-line. 
Ocular artifacts were reduced, and trials with a voltage ex-
ceeding ±75 μV at any electrode were excluded from analy-
sis as artifacts.  

ERPs were quantified by measuring mean amplitudes in 
several latency intervals: (100–200, 250–280, and 400–700 ms 
for the encoding (−100–900 ms) phase, and 200–400 and 
400–900 ms for the retrieval (−100–1200 ms) phase relative 
to the mean amplitude of the pre-stimulus baseline (−100–0 ms). 
These intervals were selected based on the visual inspection 
of grand-average ERPs, given that similar intervals have been 
used in prior studies of related ERP phenomena [4,13,21]. 
ERPs were averaged for artifact-free trials associated with 
later PM hit (M=51.00) and later PM forgotten trials 
(M=37.73) in the encoding phase; and PM hit (M=50.93), 
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PM miss (M=39), and ongoing activity trials (M=787.13) in 
the retrieval phase. Because the number of RM miss trials 
was very small (range was 12–45 trials, average was 23, and 
generally in our laboratory the number of trials must be 
more than 25), and this study aimed to explore the PM Dm 
effect, we only report the analysis of data for PM, not for 
RM. ERPs were averaged across all 15 subjects from 21 
locations including anterior/posterior (frontal pole, frontal, 
fronto-central, central, centroparietal, parietal, occipital) and 
lateral (left, middle, right) locations. The 21 scalp sites  
included on the left FP1, F3, FC3, C3, CP3, P3, and O1; at 
midline FPz, FCz, Fz, Cz, CPz, Pz, and Oz; and on the right 
FP2, F4, FC4, C4, CP4, P4, and O2. ERP measurements 
were evaluated using SPSS 13.0 software (manufacturer   
is SPSS Inc., 233 South Wacker Drive, Chicago). The 
Greenhouse-Geisser correction was applied to adjust the 
P-values (P<0.05) that were calculated by repeated- 
measures analysis of variance (RM-ANOVA) tests with 
different factors.  

2  Results  

2.1  Behavioral results   

Results for the mean accuracy and response time (RT) for 
PM trials, PM lure trials, and ongoing trials in the ongoing 
activity phase are shown in Table 1. PM cues elicited a cor-
rect prospective response (“D” key); PM lures and ongoing 
trials were generally associated with a tone judgment (same 
“F”, different “J”). The results showed that the main effect 
of response accuracy was significant, F(2, 28)=62.85, 
P<0.01. Post hoc multiple comparisons suggested that ac-
curacy for PM trials was lower than those for PM lure trials 
and ongoing trials (Ps<0.01). Accuracy for PM lure trials 
was lower than for ongoing trials, P<0.05. RT was also sig-
nificant, F(2, 28)=54.60, P<0.01. Post hoc analysis showed 
that RT for PM hits was shorter than for PM lure hits and 
ongoing hits (Ps<0.01). However, RT for PM lure hits was 
longer than for ongoing hits, which showed that PM lures 
consumed more attentional resources or initiated rehearsal 
of the intention.  

2.2  ERP results from the study phase 

To examine the Dm effect, we compared ERPs of later PM 
hit trials with later PM forgotten trials in the encoding phase 
(Figure 2). Three modulations of ERPs were selected: P150  

Table 1  Mean accuracy (percentage) and response time (ms) in the on-
going activity phase 

 Accuracy (SE) Reaction time (SE) 

PM trials 57% (2.67) 1046 (39.51) 

PM lure trials 74% (1.96) 1328 (49.65) 

Ongoing trials 83% (2.17) 1250 (44.51) 

 

Figure 2  The Dm effect of prospective memory. 

(100–200 ms), fbN2 (250–280 ms), and LPC (400– 700 ms). 
A 2×7×3 RM-ANOVA with three factors, Dm (later PM hit, 
later PM forgotten), anterior/posterior location, and lateral-
ity, was conducted on mean amplitude data. 

During the latency of P150, the main effect of Dm 
reached statistical significance, F(1, 14)=11.96, P<0.01, 
with the amplitude of P150 being greater for later PM hit 
items than for later PM miss items. Interestingly, the inter-
actions of Dm by anterior/posterior location, F(6, 84)=4.08, 
P<0.05, and location by laterality interactions, F(12168)= 
3.53, P<0.05, were also significant, meaning that the form 
of Dm effects was different in different brain regions. Fur-
thermore, a 2×3 RM-ANOVA with two factors (Dm and 
laterality) was carried out. Results showed that the main 
effects of Dm were all significant from frontal pole to oc-
cipital electrodes (Ps<0.05), indicating more positive re-
sponses for later PM hits than those of later PM forgotten 
trials. The DM effect mainly existed in central, centroparie-
tal, and parietal regions. However, there was no interaction 
of Dm by laterality. The Dm main effects in the remaining 
two intervals (250–280 ms, 400–700 ms) were significant 
(fbN2, F(1, 14)=4.60, P<0.05; LPC, F(1, 14)=7.39, P<0.05), 
indicating that the ERPs were more positive and stronger 
for later PM hit trials than those of later PM forgotten trials. 
The interactions of Dm by the anterior and posterior region 
for fbN2 and LPC were not significant (Ps>0.05).  



584 Chen Y N, et al.   Sci China Life Sci   June (2011) Vol.54 No.6 

Unexpectedly, the ERPs for PM displayed a very early sub-
sequent memory effect. As illustrated in Figure 2, PM cues 
that were subsequently remembered elicited a more posi-
tive-going ERP almost immediately after their onset (Pz). 
The 2×7×3 RM-ANOVA at 0–100 ms showed that the in-
teraction between Dm, anterior/posterior location, and later-
ality was nonsignificant, F(12, 168)=1.60, P>0.05. Howev-
er, the main effect of Dm was marginally significant, F(1, 
14)=4.61, P=0.05. This phenomenon has been reported in 
subsequent memory for nonwords [22]. 

A, During the encoding phase, ERP waveforms for later 
prospective memory hit trials (blue) and later prospective 
memory forgotten trials (red) are shown on the left; B, 
topographic maps for differential amplitudes between later 
prospective hit and later prospective forgotten are presented 
in three time intervals (right column). 

2.3  ERP results from the retrieval phase 

The Dm effect was based on later memory performance, 
thus we briefly reported the ERPs for the retrieval phase to 
explore the differences among PM hit, PM miss, and ongo-
ing trials (Figure 3). This phase was evaluated by measuring 
mean amplitudes at 200–400 ms and 400–900 ms, capturing 
the N300 and positive component, respectively. A series of 
RM-ANOVAs that included three factors, item type (PM hit, 
PM miss, and ongoing activity trials), anterior/posterior 
location, and laterality were conducted.  

The RM-ANOVA at 200–400 ms (N300) demonstrated a 
main effect of item type, F(2, 28)=12.27, P<0.01, and sig-
nificant interactions between item type and location 
(F(12,168)=3.93, P<0.05), and location and laterality, 
F(12,168)=3.04, P<0.05. Furthermore, a 3×3 RM-ANOVA 
with two factors (item type and laterality) was carried out. 
The analysis showed that the main effect of item type was 
significant in all locations (Ps<0.05), indicating that ERPs 
were less negative for PM hit trials and PM miss trials than 
ongoing trials in central, centroparietal, parietal, and occip-
ital regions. At 400–900 ms, the ANOVA revealed a main 
effect of item type, F(2, 28)=19.31, P<0.01. Moreover, in-
teractions between item type and location, and location by 
laterality were also revealed, F(12, 168)=86.73, P<0.01; 
F(12, 168)=7.16, P<0.01. Furthermore, the 3×3 RM- 
ANOVA showed that the main effect of item type was sig-
nificant in all locations (Ps<0.05), reflecting a greater posi-
tive component for PM hit trials than ongoing trials in the 
frontal region (frontal positivity), and a greater positive 
component for PM hit trials than PM miss trials or ongoing 
trials in other regions (prospective positivity). This positive 
component in frontal and partial was called frontal positivity 
and prospective positivity by West. The difference in ERPs in 
the retrieval phase was consistent with a previous study in 
which recognition success was associated with brain poten-
tials distinct from those associated with failure [23].  

 

Figure 3  Grand-averaged event-related potentials at select electrodes, 
demonstrating N300 (200–400 ms), frontal positivity, and prospective 
positivity (400–900 ms) for prospective memory hit trials, prospective  
memory miss trials, and ongoing activity trials during the retrieval phase. 

3  Discussion 

3.1  Dm effect of PM 

The current study aimed to investigate the neural correlates 
of successful PM encoding. According to subsequent PM 
performance, we analyzed the Dm effect of PM. The accu-
racy for PM cues was lower than those for PM lures and 
ongoing trials, while the response for PM cues was faster 
than those for PM lures and ongoing trials. These results are 
consistent with previous research [9,13]. The low accuracy 
rate for PM cues could be attributed to the necessity for 
self-initiated processes [16,24]. RT for PM hits was faster 
than RT for ongoing and PM lure trials, which verifies the 
intention-superiority effect on PM [25] or can be attributed 
to the recognition of PM cues being simpler than the task of 
tone judgment. Accuracy for PM lures was lower than that 
for ongoing items, differing from results reported in previ-
ous studies, possibly because the words were semantically 
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related to each other in those studies [13,26]. However, in 
the present study, there was structural similarity between 
characters in word pairs. Moreover, the false alarm rate in-
dicating that PM lures were judged as PM cues was 0.07. 
RT for PM lures was slower than that for ongoing trials, 
consistent with evidence from a number of other studies 
[9,13,26]. Some researchers have indicated that the longer 
response time for lures could be attributed to more attention 
resources involved in the processing of lures [9,26]. Others 
explain that lures may initiate rehearsal of the intention [27].  

Other than the early ERP component (P150), ERPs for 
later PM hit trials were more positive and larger than those 
for later PM forgotten trials, consistent with previous Dm 
studies [28,29]. Paller and Wagner [29] held the view that 
encoding depends on at least two components. One compo-
nent mediates the transformation of sensory input into in-
ternal representations. The other component binds the in-
ternal representations into an encoding trace [29]. Moreover, 
the “spontaneous activation theory” proposed by McDaniel 
and Robinson-Riegler [30] states that PM is mediated by a 
spontaneous associative memory system and a memory 
trace encoding mechanism of PM. Therefore, later PM hit 
trials produce stronger internal representations or deeper 
memory traces which lead to corresponding changes in 
EEGs. 

The early Dm effect indicating that P150 was more posi-
tive for later PM hit trials than those for later PM forgotten 
trials may be associated with the encoding of PM. First, 
according to preparatory attentional and memory processes 
theory [16], successful event-based PM is capacity-con- 
suming. Later PM hit trials may consume more resources 
than later PM forgotten trials, which evoke changes in early 
ERP components. Second, evidence from other studies in-
dicates that successful intention is associated with two sig-
nificant patterns of neural activities: A general episodic 
memory network involving the temporal lobe, and an exec-
utive network linked specifically to PM including left ros-
trolateral PFC and the right parahippocampal gyrus [15]. On 
the basis of our topographic results (Figure 2B), we con-
clude that PM encoding activates the left frontal and cen-
tral-posterior regions, broadly distributed within 100–200 ms. 
Leynes et al. [19] found that ERPs elicited by actions for 
which participants should have established some intention-
ality to perform the task were more positive than ERP activ-
ity elicited by memorized tasks, particularly at right frontal 
electrode sites. They believed that this does not merely re-
flect differences in the ability to remember, but rather re-
flects the cognitive processing associated with establishing 
an intention to perform an action later. Okuda et al. [31] 

argued that areas within the frontal lobes (i.e., the left 
frontal pole and right ventrolateral prefrontal cortex) medi-
ate memory for intentions. That is, subjects produce an in-
tention for a future PM response when meeting PM cues, 
but later PM forgotten trials do not elicit this intention. 
Therefore, the more positive responses for later PM hit trials 

relative to later PM forgotten trials may be due to an inten-
tion for a future PM response. This is consistent with Pop-
penk et al. [15] who concluded that PM has a frontal net-
work linked specifically to PM. This ERP evidence suggests 
that PM encoding is somewhat different from other types of 
episodic memory. Third, many Dm studies have found that 
positive potentials over parietal regions are greater for lat-
er-remembered items than those for later-forgotten items 
during approximately 400–800 ms [28,32], but do not ap-
pear early. However, the neural mechanism of attention is 
often reflected in early ERP components (N1 or P1). The 
appearance of this Dm effect was very early. Therefore, 
further studies are needed to verify if this component is as-
sociated with PM encoding.  

The fbN2 and LPC components have been previously 
reported related to episodic memory encoding [21,31,32]. 
The fbN2 component has also been reported in previous 
studies using Chinese characters as stimuli. Guo et al. [21] 
used ERPs to monitor the encoding of source memory and 
item memory processes with Chinese words. They found 
that there was a Dm effect in the early 220–280 ms interval 
in the frontal region. They speculated that this early Dm 
reflected some aspect related to the processing of Chinese 
words. The present results add evidence to their speculation. 
However, our distribution of fbN2 elicited by PM was 
broader than that in their study. Thus, it is possible that dif-
ferent types of memory may be allocated to different psy-
chological resources, causing the differential scalp distribu-
tion of Dm effects.  

The current ERP results reveal that LPC reflected positive 
ERPs over central and parietal regions from 400 to 700 ms, 
consistent with previous studies on episodic memory 
[32–34]. Many Dm researchers have found that ERPs for 
later-remembered items are more positive than those for 
later-forgotten items in approximately 400–800 ms, which 
sometimes has been attributed to ERP components such as 
P300 or LPC. A favored cognitive hypothesis regarding 
these Dm findings is that they reflect superior elaborative 
encoding for later-remembered items [32]. Paller et al. [35] 
found that the Dm effect was significant in Fz, Cz, and Pz 
electrodes from 400–700 ms. Yovel and Paller [36] con-
ducted a Dm effect study using face stimuli. They found that 
recollection Dm was significant at 400–800 ms, whereas fa-
miliarity Dm was marginal at 600–800 ms. Guo et al. [33] 
found that the Dm effects for source memory and item 
memory were in the latency from 400–600 ms. The LPC in 
this study resembles the FPSW in previous studies that re-
flects greater negativity for the ERPs, which were evoked 
by “hit” intention trials more than by “forgotten” intention 
trials. In West et al. [9,11], although the FPSW polarity was 
opposite to that found in other previous studies, they be-
lieved that similar cognitive operations are supported by 
distinct neural systems in the areas of PM and RM. In the 
current study, however, LPC polarity was consistent with 
previous studies, except for West et al. [9,11]. Our results 
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support the view of Poppenk et al. [15] that PM encoding is 
supported by a common episodic memory network. Our 
findings are also consistent with Zöllig et al. [4], namely, 
that intention formation contains a retrospective component. 
Therefore, the present findings, particularly in late ERP 
responses, indicate that the memory mechanisms underlying 
PM encoding are largely similar to those of other kinds of 
memory. 

3.2  Retrieval phase 

ERP modulations associated with PM in this study are sim-
ilar to those observed in previous research. PM hits elicited 
N300, frontal positivity, and prospective positivity [9,10,13]. 
The N300 reflected a phasic negativity over the occipi-
tal–parietal region 300–500 ms after stimulus onset. This 
modulation of the ERPs has been associated with the detec-
tion of PM cues [10,11]. The prospective positivity reflected 
a sustained positivity over the parietal region between 500 
and 1000 ms, and positivity in the frontal area [9]. These 
positive components (Figure 3) have been associated with 
the neural mechanism that supports the retrieval of an inten-
tion from memory [10]. In West’s studies, the N300 tends to 
be largest in amplitude at the lateral PO electrodes rather 
than at midline, and the P3b seems to be weaker. West sug-
gested that our differences could be based on the reference 
we used. (i.e., mastoid instead of average). The prospective 
positivity was also similar to the LPC associated with the 
recovery of information from episodic memory (i.e., 
old–new recognition effect) [37–40]. 

3.3  Limitations and future directions 

Intriguingly, PM elicited a subsequent memory effect 
shortly after item onset. It was unexpected and approached 
marginal statistical significance. This effect has been re-
ported in nonword subsequent memory [22]. It may reflect 
the benefit to memory of an increased level of attention to 
PM cues, which would be expected to modulate early ERP 
components. Given that the time began at 0 ms and the four 
words were presented sequentially in the encoding phase, 
another possibility is that the ITI between them was not 
long enough. The effect may have been influenced by the 
pre-stimuli. Therefore, further study will be conducted us-
ing task cues prior to each memory cue to determine how 
subjects respond to a longer ITI. Using task cues will per-
haps also result in a recognition test with similar foils so 
that performance is not too high. Thus, we can compute the 
RM Dm and then directly compare the PM Dm with the RM 
Dm. 

In summary, the present results add to the literature on 
Dm effects in several ways. We found that the Dm effect of 
PM is slightly different from previously recognized Dm 
effects given that the P150 elicited by later PM hit trials was 
more positive than that evoked by later PM forgotten trials. 

To the best of our knowledge, this Dm effect, which has not 
been reported previously, may reflect the process of future 
intention or attentional processes. However, we did not di-
rectly compare it with a known Dm in this experiment. Fur-
ther studies are needed to test such an idea. We also found 
that the fbN2 ((250–280) ms) and LPC ((400–700) ms) 
were consistent with known DM effects of episodic memory 
encoding. In addition, this research consistently revealed 
two components or modulations of the ERPs that are asso-
ciated with prospective remembering (i.e., N300, frontal 
and prospective positivity). The N300 is associated with the 
detection of PM cues, and the positivity component reflects 
the activity of a neural mechanism that supports the retriev-
al of an intention from memory. 
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