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Abstract
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Although parietal cortex is frequently activated during episodic memory retrieval, damage to this
region does not markedly impair episodic memory. To account for these and other findings, a new
dual attentional processes (DAP) hypothesis is proposed. According to this hypothesis, dorsal
parietal cortex (DPC) contributes top-down attentional processes guided by retrieval goals, whereas
ventral parietal cortex (VPC) contributes bottom-up attentional processes captured by the retrieval
output. Consistent with this hypothesis, DPC activity increases with retrieval effort whereas VPC
activity increases with confidence in old and new responses. The DAP hypothesis can also account
for the overlap of parietal activations across different cognitive domains and for opposing effects of
parietal activity on encoding vs. retrieval. Finally, the DAP hypothesis explains why VPC lesions
yield a memory neglect syndrome: a deficit in spontaneously reporting relevant memory details but
not in accessing the same details when guided by specific questions.
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The role of lateral parietal regions in episodic memory retrieval is a very interesting cognitive
neuroscience dilemma. On one hand, activations in these regions are among the most frequent
in positron emission tomography (PET) and functional MRI (fMRI) studies of episodic
retrieval (for a review, see Cabeza & Nyberg, 2000), whereas on the other hand, lesions in
lateral parietal lesions do not typically yield severe episodic memory deficits, such as the ones
associated with medial temporal lobe (MTL) damage. This inconsistency may be only apparent,
as there is now evidence that certain parietal lesions do in fact impair some forms of episodic
memory (Berryhill, Phuong, Picasso, Cabeza, & Olson, 2007). However, why episodic deficits
following parietal damage are rare and why only certain forms of episodic memory are affected
remain open questions. Moreover, functional neuroimaging evidence suggests that ventral and
dorsal regions play different roles in episodic memory retrieval (Vilberg & Rugg, 2008;
Wagner, Shannon, Kahn, & Buckner, 2005). To address these issues, the current paper proposes
a dual attentional processes (DAP) hypothesis that links the role of dorsal parietal cortex (DPC)
and ventral parietal cortex (VPC) in episodic retrieval to their presumed roles in attention
(Corbetta & Shulman, 2002). DPC is defined here as lateral parietal regions in or above the
intraparietal sulcus (Brodmann Area 7), whereas VPC is defined as the supramarginal and
angular gyri (Areas 40 and 39). Although medial parietal regions are also associated with
episodic retrieval, they may involve different processes than lateral parietal regions, and are
not considered in the present article. The paper consists of five main sections. The first section
describes the DAP hypothesis; the second and third sections review functional neuroimaging

Address correspondence to: Roberto Cabeza, Center for Cognitive Neuroscience, Duke University, Box 90999, LSRC Bldg., Rm B203,
Durham, NC 27708, USA, T: 919-668-2926, F: 919-681-0815, cabeza@duke.edu, www.cabezalab.org.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.

Cabeza

Page 2

and lesion evidence supporting this hypothesis, the fourth section considers open questions
regarding the hypothesis, and the final section provides some conclusions.
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Role of ventral and dorsal parietal regions in episodic retrieval
Three hypotheses on the role of parietal cortex and episodic retrieval
The review by Wagner et al. (2005) considered three hypotheses on the role of parietal regions
in episodic retrieval. First, the output buffer hypothesis postulates that parietal regions hold
retrieved information in a form accessible to decision-making processes, similarly to one of
Baddeley's working memory buffers. Second, the mnemonic accumulator hypothesis posits
that parietal regions temporally integrate a memory-strength signal. Wagner et al. (1995) linked
this idea to signal-detection models of recognition memory that postulate that old-new memory
decisions are determined by a continuous memory magnitude. Finally, the attention to internal
representation hypothesis states that parietal regions shift attention to, or maintains attention
on, internally generated mnemonic representations.
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As noted by Wagner et al. (2005), each of these hypotheses can account for some but not all
available functional neuroimaging evidence. The output buffer hypothesis fits well with
evidence that certain parietal regions are associated with recollection (vivid remembering of
an event including specific contextual details) rather than with familiarity (vague feeling of
oldness in the absence of specific details) (e.g., Daselaar, Fleck, & Cabeza, 2006; Henson,
Rugg, Shallice, Josephs, & Dolan, 1999; Yonelinas, Otten, Shaw, & Rugg, 2005; Wheeler &
Buckner, 2004). The idea is that these regions hold the qualitative content of retrieved
information (e.g., mental images), which by definition are greater for recollection than for
familiarity. However, the output buffer hypothesis cannot easily explain why activity in some
parietal regions increases as a function of perceived oldness, which refers to the tendency to
respond "old" regardless of the true nature of the stimuli (e.g., Kahn, Davachi, & Wagner,
2004; Wheeler & Buckner, 2003). This finding fits better with the mnemonic accumulator
hypothesis, which assumes that parietal regions do not hold actual memories but rather a signal
summarizing information coming from other brain regions, which is eventually used to make
memory decisions. Thus, these regions show high activity not only for "old" responses to old
items (hits) but also for "old" responses to new items (false alarms). Nevertheless, the
mnemonic accumulator hypothesis cannot readily accommodate evidence that certain parietal
regions show greater activity when participants attempt to recollect source information than
when try to retrieve item information, regardless of responses and accuracy (Dobbins, Foley,
Schacter, & Wagner, 2002; Dobbins, Rice, Wagner, & Schacter, 2003; Dobbins & Wagner,
2005). This recollective-orienting pattern suggests that these regions track the intention to
remember, that is, voluntary attention to memory contents, and hence, it is fits well with the
attention to internal representations hypothesis. Yet, voluntary attention cannot explain the
aforementioned finding that activity in some parietal regions show greater activity for
recollection than for familiarity.
Given that all three hypotheses are partly correct, one possible solution is to expand one of
them so it can accommodate a larger set of findings. One of the hypotheses that can be expanded
is the attention to internal representation hypothesis. Although this hypothesis primarily
focuses on goal-driven voluntary attention processes, not all forms of attention are voluntary.
In fact, a fundamental distinction in the attention literature contrasts top-down (or intentional)
attention, which is guided by goals and expectations, and bottom-up (or reflexive) attention,
which is guided by the saliency of incoming information (for a review, see Yantis, 2000). Thus,
it is reasonable to expand the attention account of parietal contributions to episodic retrieval
so that it includes not only top-down attention but also bottom-up attention. This new
hypothesis depends on the assumption that top-down and bottom-up attention are mediated by
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different parietal regions, which, as reviewed below, is an idea supported by functional
neuroimaging and lesion evidence.
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Dual attentional processes in parietal cortex
According to Corbetta and Shulman (2002), top-down attention is supported by a dorsal frontoparietal system, whereas bottom-up attention is mediated by a ventral fronto-parietal system.
Whereas the dorsal system is involved in “preparing and applying goal-directed selection for
stimuli and responses”, the ventral system is involved in the "detection of behaviorally relevant
stimuli, particularly when they are salient and unexpected” (p. 202). Within parietal cortex,
Corbetta and Shulman's (C&S) attention model assumes that top-down attention depends on
DPC, whereas bottom-up attention depends on VPC and superior temporal regions. A similar
idea was also proposed by Marois et al (2000).
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C&S reviewed evidence of dissociations between the attention functions of DPC and VPC,
including functional neuroimaging and patient evidence. For example, one fMRI study found
that DPC activity starts with the instruction to the search for a target and is greater during the
search period than VPC activity, whereas VPC activity is greater than DPC activity when the
target is finally presented and detected (Corbetta, Kincade, Ollinger, McAvoy, & Shulman,
2000). Thus, DPC activity mediates preparatory top-down attention, whereas VPC activity
reflects the capture of bottom-up attention by the target. Bottom-up attention is also captured
by unexpected stimuli, and VPC has been associated with the detection of unexpected spatial
and nonspatial stimuli, particularly in the right hemisphere (e.g., Braver, Barch, Gray, Molfese,
& Snyder, 2001; Clark, Fannon, Lai, Benson, & Bauer, 2000; Downar, Crawley, Mikulis, &
Davis, 2000, 2001; Kiehl, Laurens, Duty, Forster, & Liddle, 2001; Marois, Leung, & Gore,
2000). According to C&S, right VPC is the most frequent location of lesions causing
neglect, which is an attentional deficit in detecting information contralateral to the lesion
(Driver & Mattingley, 1998). C&S argue that neglect patients can voluntarily direct attention
to the contralesional side and can use cognitive cues to anchor attention to the left visual space.
However, neglect patients have a deficit in detecting stimuli that are unattended and outside
the focus of processing, which is more consistent with a bottom-up than a top-down attention
deficit.
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C&S do not describe the difference between the attentional functions of DPC and VPC as a
sharp dichotomy but as a more graded difference. First, they note that DPC shows some
sensitivity to the presentation of infrequent events, which suggests it is also affected by bottomup attentional processes. Second, although VPC activity is driven by incoming information,
activity in this region is also modulated by task relevancy. For instance, this region will show
greater activity to salient, infrequent stimuli in the modality being attended (e.g., visual) but
not in a different modality (Downar et al., 2000). Also, an fMRI study found that during search
for a red target, right VPC was activated by red distractors, which apparently captured attention
bottom-up, but not by distractors in other colors, which did not capture attention (Serences et
al., 2005). Thus, to elicit VPC activity, it is not enough that a stimulus is salient; it should be
also relevant to current goals. In sum, top-down attentional processes within DPC and bottomup attentional processes within VPC interact with each other. The detection of unexpected
events in VPC can enhance or attenuate sustained goal-driven processes in DPC. Conversely,
the detection of targets in VPC is modulated by the definition of what constitutes a target,
which depends on top-down behavioral goals supported by DPC.
The dual attentional processes (DAP) hypothesis
Like most attention researchers, C&S define bottom-up attention as attention driven by salient
or unexpected events in the environment. The assumption that bottom-up attention is primarily
driven by environmental stimuli originates in the experimental paradigms typically employed
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to investigate bottom-up attention, which generally employ sensory stimuli (Yantis, 2000).
Because of these typical paradigms, bottom-up attention is often described as attention driven
by sensory stimuli, or "exogenous attention", and opposed to attention driven by goals stored
in memory, or "endogenous attention". As a result, the standard view about the relation between
memory and attention is that memory modulates top-down attention, via intentions and
expectations, whereas bottom-up attention is related to perception but not to memory. Thus, it
is not surprising that when describing the attention hypothesis of parietal function in episodic
retrieval, Wagner et al. (2005) emphasized the top-down side of attention and cited evidence
supporting the role of task demands (recollective-orienting: Dobbins, Foley, Schacter, &
Wagner, 2002; Dobbins, Rice, Wagner, & Schacter, 2003; Dobbins & Wagner, 2005).
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Yet, memory can modulate attention not only top-down but also bottom-up. The most obvious
example of the latter is involuntary remembering, as in the case of the Proustian character who
experienced an outpour of autobiographical memories following the taste of a tea-soaked
Madeleine. However, the phenomenon of memory-guided bottom-up attention is not limited
to involuntary personal memories; it occurs whenever an interesting memory enters
consciousness and overtakes attentional resources. Even when the memory search process is
voluntary, the outcome of the search can never be completely predicted, and hence, the recovery
of relevant memories can always modulate attention in a bottom-up direction. For instance,
while trying to remember if you paid the electricity bill, you may recall the wedding invitation
that was next to the bill in your mailbox. Although the memory search about the bill was
voluntary and driven by top-down attention, the attention shift towards the memory of the
wedding invitation is not voluntary and it reflects bottom-up attention.
If memory can interact with attention in both top-down and bottom-up directions, then it is
reasonable to expand the attention account of parietal activations during episodic retrieval so
it includes both forms of attention. Thus, extending the parietal component of C&S’s attention
model to the episodic memory retrieval domain, it is proposed here that DPC is associated with
the allocation of attentional resources to memory retrieval according to the goals of the
rememberer (top-down attention), whereas VPC is associated with the capture of attentional
resources by relevant memory cues and/or recovered memories (bottom-up attention). To
distinguish this hypothesis from the attention to internal representation hypothesis discussed
by Wagner et al. and from C&S attention model, I call it the dual attentional processes (DAP)
hypothesis.
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As in C&S’s attention model, the DAP hypothesis assumes that top-down and bottom-up
attentional processes interact very closely (see Figure 1). Even if the role of DPC in episodic
retrieval reflects mainly attention guided by retrieval goals, these goals may change depending
on the nature of information retrieved, and hence DPC is also sensitive to relevant memories.
Conversely, even if the role of VPC in episodic retrieval primarily reflects attention guided by
the relevancy of the retrieval output, the pertinence of this output depend on retrieval goals,
and hence VPC is indirectly sensitive to these goals. Because of these close interactions, one
is more likely to find graded differences than sharp dissociations between the contributions of
DPC and VPC to episodic retrieval.
The DAP hypothesis presumes that VPC monitors the retrieval output continuously without
disrupting ongoing processing, unless behavioral goals must be updated. As illustrated by
Figure 1, the assumption is that VPC activity fluctuates, constantly, tracking changes in medial
temporal lobe (MTL) activity, which in turn reflects the recovery of episodic memories. The
signal generated by VPC is not identical to the signal generated by MTL activity because VPC
modulates the MTL signal on the basis of behavioral goals maintained by DPC. In Figure 1,
this is illustrated by the enhancement of the one part of the signal segment generated by MTL.
According to the DAP hypothesis, the roles of DPC and VPC in episodic retrieval are largely
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the same as their respective roles in perception (see dashed arrows in Figure 1); regardless of
whether incoming information arrives from the senses or from memory, DPC mediates topdown attention and VPC, bottom-up attention. It is also worth noting that top-down attention
and bottom-up attention are two separate dimensions, rather than the endpoints of a single
continuum, and hence, they can be both high or both low at the same time, even if in some
situations they tend to vary in opposite directions.
Similarities and differences with related ideas
The C&S attention model and the DAP hypothesis share the basic assumption that DPC and
VPC are respectively involved in top-down vs. bottom-up attentional processes. At the same
time, there are at least two assumptions that differ between the C&S model and the DAP
hypothesis. First, the C&S model assumes that bottom-up attention is attention guided by
sensory stimuli (i.e., exogenous attention), whereas the DAP hypothesis defines bottom-up
attention as attention guided by incoming information, which may arrive not only from the
senses but also from memory. Second, the C&S model assumes that the bottom-up attentional
functions of VPC are strongly right lateralized, whereas the DAP hypothesis presumes that
these functions are distributed bilaterally and that lateralization differences are related to the
verbal/meaningful vs. sensory/meaningless nature of the information (Milner, 1971).
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The DAP hypothesis also has similarities and differences with the three hypotheses of parietal
contributions to episodic retrieval considered by Wagner et al. (2005). Like the output buffer
and mnemonic accumulator hypothesis, the DAP hypothesis assumes that activity in some
parietal regions increases as a function of episodic retrieval output. However, the DAP
hypothesis differs from these views in at least two ways. First, the DAP hypothesis specifically
assumes that as episodic retrieval output increases, VPC and DPC are likely to show different
activation functions. This point is elaborated later in the section about functional neuroimaging
data. Second, according to the DAP hypothesis, parietal regions show fluctuations in attention
as a function of the retrieval output but they do not hold retrieved information or an accruing
memory signal. As discussed later, the difference between "holding" retrieved information vs.
being modulated by the retrieval output is important as these two assumptions lead to different
predictions regarding the effects of VPC damage.
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With the attention to internal representation hypothesis, the DAP hypothesis shares the global
idea that the role of parietal regions in episodic retrieval is related to attention. However, these
two hypotheses also differ in at least two ways. First, the DAP hypothesis does not assume the
existence of parietal regions specialized in attention to internal as opposed to external
representations; it assumes that the parietal regions that mediate attention to memory
representations are the same ones that mediate attention to sensory stimuli. Second, if the
attention to internal representations hypothesis is interpreted in terms of top-down attention
processes (e.g., Wagner et al., 2005), then this hypothesis overlaps only with one of the two
components DAP hypothesis, namely the one focused on the function of DPC.
In summary, this paper proposes a new hypothesis regarding the contributions of parietal
regions to episodic retrieval. This DAP hypothesis states that DPC contributes top-down
attentional processes guided by retrieval goals, whereas VPC contributes bottom-up attentional
processes captured by the retrieval output. The latter idea depends on the assumption that
bottom-up attention may be driven not only by sensory stimuli but also by incoming memory
information. Like the C&S model, the DAP hypothesis assumes that top-down and bottom-up
attentional processes interact; goals determine the relevancy of incoming information and
incoming information can alter behavioral goals. Unlike the output buffer and mnemonic
accumulator hypotheses, the DAP hypothesis assumes VPC is modulated by the retrieval
output but it does not "hold" this output. Finally, unlike the attention to internal representations
hypothesis, the DAP hypothesis assume that the same parietal regions mediate attention to both
Neuropsychologia. Author manuscript; available in PMC 2009 June 1.
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mnemonic and sensory information and it limits the top-down contributions of parietal cortex
to DPC. Thus, although closely related to preexistent ideas, the DAP hypothesis is novel in
several ways. As a result, the DAP hypothesis yields new predictions regarding functional
neuroimaging and lesions findings, which are considered in the next two sections.

Functional neuroimaging evidence
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As noted above, activations in lateral parietal cortex are among the most frequent findings in
PET and fMRI studies of episodic retrieval (Cabeza & Nyberg, 2000; Rugg & Henson,
2002). Although summarizing the results of many of these studies can be very useful to identify
basic patterns of parietal activity during episodic retrieval, as illustrated by the metaanalysis
of Vilberg and Rugg (2008), these basic patterns can be accommodated by several competing
hypotheses. For example, Vilberg and Rugg's conclusion that VPC shows greater activity
during conditions involving recollection, may be interpreted as evidence for the output buffer
hypothesis but also as evidence for the DAP hypothesis. A complementary approach to
distinguish among competing hypothesis is to identify specific findings that support one
hypothesis more than the alternatives. This is the approach used here. The three sections below
focus on the results of sets of data that fit better with the DAP hypothesis than with competing
hypotheses: (1) memory performance, (2) cross-function comparisons, and (3) encodingretrieval differences. Each section evaluates how well the data fits with the DAP hypothesis
and with the output buffer and mnemonic accumulator hypotheses. The attention to internal
representations hypothesis is not discussed because if one assumes that this hypothesis applies
mainly to DPC, then this hypothesis is similar to the top-down attention component of the DAP
hypothesis.
Memory performance
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Let us consider first the application of the DAP hypothesis to a typical old/new recognition
test. According to this hypothesis, the instructions of the test set the behavioral goal of retrieving
episodic information, which drives top-down attentional processes mediated by DPC. As each
recognition cue is presented, DPC supports the attempt to retrieve information. The greater the
difficulty of memory search and/or the decision process, the greater the need for top-down
attentional control mediated by DPC. Thus, the DAP hypothesis predicts that DPC activity
should increase as a function of retrieval effort. In contrast, this hypothesis assumes that VPC
activity mediates bottom-up attentional processes, which are captured by relevant memory cues
and/or information recovered from memory. As noted above, what is relevant is determined
by the goals of the task, which in the case of a recognition task involves distinguishing between
old and new items. Thus, the most relevant stimuli in an old/new recognition task are items at
the two extremes of the old-new continuum, that is, items that appear as either "extremely old"
or "extremely new." Given that factors that enhance memory performance tend to increase both
the correct acceptance of old items and the correct rejection of new items (i.e., the phenomenon
known as "mirror effect"), the DAP hypothesis predicts that in general VPC activity will tend
to be greater when recognition performance is high than when it is low. In sum, the DAP
hypothesis predicts a double dissociation between DPC and VPC activity as a function memory
performance: DPC should show greater activity when memory performance is low (greater
demands of top-down attention), whereas VPC should show greater activity when memory
performance is high (stronger capture of bottom-up by relevant old and new stimuli). As noted
before, top-down and bottom-up attention are separate dimensions and hence it is possible to
have conditions in which they are both high or both low at the same time. In typical recognition
tests, however, they tend to vary in opposite directions as memory performance increases.
There are different methods for varying memory performance in functional neuroimaging
experiments, including manipulations of study task, number of encoding presentations, and
study-test delay. Another method is to let information recovery vary naturally across items,
Neuropsychologia. Author manuscript; available in PMC 2009 June 1.
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and measure it using confidence ratings. For example, a recent fMRI study (Kim & Cabeza,
2007) compared brain activity for high- vs. low-confidence "old" responses to studied words
(hits). As illustrated by Figure 2-A, the study yielded a clear dissociation between DPC and
VPC: whereas DPC showed greater activity for low- than high-confidence hits (blue
activation), VPC showed greater activity for high- than low-confidence hits (yellow activation)
(see also Moritz, Glascher, Sommer, Buchel, & Braus, 2006). This result fits very well with
the DAP hypothesis: low-confidence hits require greater top-down attentional resources
mediated by DPC, whereas high-confidence hits reflect the retrieval of relevant targets that
capture bottom-up attentional resources mediated by VPC.
However, the finding of greater VPC activity for high- than low-confidence hits also fits very
well with the output buffer hypothesis. This view predicts that, compared to low-confidence,
high-confidence hits will elicit greater VPC activity because they involve greater memory
recovery and output buffer demands. Thus, both the DAP hypothesis and the output buffer
hypothesis predict greater VPC activity for high- than low-confidence hits. However, these
two views make different predictions regarding high confidence "new" responses. The DAP
hypothesis predicts that "definitely new" items should elicit high VPC activity because these
items are highly relevant for the behavioral goals of recognition memory tasks. In contrast, the
output buffer hypothesis predicts that "definitely new" items should elicit minimal VPC activity
because they involve the least memory recovery and associated working memory load.

NIH-PA Author Manuscript

To test these different predictions, we examined the results of an fMRI study in which
participants made old/new recognition with confidence ratings (Daselaar, Fleck, & Cabeza,
2006; Fleck, Daselaar, Dobbins, & Cabeza, 2006). Whereas reported analyses focused on brain
regions where activity increases or decreases with oldness (from "definitely new" to "definitely
old"), we focus here on parietal regions where activity shows inverted- or upright-U shapes as
a function of oldness. The inverted-U shape reflects greater activity for effortful lowconfidence responses (i.e., top-down attention), whereas the upright- U shape reflects greater
activity for relevant "definitely new" and "definitely old" responses (i.e., bottom-up attention).
Thus, the DAP hypothesis predicts that, as oldness increases, DPC activity should display an
inverted-U function whereas VPC activity should display an upright-U function. As illustrated
by Figure 2-B, this is exactly what the results show.
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The output buffer hypothesis cannot easily account for the results in Figure 2-B, and in
particular for the strong VPC response to "definitely new" responses. Why is VPC activity
greater for high- than low-confidence "new" responses, if the amount of information retrieved
from episodic memory and maintained in working memory is less for the former than for the
latter? One possible explanation is that VPC activity for "definitely new" responses reflects
the recovery of disconfirmatory evidence, that is, the strategy known as "recall-to-reject". This
explanation was suggested by Yonelinas and collaborators (2005), who also found an uprightU activation function in VPC (Fig. 1-C, p. 3005). However, although recall-to-reject may occur
in associative recognition (Rotello & Heit, 2000), it is an unlikely strategy in item recognition
(Rotello & Heit, 1999), which was the retrieval test investigated by Daselaar et al (2006) and
Yonelinas et al (2005).
The mnemonic accumulator hypothesis cannot easily account for either the upright- or the
inverted-U responses. As noted before, this hypothesis accounts for evidence that greater
parietal activity is associated with "old" decisions regardless of whether they are correct or
incorrect (Kahn, Davachi, & Wagner, 2004; Wheeler & Buckner, 2003). In other words,
according to this hypothesis parietal activity reflects the accumulation of an "oldness" signal
until a response is finally made. Thus, this hypothesis predicts that parietal regions should show
a gradual increase from "definitely new" to "definitely old" as the oldness signal accumulates.
As shown by Figure 2-B, however, this is not the activation function displayed by either VPC

Neuropsychologia. Author manuscript; available in PMC 2009 June 1.

Cabeza

Page 8

NIH-PA Author Manuscript

or DPC. However, it is important to point out that some occipito-parietal (Daselaar, Fleck, &
Cabeza, 2006) and mid-parietal (Montaldi, Spencer, Roberts, & Mayes, 2006; Yonelinas,
Otten, Shaw, & Rugg, 2005) regions have been found to show linear increases in activity as a
function of oldness. Thus, it is a challenge for future research to distinguish among parietal
regions showing upright-U, inverted-U, and linear response profiles.
In sum, DPC shows greater activity for low- than high-confidence recognition responses
whereas VPC shows greater activity for high- than low-confidence recognition responses.
These results fit very well with the DAP hypothesis, which associates DPC with top-down
attentional control and VPC with bottom-up attention captured by relevant memory targets,
whereas neither the output buffer nor the mnemonic accumulator hypotheses can easily account
for these data.
Cross-function comparisons
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The standard approach in functional neuroimaging has been to focus on a single cognitive
function (e.g., episodic retrieval) and attribute the activations found to different aspects of that
particular function (postretrieval monitoring, trace recovery, visual imagery, etc.). In contrast
with this within-function approach, the cross-function approach asks why the same brain
region is activated by very different cognitive functions (Braver et al., 2001; Cabeza, Dolcos,
Graham, & Nyberg, 2002; Cabeza et al., 2003; Cabeza & Nyberg, 2002; LaBar, Gitelman,
Parrish, & Mesulam, 1999; Nyberg, Forkstam, Petersson, Cabeza, & Ingvar, 2002; Ranganath,
Johnson, & D'Esposito, 2003). The cross-function approach is very useful to investigate the
role of parietal regions in episodic retrieval because these regions are in fact activated by variety
of cognitive tasks, and accounting for these overlaps in activation is likely to constrain theories
about their role in episodic retrieval. The DAP hypothesis predicts that (1) DPC activations
during episodic retrieval should overlap with DPC activations during cognitive tasks that
involve top-down attention, whereas (2) VPC activations during episodic retrieval should
overlap with VPC activations during tasks that involve bottom-up attention. Although
functional neuroimaging studies relevant to the second prediction do not seem to be available,
studies relevant to the first prediction are available and tend to support it.
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In a cross-function fMRI study, an episodic retrieval task was compared to a cued attention
task (Cabeza et al., 2003) and to a working memory task (Cabeza, Dolcos, Graham, & Nyberg,
2002). In all three tasks, each trial consisted of two 15-sec phases. During the first phase of the
episodic retrieval task, participants prepared for a cue-specific recognition decision, and during
the second phase, a word was presented and participants made the recognition decision. During
the first phase of cued attention task, participants continuously stared at fixation symbol in
order to determine if it blipped twice, once, or never during a 12-sec interval, and during the
second phase, they indicated the number of blips they detected. There were only a few "catch
trials" with blips, and they were excluded from fMRI analyses. Therefore, activity measured
during the first phase of the cued attention task reflected mainly the voluntary attempt to detect
targets with no targets being detected (i.e., top-down attention). This task is similar to tasks
used to investigate top-down attention in functional neuroimaging studies, which typically
measure activity while participants are waiting for a target to be presented (for a review, see
Corbetta and Shulman, 2002). Finally, during the first phase of the working memory task,
participants encoded and maintained four words presented in two columns, and during the
second phase, a probe word was presented and participants indicated if the probe words was
included in the left column, in the right column, or was a new word. Thus, this task involved
the maintenance of integrated verbal-spatial representations in working memory.
As illustrated by Figure 3, DPC was similarly activated by episodic retrieval and cued attention
tasks (Figure 3-A), whereas VPC was activated by episodic retrieval but not by cued attention
(Figure 3-B). This activation pattern fits well with the DAP hypothesis because both tasks
Neuropsychologia. Author manuscript; available in PMC 2009 June 1.
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recruited top-down attention but only the episodic retrieval task recruited bottom-up attention.
The DAP hypothesis can also explain why VPC was not activated during the working memory
task (Figure 3-C). Information maintained in working memory is constant, and hence, there is
now new incoming information capturing attentional resources in a bottom-up direction.
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In contrast with the DAP hypothesis, the output buffer hypothesis cannot easily accommodate
the results in Figure 3-C. This hypothesis predicts that parietal activations during episodic
retrieval should overlap with parietal activations during working memory. According to
Vilberg and Rugg's (2008) version of the output buffer hypothesis, VPC activations during
episodic retrieval reflects the maintenance of information within the "episodic buffer", which
is a module specialized in holding integrated multi-domain (e.g., verbal/spatial) representations
(Baddeley, 2000). As an example of a cognitive task that engages the episodic buffer, Baddeley
(2000) cited the task used by Prabhakaran et al. (2000), in which participants maintained
integrated representations of letters and spatial locations. This task is similar to the one that
yielded the data in Figure 3 (Cabeza, Dolcos, Graham, & Nyberg, 2002), which also involved
maintaining integrated verbal-spatial representations. Yet, this task did not activate VPC at all
(Figure 3-C). Also, VPC was not activated in the Prabhakaran et al.'s study, which instead
associated the maintenance of integrated verbal-spatial representations with activity in right
anterior prefrontal cortex (PFC). Based on this finding, Baddeley (2000) suggested the right
anterior PFC could be the site of the episodic buffer. One fMRI study found a right VPC
activation while participants encoded a mixed sequence of auditorily-presented numbers and
spatial locations (Zhang et al., 2004), but this activation was not found during retrieval phase
suggesting the activation during the encoding phase reflected bottom-up attention to modality
shifts rather than multimodal working memory per se. At any rate, given the scarcity of fMRI
studies on multimodal working memory, it is difficult at present to reach definite conclusions
regarding potential overlaps with parietal activations during episodic retrieval.
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In sum, regarding cross-function comparisons, the DAP hypothesis predicts that DPC
activations during episodic retrieval should overlap with activations during tasks that recruit
top-down attention, whereas VPC activations during episodic retrieval should overlap with
activations during tasks that recruit bottom-up attention. Supporting the first part of this
prediction, a study comparing episodic retrieval to a cued attention task heavily dependent on
top-down attention yielded overlapping DPC activations (Figure 3-A). In contrast, VPC was
activated by episodic retrieval but not by the cued attention task that did not involve bottomup attention (Figure 3-B). Finally, inconsistent with the output buffer hypothesis, a verbal/
spatial working memory task did not activate VPC (Figure 3-C). Although the mnemonic
accumulator hypothesis could explain the VPC activation during episodic retrieval, this
hypothesis cannot account for the overlap between episodic retrieval and cued attention in
DPC.
Encoding-retrieval differences
Although VPC activity is consistently associated with successful retrieval of episodic
information (Vilberg & Rugg, 2008), several studies using the subsequent memory paradigm
have linked this region to encoding failure. These studies have shown that during encoding
VPC activity is greater for items that are subsequently forgotten than for items that are
subsequently remembered (Daselaar, Prince, & Cabeza, 2004; Kao, Davis, & Gabrieli, 2005;
Otten & Rugg, 2001; Turk-Browne, Yi, & Chun, 2006; Wagner & Davachi, 2001).
Interestingly, this "inverse subsequent memory effect" is not due to stronger activations for
subsequently forgotten items but to stronger deactivations for subsequently remembered items
(Daselaar, Prince, & Cabeza, 2004; Kao, Davis, & Gabrieli, 2005; Turk-Browne, Yi, & Chun,
2006). In Daselaar et al. (2004), for example, participants encoded semantic associations
between words and perceptual associations between words and fonts, and in both cases,
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associations that were subsequently remembered elicited greater VPC deactivations than those
that were subsequently forgotten (see Figure 4). Thus, encoding success is associated with VPC
deactivations rather than activations.
The fact that VPC is deactivated during successful encoding is not surprising given that this
region is part of a network of areas (VPC, anterior and posterior midline cortices, etc.) that are
typically deactivated during demanding cognitive tasks. According to one view (Gusnard &
Raichle, 2001), these default network regions are involved in processes that occur normally
during conscious rest and must be "turned off" during demanding cognitive performance.
Episodic retrieval seems to be an exception to this general pattern, because it is associated with
activations rather than deactivations in these regions. Even if the default network hypothesis
has been challenged (e.g., Morcom & Fletcher, 2007), available event-related fMRI data clearly
show that greater VPC activity during retrieval is associated with successful retrieval (Vilberg
& Rugg, 2008) whereas greater VPC activity during encoding is associated with encoding
failure (Daselaar, Prince, & Cabeza, 2004; Kao, Davis, & Gabrieli, 2005; Otten & Rugg,
2001; Turk-Browne, Yi, & Chun, 2006; A. D. Wagner & Davachi, 2001). This dissociation is
relevant to the present article because it constraints possible interpretations regarding the
cognitive process mediated by VPC, which should be a process that enhance retrieval but
disrupts encoding.
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The DAP hypothesis can account for the encoding-retrieval dissociation. During typical
episodic retrieval tasks, participants search their memory for information relevant to the
retrieval decision. Attention is disengaged from a retrieval cue in the present, and turned
towards a specific event in the past (Wheeler, Stuss, & Tulving, 1997). When relevant memory
targets are found, they capture attentional resources bottom-up, leading to a shift in attention
towards these targets. Thus, within the context of typical retrieval tasks, the capture of bottomup attention often reflects successful recovery of memory targets and is associated with
successful retrieval performance. In contrast, during a typical encoding task, participants are
asked to make very simple decisions about individual items (e.g., living/nonliving), which are
made rapidly without the requirement of a memory search. Relevant information is accessed
automatically, without the need to orient attention away from the item being judged, which
normally remains unchanged (e.g., on the screen) while the decision is being made. Under
these conditions, optimal encoding occurs when attention remains focused on the current item,
and shifting attention to other stimuli, such as unrelated thoughts or environmental stimuli, is
more likely to weaken than strengthen the encoding of the current item. Thus, within the context
of typical encoding tasks, bottom-up attentional processes may become associated with
encoding failure rather than success. Thus, the DAP hypothesis can explain why VPC activity
tends to be associated with retrieval success but with encoding failure.
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However, it is important to note that the association between bottom-up attention and encoding
failure applies only to typical encoding tasks in which the items whose memory is later tested
are the focus of top-down attention and are processed via simple decision judgments (e.g.,
living/nonliving). It is perfectly possible that for tasks without these two characteristics,
bottom-up attention during encoding could be associated with learning success. For example,
if the items whose memory is later tested are not at the center of attention but are items which
capture attention bottom-up (e.g., peripheral stimuli), then the DAP hypothesis would predict
that VPC activity would be associated with better learning. Consistent with this prediction, an
fMRI study showed that deviant stimuli were associated with better encoding (von Restorff
effect) as well as with greater interactions between VPC and frontal regions (Strange, Henson,
Friston, & Dolan, 2000). Also, if instead of simple decision judgments, the encoding task
involves a memory search task whereby retrieval-related bottom-up attention is associated with
deeper encoding of retrieval cues, then VPC activity is also likely to be associated with
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successful learning. This may occur, for example, when episodic retrieval attempts function
as additional encoding opportunities (Karpicke & Roediger, 2008).
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In contrast with the DAP hypothesis, the output buffer and mnemonic accumulator hypotheses
cannot easily account for the dissociation between the role of VPC in encoding vs. retrieval.
The output buffer hypothesis cannot explain why VPC activity is associated with enhanced
retrieval but with impaired encoding. Working memory processes are generally assumed to
contribute to both encoding and retrieval (Moscovitch, 1992). The output buffer hypothesis
could accommodate the association of VPC activity with encoding failure if this activity is
attributed to the continuous maintenance of irrelevant information in working memory. As for
the mnemonic accumulator hypothesis, this idea cannot account for VPC deactivations during
encoding because typical encoding tasks require semantic retrieval decisions, which are also
likely to involve the accumulation of a memory signal. It could be argued that the VPC activity
related to encoding failure reflects the accumulation of irrelevant information, but this
possibility is unlikely given the demands of typical encoding tasks.
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To summarize, the DAP hypothesis can account for evidence that VPC activity is associated
with successful retrieval but with unsuccessful encoding. An explanation based on this
hypothesis is that VPC activity during retrieval reflects the capture of bottom-up attention by
relevant memory targets, whereas VPC activity during encoding reflects the capture of bottomup attention by unrelated thoughts or environmental stimuli. In contrast, the output buffer and
mnemonic accumulator hypotheses cannot account as well for the encoding vs. retrieval
dissociation.

Lesion evidence
Although functional neuroimaging evidence that parietal regions are frequently activated
during episodic retrieval suggests that these regions play an important role in episodic retrieval,
this idea is challenged by neuropsychological evidence that parietal lesions do not typically
yield severe episodic memory deficits. Yet, if the contributions of parietal regions to episodic
retrieval are related to their role in attention, then severe episodic memory deficits should not
be expected. In general, attention enhances cognitive processes but is not essential for these
processes; when attention fails, cognitive operations are weakened but they are not completely
obliterated. In the case of vision, for example, attention deficits may produce neglect but they
do not normally lead to blindness (Driver & Mattingley, 1998). For the same reason, the effect
of attention deficits on episodic memory should not be expected to yield amnesia. At most,
attention deficits should produce a memory deficit analogous to the neglect syndrome in vision.
This hypothetical syndrome is called here "memory neglect."
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The characteristics of memory neglect may be inferred from those of visual neglect. As
mentioned before, patients with visual neglect typically have lesions in right VPC, and hence,
according to C&S model, they should have a deficit in bottom-up attention rather than a deficit
in top-down attention. Consistent with this idea, these patients have a deficit in detecting stimuli
that are unattended and outside the focus of processing but they can voluntarily direct attention
to the contralesional side (Corbetta & Shulman, 2002). By analogy, the DAP hypothesis
predicts that VPC lesions could also yield a memory neglect deficit whereby patients cannot
spontaneously report relevant details in retrieved memories (bottom-up attention) but can
access these details if guided by specific questions (top-down attention). A recent study by
Berryhill et al. (2007) provided direct support for these predictions.
This study investigated autobiographical memory in two patients whose parietal damage was
greater for VPC than DPC and compared them to ten age- and education-matched controls. A
great advantage of investigating autobiographical memory is that it is possible to assess
memory for events that happen before the parietal lesions, thereby controlling for the potential
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contributions of parietal cortex to encoding processes. The parietal lesions in the two patients
were due to infarcts involving the posterior cerebral artery or the watershed between posterior
and middle cerebral arteries and were greater for VPC than DPC. Both patients are middle
aged, university educated, and suffer from simultanagnosia (the inability to visually recognize
two or more things at the same time). However, they both have normal object and color
perception, as well as language comprehension and production. Autobiographical memory in
patients and controls was assessed using text analyses of subjects’ freely reported memories
for different time periods (Levine, Svoboda, Hay, Winocur, & Moscovitch, 2002), as well as
specific probe questions regarding each event retrieved (Levine, 2004). The main dependent
variables were the number of details relating to event, place, time, perceptual, and associated
emotions or thoughts. Given that total number of words uttered was similar in patients and
controls, differences in autobiographical recall cannot be attributed to language deficits.
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The results of the autobiographical memory test were consistent with the aforementioned
prediction of the DAP hypothesis: when participants spontaneously reported their
autobiographical memories, they produced fewer details than controls across all categories,
but when they were asked specific questions about the same memories, the memory deficit
disappeared. The deficit in spontaneous report of memory details was ubiquitous, and was not
limited to spatial or perceptual aspects of memory. Additional tests showed that the
spontaneous memory deficit cannot be explained by a general difficulty with mental imagery.
The finding that VPC damage impaired autobiographical memory recall is consistent with the
fact that this region is one of areas most frequently activated in functional neuroimaging studies
of autobiographical memory (e.g., Addis, Moscovitch, Crawley, & McAndrews, 2004;
Conway et al., 1999; Gilboa, Winocur, Grady, Hevenor, & Moscovitch, 2004; Levine et al.,
2004; Maguire & Frith, 2003; Nyberg, Forkstam, Petersson, Cabeza, & Ingvar, 2002; for a
metaanalysis, see Svoboda, McKinnon, & Levine, 2006).
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Thus, VPC lesions impair the ability to spontaneously detect relevant details in representations
retrieved from memory (bottom-up attention) but not the ability of identifying these details
when guided by external probes (top-down attention). In other words, consistent with the idea
of memory neglect, memories are intact but they do not capture bottom-up attention by
themselves. An alternative interpretation is that these patients have difficulty in processing
multiple memory details simultaneously, which is a deficit that could be called "memory
simultanagnosia." Distinguishing between memory neglect and memory simultanagnosia
would require specifically-designed studies, but both ideas are consistent with the DAP
hypothesis because both assume that the deficit is in attention not memory. The idea that
parietal lesions impair attentional rather mnemonic processes could also explain why parietal
lesions do not impair episodic retrieval in tasks that focus participants' attention on a single
dimension of the stimuli (Simons et al., 2008).
In contrast with the DAP hypothesis, the results of the Berryhill et al.'s study cannot be easily
accommodated by the output buffer or mnemonic accumulator hypotheses. Regarding the
output buffer hypothesis, if VPC holds retrieved episodic information, then damage to this
region should impair the ability to maintain recovered information available while the memory
is being reported, and hence, deficits should be observed not only during spontaneous report
but also while answering specific memory probes. It could be argued that specific probes reduce
the amount of information to be loaded on the buffer, thereby attenuating deficits due to a
malfunctioning buffer. However, this idea assumes that memory details are loaded to the buffer
before they are verbalized rather than being reported as soon as they are accessed. Further
testing of parietal patients would be required to address this question. As for the mnemonic
accumulator hypothesis, given that the core assumption of this hypothesis is that parietal cortex
holds a summary memory signal rather than memory contents per se, it is unclear why parietal
lesions would lead to a deficit in spontaneously retrieving episodic details.
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To sum up, patients with VPC lesions showed a deficit in spontaneously reporting details of
retrieved autobiographical memories but not in answering specific questions about the same
memories. This finding suggests that these patients do not have a deficit in retrieving episodic
memories but in the mechanism whereby retrieved memories capture bottom-up attentional
resources. The fact that VPC patients can access memory details when guided by specific
probes suggests that their ability to deploy bottom-up attentional resources during memory
search is largely intact. This pattern of results fits very well with the DAP hypothesis but not
with the output buffer or the mnemonic accumulator hypotheses.

Open Questions
Before concluding, it is important to consider several open question regarding the DAP
hypothesis. These include questions about (1) the overlap of activations in episodic retrieval
and attention studies, (2) the domains of functional neuroimaging evidence accounted by the
DAP hypothesis, and (3) potential future extensions of the DAP hypothesis.
Overlap of activations in episodic retrieval and attention studies
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An important piece of evidence supporting the DAP hypothesis is that the regions associated
with top-down and bottom-up attentional processes in fMRI studies of episodic retrieval match
well with the regions associated with these processes in fMRI studies of attention, namely DPC
and VPC. However, even if activation patterns overlap at the broad level, differences may still
exist regarding the relative strength of left vs. right hemisphere activations or the spatial
distribution within specific subregions of parietal cortex.
A difference in lateralization may exist for VPC activations related to bottom-up attention,
which tend to stronger in the left hemisphere in fMRI studies of episodic retrieval (Vilberg &
Rugg, 2008), but in the right hemisphere in fMRI studies of attention (Corbetta & Shulman,
2002). However, this is not a serious problem for the DAP hypothesis. First, although detectionrelated VPC activations in fMRI studies of attention may be stronger on the right hemisphere,
they are usually significant in both hemispheres (e.g., Clark, Fannon, Lai, Benson, & Bauer,
2000; Downar, Crawley, Mikulis, & Davis, 2000, 2001; Kiehl, Laurens, Duty, Forster, &
Liddle, 2001; Marois, Leung, & Gore, 2000). Thus, left VPC contributes to bottom-up attention
in both episodic retrieval and attention fMRI studies. Second, most fMRI studies of episodic
retrieval studies have employed meaningful verbal materials while most fMRI studies of
attention have employed meaningless perceptual materials. Therefore, differences in
lateralization can be explained by well-known hemispheric asymmetries in processing verbal
vs. sensory stimuli (e.g., Milner, 1971)
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A difference in the localization of VPC activations related to bottom-up attention may also
exist within hemispheres because in fMRI studies of episodic retrieval (Vilberg & Rugg,
2008), these activations tend to extend posteriorly from the supramarginal gyrus (towards the
angular gyrus), whereas in fMRI studies of attention (Corbetta & Shulman, 2002), they tend
to extend anteriorly and ventrally from the supramarginal gyrus (towards anterior
supramarginal and superior temporal regions). This apparent difference in anterior-posterior
localization is not a problem for the DAP hypothesis because the two distributions show
substantial overlap in the supramarginal gyrus. Also, there are many exceptions to anteriorposterior differences localization. For example, several episodic retrieval studies have found
recollection-related activations in anterior supramarginal and superior temporal regions (e.g.,
Eldridge, Knowlton, Furmanski, Bookheimer, & Engle, 2000; Yonelinas, Otten, Shaw, &
Rugg, 2005), and several attention studies have found detection-related activations in the
angular gyrus (e.g., Arrington, Carr, Mayer, & Rao, 2000; Corbetta, Kincade, Ollinger,
McAvoy, & Shulman, 2000; Kincade, Abrams, Astafiev, Shulman, & Corbetta, 2005). Thus,
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within the data available, similarities in localization seem more consistent than the potential
differences.
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In sum, although there are some differences in the localization of VPC activations related to
bottom-up attention in episodic retrieval and attention studies, these differences do not
represent a serious problem for the DAP hypothesis. Lateralization differences may be
explained by differences in stimuli, and anterior-posterior differences are not consistent. At
any rate, further research directly comparing the localization of VPC activations across
domains is warranted.
Domains of functional neuroimaging evidence accounted by the DAP hypothesis
The section on functional neuroimaging evidence focused on a few data sets directly relevant
to the DAP hypothesis, but did not consider how well this hypothesis accounts for other
functional neuroimaging findings, such as retrieval success activations and activations
supporting alternative hypotheses.
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In the domain of functional neuroimaging of episodic retrieval, the term "retrieval success" is
typically used to describe activations identified by comparing hits (correct "old" responses) to
correct rejections (correct "new" responses). Retrieval success activations have been often
found in parietal regions. A question arises because according to the DAP hypothesis VPC
responds to both high-confidence old and new responses, and DPC responds to both lowconfidence old and new responses (see Figure 2-B). If parietal regions respond to both old and
new items, why would they show greater activity for hits than correct rejections? One possible
answer is that contrasts between hits and correct rejections have been often confounded with
differences in bottom-up and/or top-down processing. For example, when hits are more
confident that CRs, the DAP hypothesis predicts VPC activations. As illustrated by Figure 2B, if one compares "definitely old" trials (level 6) to "most likely new" trials (level 2), one is
likely to find VPC activations. Conversely, when hits involve more demanding search or
decision processes than correct rejections, the DAP hypothesis predicts activation in DPC.
Importantly, given that the DAP hypothesis assumes that top-down and bottom-up processing
are separate dimensions, differences in both dimensions may occur simultaneously, thereby
yielding activations in both VPC and DPC. Thus, unless confounding factors are controlled,
retrieval success activations are difficult to interpret in relation to the DAP hypothesis.
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The section on functional neuroimaging evidence focused on data supporting the DAP
hypothesis, but how about evidence supporting alternative hypotheses, such as the mnemonic
accumulator and the output buffer hypotheses? The main finding supporting the mnemonic
accumulator hypothesis is evidence that certain parietal regions show greater activity for "old"
than for "new" responses regardless of whether the "old" responses are correct (hits) or incorrect
(false alarms) (Kahn, Davachi, & Wagner, 2004; Wheeler & Buckner, 2003). As noted above,
the old-new difference may reflect a confound in confidence levels. A similar response for hit
and false alarms fits well with the DAP hypothesis because parietal regions are assumed to
mediate attentional processes rather than memory processes per se. An item perceived as old
will tend grab attention regardless of the accuracy of this perception. Unlike the mnemonic
accumulator hypothesis, however, the DAP hypothesis assumes that a strong feeling of novelty
may also drive parietal responses in VPC (see Figure 2-B).
Turning to the output buffer hypothesis, the main functional neuroimaging evidence supporting
this account is evidence that VPC shows greater activity for recollection than for familiarity
(Vilberg & Rugg, 2008). As noted above, the DAP hypothesis can account for this evidence
because recollected trials are also highly relevant, and hence, they grab attentional resources
in a bottom-up fashion. In other words, VPC is associated with recollection not because this
region holds recollected information but because it mediates bottom-up attentional processes.
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The DAP hypothesis can also account for the involvement of DPC in familiarity-based
recognition decisions (Vilberg & Rugg, 2008). In general, familiarity-based decisions are more
demanding than recollection-based decisions because they are closer to the old-new decision
criterion. Consistent with this idea, in the Remember/Know paradigm, familiarity-based Know
responses are much slower (e.g., 500–800 ms) than recollection-based Remember responses
(e.g., Henson, Rugg, Shallice, Josephs, & Dolan, 1999; Wheeler & Buckner, 2004; Woodruff,
Johnson, Uncapher, & Rugg, 2005). Thus, according to the DAP hypothesis, DPC is associated
with familiarity not because this region is specialized in processing a special quality of the
familiarity signal but because familiarity-based decisions place greater demands on top-down
attention.
In sum, the DAP hypothesis can accommodate retrieval success activations as well as
functional neuroimaging evidence supporting the mnemonic accumulator and the output buffer
hypotheses. However, accounting for this evidence requires additional assumptions, such as
the notion that retrieval success contrasts (hits vs. correct rejections) are often confounded by
differences in confidence, which require independent validation.
Potential future extensions of the hypothesis
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Finally, another open question is whether the DAP hypothesis could be expanded to account
for the ventral-dorsal distribution of episodic retrieval activations within PFC. As noted before,
C&S model assumes that, in the attention domain, dorsal PFC regions are more involved in
top-down attention and ventral PFC regions, in bottom-up attention. Could that be also the case
for episodic retrieval? It is not difficult to find examples supporting this idea. For example, in
the data shown in Figure 2-A, not only dorsal parietal but also dorsolateral PFC activity was
greater for low than high confidence recognition hits (Kim & Cabeza, 2007). The involvement
of dorsolateral PFC in low confidence recognition has been also found in other fMRI studies
(e.g., Fleck, Daselaar, Dobbins, & Cabeza, 2006; Henson, Rugg, Shallice, & Dolan, 2000).
For instance, consistent with the idea that these activations reflect a general top-down
attentional mechanism rather than memory-specific processes, one study (Fleck, Daselaar,
Dobbins, & Cabeza, 2006) found an overlap between episodic retrieval and visual perception
(see Figure 5-A). Although the C&S model associates top-down attention with frontal eye
fields, it is possible that dorsolateral PFC plays a more important role for nonspatial stimuli.
Turning to bottom-up attention, several fMRI studies have found activations in ventrolateral
PFC regions as a function of the amount of information recovered from episodic and semantic
memory (e.g., Prince, Tsukiura, Daselaar, & Cabeza, 2007; Thompson-Schill, D. Esposito,
Aguirre, & Farah, 1997). Moreover, one study (Daselaar, Fleck, & Cabeza, 2006) found that
ventrolateral PFC regions showed an upright-U response (see Figure 5-B) very similar to the
one displayed by VPC in the same study (see Figure 2-B). At any rate, the literature on PFC
activity during episodic retrieval is large and complex, and reviewing it is beyond the scope
of this article. A reasonable conclusion at this point is that it is not implausible that the DAP
hypothesis could be extended to include also PFC regions.

Conclusions
In sum, the present article introduced a new hypothesis regarding the contributions of parietal
regions to episodic retrieval. According to this DAP hypothesis, DPC contributes to top-down
attentional processes guided by retrieval goals, whereas VPC contributes bottom-up attentional
processes captured by the retrieval output. Although different, these processes interact very
closely: goals determine the relevancy of incoming information and incoming target may alter
behavioral goals. The DAP hypothesis is closely related to preexisting ideas, including Corbetta
and Shulman's (2002) attention model and other hypotheses regarding parietal cortex and
episodic retrieval reviewed by Wagner et al. (2005), but it differ from these previous ideas in
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several ways, yielding new predictions for functional neuroimaging and neuropsychological
research.
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Three sets of neuroimaging findings were considered: memory performance, cross-function
comparisons, and encoding-retrieval differences. First, regarding memory performance, the
DAP hypothesis predicts that DPC should display greater activity when memory performance
is low (greater demands of top-down attention), whereas VPC should show greater activation
when memory performance is high (stronger capture of bottom-up by relevant old and new
stimuli). This prediction is consistent with many published studies, including those
distinguishing between recollection and familiarity (Vilberg & Rugg, 2008). Unlike the output
buffer account of VPC function, the DAP hypothesis attributes the role of this region to bottomup attention processes, and hence, it predicts that this region should be also activated for highconfidence new responses. The data in Figure 2-B directly supports this specific prediction.
Second, regarding cross-function comparisons the DAP hypothesis predicts that DPC
activations during episodic retrieval should overlap with DPC activations during tasks that
recruit top-down attention. In keeping with this prediction, a study found that a cued attention
task heavily dependent on top-down attention activated the same DPC regions as episodic
retrieval but did not activate VPC regions recruited by episodic retrieval (Figure 3). Finally,
the DAP hypothesis can account for the finding that VPC activity is associated with successful
retrieval but with unsuccessful encoding. During retrieval, VPC activity reflects the capture of
bottom-up attention by relevant memory targets successfully retrieved from episodic memory,
whereas during encoding, VPC activity reflects the capture of bottom-up attention by unrelated
thoughts or environmental stimuli, which diverts resources from encoding.
Turning to lesion evidence, the DAP hypothesis predicts that VPC lesions should produce a
deficit that, by analogy with the effects of parietal lesions in vision, could be described as
"memory neglect." Patients with memory neglect should have difficulties spontaneously
reporting relevant details in retrieved memories (bottom-up attention) but they should be able
to access these details when guided by specific questions (top-down attention). Consistent with
this prediction, a recent study (Berryhill, Phuong, Picasso, Cabeza, & Olson, 2007) found that
patients with VPC lesions showed a deficit in spontaneously reporting details of retrieved
autobiographical memories but not in answering specific questions about the same memories.
This finding suggests that these patients do not have a deficit in retrieving episodic memories
but in the mechanism whereby retrieved memories capture bottom-up attentional resources. In
contrast, their ability to access memory details when guided by specific probes suggests their
top-down attentional processes are intact.
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Although the foregoing findings are consistent with the DAP hypothesis, the present article
did not provide a comprehensive review of the functional neuroimaging and lesion literature,
and hence, it is possible that findings inconsistent with this hypothesis can be found. However,
given that no theoretical account of parietal involvement in episodic retrieval can account for
all available data, the existence of some inconsistent findings does not necessarily hinder the
value of the DAP hypothesis when compared to alternative hypotheses. At any rate, broad
distinctions such as the one proposed by the C&S model and extended by the DAP hypothesis
should be considered as useful heuristics that help guide research, which eventually should
replace these simple distinctions with more complex and accurate models of neurocognitive
function.
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Figure 1.

Simple graphical description of the DAP hypothesis. VPC fluctuates, continuously, tracking
changes in MTL activity, which in turn reflects the recovery of episodic memories. In contrast,
activity in DPC reflects top-down attentional processes guided by retrieval goals. DPC and
VPC interact very closely: the goals maintained by DPC define what targets are relevant, and
the targets detected by VPC can alter or change behavioral goals. The attentional processes
VPC and DPC contribute to episodic retrieval are the same attentional processes these regions
contribute to perception.
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Dissociations between DPC and VPC activations during episodic retrieval that support the
DAP hypothesis. A. DPC shows greater activity for low- than high-confidence hits, consistent
with its involvement in top-down attention, whereas VPC shows greater activity for high- than
low-confidence hits, consistent with its involvement in bottom-up attention (From Kim &
Cabeza, 2007). B. The data are from an fMRI study on word recognition reported by Daselaar
et al. (2006) and Fleck et al. (2006). Each trial consisted of an old/new decision and followed
by confidence rating. The activations in the figure were identified by high > low (yellow
activation) and low > high (blue activation) confidence contrasts at a threshold of p < 0.001,
uncorrected. For display purposes, activations were masked with a parietal cortex region-ofinterest (Pick Atlas ROI). The yellow activation overlaps with the activation labeled “D” in
Figure 2 of Daselaar et al. (2006). The blue activation is the lateral extension of a left parietal
activation reported in Table 1 of Fleck et al. (2006). The graph displays effect sizes extracted
from the two activations and plotted along an oldness scale.
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Data from a cross-function fMRI studies comparing episodic retrieval (ER), cued attention
(CA), and working memory (WM) (Cabeza, Dolcos, Graham, & Nyberg, 2002; Cabeza et al.,
2003) A. ER and CA tasks elicited similar DPC activations, consistent the assumption that this
region mediates top-down attentional processes in both tasks. B. In contrast, the ER task but
not the CA task activated VPC, consistent with the idea that this region mediates bottom-up
attentional processes that are tapped by the ER task but not by the CA task. C. VPC was not
activated by a multimodal verbal-spatial working memory (WM) task, inconsistent with the
output buffer hypothesis.
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Figure 4.

Results from an event-related fMRI study in which participants encoded semantic associations
between words and perceptual associations between words and fonts (Daselaar, Prince, &
Cabeza, 2004). Bilateral VPC regions (BA 39/40) showed deactivations during encoding,
which were greater for items that were later remembered than for those that were later forgotten.
These regions overlap with VPC regions that show the opposite pattern during retrieval,
namely, greater activity for remembered than forgotten items.
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Figure 5.

Evidence supporting a possible extension of the DAP hypothesis to the PFC. A. Consistent
with the possibility that dorsal PFC regions contribute top-down attentional process to episodic
retrieval, activity in a dorsolateral PFC region (BA 46/10) increased parametrically from high
(H), to medium (M), to low (L) confidence during a word recognition task (Fleck, Daselaar,
Dobbins, & Cabeza, 2006). The idea that this effect is related to top-down attention rather than
to memory-specific operations is supported by the fact that the same region showed similar
confidence effects during a visual perception task (area size comparison). B. Consistent with
the possibility that ventral PFC regions contribute bottom-up attentional process to episodic
retrieval, activity in a ventrolateral PFC region (BA 47) showed greater activity for highly
relevant "definitely new" and "definitely old" responses in a word recognition test (Daselaar,
Fleck, & Cabeza, 2006). The upright-U activation pattern in response to perceived oldness is
almost identical to the one displayed by VPC in the same study (see yellow region in Figure
2-B).
Neuropsychologia. Author manuscript; available in PMC 2009 June 1.

