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Abstract

Identifying the processes by which people remember to execute an intention at an appropriate 

moment (prospective memory) remains a fundamental theoretical challenge. One account is that 

top-down attentional control is required to maintain activation of the intention, self-initiate 

intention retrieval, or support monitoring. A diverging account suggests bottom-up spontaneous 

retrieval can be triggered by cues that have been associated with the intention; sustained 

attentional processes are not required. We used a specialized experimental design and fMRI 

methods to selectively marshal and identify each process. Results revealed a clear dissociation. 

One prospective memory task recruited sustained activity in attentional control areas, such as 

anterior prefrontal cortex; the other engaged purely transient activity in parietal and ventral brain 

regions associated with attentional capture, target detection, and episodic retrieval. These patterns 

provide critical evidence that there are two neural routes to prospective memory, with each route 

emerging under different circumstances.
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In planning to go to the grocery store later that day, Thelma intended to take reusable bags 

to use for packing her groceries. As preparation, she placed the bags in a basket beside her 

front door. Upon returning home from work, she gathered her shopping list, fed the dog, and 

was thinking about some unresolved business as she left the house to drive to the grocery. 

When paying for the groceries, she realized that she had forgotten to bring her reusable bags, 

as she had intended to do.
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This common everyday example illustrates the failure of a particular memory function, 

termed prospective memory, that is ubiquitous in everyday life. Prospective memory (PM) 

involves remembering to execute an intention at the appropriate point in the future. In the 

present study we examine a current debate regarding the neural and cognitive processes that 

support prospective memory. A standard account of prospective memory is that it requires 

sustained, top-down attentional control: processes that serve to maintain activation of the 

intention while carrying out other ongoing activities (e.g., Burgess, Quayle, & Frith, 2001), 

self-initiate periodic retrieval of the intention (Craik, 1986), and/or support monitoring for 

the environmental event(s) that signal appropriate execution of the intention (Smith, 2003). 

On this account, Thelma failed to remember her intention to take her reusable bags to the 

grocery because she did not sustain the control processes that support prospective 

remembering (i.e., she was distracted by the ongoing demands of the day).

A contrasting perspective, known as the multiprocess theory, suggests that a second 

mechanism can support PM retrieval (McDaniel & Einstein, 2000). The second potential 

mechanism, bottom-up spontaneous retrieval, does not require monitoring or other sustained 

attentional processes, but instead is a transient process that is triggered by stimulus cues with 

strong associations to the PM intention (McDaniel, Guynn, Einstein, & Breneiser, 2004). An 

important, but unresolved theoretical issue concerns whether prospective memory can in fact 

be supported by a spontaneous retrieval route that does not require sustained attentional 

control (e.g., see Smith, 2003). Returning to the vignette, the idea is that upon leaving the 

house, Thelma’s intention to take the grocery bags might have been spontaneously retrieved 

had she been attending fully to the basket or had perhaps strongly linked exiting the front 

door with her intention to take her reusable bags.

Viewed from the theoretical perspectives just described, PM emerges as a compelling 

paradigm for encapsulating general issues of planned versus stimulus-driven behavior, or 

alternatively, proactive versus reactive control (Braver, 2012; Bugg, McDaniel, & Einstein, 

in press). Consequently, the extent to which prospective remembering primarily requires 

sustained (proactive) control versus transient (spontaneous, reactive) control bears critically 

not only on understanding PM (and its failure), but may also help to inform more general 

issues of goal-driven behavior. Unfortunately, behavioral research methods, such as 

estimating the cost of a PM task to ongoing performance, have not been able to convincingly 

adjudicate between the above views, leaving the current debate unresolved in the literature 

(see Einstein & McDaniel, 2010; Smith, 2010).

In the present experiment, we introduce a novel approach to illuminate these theoretical 

processes in PM. Using powerful fMRI methods, we contrasted two PM conditions that 

were completely identical except in one subtle way. In both conditions, participants busily 

engaged in an ongoing task (semantic classification), but were additionally instructed that if 

they ever encountered a particular target event, they should try to remember to perform the 

PM task (press another button). The two PM conditions differed only in terms of the 

stimulus cue that designates the PM trial; in one, the PM trial is indicated by a particular 

word (e.g., table), and in the other, the PM trial is indicated by a particular syllable (e.g., 

“tor”, as in tornado, actor, history). Following the literature, we refer to the word cue task as 

focal PM because processing the word (and its meaning) is focal to the ongoing task of 
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semantic processing. Conversely, we refer to the syllable cue task as nonfocal PM because 

identifying a particular syllable is not focal to the ongoing task of semantic processing 

(Einstein et al., 2005).

The fMRI analysis was specifically optimized to dissociate sustained versus transient neural 

activity dynamics through the use of a mixed block/ event-related design. This design 

enables separate identification and categorization of brain regions showing sustained 

patterns of activity (i.e., stably maintained across trials during specific task blocks), from 

those that are transient (i.e., event-related; active only on specific task trials). Prior fMRI 

studies of PM have consistently observed neural activation patterns associated with 

sustained attentional control, with the anterior prefrontal cortex (aPFC) being the primary 

system involved, along with other components of the frontoparietal attention system 

(Burgess, Gonen-Yaacovi, & Volle, 2011). However, this prior literature has been limited in 

that the fMRI methods have not typically enabled a direct assessment of whether the activity 

dynamics in these regions is sustained versus transient (see Reynolds, West, & Braver, 2009, 

for an exception). Moreover, the experimental designs have uniformly employed target 

events that are nonfocal to the demands of the ongoing task (Burgess, Quayle, & Frith, 

2001; Reynolds et al., 2009;,for a possible exception see(Gilbert, Gollwitzer, Cohen, 

Oettingen, & Burgess, 2009), precluding a comparison of activation patterns and dynamics 

under nonfocal versus focal PM. Thus, the current study design and methods represent a 

considerable advance over the prior literature.

The multiprocess theory makes a number of strong predictions regarding brain activity 

patterns in focal and nonfocal PM (McDaniel & Einstein, 2011). First, we predicted that the 

neural signature of top-down attentional control – sustained activity in aPFC and other 

frontoparietal regions – should only be observed during nonfocal conditions. Second, we 

hypothesized that such top-down control would be necessary during nonfocal PM to 

preactivate the system to notice the PM target event and successfully retrieve the stored 

intention. We tested this hypothesis by examining functional connectivity patterns between 

aPFC and retrieval-related regions (e.g., parietal cortex; Cabeza, Ciaramelli, Olson, & 

Moscovitch, 2008; Wagner, Shannon, Kahn, & Buckner, 2005) that were selective to 

successful PM trials, predicting that these would be higher under nonfocal conditions. 

During focal PM conditions, a different pattern of activity dynamics and connectivity was 

expected. Here transient, reactive control is sufficient, because processing of the stimulus 

cue as part of the ongoing task, should by itself capture attention and spontaneously trigger 

PM retrieval. Accordingly, a third prediction is that the focal PM condition would not 

produce sustained activation, but instead would be associated with increased transient 

activity, selective to PM trials, in a widely-distributed set of brain regions that support 

bottom-up processes (e.g., attentional capture, target detection, episodic retrieval). Finally a 

last prediction is that focal PM trials would be associated with a unique pattern of aPFC 

functional connectivity, reflecting a bottom-up rather than top-down mode of PM intention 

retrieval and implementation.
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Method

Participants

Forty-five younger adults (age range 18–37) participated, with 25 randomly assigned to the 

Nonfocal PM condition, and 20 to the Focal PM condition. Participants were right-handed, 

native English speakers with normal or corrected-to-normal vision that had no history of 

neurological or psychiatric disorders or history of illicit drug use (see Supplementary 

Materials available online for additional details).

Procedure

Participants in both Focal and Nonfocal conditions performed an ongoing semantic 

classification task. The task required judgments of whether visually presented target words 

(appearing in lowercase) matched the semantic category indicated by an immediately 

preceding cue word (e.g., COLOR – green = match; FURNITURE – grape = nonmatch, 

indicated by a button-press response with the index or middle finger of right hand). Control 

and PM blocks were administered in both conditions. In the PM but not the Control blocks 

participants were given the additional task of trying to remember to make a response 

(pressing a third button with their right ring finger) when the PM target appeared. The only 

difference between the Focal and Nonfocal PM blocks was the specification of the PM 

target (Focal: a particular word [e.g., table]; Nonfocal: a particular syllable [e.g., tor]).

Participants first received practice to familiarize them with the ongoing task. The 

experimental session, performed while participants underwent fMRI scans, consisted of 10 

scanning runs (8.5 minutes duration), 3 Control and 7 PM (with order counterbalanced 

across participants). Each scanning run was composed of alternating task blocks (3 @ ~2 

min duration each) and resting fixation blocks (4 @ ~30 sec duration each), with 25 trials 

per task block (total trials: 225 in Control blocks, 525 in PM blocks). Twenty PM trials were 

randomly interspersed amongst the 525 ongoing PM block trials (i.e., each block contained 

0, 1, or 2 PM trials).

To facilitate identification of event-related brain activation, we jittered the interval between 

category cue and target using an exponential distribution (range: 2,500–20,500 ms). We 

varied the category-target interval rather than the inter-trial interval (held constant at 1500 

ms) to ensure that participants would be focused on actively maintaining the category cue 

rather than rehearsing the PM goal during the unfilled jitter intervals. We treated the short 

interval between the target and next trial’s category cue as a single-event for purposes of 

event-related modeling.

fMRI Data Analysis

Details on fMRI data acquisition and preprocessing are available in Supplemental Materials. 

A general linear model (GLM) approach (Friston, Frith, Frackowiak, & Turner, 1995) was 

used in combination with a mixed block/event-related design (Reynolds, et al., 2009; 

Visscher et al., 2003). This design enables simultaneous and independent estimation of brain 

activation responses that are sustained (i.e., stably increased across trials during task blocks) 

from those that are transient (i.e., event-related). Sustained task-related activity was 
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estimated separately for PM (PM-Sus) and Control (CTL-Sus) blocks. Event-related 

(transient) activity was estimated for PM trials and ongoing trials, yielding three separate 

event types (PM, Ong-PM, Ong-CTL). These estimates were restricted to correct trials only 

because there were too few error trials to provide reliable estimates.

We had a strong a-priori hypothesis that sustained activity would be selectively increased 

during the Nonfocal condition in brain regions supporting top-down attentional control and 

monitoring. As such, we focused our analysis of sustained activity on a canonical set of 

frontoparietal regions-of-interest (ROIs) that have been identified through meta-analyses of 

working memory and cognitive control tasks (Owen, McMillan, Laird, & Bullmore, 2005; 

Wager & Smith, 2003). Additionally, we also included an aPFC ROI that has been 

associated with sustained attentional monitoring in previous PM studies (Gilbert et al., 

2006). We tested each of these ROIs to determine whether they showed increased sustained 

activity in the PM relative to Control blocks, and whether this activity was additionally 

selective to the Nonfocal condition. We also conducted a whole-brain analysis testing for the 

presence of any additional regions showing the reverse effect, i.e., sustained activity 

selectively increased in the Focal condition.

Because we had less strong hypotheses regarding transient, PM-related activation, these 

analyses were conducted in an exploratory, whole-brain fashion (using appropriate family-

wise error corrections when testing for statistical significance). Regions were identified that 

showed activation on PM trials relative to ongoing trials (in both PM and Control blocks) in 

both the Focal and Nonfocal conditions. Identified regions were then further tested for either 

overlap (conjunction) or differential activation across the two conditions. We conducted an 

analysis of this type for the aPFC ROI as well, because of our theoretical interest in 

sustained versus transient activity within this region.

A final analysis tested for PM-related changes in brain functional connectivity selective to 

either the Focal or Nonfocal condition, using the Psychophysiological Interaction (PPI) 

approach (for details see Supplementary Materials). The aPFC region was used as an ROI 

seed in the PPI analysis. Regions were identified that showed significant increases in 

functional connectivity with aPFC on PM trials for which participants remembered to 

respond (correct PM trials), and were also selective to the Focal or Nonfocal condition. 

Target regions identified through this analysis were then further examined in terms of their 

activation profile on the different task trial types.

Results

Behavioral

Participants in both the Focal and Nonfocal conditions performed the ongoing task at a high-

level of accuracy in PM (>90% for both Focal and Nonfocal) and Control (i.e., non-PM) 

blocks (92%). PM performance was lower in the Nonfocal (M=.74) compared to Focal 

condition (M=.89; t(43)=3.33, p<.05), consistent with the assumption that identifying the 

Nonfocal PM target required processing that overlapped less with the ongoing task than did 

identifying a Focal PM target. Moreover, replicating prior findings (Einstein et al., 2005), 

monitoring costs (slower ongoing task RTs in PM relative to Control blocks) were present 
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for the Nonfocal task (RT: 71 msec; t(24)=8.52, p<.001) and were significantly greater than 

that observed in the Focal condition (RT: 40 msec; Condition × Block interaction, 

F(1,43)=5.96, p<.05, ηp
2 =.122). This pattern supports the interpretation that the Nonfocal 

condition placed greater demands on sustained attentional monitoring processes. However, 

the behavioral data were not definitive on this point, again replicating prior findings 

(Scullin, McDaniel, Shelton, & Lee, 2010, Experiment 3), in that significant RT monitoring 

costs were also observed in the Focal condition (t(19) = 4.15, p = .001). To more directly 

address the question of whether Focal and Nonfocal PM reflected different mechanisms of 

task performance we turned to the neuroimaging data.

Sustained Brain Activation

Our primary hypothesis was that the two PM conditions would demonstrate differential 

sustained activity in brain regions reflecting attentional monitoring. Tests for evidence of 

sustained activation conducted separately in the two conditions showed a strikingly different 

pattern of findings. During Nonfocal PM, sustained activation was found in a number of a 

priori defined regions-of-interest (ROIs) that make up the canonical frontoparietal cognitive 

control network (see Figure 1; Table S2 in Supplemental Materials), as well as in the left 

aPFC region that has been most consistently associated with attentional monitoring activity 

in the prior PM neuroimaging literature (see Figure 2). In contrast, during the Focal 

condition there was no evidence of sustained activation anywhere in the brain, even when a 

liberal statistical threshold was employed. We formally confirmed a significant Condition 

(Focal/Nonfocal) × Block (PM/Control) interaction (p < .05) in all identified Nonfocal 

ROIs.1

Transient Brain Activation

We next turned to the transient (event-related) activation that was increased on correct PM 

trials relative to ongoing trials (in both PM and Control blocks). Here, a very different 

pattern emerged. A widely-distributed pattern of activation was found (Figure 1; Table S3), 

including dorsal frontoparietal regions associated with top-down attentional control, that 

were also identified in the Nonfocal sustained analysis (e.g., superior frontal cortex near to 

the frontal eye fields). However, we also observed transient activation in ventral brain 

regions typically engaged by bottom-up shifts of attention and detection of salient target 

stimuli (e.g., ventral parietal cortex and the cingulo-opercular “salience” network; Cabeza et 

al., 2008; Corbetta & Shulman, 2002; Seeley et al., 2007). This pattern of transient activity 

was equally prominent in the Focal as well as Nonfocal conditions, as confirmed via an 

overlap analysis (Table S3). The analysis did not reveal any regions that exhibited 

differential patterns of PM transient activation, across the two conditions (via an interaction 

contrast with statistical significance thresholded to correct for whole-brain family-wise 

error). Thus, transient PM related activity (on correct PM trials) was present and equivalent 

1A potential alternative interpretation of the increased sustained activity in the Nonfocal condition is that it reflects increased task-
difficulty and poorer performance, and thus differential performance monitoring, rather than PM processes per se. As described fully 
in the Supplementary Materials, we conducted an analysis that involved 15 participants in each condition who were matched on PM 
performance. All of the obtained effects were retained in this performance-matched subset, suggesting that this alternative 
interpretation is unlikely.
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in both Focal and Nonfocal PM, whereas sustained activity was observed only in the 

Nonfocal condition.

Functional Connectivity

Our initial analyses suggested that the Focal and Nonfocal conditions were not strongly 

differentiated in terms of transient activity on PM trials. Indeed, this pattern extended to the 

left aPFC region, which exhibited selective sustained activation in the Nonfocal condition, 

but also showed a significant transient increase on correct PM trials, that was equivalent in 

both Focal and Nonfocal conditions (see Figure 2). Nevertheless, we hypothesized that 

aPFC might play distinct functional roles in the two conditions, through interactions with 

other brain regions that trigger the retrieval and implementation of PM intentions in either a 

top-down (i.e., initiated from sustained attentional monitoring) or a bottom-up (i.e., triggered 

by attentional capture from a salient stimulus event) manner. Thus, we conducted a PPI 

analysis to test whether aPFC showed differential functional connectivity with other brain 

regions in Focal versus Nonfocal conditions during correct PM trials. It is important to note 

that examining transient connectivity changes on correct PM trials (rather than sustained or 

block-related connectivity) provides a stricter test for dissociable effects, given that aPFC 

activity was equivalent across the two conditions.

The PPI analysis revealed a double dissociation, in which aPFC exhibited stronger 

connectivity with the precuneus on correct Nonfocal PM trials, and with the right middle 

temporal gyrus on correct Focal PM trials. This double dissociation was confirmed through 

the presence of a significant Region (precuneus/middle temporal) × Condition interaction 

(F(1,41)=19.28, p< 0.001, ηp
2 =.320, see Figure 3). We examined these two target regions 

identified by PPI, to also determine their pattern of transient activation in PM and ongoing 

(non-PM) trials in both conditions. Interestingly, in both regions it was found that activation 

on PM trials was selectively stronger in the Focal compared to the Nonfocal condition (ps 

< .05). It is worth pointing out that these effects were only detectible in ROI-based analyses 

(i.e., they did not meet the threshold for significance in the initial whole-brain voxelwise 

analysis) due to the enhanced statistical power afforded by this analysis.

Discussion

There has been an on-going theoretical debate regarding the cognitive processes that support 

prospective remembering, which has proven difficult to resolve via purely behavioral 

measures. One account holds that people must sustain attentional control processes to 

support PM (as suggested in the opening vignette). The other account is that environmental 

stimuli can often spontaneously prompt PM retrieval (e.g., a cue linked to the intention 

during encoding), thereby obviating the need for sustaining attentional control processes. 

The present fMRI study provides critical new evidence suggesting that both routes can lead 

to successful prospective memory, but under different circumstances.

The central finding was that subtle shifts in the PM task–shifts motivated by previous 

theoretical analyses (e.g., McDaniel & Einstein, 2000, 2011)—led to dramatic shifts in the 

neural systems, activation dynamics, and connectivity patterns associated with task 

performance. First, consider the Nonfocal PM condition. Our interpretation is that when PM 
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trials are signaled by nonfocal cues, sustained attentional control is recruited to enable 

recognition of the cue as a PM target. In line with this interpretation, activation in the 

frontoparietal control network was observed, including the aPFC region that has been most 

consistently associated with top-down attentional control in PM tasks (Burgess et al., 2011). 

Here, we definitively demonstrate that the PM-related activity is sustained, replicating a 

prior finding by Reynolds et al. (2009), but additionally showing that such sustained activity 

patterns are highly specific to nonfocal PM (rather than a general property of all PM tasks). 

Additionally, on nonfocal PM trials, aPFC showed a particular change in connectivity that 

may have enabled more efficient detection of the target cue, and retrieval of the associated 

PM intention, via top-down biasing. Specifically, the aPFC showed selectively increased 

connectivity (PPI effect) with the precuneus, a medial parietal region that may link together 

retrospective and prospective memory (Buckner & Carroll, 2007; Cavanna & Trimble, 2006; 

Wagner, et al., 2005) Although the PPI effect does not indicate the directionality of the 

connectivity increase, it is consistent with the idea that PM retrieval was primed by 

sustained attentional control subserved by the aPFC. One might think of sustained activation 

in aPFC as placing the system in a “retrieval mode” (Guynn, 2003; Lepage, Ghaffar, 

Nyberg, & Tulving, 2000), such that the nonfocal cue on PM trials would be appropriately 

interpreted with respect to the PM retrieval goals. Moreover, this retrieval mode would 

presumably attenuate the transient activation of this retrieval system when encountering the 

cue, because the system is already primed and so requires less bottom-up activation to be 

fully engaged. Converging with this theoretical analysis, the precuneus showed reduced 

transient activation in response to nonfocal PM trials (see Figure 3).

The most novel findings of the study were observed in the Focal PM condition, and suggest 

that the processes engaged during Nonfocal PM are only one route by which successful PM 

retrieval can occur. Under Focal PM conditions, there was no sustained activity in the aPFC, 

frontoparietal control network, or elsewhere in the brain, suggesting an absence of top-down 

attentional monitoring; nevertheless, very high levels of PM performance were obtained. In 

contrast, transient activation on correct PM trials was equally strong in most regions 

(relative to Nonfocal PM). The similar transient activation pattern for Focal and Nonfocal 

PM is consistent with the idea that processes in addition to intention retrieval are necessary 

to complete execution of the PM task on a PM trial, processes that may include 

disengagement and/or interruption of ongoing activity, as well as coordination of the PM 

response (Marsh, Hicks, & Watson, 2002; McDaniel & Einstein, 2011). Moreover, this 

pattern also likely reflects the fact that some retrieval processes are presumably involved on 

both Focal and Nonfocal PM trials (McDaniel & Einstein, 2000).

An important further finding, however, was that transient activation was significantly 

increased on correct Focal PM trials (relative to Nonfocal) in two additional regions (the 

precuneus and right middle temporal gyrus, as indicated by the ROI analysis; Figure 3). This 

double dissociation between sustained and transient activity across nonfocal and focal tasks 

supports the proposal that two distinct types of processing (retrieval) strategies can support 

PM. This interpretation is additionally supported by the widely-distributed pattern of 

increased transient activity observed on correct focal PM trials, centered on parietal and 

ventral brain regions – not only middle temporal gyrus and precuneus, but also ventral 

parietal cortex and the cingulo-opercular network– brain areas that are widely thought to be 
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involved with the detection of salient target events and bottom-up shifts of attention (Cabeza 

et al., 2008; Seeley et al., 2007).

We suggest that in Focal PM conditions, the retrieval of the PM intention is primarily a 

bottom-up phenomenon initiated by detection of salient target cues. The increased activity 

observed in precuneus during focal PM trials supports the idea that the episodic retrieval 

processes engaged during these trials may be spontaneous, that is, occurring in the absence 

of sustained aPFC activation (see also Beck, Ruge, Walser, & Goschke, 2012). Although we 

do not have a strong interpretation regarding the connectivity pattern observed between right 

middle temporal gyrus and aPFC during focal PM, we speculate that it may reflect a bottom-

up retrieval process initiated by the temporal cortex, that may enable the suspension of on-

going processing, shifting focus towards the retrieval-related significance of the cue. 

Although the role of the right middle temporal gyrus is not typically emphasized in memory 

and attention studies, it is a reliable component of brain networks engaged by target 

detection / novelty tasks (Linden et al., 1999), response inhibition (Swick, Ashley, & 

Turken, 2011) and episodic/autobiographical memory studies (Burianova, McIntosh, & 

Grady, 2010; Svoboda, McKinnon, & Levine, 2006). Thus, further research will be needed 

to more clearly understand the functional interaction between these two regions.

A residual question arising from the current results relates to why apparent monitoring costs 

were observed during focal PM (albeit reduced, relative to nonfocal PM), in the absence of 

sustained activation patterns. We posit that focal PM tasks can be supported by spontaneous 

retrieval, because full processing of the focal event is stimulated by the ongoing activity and 

such processing could in principle support a reflexive retrieval process (of the prospective 

memory intention; McDaniel & Einstein, 2000, 2011). In contrast, during nonfocal PM, 

target events are not fully processed as a consequence of the ongoing activity. Accordingly, 

sustained, controlled processing must be engaged to detect the nonfocal cue as a PM target, 

with subsequent processes required to support retrieval of the intended activity. However, it 

is possible that the current focal PM condition, like many (if not all) real-world PM 

situations, might involve a mixture of spontaneous retrieval with intermittent monitoring and 

other non-functional cognitive processes engaged by the PM demands. These processes 

could lead to some cost (i.e., slower responses) during ongoing performance, as has been 

observed in prior studies with focal PM tasks (e.g., Einstein et al., 2005; Meier & Rey-

Mermet, 2012; Scullin et al., 2010). Nevertheless, if such monitoring or other processes 

were intermittent rather than stable, they would not be reflected in a reliable pattern of 

sustained activity that could be detected with the current fMRI analysis.

The current study also bears on the general issue in the memory literature of whether 

retrieval processes require a sustained, explicit “retrieval mode” that enables the processing 

of current events in relation to stored memories (e.g., by reinstantiating the encoding 

context; Lepage et al., 2000). This issue has been difficult to adjudicate in retrospective 

memory experiments because the memory instructions would always potentially switch the 

system to a retrieval mode. In the present paradigm, there is no requirement that the 

individual make a memory decision on every trial; in fact, the ongoing task does not require 

a memory decision. In the focal PM condition, PM retrieval was very successful, yet there 

was no neural evidence that the system was in a different sustained state than during trials in 
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which there was no memory task. These patterns thus provide support to the claim that 

retrieval of episodic information (e.g., a previously formed intention) need not require 

activation of a memory retrieval mode.

In closing, we note that there is functional and adaptive value to having several routes to PM 

retrieval (Einstein & McDaniel, 2008). PM is ubiquitous as an important daily memory 

activity, as illustrated in the opening vignette. Given the resource demands and somewhat 

fragile nature of sustained attentional control over time (e.g., Muraven & Baumeister, 2000), 

having to relying on this proactive control system for the myriad of PM tasks faced daily 

would likely be overwhelming. A complementary route to PM retrieval that is spontaneous/

reactive would help support PM when resources are not available for maintaining top-down 

control, or when distractions disrupt the ability to maintain intentions over time (as in the 

opening vignette). Recognizing the existence of this alternative PM route offers practical 

implications. For example, to support bottom-up retrieval of the intention to take reusable 

bags to the grocery, the bags could be placed in a location that will be fully attended when 

leaving the house (e.g., under the car keys). Knowledge about how a fragile attentionally-

controlled route to PM retrieval can be side-tracked might promote utilization of the less-

vulnerable bottom-up route, which could aid in “rescuing” retrieval of an intention that 

might otherwise be lost.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Green: sustained activations selective to the Nonfocal condition; Red: overlap of transient 

activations on both Focal and Nonfocal PM trials; Yellow: overlap regions showing both 

Nonfocal sustained and transient activations (in both conditions).
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Figure 2. 
Sustained and transient effects in left aPFC ROI (8mm sphere at −34, 56, 9) for Focal and 

Nonfocal PM. PM Sus: sustained effect in PM block, CTL Sus: sustained effect in control 

block; PM: transient effect on PM trials (correct trials only); Ong-PM: transient effect for 

category decision task trials (ongoing trials) during the PM block; Ong- CTL: transient 

effect for ongoing trials during the control block.
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Figure 3. 
A. Psychophysiological Interaction (PPI) effects between right middle temporal gyrus (62 

−12 −16) and precuneus (−2 −72 40) and the left aPFC. B. The precuneus shows stronger 

left aPFC connectivity in the Nonfocal condition, but greater PM transient activity in the 

Focal condition. C. The right temporal cortex (TC) shows stronger left aPFC connectivity in 

the Focal condition, and also stronger PM transient activity in this condition as well. PM: 

transient effect on PM trials (correct trials only); Ong-PM: transient effect for category 

decision task trials (ongoing trials) during the PM block; Ong- CTL: transient effect for 

ongoing trials during the control block.
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