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McDaniel and Einstein (2007) argued that prospective memories can be retrieved through spontaneous re-
trieval processes stimulated by the presence of a target cue. To test this claim, we investigated whether presenting
a prospective memory cue during a task that did not require an intention to be performed spontaneously trig-
gered remembering of that intention. In two experiments, participants performed an image-rating task in which a
prospective memory task (to press the “Q” key when a target word appeared) was embedded. Then, participants
were told that their intention was finished or suspended. Finally, participants performed a lexical decision task
in which each target (and a matched control) word appeared. RTs were slower to target words than to control
words when the intention was suspended but not when it was finished. These results suggest that target cues
associated with suspended intentions can spontaneously trigger remembering but that finished intentions are

quickly deactivated.

Prospective memory, or memory for performing in-
tended actions in the future, is critical to everyday func-
tioning. Common prospective memory intentions include
remembering to take medication with breakfast and de-
livering a message to a friend. In the typical laboratory
test (Einstein & McDaniel, 1990) of prospective memory,
participants are busily engaged in performing an ongoing
task, and on encountering a target event (e.g., a target
word), they must disengage the ongoing activity and ex-
ecute an intended action (i.e., the prospective memory
task). Thus, tests of prospective memory are unique (rela-
tive to, for example, cued recall and free recall tests of ret-
rospective memory), in that participants must remember
to perform the prospective memory task (Craik, 1986).

Two general categories of theories have been devel-
oped to explain how one self-initiates retrieval of pro-
spective memory intentions.! Monitoring theories such as
the preparatory attentional and memory processes (PAM)
theory argue that monitoring or other preparatory pro-
cesses must be engaged prior to the occurrence of a target
event for an intention to be successfully retrieved (Smith,
2003; Smith & Bayen, 2004; Smith, Hunt, McVay, & Mc-
Connell, 2007). These processes are assumed to be non-
automatic and to require attentional or working memory
capacity and may be conscious or unconscious (Smith
et al., 2007).

The multiprocess theory (McDaniel & Einstein, 2000)
offers an alternative explanation of prospective memory
retrieval. The multiprocess theory argues that in addition
to monitoring, intentions may be spontaneously retrieved.
The assumption underlying spontaneous retrieval is not
that retrieval must be automatic (some facets of retrieval,
such as noticing that the cue is related to an intended ac-
tion, may indeed be automatic, whereas full retrieval may
be effortful; Einstein & McDaniel, 2009) but, instead, that
a cue may trigger retrieval even when no attentional re-
sources are being devoted to monitoring for the target cue
or maintaining the intention. Thus, in contrast to the PAM
theory, the multiprocess theory assumes that, in the absence
of monitoring or other resource-consuming processes,
prospective memories can be retrieved spontaneously.

One popular approach to conducting prospective
memory research and testing the predictions of the PAM
and multiprocess theories is to examine task interference
(Marsh, Hicks, Cook, Hansen, & Pallos, 2003). Task in-
terference is observed when adding a prospective memory
task reduces performance (speed or accuracy) on an on-
going task. The common assumption is that, if prospec-
tive memory retrieval is an effortful process that requires
attentional resources (see PAM theory; Smith, 2003) in
order to maintain the intention or to monitor for cues, a
prospective memory task should negatively affect ongo-
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ing task performance. On the other hand, if prospective
memory retrieval is spontaneous and does not require
monitoring for cues at the time the target event is encoun-
tered (and immediately preceding the target event), high
prospective memory performance can be obtained in the
absence of task interference (see the multiprocess theory;
McDaniel & Einstein, 2000). The results of research test-
ing for task interference have been mixed (A.-L. Cohen,
Jaudus, & Gollwitzer, 2008; Einstein et al., 2005; Guynn,
2003; Marsh et al., 2003; Smith, 2003; Smith & Bayen,
2004; Smith et al., 2007), suggesting that the parameters
of the ongoing and prospective memory tasks may de-
termine whether prospective memory retrieval requires
that attentional resources be allocated to the prospective
memory task immediately prior to target events (but see
Smith et al., 2007, for an alternative explanation).

Even though the task interference approach has been
useful for answering many questions in prospective mem-
ory, this approach may not capture certain aspects of pro-
spective memory retrieval in the real world. For example,
in the typical task interference paradigm, a prospective
memory task is embedded within a specific ongoing ac-
tivity, and individuals encounter their prospective mem-
ory cue within minutes of encoding their intended action.
Therefore, this paradigm does not reflect many real-world
prospective memory tasks in which there may be substan-
tial delays (hours or days) between encoding and intention
execution and the prospective memory cue may appear in
an unexpected context (e.g., you may need to remember
to deliver a message to a colleague, and it would be useful
to retrieve this message if you saw your colleague in any
number of situations). The present research was designed
to investigate the latter possibility, that prospective memo-
ries can be spontaneously retrieved even during contexts
in which the prospective memory task is not expected to
be performed.

Einstein et al. (2005, Experiment 5) introduced a differ-
ent procedure for examining spontaneous retrieval of pro-
spective memories. In their paradigm, participants were
given two blocks of an ongoing image-rating task in which
a prospective memory task (or a retrospective memory
control task) was embedded. A lexical decision task, for
which participants were told to suspend all other task de-
mands (including the prospective memory demand) and to
respond as quickly as possible, was interleaved between the
two image-rating blocks. Importantly, the target word and
a matched control word were presented once during each
lexical decision task, and reaction times (RTs) to these
words were recorded. This procedure was repeated 10
times in a prospective memory condition and then another
10 times in a retrospective memory condition (order coun-
terbalanced) with a new target word for each repetition.
Einstein et al.’s results demonstrated significant slowing
to target words relative to control words during the lexical
decision task. Their interpretation was that presentation
of the target word spontaneously triggered retrieval of the
intention, and this retrieval interfered somewhat with the
lexical decision response. This intention interference ef-
fect (A.-L. Cohen, Dixon, & Lindsay, 2005) was unlikely
to be explained by devotion of resources to monitoring or

rehearsal of the target words, because RTs to the control
words in the prospective memory condition did not differ
reliably from RTs to the control words in the retrospective
memory control condition (i.e., a condition in which mon-
itoring is completely unnecessary and implausible). The
findings of no monitoring or cue rehearsal during tasks
that do not require a prospective memory task to be per-
formed converge with Marsh, Hicks, and Cook’s (2006)
results that individuals are able to suspend allocating at-
tention to monitoring for cues or rehearsing the prospec-
tive memory intention until the context is one in which the
prospective memory task needs to be performed.

Einstein et al.’s (2005) approach to examining sponta-
neous retrieval seems promising, but their findings may
have been unique to their particular procedural features.
Specifically, the lexical decision task appeared as blocks
of'trials that interrupted the ongoing task. Participants had
been instructed to perform the prospective memory task
during the ongoing image-rating task but to suspend per-
forming it during the lexical decision trials. Therefore,
participants were unable to perform their prospective
memory task before performing the lexical decision tri-
als, because the prospective memory cue always appeared
during the latter half of image-rating trials. This last point
is important because there is evidence both that tasks
that have not yet been performed (Schiffman & Greist-
Bousquet, 1992) are kept in a state of greater activation
than are performed tasks and that this tendency will lead
to continued devotion of attentional resources to the in-
complete task. Thus, a possible alternative explanation of
Einstein et al.’s procedure was that it represented a Zeigar-
nik task in which participants were repeatedly forced to
delay performance of their prospective memory task.
From this perspective, having to repeatedly delay perfor-
mance of the prospective and retrospective memory tasks
may have led some participants to monitor during the lexi-
cal decision trials. Furthermore, because the procedure
was repeated 10 times in each memory condition with a
new target word introduced for each repetition, partici-
pants may have been encouraged to occasionally rehearse
the target words during the lexical decision task (and in
the retrospective memory control blocks) to ensure that
they had the appropriate target in mind for that particular
block of trials.

The purpose of the present study was to extend Einstein
et al.’s (2005, Experiment 5) results, as well as to address
these potential limitations. We aimed to more closely
implement a typical prospective memory paradigm, in
which participants are given one prospective memory task
to be performed in the context of a specific ongoing task.
Furthermore, we minimized the concern that the proce-
dure may be a Zeigarnik task (as in Einstein et al., 2005,
Experiment 5) by having participants perform their pro-
spective memory task several times in a specific context
(i.e., an image-rating task). After performing the prospec-
tive memory task, participants were instructed that they
would need to perform the prospective memory task again
at a later point in time (the suspended condition, Experi-
ments 1 and 2) or that the prospective memory task was
finished (Experiment 2). Then, participants performed the
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lexical decision task, during which their only goal was to
make ongoing task responses as quickly and accurately as
possible. During the lexical decision task, we presented
the target and matched control words several times and
measured RTs to these words. According to the multipro-
cess theory, presentation of focal target cues can spon-
taneously trigger remembering, and thus, RTs should be
slower to target words than to control words (i.e., intention
interference should be obtained).

EXPERIMENT 1

In Experiment 1, participants initially performed an
ongoing image-rating task, along with the prospective
memory task of pressing a designated key whenever either
of two target words occurred during the image-rating task.
Then, participants were instructed to suspend their pro-
spective memory task during several intervening blocks
of trials. One block of trials consisted of a lexical deci-
sion task, during which participants were told that their
sole concern was to perform the task as quickly and accu-
rately as possible. Past research suggests that attentional
resources will not be allocated to maintaining or retrieving
the prospective memory during the intervals in which the
prospective memory task is not to be performed (lexical
decision in the present case; see Marsh et al., 2006).2 The
key feature is that the prospective memory target words
(as well as matched control words) were presented several
times during the lexical decision task. According to the
multiprocess theory’s assumption that prospective mem-
ory retrieval can be spontaneous when the target event is
focally processed (as a word cue should be during a lexical
decision task), RTs to the target words should be longer
than those to the control words. The idea is that sponta-
neous retrieval of the prospective memory intention will
interfere with the participants’ lexical decision processes,
thereby slowing responding.

Method

Participants and Design. The participants were 24 Furman Uni-
versity students receiving credit for a general psychology course.
The participants were tested in groups of 1-4. The type of word
(target or control) during the lexical decision task was manipulated
within subjects.

Procedure. The participants received three successive image-
rating phases, followed by a lexical decision task. The participants
also performed a prospective memory task during the first image-
rating phase. First, the participants received instructions for the
image-rating task. They were told to rate the words, as quickly and
accurately as possible, on the basis of how easily each word could
be mentally imaged (the scale ranged from 1 to 3, with 1 indicating
easy to image and 3 indicating difficult to image). The image-rating
instructions were followed by a block of 10 practice trials. Then, the
participants received instructions for the prospective memory task.
The prospective memory task consisted of remembering to press the
“Q” key whenever either of two target words (corn and dancer or
fish and writer) occurred in the context of the image-rating task. The
two words not used as targets served as control words, matched on
frequency and length (Kucera & Francis, 1967) and were also pre-
sented in the lexical decision task. The participants were reminded
that their primary goal was to rate words as quickly and accurately
as possible. To ensure that the participants understood the tasks,
they were required to repeat the instructions to the experimenter.

Then, the participants performed another block of 10 practice trials
in which each target word appeared once. After the second image-
rating practice block, the participants filled out forms (e.g., a vo-
cabulary test) before completing a block of 80 experimental image-
rating trials. During this block, each target word appeared twice,
and each control word appeared once (the control words were also
presented once in an earlier practice block). Target 1 (i.e., corn or

fish) appeared on Trials 15 and 75, whereas Target 2 (i.e., dancer or

writer) appeared on Trials 35 and 55. Control 1 appeared on Trial 25,
whereas Control 2 appeared on Trial 45.

Following the completion of the first image-rating task, the par-
ticipants were instructed not to press the “Q” key if they encountered
target words for the next few image-rating tasks but to perform the
task later in the experiment, after completing the lexical decision
task. Thus, the participants were told to suspend their prospective
memory task for several blocks. Then, the participants received a
third block of 10 image-rating practice trials, followed by a request
to fill out more forms. Once completed, the participants performed
a block of 80 experimental image-rating trials (Control 1 appeared
on Trial 45 and Control 2 appeared on Trial 25) followed by a short
block of 24 image-rating trials. No target words appeared during
these blocks.

Next, the participants were given the instructions for the lexical
decision task (referred to as the speed task). The participants were
instructed to decide whether a string of letters formed a word as
quickly and accurately as possible by pressing the keys labeled “Y”
or “N” (the “5” and “6” keys on the number pad, respectively). To
ensure that they understood the instructions, the participants were
required to explain the lexical decision task to the experimenter.
After explaining the instructions, the participants completed a block
of 22 lexical decision practice trials in which they received feedback
based on their speed and accuracy. After the practice block, the par-
ticipants performed 280 lexical decision trials. Each target and con-
trol word was presented five times. Target 1 was presented on Trials
55,94, 165, 214, and 263, and Target 2 was presented on Trials 32,
98,128, 187, and 241. Control 1 was presented on Trials 23, 88, 172,
217, and 250, and Control 2 was presented on Trials 44, 123, 136,
196, and 254. The target and control words were counterbalanced, so
that one group’s target words were another group’s control words.

Materials. All participants were tested on Compaq computers
using an E-Prime program in Windows. Image-rating and lexical
decision items were obtained from the Kucera and Francis (1967)
word norms and were of medium frequency. Nonwords were created
from words by switching one or two consonants, with the stipulation
that the nonword remained pronounceable.

Results and Discussion

For all analyses reported throughout this study, we set
a = .05 for inferring statistical significance.

Prospective memory. Although not of central interest
in this experiment, the proportion of prospective memory
trials on which participants remembered to press the “Q”
key during the image-rating task was measured. Prospec-
tive memory performance was high (M = .91).

Lexical decision performance. Consistent with pre-
vious research (Einstein et al., 2005), we trimmed RTs
for each participant to include only correct responses that
were fewer than two standard deviations away from the
mean. The trimming method resulted in the elimination of
5.0% of RTs. A within-subjects ANOVA was conducted,
comparing the trimmed mean RTs of target and control
words. The participants responded significantly more
slowly to target words (M = 533 msec) than to control
words (M = 512 msec) [F(1,23) = 4.53, MS, = 1,147.99,
p = .04].3 This result suggests that on target trials, some
aspect of the prospective memory intention was retrieved
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or noticed, thereby interfering with the lexical decision
response.

Furthermore, it is highly likely that such retrieval (or
noticing) was spontaneous (see A.-L. Cohen et al., 2005,
for a similar interpretation). The lexical decision task
occurred after performance of the prospective memory
task (see the Zeigarnik task for comparison: Schiffman
& Greist-Bousquet, 1992), thereby attenuating possible
confusion for the participants about when the prospec-
tive memory task should be performed. By contrast, in the
Einstein et al. (2005, Experiment 5) paradigm, because
the lexical decision task interrupted the image-rating task
and occurred before prospective memory trials, it is pos-
sible that their participants were occasionally confused
and monitored. In the present experiment, the participants
were highly familiar with the ongoing activity in which
the prospective memory task was embedded, because
they were required to explain the instructions to the ex-
perimenter, and they performed their prospective memory
task twice during a practice image-rating block and four
times during the experimental image-rating block (mean
prospective memory performance = .91). Therefore, the
participants should not have been confused about whether
the lexical decision task also included a prospective mem-
ory task. Under such conditions, the participants typically
do not monitor for the target in the phase in which the
prospective memory task is not expected (see Marsh et al.,
2006, for strong evidence on the point).

EXPERIMENT 2

In Experiment 1, we established that target cues as-
sociated with suspended prospective memory tasks were
noticed or otherwise triggered spontaneous retrieval pro-
cesses during an ongoing task context that did not require
the prospective memory task to be performed. An inter-
esting follow-up question concerns whether these sponta-
neous retrieval processes can be turned off by instructing
participants that their prospective memory task is finished.
Whether spontaneous retrieval processes can be deacti-
vated is an important question, because prospective mem-
ory retrieval has been demonstrated during ongoing task
contexts that have no embedded prospective memory task
(Experiment 1), which implies that one retrieves intentions
even when it is unnecessary to do so (see Kvavilashvili &
Fisher, 2007, for a similar finding in a naturalistic study).
However, it would be maladaptive if irrelevant (i.e., fin-
ished) intentions constantly popped into mind whenever
an old cue appeared. For example, after remembering to
return a book to the library, it would be adaptive to not con-
tinually retrieve the old intention to return the book when
walking past the library. Consistent with this view, in an
experiment in which participants were required to learn
to-be-performed scripts (e.g., brewing coffee), after script
completion, intentions “appear[ed] to undergo deactiva-
tion, or inhibition” (Marsh, Hicks, & Bink, 1998, p. 356).
Because spontaneous retrieval appears to occur (Einstein
et al., 2005; Mace, 2007; Scullin, McDaniel, & Einstein,
2008), and because people forget old intentions (Shapiro &

Krishnan, 1999), a plausible assumption is that spontane-
ous retrieval processes are deactivated following prospec-
tive memory task completion.

In Experiment 2, after the participants completed the
experimental image-rating phase in which they performed
their prospective memory task, we told them that their
prospective memory task would be performed again later
(i.e., the suspended condition) or that their prospective
memory task was finished (the finished condition). The
finished condition not only allowed us to examine whether
spontaneous retrieval processes were deactivated, it also
removed any reason for the participants to continue moni-
toring (if they had been to begin with). Therefore, the lexi-
cal decision RTs on control trials in the finished condition
provided us with a no-monitoring baseline with which to
compare the control trials in the suspended condition. If
the RTs to control trials in the suspended condition are
equivalent to those in the finished condition, one can con-
clude that the participants were not monitoring (in the sus-
pended condition).

One final aspect of Experiment 2 deserves mention.
Instead of presenting the prospective memory task only
during the first image-rating phase (Experiment 1), we
manipulated whether the participants performed the task
during the first image-rating phase (which had a long
delay between the prospective memory task and the lexi-
cal decision task) or the second image-rating phase (the
short-delay condition). By manipulating delay, we were
able to test whether the intention interference effect in the
suspended condition (i.e., slowed responding on target tri-
als) and the hypothesized deactivation of intentions in the
finished condition depend on the delay between perform-
ing the prospective memory task and processing the target
words during the lexical decision task.

Method

Participants and Design. The participants were 96 Furman Uni-
versity students receiving credit for a general psychology course.
The experiment featured a 2 X 2 X 2 mixed factorial design that
included prospective memory task instructions (suspended or fin-
ished) and delay (short or long) between performing the prospec-
tive memory and lexical decision tasks as between-subjects factors
and type of word (target or control) in the lexical decision task as a
within-subjects factor.

Procedure. The procedure was identical to that in Experiment 1,
with the following exceptions. First, the image-rating phase in which
participants received the prospective memory task instructions varied.
In the long-delay condition, the participants received their prospective
memory task during the first image-rating phase. In the short-delay
condition, the participants performed the prospective memory task
during the second image-rating phase. Target events occurred during
practice and experimental trials only during the image-rating phase in
which participants received the prospective memory task instructions
(i.e., the first or the second image-rating phase). Immediately follow-
ing completion of the image-rating phase in which the prospective
memory task was performed, the participants received instructions
that their prospective memory task would be performed again (i.e.,
the suspended condition; the instructions were identical to those in
Experiment 1) or that it was finished (i.e., the finished condition). In
the finished control condition, the participants were told that they no
longer needed to press “Q” for their target words.

Materials. All participants were tested on Compaq comput-
ers using an E-Prime program in Windows. Image-rating, lexical
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decision, target, and control items were identical to those used in
Experiment 1.

Results and Discussion

Prospective memory performance. Performance on
the prospective memory task was calculated as the pro-
portion of times in which the “Q” key was pressed dur-
ing or immediately following target trials. We conducted
a2 X 2 ANOVA that included delay (short or long) and
prospective memory instructions (suspended or finished)
as between-subjects factors. There was no effect of delay
or prospective memory instructions (both Fs < 1) on pro-
spective memory performance, but the interaction was
significant [F(1,96) = 3.96, MS, = .07, p = .05]. In the
short-delay condition, prospective memory was higher in
the finished condition (M = .97) than in the suspended
condition (M = .84), whereas, in the long-delay condi-
tion, prospective memory was greater in the suspended
condition (M = .91) than in the finished condition (M =
.82). There is no apparent substantive interpretation of this
pattern, because the manipulation of prospective mem-
ory instructions followed performance of the prospective
memory task. Most likely, especially because overall pro-
spective memory performance was near ceiling and vari-
ability was therefore artificially reduced, this interaction
represents a Type I error.

Lexical decision performance. Consistent with Ex-
periment 1, we examined trimmed (i.e., correct trials
within two standard deviations of mean) RTs on target
and control trials during the lexical decision task. Using
the dependent measure of trimmed RTs, we conducted a
2 X 2 X 2 mixed ANOVA that included delay (short or
long) and prospective memory instructions (suspended
or finished) as between-subjects factors and type of word
in the lexical decision task (target or control) as a within-
subjects factor. The trimming method resulted in elimi-
nation of approximately 5.3% of responses, and the only
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significant effect was the interaction between the type of
word in the lexical decision task and prospective memory
instructions [F(1,96) = 3.91, MS, = 2,019.39, p = .05]
(see Figure 1). Planned comparisons confirmed that RTs
were significantly longer on target trials (M = 558 msec)
than on control trials (M = 539 msec) in the suspended
condition [F(1,96) = 4.21, MS, = 2,019.39], but in the
finished condition, RTs were similar (F < 1) for target tri-
als (M = 532 msec) and control trials (M = 539 msec).*

Can the intention interference effect in the suspended
condition be attributed to engaging monitoring or rehearsal
processes during the lexical decision task? To address this
question, we conducted a planned comparison of RTs on
control trials between the suspended condition and the fin-
ished condition (i.e., the condition in which participants
would not be monitoring). The planned comparison re-
vealed no difference between conditions in responding to
control words (both Ms = 539 msec, F' < 1; see Figure 1).
Thus, the retrieval demonstrated in the suspended condition
cannot be explained by participants engaging monitoring or
rehearsal processes. Instead, presentation of the target dur-
ing the lexical decision task appears to have spontaneously
reminded participants of their prospective memory task,
and this process slowed lexical decision responding.

One potential concern over finding the intention inter-
ference effect in Experiments 1 and 2 was that present-
ing the control words during the image-rating task may
have resulted in repetition priming. If repetition priming
occurred for control words (and not for target words), the
intention interference effect may have been artificially
augmented. To investigate this issue, we tested an addi-
tional 54 participants in the finished condition (short or
long delay) and included an additional set of control words
(e.g., moon and artist) that were never presented during
the image-rating task. Thus, during the lexical decision
task, two target words, two previously presented control
words, and two never-before-presented control words each

Finished

Suspended

Prospective Memory Instructions

Figure 1. Mean trimmed lexical decision reaction times to target and control words
across the finished and suspended conditions in Experiment 2.



430 ScULLIN, EINSTEIN, AND MCDANIEL

appeared five times. Each pair of words (i.e., corn/dancer,

fish/writer, or moon/artist) appeared an equal number of
times as target words, previously presented control words,
and never-before-presented control words.

Using the dependent measure of trimmed RTs during
the lexical decision task, we conducted a 3 X 2 mixed
ANOVA in which type of word during the lexical decision
task (target, previously presented control, never-before-
presented control) varied within subjects and delay (short
or long) varied between subjects. There were no signifi-
cant effects [largest F(1,52) = 2.18, MS, = 1,036.86, for
the delay X type of word interaction]; following comple-
tion of the prospective memory task, responding to target
words (M = 525 msec) did not differ from responding to
previously presented (M = 518 msec) or never-before-
presented (M = 513 msec) control words. Therefore, we
were able to replicate the null effect of no intention in-
terference after the prospective memory task had been
finished. Furthermore, a planned comparison showed no
significant difference (F < 1) in RTs to previously pre-
sented and never-before-presented control words, thereby
demonstrating that the intention interference effect cannot
be explained by repetition priming.

GENERAL DISCUSSION

The results of the present research replicate Einstein
etal.’s (2005) results by demonstrating longer RTs to target
words than to control words when the prospective memory
task was suspended (i.e., the intention interference effect;
A.-L. Cohen et al., 2005). This effect occurred during a
phase that did not require monitoring processes to be en-
gaged or the prospective memory task to be performed. In
this section, we address how the intention interference ef-
fect can inform theories of prospective memory retrieval,
why the effect is eliminated if the prospective memory
phase is finished, and whether the intention interference
effect represents a familiarity-based process (e.g., notic-
ing) or intention retrieval.

The first question that we wish to address is how the
intention interference effect could inform the debate over
the mechanism(s) underlying prospective memory re-
trieval. The PAM theory (Smith, 2003; Smith & Bayen,
2004; Smith et al., 2007) argues that, during the interval
in which the prospective memory task must be executed,
“successful true [prospective memory] performance re-
quires that preparatory attentional processes be engaged”
(Smith et al., 2007, p. 742). Furthermore, the PAM theory
argues that we do not have to be consciously aware of the
engagement of preparatory (e.g., monitoring) processes,
but nevertheless, these processes will consume attentional
resources. In the present research (Experiment 2), how-
ever, there was no evidence for decreased availability of
attentional resources in the suspended condition, because
lexical decision control trial RTs were identical in the
suspended and finished conditions. Despite an absence
of preparatory processes during the lexical decision task
in the suspended condition, the prospective memory tar-
get words triggered some additional processing that may
represent retrieval. Although the PAM theory focuses on

retrieval during the performance interval, whereas the
present experiments examined retrieval outside of the des-
ignated performance interval, the finding that some aspect
of the prospective memory intention may be retrieved in
the absence of preparatory processes does not conform to
the current specifications of the PAM theory.

In contrast to the PAM theory, the multiprocess theory
(Einstein et al., 2005; McDaniel & Einstein, 2007) argues
that, in the absence of preparatory (e.g., monitoring) pro-
cesses, individuals may spontaneously retrieve their inten-
tions. According to the multiprocess theory, spontaneous
retrieval of the intended action is likely when participants
have formed a good encoding of the target cue and a good
association between the target cue and the intended ac-
tion. Also important is that the ongoing task encourages
focal processing of the target cue. By this, we mean that
the ongoing task directs attention to the target cue and
to those features that were processed at encoding (see
Einstein & McDaniel, 2005, and Breneiser, McDaniel, &
Derbish, 2008, for examples of focal and nonfocal pro-
cessing). This thinking follows directly from the encoding
specificity principle (Tulving, 1983): Features of the cue
that are processed at retrieval need to match those features
that were processed at encoding for successful retrieval to
occur. We used focal cues (i.e., the target words were fo-
cally processed, because the lexical decision task directs
attention toward processing whole words) in the present
research and, thus, conditions that, according to the mul-
tiprocess theory (McDaniel & Einstein, 2007), encourage
spontaneous retrieval.

The present finding that participants responded more
slowly to prospective memory target words than to control
words (in the suspended conditions) supports the multi-
process theory’s (McDaniel & Einstein, 2007) prediction
that, in the absence of monitoring or other preparatory
processes, focal cues associated with a suspended pro-
spective memory task can spontaneously trigger retrieval
of'the intention. Thus, the present research converges with
those studies examining task interference showing that,
in the absence of monitoring (i.e., nonsignificant task in-
terference), individuals may spontaneously retrieve their
prospective memory intentions (A.-L. Cohen et al., 2008;
Einstein et al., 2005, Experiments 1-4; Scullin et al.,
2008). Notably, our paradigm for investigating spontane-
ous retrieval may have some advantages over the more tra-
ditional task interference approach. First, examining RTs
on target trials during a task that does not require execu-
tion of the prospective memory action is a more precise
measure than is the task interference approach. Because
monitoring and/or rehearsal of the prospective memory
intention (inferred from task interference) presumably
waxes and wanes across ongoing task blocks (see, e.g.,
West & Craik, 1999) and task interference is usually aver-
aged across entire blocks, it is difficult to use task interfer-
ence to determine whether prospective memory retrieval
on any given trial was spontaneous or required monitoring
(or other preparatory) processes. In contrast, the present
approach allows a more direct examination of the process
of retrieval because it tests for changes in processing (i.e.,
slowing) to the target items themselves. Thus, in addition
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to the task interference approach, the present methodology
is an informative means to study spontaneous retrieval.

Interestingly, the intention interference effect was not
demonstrated in all conditions. Specifically, there was
evidence for intention interference (i.e., spontaneous re-
trieval) when the prospective memory task was suspended
but not when it was finished. This finding supports the
hypothesis that finished prospective memory intentions
undergo deactivation (Marsh et al., 1998). The hypoth-
esis that finished intentions are quickly deactivated stems
from research reporting the intention superiority effect
(Goschke & Kuhl, 1993). In this paradigm, participants
typically learn two scripts (e.g., the steps for setting a
table), one that they are instructed they will perform (or,
in a control condition, observe the experimenter perform)
and one that they will not perform (the neutral script).
Then, prior to performing the script, participants are given
a recognition task in which they must decide as quickly as
possible whether an action is from the perform script. The
intention superiority effect is demonstrated when partici-
pants recognize items from the perform script faster than
those from the neutral script when the intention is going
to be performed (but not when it is only to be observed),
implying that intentions are stored at a higher level of ac-
tivation than are neutral items.

Pertinent for the present purposes, to assess activation,
Marsh et al. (1998) gave participants a lexical decision
task (instead of a recognition test) containing nouns and
verbs from the scripts after the participants performed (or
observed) the actions from the perform script. Consistent
with Goschke and Kuhl’s (1993) results, there was no dif-
ference in RTs to neutral and to script items when the in-
tention was observed. After performing a script, however,
the participants responded more slowly to items from that
script than to neutral script items. Marsh et al.’s (1998)
finding of slower responding to performed items than to
neutral items after the intention (i.e., the script) was per-
formed demonstrates a change in activation of the inten-
tion (relative to the higher activation associated with the
intention superiority effect). Although Marsh et al. (1998)
used an intention superiority effect paradigm and not a
standard prospective memory task, their results provided
initial evidence that, once a prospective memory task is
finished, it is inhibited or otherwise deactivated.

Instead of focusing on the activation of script items, we
tested for the existence of spontaneous retrieval of the pro-
spective memory intention when the target cue was focally
processed, and we tested this before and after completion
of the prospective memory task. Interestingly, the inten-
tion interference effect was demonstrated when the pro-
spective memory task was suspended but not when it was
finished. Thus, this pattern is consistent with Marsh et al.’s
(1998) intention superiority results and offers further evi-
dence that our cognitive system deactivates finished inten-
tions. Taken together, these findings are consistent with
the intuitive notion that intentions are forgotten (Shapiro
& Krishnan, 1999) and suggest a highly adaptive func-
tion of this type of forgetting. Because individuals form
and complete many intentions every day, an inability to

forget these finished intentions would interfere with daily
functioning.

A possible mechanism responsible for the flexibility
of spontaneous retrieval processes lies in the functioning
of the hippocampus. Many theorists (e.g., J. D. Cohen &
O’Reilly, 1996; Eichenbaum, Yonelinas, & Ranganath,
2007; Moscovitch, 1994) suggest that the hippocampus
functions as an associative memory mechanism that binds
contiguously present information (such as an anticipated
cue and an intended action). Then, when part of that
bound information is subsequently encountered (i.e., the
cue), provided that the association is strong enough and
that the encountered information is fully processed, this
hippocampal mechanism reflexively delivers to awareness
the remainder of the information (i.e., the intended action
that is associated with the encountered cue; J. D. Cohen &
O’Reilly, 1996; Moscovitch, 1994). Therefore, the inten-
tion interference effect in the suspended condition may
reflect additional hippocampal processing of target cues
or retrieval of the associated action. More speculatively,
in addition to quickly forming associations between items,
the hippocampus might function to rapidly disassemble
such associations when they are no longer functional (or
need to be corrected, as in supervised learning situations).
The idea here is that, following prospective memory task
completion, a rapid associative memory mechanism (hip-
pocampus) could disassemble or deactivate the associa-
tion between the target cue and the intended action. At this
point, the target cue would no longer stimulate spontane-
ous retrieval of the prospective memory intention, con-
sistent with the absence of intention interference in the
finished condition (Experiment 2).

West, McNerney, and Travers (2007) also investigated
the fate of prospective memories following instructions
to forget cues. In their study, participants received a dif-
ferent prospective memory cue before each block of
a semantic judgment task and were instructed to either
perform the prospective memory task or to forget about
it for that block. Their results demonstrated longer RTs
to the prospective memory cue than to a control word
during both prospective perform and prospective forget
blocks. Three potentially important differences between
the present research and West et al.’s study may explain
why they found slowing to prospective memory cues in a
forget condition and we did not. First, the delay between
cue cancellation and cue presentation was much shorter in
West et al.’s study. Second, in the present study, the pro-
spective memory task was performed in the image-rating
phase, but the cue was reencountered in the lexical deci-
sion phase. In West et al.’s study, the prospective memory
cue appeared in the same context in which it would have
otherwise been performed (i.e., the semantic judgment
task). Finally, participants in the present study performed
the prospective memory task before being instructed that
it was finished; participants in West et al.’s study never
performed the prospective memory action to the cue that
they were told to forget (see Zeigarnik tasks; Schiffman &
Greist-Bousquet, 1992). Therefore, whether prospective
memories are quickly deactivated may not only depend
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on temporal and contextual factors but also on whether the
prospective memory task was performed.

One final question concerns which aspect of the target
cue or retrieved prospective memory intention caused
participants in the suspended conditions to respond more
slowly to target words than to control words during the
lexical decision task. There are two hypotheses regarding
the spontaneous retrieval mechanism that may inform
this slowing. One possibility is that the target cue reflex-
ively triggers retrieval of components of the intended
action. Another possibility is that presentation of the tar-
get cue leads to discrepant processing, which leads to
some noticing of the significance of the cue, which in
turn slows the lexical decision (see McDaniel, Guynn,
Einstein, & Breneiser, 2004). The latter possibility fits
well with Marsh, Hicks, and Watson’s (2002) proposed
microstructure of prospective memory retrieval and exe-
cution. This microstructure includes cognitive processes
relevant to noticing the prospective memory cue, retriev-
ing the intention, and coordinating intention execution.
Therefore, in the present experiment, the intention inter-
ference effect may have been caused by automatic notic-
ing of the prospective memory cue (perhaps because of
discrepant processing) during the lexical decision task
or by some combination of noticing and retrieval. If the
intention interference effect is a result of both noticing
and retrieval processes, one might expect to find slower
responding on both target trials and trials following tar-
gets (relative to control and control+1 trials). Although
the present research was not designed to investigate this
issue (lexical decision items following target trials dif-
fered from those following control trials), our lab has
collected some unpublished data that demonstrate that
intention interference continues on target+1 trials (rela-
tive to control+1 trials) before dissipating over the sub-
sequent two trials. Therefore, intention interference may
be caused by spontaneous noticing on target events fol-
lowed by retrieval of the prospective memory intention
(evidenced by slowing on the subsequent trial).

In conclusion, the present research raises the interesting
issue of how much information is retrieved when a prospec-
tive memory target cue is encountered. The present research
suggests that an important variable is whether the prospec-
tive memory task is suspended (i.e., activated) or finished
(i.e., deactivated). Interesting avenues for future research
may involve examining the range of contexts in which pro-
spective memory target cues trigger retrieval processes, as
well as the mechanisms that underlie activation and deacti-
vation of these retrieval processes. In addition to informing
theories of prospective memory retrieval, such research will
help us understand how individuals perform daily activi-
ties efficiently in a world in which intentions are constantly
formed, completed, and forgotten.
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NOTES

1. Throughout this article, we use the terms prospective memory inten-
tion and prospective memory retrieval in a theoretically neutral sense. We
are not arguing that these constructs are necessarily unique to prospective
memory or that they are qualitatively different from the processes support-
ing retrospective memory. Instead, we use these terms only to refer to the
particular memory task (i.e., prospective memory) being used.

2. Conditions in which the prospective memory task has been sus-
pended have been previously used as control groups for which to dem-
onstrate monitoring (Smith, 2003).

3. To ensure that this finding was not a result of the trimming method,
we conducted another within-subjects ANOVA to compare RTs on all
correct target and control trials (only 1.0% of trials excluded). The re-
sults again demonstrated significantly longer RTs on target trials (M =
544 msec) than on control trials (M = 519 msec) [F(1,23) = 6.38, MS, =
1,245.15, p = .02].

4. We also checked that the same pattern holds when examining correct
untrimmed RTs (only 1.7% of responses were excluded). A 2 X 2 X 2
mixed ANOVA on these data that included the between-subjects factors of
prospective memory instructions (suspended or finished) and delay (short
or long) and the within-subjects factor of type of word during the lexical
decision task (target or control) paralleled the results of the trimmed analy-
ses. Again, the only significant effect was the interaction between the type
of lexical decision word and prospective memory instructions [F(1,96) =
4.70, MS, = 2,534.89, p = .03]. Planned comparisons confirmed that RTs
were significantly longer on target trials (M = 581 msec) than on control
trials (M = 558 msec) in the suspended condition [F(1,96) = 4.65, MS, =
2,534.89]; however, RTs to target (M = 542 msec) and to control (M =
551 msec) words did not differ in the finished condition (¥ < 1). Further-
more, there was no significant difference in control trial RTs between the
suspended and the finished conditions (F < 1).
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