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Chapter 27

Contributions of the ventral parietal cortex to declarative memory

SIMON W. DAVIS, ERIK A. WING, AND ROBERTO CABEZA*
Center for Cognitive Neuroscience, Duke University, Durham, NC, United States

Abstract

Our understanding of the role that ventral parietal cortex (VPC) plays in declarative memory processes has
changed dramatically over the last two decades. The goal of this chapter is to provide a concise overview
data concerning VPC involvement in episodic memory (EM), and to connect this data to several key the-
ories of VPC function. We review evidence from five methodological domains in cognitive neuroscience:
neuropsychological lesion evidence, univariate activation studies, multivoxel pattern analyses, functional
connectivity studies, and brain stimulation experiments. We discuss how the body of empirical work bears
on putative mnemonic functions of VPC related to attention and stimulus representation, and detail the
strengths and weaknesses of related theories. Lastly, we identify several broad conceptual questions raised
by recent investigations, and outline directions for future research.

If you traveled back in time 20 years, and told a group of
neuropsychologists that one of the most exciting cogni-
tive neuroscience topics around was the contributions of
ventral parietal cortex (VPC) to declarative memory, they
would have trouble believing you. They might argue that
VPC lesions do not impair declarative memory, which
refers to conscious memory for past events (episodic
memory: EM) and facts (semantic memory: SM), and
instead that such cerebral insults should disrupt other
cognitive abilities, such as attention, action, language,
math, body schema, spatial orientation, and short-term
memory (Critchley, 1953). They might mention that right
VPC lesions can cause unilateral spatial neglect
(Mesulam, 1999; see Chapter 14), or that bilateral VPC
lesions can yield simultanagnosia (Coslett and Saffran,
1991; see Chapter 12). They might also mention Gerst-
mann syndrome (Gerstmann, 1940), in which left angular
gyrus (AG) damage yields the unusual symptom tetrad of
finger agnosia, left-right disorientation, agraphia, and
acalculia (see Chapter 20). The neuropsychologists might
ask you if you meant “working memory” rather than
“declarative memory,” because working memory was
known to be sometimes impaired by VPC damage
(Vallar and Baddeley, 1984). So, when you confirmed

that you in fact meant “declarative memory,” they would
then likely stare at you in disbelief.

What has happened in the last two decades to explain
the evolving role of the VPC in declarative memory func-
tion? There were two main changes during this period
that explain this shift. The first change was the advent
of functional neuroimaging. Although several positron
emission tomography studies of EM in the mid-1990s
reported robust parietal activations during EM retrieval
(Tulving et al., 1994; Fletcher et al.,, 1995, Kapur
et al., 1995), noting, for example, greater VPC activity
for recognition than recall (Cabeza et al., 1997; Rugg
et al., 1998), interest in VPC activations did not grow
until the turn of the century with the publication of the
first crop of event-related functional magnetic resonance
imaging (fMRI) studies of recognition memory (Henson
et al., 1999; Saykin et al., 1999; Eldridge et al., 2000;
McDermott et al., 2000; Konishi et al., 2000; Cabeza
et al., 2001; Donaldson et al., 2001; Maratos et al.,
2001). An important review of these studies made clear
that some of the most robust and reliable activations in
event-related fMRI studies of recognition memory were
found in VPC (Rugg and Henson, 2002). Moreover,
VPC was sensitive not only to retrieval success (hits
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vs. correct rejections), but also to recollection (hits with
vs. without contextual details), which is the prototypic
form of EM retrieval. In the ensuing 15 years, the VPC
has become a hub for empiric and theoretic work in
EM, and dozens of fMRI studies have reported diverse
evidence linking VPC to declarative memory processes,
including univariate, multivariate, and functional con-
nectivity data (Wagner et al., 2005; Cabeza et al.,
2008; Vilberg and Rugg, 2008; Spaniol et al., 2009;
Kim, 2013).

The second change explaining current interest in the
relationship between VPC and declarative memory func-
tion was the publication during 2007-2010 of three
important studies showing that VPC lesions produce
subtle but significant deficits in EM. Although there
was evidence that VPC damage, which partially overlaps
with Wernicke’s area, could impair SM, previous evi-
dence had not described EM deficits. In the first study,
Berryhill et al. (2007) found that, even though VPC
patients could retrieve episodic details of autobiographic
memories when specifically prompted by the experi-
menter, they could not report these details spontaneously
during free recall. Consistent with these results,
Davidson et al. (2008) reported that VPC patients could
retrieve the context of studied items when specifically
asked these details (source memory task), but failed to
detect these contextual details when prompted using
introspection (remember/know task). Finally, Simons
et al. (2010) found that, although VPC damage did not
impair memory accuracy, it reduced confidence in
retrieved memories, pointing again to an abnormal sub-
jective experience. These three patient studies were
important because they showed that VPC is not merely
involved in EM retrieval, but actually plays a causal role
in the retrieval process. Following these initial reports,
several new studies with VPC patients have strengthened
the link between VPC and declarative memory processes
(Ciaramelli et al., 2010; Hower et al., 2014; Ben-Zvi
et al., 2015).

In sum, new neuropsychologic and functional neuro-
imaging findings have made VPC one of the most
intriguing topics in declarative memory research. The
goal of this chapter is to provide a concise overview of
data and hypotheses regarding the role of VPC in declar-
ative memory, considering also the dorsal parietal cortex
(DPC) when relevant.

The chapter is organized into nine sections. The first
section outlines hypotheses of VPC contributions to
declarative memory, providing a general background
to the study of this region. The next five sections summa-
rize evidence from different methodologies: (1) deficits
in brain-damaged patients; (2) univariate functional neu-
roimaging; (3) multivariate functional neuroimaging; (4)
functional connectivity, and (5) brain stimulation.

Finally, we end the chapter by revisiting the extant find-
ings and comparing hypotheses, and then outlining some
open questions that help to highlight issues to be
addressed by future studies.

HYPOTHESES REGARDING VPC
CONTRIBUTIONS TO DECLARATIVE
MEMORY

Hypotheses regarding the role of VPC in declarative
memory can be roughly divided into two groups:
attentional/experiential hypotheses and representa-
tional hypotheses. Representational hypotheses assume
that VPC interacts directly with declarative memory
representations by maintaining, integrating, or accessing
mnemonic representations. In contrast, attentional/
experiential hypotheses assume that VPC interacts more
indirectly with declarative memory representations;
VPC is assumed to mediate attentional processes that
are captured by or focus resources on mnemonic repre-
sentations or the subjective experience associated
with these representations. Below we describe different
types of attentional/experiential and representational
hypotheses. Before turning to these hypotheses, it is
important to review basic anatomy regarding VPC
and DPC.

DPC consists of the superior parietal lobule in its lat-
eral surface and the precuneus in its medial surface. The
inferior part of DPC includes the intraparietal sulcus
(IPS), which separates it from VPC (Fig. 27.1A). VPC
consists of the inferior parietal lobule, which comprises
supramarginal gyrus (SMG) anteriorly and AG posteri-
orly. The imprecise term temporoparietal junction
(TPJ) usually refers to an SMG area around the end of
the Sylvian fissure, but this term has also been applied
to regions of AG. Cytoarchitectonically, DPC includes
Brodmann area (BA) 7 and VPC, as well as BAs
39 (AG) and 40 (SMG). Each of these BAs can be further
subdivided (Fig. 27.1B). For example, a postmortem
study (Caspers et al., 2006) divided BA 40 into five
cytoarchitectonic subregions (PF, PFcm, PFm, PFop,
and PFt) and BA 39 into two subregions (PGa and PGp).

Attentional/experiential hypotheses
ATTENTION TO MEMORY MODEL

The Attention to Memory (AtoM) model is informed by
distinctions between top-down and bottom-up proces-
sing discussed in related cognitive domains, such as
visual attention. At a broad level, “top-down” refers to
aspects of cognitive processing that are volitionally
directed in the service of achieving specific goals associ-
ated with a task or operation. This type of processing can
therefore be deliberately sustained or strategically
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Fig. 27.1. Anatomy and connectivity of lateral parietal cortex. (A) Ventral parietal cortex (VPC) comprises supramarginal gyrus
(SMG) and angular gyrus (shown on inflated template brain commonly used for mapping of functional magnetic resonance imag-
ing activation). (Reproduced from Cabeza R, Ciaramelli E, Moscovitch M (2012) Cognitive contributions of the ventral parietal
cortex: an integrative theoretical account. Trends Cogn Sci 16: 338-352.) (B) Angular gyrus consists of Brodmann area (BA) 39,
which can be subdivided into areas PGa and PGp, whereas SMG consists of BA 40, which can be subdivided into areas PFt, PFo,
PF, and PFm. (Reproduced from Caspers S, Eickhoff SB, Geyer S, et al. (2008) The human inferior parietal lobule in stereotaxic

space. Brain Struct Funct 212: 481-495.)

adapted to meet changing demands. By contrast,
“bottom-up” generally refers to aspects of cognitive pro-
cessing driven by lower-level sensory inputs, and is
therefore closely linked with stimulus-driven responses
rather than the higher-level goal sets.

The AtoM model postulates that. during EM retrieval,
DPC mediates top-down attention driven by retrieval
goals, while VPC mediates the capture of bottom-up
attention by environmental or internally generated
retrieval cues and/or recovered memories (Cabeza,
2008; Cabeza et al., 2008; Ciaramelli et al., 2008). Thus,
whereas traditionally, bottom-up attention was defined as
driven by external (exogenous) stimuli, the AtoM model
uses a broader definition of bottom-up attention in which
bottom-up attention can be also captured by internal
(endogenous) stimuli, that is, memories. The AtoM
model extends Corbetta and Shulman’s (2002) percep-
tual attention model to the memory domain, under the
assumption that DPC and VPC play similar attentional
roles during perception and memory. To investigate
this assumption, Cabeza et al. (2011) had participants
search for and detect a memory target (i.e., the last word
of a previously encoded word quartet: e.g., dog—cat—
tiger—stripe) or a visual target (i.e., a vowel in a stream
of consonants). Conjunction analyses revealed that
search-related activity in both EM and visual tasks over-
lapped in DPC, whereas detection-related activity over-
lapped in VPC (Fig. 27.2). It is worth noting that the
overlap occurred in an anterior VPC region in SMG,
which overlaps with the area often described as TPJ.

INTERNAL ATTENTION

This hypothesis postulates that VPC activity during EM
retrieval reflects attention to internal representations
(Wagner et al., 2005; Sestieri et al., 2011). This view

search
overlap

delection
overlap
Fig. 27.2. Dissociating search and detection processes across
both perceptual and memory function. Memory—perception
conjunctions in orienting-related activity (in blue) and in
detection-related activity (in yellow) within left parietal cor-
tex. Both memory and perception showed orienting-related
activity in the intraparietal sulcus and detection-related activ-
ity in the temporoparietal junction. (Reproduced from Cabeza
R, Mazuz M, Stokes J, et al. (2011) Overlapping parietal activ-
ity in memory and perception: evidence for the Attention to
Memory (AtoM) model. J Cogn Neurosci 11: 3209-3217.)

differs from the AtoM model in that the type of attention
mediated by VPC is assumed to be top-down, not
bottom-up. Consistent with the internal attention view,
VPC is part of the group of regions that make up the
default-mode network (DMN). DMN regions are deacti-
vated during externally focused tasks, but are activated
during conscious rest, when attention is directed inwards
toward memories and mental simulation (Buckner et al.,
2008). Thus, whereas VPC function in the AtoM model
concerns bottom-up attention to both external (e.g.,
visual) and internal (e.g., mnemonic) information, the
internal attention hypothesis assumes VPC mediates



528 S.W. DAVIS ET AL.

top-down attention to internal information. Thus, AtoM
and the internal attention view differ both in the type and
direction of VPC-mediated attention.

SUBJECTIVE EXPERIENCE

A hypothesis related to these attentional accounts is the
idea that engagement of the VPC relates to “the subjec-
tive experience of confidence in the richness or vividness
of one’s memory” (Simons et al., 2010, p. 480), or “the
apprehension of the subjective qualities of memory”
(Moscovitch et al., 2016, p. 120). This subjective expe-
rience view resembles attentional hypotheses in that
VPC activity is assumed to reflect metacognitive pro-
cesses associated with mnemonic retrieval, rather than
reflecting memory contents per se. The subjective expe-
rience hypothesis resembles the AtoM model in that VPC
activity is caused by recovered memories. The differ-
ence, however, is that AtoM holds that recovered mem-
ories capture bottom-up attention processes governed by
VPC, whereas the subjective experience view proposes
that these memories lead to qualitatively unique mental
experiences supported by VPC. The subjective experi-
ence hypothesis resembles the internal attention hypoth-
esis in that it links VPC to internally focused attention,
but it differs from the internal attention hypothesis in that
VPC is not seen as controlling the attentional focus top-
down, but as supporting the subjective experience asso-
ciated with internal attention.

Representational hypotheses

Representational hypotheses explain VPC contributions
to declarative memory by relying on the notion that VPC
relates to mnemonic representations by holding them in
working memory (episodic buffer), integrating them
with other information (cortical binding of relational
activation: CoBRA), or simply in accessing of memory
representations (semantic hub). Thus, a critical differ-
ence between two classes of theories of VPC function
emerges. On one hand, attentional/experiential theories
assume that the VPC is indirectly associated with mem-
ory representations, governing processes that operate on
or bias processing towards representations. Conversely,
representational theories conceive of the VPC as directly
interacting with these mnemonic representations, and in
many ways serving as part of the neural substrate that
helps to define the cortical correlate of distributed mne-
monic representations.

EPISODIC BUFFER

This hypothesis is a version of the output buffer hypoth-
esis (Wagner et al., 2005), in which the VPC’s role in
declarative memory is related to working-memory

maintenance. In particular, this view proposes that
VPC function corresponds to the episodic buffer compo-
nent of Baddeley’s working memory (Baddeley, 2000),
which is assumed to hold multimodal information
(Vilberg and Rugg, 2009). However, the information
maintained in VPC may be in a more abstract format than
the one stored in sensory cortices.

CORTICAL BINDING OF RELATIONAL ACTIVATION

This hypothesis proposes that VPC integrates multi-
modal information during retrieval. According to this
hypothesis, left AG also supports the retrieval of
detailed mnemonic information, but exhibits activation
patterns that primarily reflect the integration of sensory
information from different sensory modalities in the
service of producing coherent memory representations
(Shimamura, 2011). In this model, AG serves as a type
of convergence zone that is particularly important for
binding cortical features of memories that have already
undergone some degree of consolidation.

SEMANTIC ACCESS

This hypothesis proposes that left AG stores complex
associations between different aspects of semantic
knowledge representations (Binder et al., 2009). Accord-
ing to the “hub and spoke” model of knowledge organi-
zation (Crinion et al., 2003; Patterson et al., 2007,
Lambon Ralph et al., 2010), a “semantic hub” in the left
anterior temporal lobe stores amodal semantic represen-
tations, whereas modality-specific semantic representa-
tions are distributed over sensory and motor regions.
Several authors (Binder et al., 2009; Seghier, 2013) have
suggested that a better location for the semantic hub is the
left AG.

In the following sections, we review evidence on the
role of VPC in EM and SM domains and then consider
how these findings relate to theoretic accounts of VPC
function based on attentional/experiential and represen-
tational hypotheses. The main findings for the five major
hypotheses are summarized in Table 27.1, and their fit to
these hypotheses are summarized using pluses (good fit)
and minuses (poor fit). When a hypothesis does not make
an explicit prediction about a specific finding, we infer
the prediction based on reasonable assumptions. We also
attempt to summarize the fit for a given model with a
numeric value. Thus, a larger number for hypothesis
A than hypothesis B for type X data may mean
“hypothesis A seems to provide a better account of avail-
able type X data than hypothesis B.” Though this type of
summary does not allow a simple battle between two
competing theories, all theories have strengths and weak-
nesses and deciding between them may be a matter of
degree.
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Table 27.1

Main findings regarding hypotheses on ventral parietal cortex (VPC) and declarative memory and their fit

Measure hypotheses Attentional/experiential Representational
Internal Subjective Episodic Semantic
Domain Findings AtoM attention experience buffer CoBRA access
Deficits in VPC patients
EM In subjective but not objective + -+ ++ —+ - +—
recollection
In free but not cued recall ++ —+ - - - -
(memory neglect)
Impaired invalidity effect ++ + + + + -
Impaired cued recall (especially - + - ++ ++ ++
cross-modal)
SM Impaired semantic - - - + + ++
comprehension
5 35 3 4.5 4.5 4.5
Univariate functional neuroimaging
EM Ret Recollection and high- ++ + ++ ++ ++ +
confidence oldness
High-confidence novelty and ++ - —+ - - -
U-function
Detection of unexpected ++ - -+ - _ -
memory targets
EM Enc Subsequent forgetting + +— —+ - - -
Encoding retrieval — flip + +— -+ - _ -
SM Ret Comprehension: meaningful > -+ - - _ - ++
meaningless
8.5 2 4 2 2 3
Multivariate functional neuroimaging
EM Ret Retrieval pattern similar to + + -+ ++ ++ +
encoding pattern
EM Enc Similarity across trials predicts + + —+ + + +
retrieval
Sensitivity to stimulus features + + —+ + + +
predicts retrieval
SM Ret Sensitivity to category + + —+ + + ++
information
Sensitivity to object function - - - _ +
4 4 2 5 5 6
Functional connectivity
Rest AG is part of default-mode + ++ ++ + + +
network
SMG is part of ventral network ++ - - — - _
EME/R AG is part of the “recollection + + + ++ + +
network”
AG is connected with ventral + - - - - _
network
SMG connects with both visual + - - — - _
cortex and hippocampus
VPC-MTL connectivity + + + + + +
increases with retrieval
success
SM Ret AG connectivity varies with + - - + + ++
semantic features
8 4 4 4 4 5

Continued
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Table 27.1
Continued
Measure hypotheses Attentional/experiential Representational
Internal Subjective Episodic Semantic
Domain Findings AtoM attention experience buffer CoBRA access
Brain stimulation
EMR Disrupting AG impairs item but ++ - - - - +
not source memory
Disrupting AG impairs + + ++ - - +
recognition confidence
SM Ret Disrupting AG impairs + - - - + ++
automatic SM access
4 1 2 0 1 4
Total 29.5 14.5 12 15.5 16.5 215

+ good fit; — poor fit; ++ excellent fit; —+ mixed fit (counted as one-half ).

AG, angular gyrus; AtoM, Attention to Memory; CoBRA, cortical binding of relational activation; EM, episodic memory; EM enc, episodic mem-
ory encoding; EM E/R, episodic memory encoding retrieval; MTL, medial temporal lobes; SM, semantic memory; SMG, supramarginal gyrus; SM

Ret, semantic memory retrieval.

DECILARATIVE MEMORY DEFICITS IN
VPC PATIENTS

Evidence
EPISODIC MEMORY

The few VPC patient studies that investigated EM
reported four main findings (Table 27.1).

Impaired subjective but not objective recollection

A popular procedure to investigate subjective recollec-
tion is the remember/know paradigm, in which subjects
explicitly identify the basis for memory decisions during
retrieval. Subjects are trained to respond “remember” if
memory is accompanied by recollection of contextual
information or “know” if memory is instead based on a
sense of familiarity without accompanying details.
Davidson et al. (2008) found that, compared to controls,
VPC patients showed a reduction in ‘“remember”
responses, but displayed normal accuracy in a source
memory test. Similarly, Simons et al. (2010) observed
that VPC patients had lower confidence ratings but
showed normal accuracy in several tasks. An overall
reduction in the propensity to respond “old” during mem-
ory tests has also been reported for a false-memory test
on which patients made fewer false alarms to lure items
(Drowos et al., 2010), consistent with evidence that DPC
activity tracks the subjective aspects of remembering
(Ally et al., 2008). Using a signal detection approach,
a study of 2 patients with bilateral parietal lesions extend-
ing into VPC provided further support for a reduced per-
ception of oldness — indicated by a more conservative

criterion in patients — while finding no deficit in overall
accuracy or confidence in “new” responses (Hower
et al., 2014).

Impaired free but not cued recall

A similar dissociation between subjective/spontaneous
and objective/prompted EM measures, respectively,
was reported by Berryhill et al. (2007). The authors
found that VPC patients recalled fewer autobiographic
memory details than controls in a free recall task, but
as many details as controls in a cued recall task
(Berryhill et al., 2010). Cabeza et al. (2008) noted that
this pattern resembles the effects of VPC lesions in
vision, where explicit prompts by the experimenter
may help direct attention towards typically neglected
information in contralesional visual field (Ladavas
et al., 1994; Driver and Mattingley, 1998). Thus, they
suggested that VPC damage yields not only visual
neglect but also “memory neglect.” In both visual and
memory neglect, the information may be available but
it cannot be detected without prompts.

Impaired invalidity effect

Ciaramelli et al. (2010) asked DPC and VPC patients to
learn cue target word pairs (e.g., “see”“dog,” “bun—
deer,” “home”—“lime”) and then to distinguish between
old targets and new distracters during recognition. Rec-
ognition trials were preceded by word cues that could be
valid (i.e., same pair-encoding cue, e.g., “home” cuing
“lime”), invalid (different pair-encoding cue, e.g.,
“see” cuing “deer”), neutral (“@ @ @” cuing “dog”), or
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new (e.g., “river” cuing “dog”). Compared to controls,
patients with DPC lesions showed a deficit in using valid
cues (e.g., “home”) to successfully recognize the target
(e.g., “lime”), and patients with VPC lesions were slower
to respond to invalidly cued targets (e.g., “see”“deer”).
The pattern in DPC patients suggests a deficit in top-
down attentional orienting, while VPC patients showed
results consistent with a deficit in bottom-up attention,
such that invalidly cued trials were assumed to preferen-
tially elicit. Related work by Dobbins et al. (2012) also
found a generalized deficit in which patients with wide-
spread parietal damage did not incorporate probabilistic
cues into recognition judgments, despite the lack of a
clear DPC/VPC dissociation in patient subgroup
analyses.

Impaired cued recall

Finally, across a set of different memory experiments,
Ben-Zvi and colleagues (2015) studied patients who
had suffered relatively recent parietal lobe damage (rang-
ing from 3 to 15 weeks before testing) that varied in
extent, from 6 to 278 cm”. In general, memory perfor-
mance decreases were related to both the complexity
of the retrieval task and the severity of parietal lesions.
The largest impairments in memory were found on a
cross-modal cued recall test requiring retrieval of pic-
tures from semantically unrelated sound cues, while
less-pronounced impairments were found in unimodal
cued recall. Lesion-mapping analyses implicated VPC
(specifically AG) in memory deficits (Ben-Zvi et al.,
2015). These results provide tentative evidence that
accuracy differences may emerge on particularly
demanding tasks, perhaps especially in cases of recent
parietal damage. Additional evidence in this direction
would help establish that the mnemonic consequences
of parietal lobe damage can be seen beyond measures
pertaining to subjective experience, response criterion,
and integration of cue-related information.

SEMANTIC MEMORY RETRIEVAL
Impaired comprehension

As noted before, although Wernicke’s area has been tra-
ditionally described as the posterior part of the left supe-
rior temporal gyrus and the TPJ, there is evidence that the
functionally relevant lesions extend into left VPC, partic-
ularly left AG. Patients with Wernicke’s area damage are
able to speak fluently, but have difficulty grasping the
meaning of spoken words and sentences. Because of this
pattern, Wernicke’s area has traditionally been associated
with language comprehension rather than language pro-
duction (Beauregard et al., 1997; Chertkow et al., 1997).
Isolated lesions to temporoparietal cortex produce highly

similar semantic impairments in both the verbal and
nonverbal domain (Corbett et al., 2009; Schwartz
et al., 2009), suggesting this is not a purely linguistic
impairment.

Nonetheless, recent views of Wernicke’s syndromes,
and its subtypes, have led to insights into the possible
role of the TPJ and AG in semantic processing. In partic-
ular, it seems to be particularly affected in the logopenic
subtype, such that Wernicke’s patients with predominant
TPJ and AG lesions may appear fluent if allowed to
engage in small talk and generalities, but display frequent
word-finding hesitations when accessing low-frequency
terms or specific associations (Mesulam et al., 2015).
Lesion-mapping studies (Schwartz et al., 2011) provide
some evidence that the nature of these associations is
likely more associative (e.g., “apple”“worm”) than con-
ceptual (e.g., “apple”“pear”), the latter being a semantic
relationship more affected by anterior temporal lobe
lesions (Simons et al., 2002). Within the VPC, there is
evidence that SMG damage is more strongly associated
with phonologic than semantic processing deficits,
whereas AG damage leads to the opposite deficit pattern
(Devlin et al., 2003; Mirman et al., 2015). Thus, VPC
damage, particularly in AG, is associated with deficits
in at least some aspects of SM functioning, supporting
the possibility that these semantic production deficits
associated with this region may contribute to EM, specif-
ically operations relying on specific functional or asso-
ciative relationships between semantic concepts.

Theoretic accounts

Attentional/experiential hypotheses

The AtoM model can explain subjective recollection and
free recall deficits in terms of impaired bottom-up atten-
tion: VPC patients fail to spontaneously detect memories
and report them (Cabeza et al., 2008). Source memory
and cued recall tasks reduce dependency on bottom-up
attention because retrieval is guided by the task. The
impaired invalidity effect also fits well with a bottom-
up deficit. In contrast, AtoM has more difficulty explain-
ing impaired cued recall, which is less dependent on
bottom-up attention. Finally, the AtoM model cannot
easily account for impaired semantic comprehension,
given that access to meaning is automatic and does not
depend on bottom-up attention.

The internal attention hypothesis, which postulates
that during retrieval one orients the self toward internal,
self-generated information, can explain deficits in sub-
jective recollection and free recall. However, this view
cannot easily explain why source memory and cued
recall tasks are spared, given that they also require inter-
nal attention. The internal attention view can explain
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impaired invalidity effects as a deficit in reorienting
internal attention during invalidly cued trials. It can also
explain impaired cued recall, which depends on self-
generated information. Lastly, just like the AtoM model,
the internal attention view cannot accommodate deficits
in semantic comprehension, which is largely automatic.

The subjective experience hypothesis was proposed
to explain subjective memory deficits in VPC patients,
such as reductions in confidence ratings and “remember”
responses. Conversely, this hypothesis has difficulties
explaining deficits in some behavioral findings, such
as free, but not cued recall deficits in these same patients.
Both tasks involve similar subjective experience and
mnemonic buildup, and so this dissociation is puzzling.
The subjective experience hypothesis could explain the
invalidity effect given that a slowness in detecting the
invalid cue—target mismatch could reflect a subjective
deficit or a slow accumulation of memory signals. In con-
trast, this hypothesis cannot easily explain cued recall
deficits, which suggests a deficit in basic memory recov-
ery rather than postrecovery processes. Finally, semantic
comprehension deficits do not fit well with subjective
experience deficits because semantic retrieval does not
involve a subjective experience.

Representational hypotheses

Representational hypotheses focus on the information
coded in VPC loci, and can explain impaired subjective
recollection and free recall in terms of a deficit in main-
taining (episodic buffer) and/or integrating (CoBRA)
multimodal representations or accessing their meanings
(semantic hub). However, these hypotheses cannot easily
explain why objective source memory tasks and cued
recall are not impaired, given that they also require these
processes. The episodic buffer and CoBRA views can
attribute an impaired invalidity effect to a deficit in main-
taining or integrating cue—target information, but it is not
obvious how the semantic access view can accommodate
this finding. All three representational hypotheses can
explain impaired cued recall. In particular, the episodic
buffer and CoBRA emphasis on multimodal processing
fits very well with greater cued recall deficits for cross-
modal pairs. Impaired semantic comprehension fits with
the three hypotheses, but particularly well with the
semantic hub hypothesis.

UNIVARIATE FUNCTIONAL
NEUROIMAGING

Evidence

Activation foci in the VPC have been reported in fMRI
studies across a large number of functional domains. In
this section, we aim to give a broad overview of VPC

activations associated with memory function and their
relevance to theories of the VPC. Unlike lesion data,
functional neuroimaging data can distinguish between
encoding and retrieval phases of EM. However, given
that SM encoding may occur outside the laboratory
and over many years, functional neuroimaging measures
of SM are limited to SM retrieval. For this reason, this
section is subdivided into three parts: (1) EM retrieval;
(2) EM encoding; and (3) SM retrieval.

EM RETRIEVAL

Most EM retrieval studies have investigated old/new rec-
ognition memory tests and source/associative memory
tests. In the former, participants correctly classify old
items as old (hits) and new items as new (correct rejec-
tions), or incorrectly classify old items as new (misses)
and new items as old (false alarms). Sometimes, partic-
ipants are additionally asked to rate their confidence in
their responses or to indicate whether their “old”
responses were based on recollection (i.e., recovery of
contextual details) or familiarity (i.e., feeling of knowing
without contextual details). Although recollection and
confidence are different constructs, recollection typically
leads to high confidence responses (Yonelinas, 2001);
therefore, recollection and high confidence tend to elicit
similar activation patterns (Cabeza et al., 2008). In
source/associative memory tests, participants remember
the context in which the item was seen at encoding
(e.g., two encoding tasks, two screen locations) or an asso-
ciated item (e.g., word pair associate). In general, EM
retrieval studies have yielded five different activation pat-
terns: retrieval success, recollection/confidence, familiar-
ity/effort, perceived oldness, and recollective orienting.

Recollection and high-confidence oldness

In EM retrieval studies, VPC has been strongly linked to
high confidence and recollection (Cabeza et al., 2008;
Vilberg and Rugg, 2008; Hutchinson et al., 2009). This
evidence has led to the proposal that VPC, and particu-
larly left AG, forms part of a core “recollection network”
that supports a range of recollection-based memory tasks
(King et al., 2015). The link between VPC and recollec-
tion has been demonstrated using both subjective
remember/know and objective source memory mea-
sures, as well as paradigms that varied the amount of
information to be recollected (Yu et al., 2012). The local-
ization of recollection-related activations within VPC
has been a topic of debate. It has been suggested that
recollection-related activations occur primarily in poste-
rior regions, namely AG (Hutchinson et al., 2009), but
recent evidence suggests that the anterior—posterior dis-
tribution of activations is task-dependent. A direct
within-subject contrast showed that recollection-related
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activity was localized to AG in the remember/know task
but spanned AG and SMG, including TPJ, in a source
memory task (Frithsen and Miller, 2014). While the
left-lateralization of recollection-related activations
was originally emphasized in the memory domain
(Vilberg and Rugg, 2009), there is now evidence that
lateralization varies with stimulus content (Elman
et al., 2013a). Specifically, studies have shown greater
right than left VPC activity for auditory stimuli
(Klostermann et al., 2009), and even a complete absence
of left VPC activity for the retrieval of imagined (but not
perceived) events (King and Miller, 2014).

In recognition tasks, recollection and confidence are
usually confounded with decision difficulty because,
as the amount of information retrieved increases
(i.e., greater recollection and confidence), the difficulty
of “old” decisions decreases. Guerin and Miller (2011)
devised an fMRI paradigm to dissociate the effects of
the amount of information retrieved and the difficulty
of the retrieval decision on VPC activity. They manipu-
lated whether faces were presented few (one, two) or
many (five, six) times during encoding, and whether
forced-choice frequency discrimination task trials con-
sisted of low—low, low—high, or high-high frequency
faces. Discrimination was more demanding for low—
low and high—high than for low—high trials. AG activity
increased from low—low to high—high conditions follow-
ing the amount of information retrieved. Activity across
VPC therefore indexed the amount of information
retrieved from memory; importantly, this was the case
even when this mnemonic information was not the basis
of recognition responses. Ultimately, the evidence sug-
gests that VPC activity is not directly linked to retrieval
decisions.

High-confidence novelty

As noted above, VPC also shows greater activity for
high- than low-confidence old responses. A much more
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surprising pattern, and one that is difficult to explain by
several VPC hypotheses, is that VPC also shows greater
activity for high-confidence “new” responses than for
low-confidence “new” responses (Yonelinas et al.,
2005; Daselaar et al., 2006a; Cabeza et al., 2008) (Kim
and Cabeza, 2007 (Fig. 27.5)). Strikingly, the two pat-
terns, high >low-confidence “old” and high>low-
confidence “new,” can be found in the same VPC
regions. In fact, recognition tests using continuous old-
ness scales that cue “definitely new” to “definitely old"
responses, have shown a clear U-function in VPC activ-
ity (Fig. 27.3; ie., the highest activity for high-
confidence responses).

Perceived oldness

A few studies have found that, regardless of accuracy,
some parietal regions show greater activity for items
classified as “old” (i.e., hits and false alarms), than for
items classified as “new” (i.e., correct rejections and mis-
ses), suggesting these regions track whether an item is
“perceived” as old rather than whether the item is truly
old. This “perceived oldness” phenomenon in VPC con-
trasts with a “true oldness” pattern in medial temporal
lobe (MTL) regions (Daselaar et al., 2006b), which is
associated with activity for all old > new items (indepen-
dently of subjects’ responses). However, it is not clear if
this pattern can be found in VPC or in DPC (Wheeler and
Buckner, 2003). Thus, we do not include this pattern in
Table 27.1.

Detection of unexpected memory targets

A few studies found VPC activation during the detection
of memory targets; VPC activation was particularly
noticeable if memory targets were unexpected. In a
scanned version of the valid/invalid/neutral cued recog-
nition task described in the patients section, Ciaramelli
et al. (2010) reported greater DPC (IPS) activity for
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Fig. 27.3. Ventral parietal cortex activity (beta estimates) associated with recognition memory responses. Ventral parietal cortex
activity shows greater activity for both “definitely old” and “definitely new” items than it does for low-confidence recognition

responses. (Reproduced from Daselaar et al., 2006a).
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orienting attention to valid cue trials, whereas VPC (AG)
showed greater activity when the target was unexpected
(neutral or invalidly cued) than expected (validly cued).
Instead of using word pairs, Jaeger et al. (2013) manip-
ulated attentional orienting by preceding each word with
a cue, indicating the likelihood that the word is old
(O’Connor et al., 2010). Consistent with Ciaramelli
et al.’s finding, VPC (AG) showed greater old—new
activity following a “likely old” than a “likely new”
cue. This “unexpected familiarity” activation pattern in
AG contrasted with “unexpected novelty” and
“unexpected memory” activation patterns in IPS.

EM ENCODING
Subsequent forgetting

Turning to the EM encoding phase, the most informative
evidence regarding parietal contributions has been pro-
vided by event-related fMRI studies using the subse-
quent memory paradigm, which compares activity for
subsequently remembered vs. forgotten trials (Paller
and Wagner, 2002). Whereas several brain regions
including MTL and the prefrontal cortex (PFC) typically
show greater activity for subsequently remembered than
forgotten trials (Kim, 2011), VPS usually shows the
reverse pattern: greater activity for subsequently forgot-
ten than subsequently remembered items (Otten and
Rugg, 2001; Wagner and Davachi, 2001; Daselaar
et al., 2004, Uncapher and Wagner, 2009; Kim, 2011).
As posterior areas of VPC are part of the DMN, which
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is a group of regions that tend to be deactivated during
demanding cognitive tasks (Buckner et al., 2008), the
subsequent forgetting effects typically appear as reduced
deactivation for subsequently forgotten vs. remembered
items. In other words, successful encoding seems to
require VPC deactivation, and failure to deactivate this
region is associated with subsequent forgetting.

The encoding-retrieval flip

Whereas most cognitive tasks are associated with DMN
deactivation (including VPC deactivation), EM retrieval
is an exception in that it is associated with increased VPC
activity as well as greater VPC activity for successful
than for unsuccessful trials. Thus, some of the same
VPC regions showing greater activity for subsequently
forgotten than remembered items during encoding show
exactly the opposite pattern during retrieval. This
encoding-retrieval (E-R) “flip” (Daselaar et al., 2009,
Vannini et al., 2011; Huijbers et al., 2012) has been con-
firmed by direct E-R comparisons in the same partici-
pants across different experiments. As illustrated by
Figure 27.4, the same VPC regions that showed less
activity for subsequently remembered than forgotten tri-
als during encoding showed greater activity for remem-
bered than forgotten trials during retrieval (Daselaar
et al., 2009); this finding was consistent across several
experiments using different stimuli. The E-R flip can
be also observed when encoding and retrieval are sepa-
rated by a few seconds (Elman et al., 2013b).

Exp. 3: Word Pairs
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27.4. The encoding/retrieval flip. Images depict activations on a canonic template brain from multiple functional magnetic

resonance imaging experiments. Activity in a consistent set of regions — including the ventral parietal cortex (VPC) and posterior
midline — tends to show differences between successful and unsuccessful memory that also vary with memory phase (encoding vs.
retrieval). Examining within-subject contrasts across four experiments using different stimuli, VPC activity was greater for
remembered vs. forgotten items (Rem.-Forg. difference plotted) during retrieval (RET). An opposite pattern was seen at encoding
(ENC), where a negative difference between subsequently remembered vs. forgotten items meant that increased VPC activity was
instead associated with subsequent forgetting. (Reproduced from Daselaar SM, Prince SE, Dennis NA, et al. (2009) Posterior mid-
line and ventral parietal activity is associated with retrieval success and encoding failure. Front Hum Neurosci 3: 13.)
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LC Hits

Fig. 27.5. Ventral-dorsal dissociations in activity. In an fMRI
study of confidence during recognition memory, the ventral
parietal cortex showed greater activity for high-confidence
(HC) than for low-confidence (LC) hits, whereas the dorsal
parietal cortex showed the opposite pattern. (Reproduced from
Kim H, Cabeza R (2007) Trusting our memories: dissociating
the neural correlates of confidence in veridical vs. illusory
memories. J Neurosci 27: 12190-12197.)

SM RETRIEVAL
Comprehension

In SM retrieval, VPC typically shows greater activity for
stimuli that are more meaningful (e.g., words) than for
stimuli that are less meaningful (e.g., pseudowords).
A large fMRI meta-analysis including 120 studies com-
paring high > low semantic processing contrasts (Binder
et al., 2009) identified VPC as one of the regions in the
brain most strongly associated with semantic processing
of spoken and written words. Although SM researchers
typically focus on left AG, a meta-analysis of
comprehension-related activations (Binder et al., 2009)
showed that VPC activations are more frequent in left
AG, but can be also found in right AG. Activations in
VPC have been found for words vs. nonwords
(Fiebach et al., 2002; Binder et al., 2005a, b), familiar
vs. unfamiliar names of people (Sugiura et al., 2006;
Woodard et al., 2007), semantically related vs. unrelated
words (Luo and Niki, 2002; Prince et al., 2007), and
semantic vs. nonsemantic tasks (Daselaar et al., 2002;
Scott et al., 2003). There is also evidence that VPC is
activated while reading or hearing sentences compared
to lists of random words or pseudowords (Homae
et al., 2002; Humphries et al., 2005, 2006).
Importantly, VPC activations are not specific to one
sensory modality, which suggests that they reflect
semantic processing independent of modality. Binder
et al.’s (2009) meta-analysis also excluded contrasts
where activations could be explained by differences
in attentional demands, which suggests AG involve-
ment in SM is not related to attention. However, there
is evidence that VPC activity is greater for sentences
with semantic violations than for normal sentences
(Ni et al., 2000; Newman et al., 2003; Menenti et al.,
2009). This effect may reflect the demands of retrieving

semantic knowledge or the demands of processing dis-
course coherence.

Thus, the role of attentional and control processes in
semantics-related VPC activations is not clear. In this
vein, another meta-analysis by Noonan et al. (2013)
focused on a partially overlapping subset of 53 fMRI
studies, primarily using written words as stimuli, and
comprised specifically of studies investigating high >
low semantic demand. Noonan et al. (2013) identified
a dorsal AG/IPS region as a key part of the network
underpinning semantic control processes, which is
responsible for the retrieval of specific semantic informa-
tion given a particular task or context. Therefore, this
more dorsal VPC cluster may contribute to semantic con-
trol by allocating attention toward relevant aspects of
knowledge for a given task context, in much the same
way that more dorsal DPC regions direct spatial attention
to task-relevant locations. Somewhat less clear is the
finding that the high > low semantic control contrast
used in this meta-analysis produced a small concentra-
tion of peaks within the AG (more PGp than PGa), which
suggests a role for this region in demanding semantic
tasks. This finding is seemingly at odds with findings
and hypotheses that point towards this more ventral
AG region as a representational hub for “rich” multi-
modal concepts (Binder et al., 2009).

Theoretic accounts
ATTENTIONAL/EXPERIENTIAL HYPOTHESES
EM retrieval

The bottom-up (AtoM), internal attention, and subjective
experience hypotheses can all explain greater VPC activ-
ity for recollected/high-confidence old trials, by assum-
ing that these trials are associated with greater attentional
deployment and subjective experience than familiarity/
low-confidence old trials. The advantage of the
bottom-up attention hypothesis (AtoM) is that opposite
effects in DPC (Fig. 27.6) can be easily explained by
top-down attention. Familiarity/low-confidence trials
require additional memory search and monitoring and
are therefore more dependent on top-down attention
(Cabeza, 2008; Cabeza et al., 2008; Ciaramelli et al.,
2008). The AtoM model also has an advantage regarding
increased activity for high-confidence “new” trials (and
the resulting U-function; Fig. 27.3), because it can attri-
bute this effect to bottom-up attention in these salient tri-
als. In contrast, internal top-down attention should be
greater for low-confidence new trials, which require
greater scrutiny and top-down internal attention. The
subjective experience account also has difficulties
explaining VPC activity for high-confidence new items.
Finally, the AtoM model is also better at explaining
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Fig. 27.6. Exemplar-level information assessed by correlating activity patterns during covert cued recall trials (no picture present)
with later recognition trials (picture present). After statistical correction, only angular gyrus region of interest shows significantly
greater similarity for same exemplar trials (e.g., recall/recognition of same face picture) vs. different exemplar (e.g. different face
parings). ANG, angular gyrus; SMG, supramarginal gyrus; SPL, superior parietal lobule. (Modified from Kuhl BA, Chun MM
(2014) Successful remembering elicits event-specific activity patterns in lateral parietal cortex. J Neurosci 34: 8051-8060 with
permission from the Society for Neuroscience; permission conveyed through Copyright Clearance Center Inc.)

increased VPC activity for the detection of unexpected
memory targets, which clearly capture bottom-up
attention.

EM encoding

The AtoM model can explain subsequent forgetting and
the E-R flip by assuming that bottom-up attention is gen-
erally beneficial during retrieval but detrimental during
encoding. During retrieval, recovered memories capture
bottom-up attention so VPC becomes associated with
retrieval success. In contrast, during encoding, success-
ful encoding depends primarily on top-down attention,
whereas bottom-up attention usually reflects distraction
by wunrelated environmental stimuli and internal
thoughts. The internal attention and subjective experi-
ence hypotheses could explain subsequent forgetting
effects and the E-R flip by arguing that internal attention
and a subjective orientation are detrimental for encoding
because to-be-encoded information is external. How-
ever, we have found evidence that the encoding of mental
images, which internal attention should benefit, showed
the standard subsequent forgetting effect in VPC
(Huijbers et al., 2011).

SM retrieval

The AtoM model can explain comprehension-related AG
activity by assuming that meaningful stimuli are more
interesting and capture attention more than meaningless
stimuli (Cabeza et al., 2012). However, processing of
meaning is relatively automatic, which makes con-
current bottom-up attentional capture less plausible.
The internal attention hypothesis cannot readily explain
comprehension-related VPC activity because compre-
hension of meaningful stimuli is automatic and does
not require internal top-down attention. Likewise, as

noted by Tulving (1983), the conscious experience of
comprehension (noetic consciousness) is qualitatively
different from the subjective experience of episodic rec-
ollection (autonoetic).

REPRESENTATIONAL HYPOTHESES
EM retrieval

All three representational hypotheses can easily explain
greater VPC activity for recollected/high-confidence
retrieval trials. The episodic buffer attributes this increase
to working-memory maintenance, while CoBRA and the
semantic hub link this effect to the integration of recov-
ered multimodal representations. Regarding the latter
account, Binder et al. (2009) wrote: “to recall, for exam-
ple, that ‘I played tennis last weekend’ logically entails
retrieval of the concepts ‘tennis’, ‘play’ and ‘weekend’”
(p. 2781). Conversely, the three representational hypoth-
eses have difficulties explaining increased VPC activity
for high-confidence “new” trials (and the associated
U-function; Fig. 27.3) because these trials are associated
with minimal working-memory content, integration, or
semantic access. Likewise, representational hypotheses
cannot readily accommodate VPC activity for the detec-
tion of unexpected targets, because whether expectations
are confirmed or disconfirmed should not change the
maintenance, integration, or semantic access for recov-
ered information.

EM encoding

Representational hypotheses also have difficulties
explaining the subsequent forgetting effect and the asso-
ciated U-function because maintaining integrated multi-
modal information in working memory, integrating
information, and accessing semantic representations
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should be beneficial for encoding. However, findings by
Lee et al. (2016), discussed below, suggest that the uni-
variate subsequent forgetting effect may be dissociable
from the expression of representational information,
which may occur in VPC even when this region is
deactivated.

SM retrieval

Finally, the comprehension pattern of greater VPC activ-
ity for meaningful than meaningless stimuli does not fit
well with the episodic buffer and CoBRA accounts
because most of the stimuli used in these studies were
single-word presentations with little explicit multimodal
or integrative processing demands. In contrast, the
semantic hub hypothesis provides the best possible
account of the comprehension pattern, which is not sur-
prising given that the hypothesis was originally proposed
to explain the processing of complex, meaningful asso-
ciations (Binder et al., 2009).

MULTIVARIATE FUNCTIONAL
NEUROIMAGING

Evidence

A number of recent studies have used techniques like
multivoxel pattern analysis (MVPA) and representa-
tional similarity analysis (RSA) (Kriegeskorte et al.,
2006; Haxby et al., 2011) to investigate memory func-
tion in parietal cortex. Unlike typical univariate ana-
lyses, which focus on the amplitude of brain activity,
multivariate approaches assess distributed patterns of
cortical activation to gain insight into the representa-
tional structure of information across brain areas.
This work raises important questions both about the
nature of mnemonic information present in parietal
cortex and about how VPC representations are influ-
enced by other cognitive processes associated with
the region.

EM RETRIEVAL

Retrieval patterns are similar to encoding
patterns

According to a popular memory hypothesis, memory
traces are stored in the same regions that process percep-
tual information (e.g., visual cortex for visual informa-
tion) and these regions are recruited when the memory
traces are recovered during retrieval (Alvarez and
Squire, 1994; Nadel et al., 2000; Norman and O’Reilly,
2003). This hypothesis is consistent with univariate func-
tional neuroimaging evidence that several of the same
brain regions activated during encoding are also reacti-
vated during retrieval (Danker and Anderson, 2010;

Rugg and Vilberg, 2013). Furthermore, in multiple
regions, including VPC, activation patterns during
retrieval tend to be similar to activation patterns during
encoding. For example, Kuhl and colleagues (2013)
found that within VPC and occipitotemporal regions,
an MVPA classifier trained to distinguish stimulus cate-
gory at encoding (faces vs. scenes) showed evidence of
target category. Item-specific information in AG was sub-
sequently identified (Kuhl and Chun, 2014) by compar-
ing cued recall trials with later recognition (Fig. 27.6).
Likewise, other studies found that classifiers trained to
distinguish movie clips during encoding could identify
the mental recall of the clips during retrieval using activa-
tion patterns from different regions, including VPC
(Buchsbaum et al., 2012; St-Laurent et al., 2015). How-
ever, it is important to note that both univariate (Johnson
et al., 2013; Leiker and Johnson, 2015; Thakral et al.,
2015) and multivariate (Ritchey et al., 2013; Wing
et al., 2015) studies have failed to find stimulus-specific
reactivation activity in VPC. It is therefore possible that
patterns of parietal activation might reflect certain aspects
of retrieved memories (e.g., recollection or familiarity-
based) if not the stimulus content per se. In fact, recent
work suggests that representational information in both
frontal and parietal regions at retrieval may reflect a trans-
formed (rather than direct) version of encoding-related
content (Xiao et al., 2017).

EM ENCODING

Similarity across trials predicts subsequent
memory

Xue and colleagues (2013) found that similarity in VPC
activation patterns (as well as in several other regions)
between successive presentations of the same item was
linked with increased subsequent memory for the item.
The authors suggested that when information is more
precisely reactivated across study episodes, encoding is
enhanced. As the word “reactivation” suggests, however,
the similarity between successive encodings may reflect
retrieval of the initial presentation, thus reflecting a result
more consistent with ER similarity, as in the findings
described above.

Sensitivity to stimulus features predicts
subsequent memory

Lee et al. (2016) reproduced the common univariate
activity finding that activity reductions in VPC correlate
with subsequent memory (i.e., that increased activity
tracks later forgetting). At the same time, expression
of stimulus category information (as assessed through
multivariate pattern classification) in the same VPC
region was positively associated with later memory, in
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opposition to the univariate relationship. These results
indicate that the level of univariate activity may not
reflect the true contribution of VPC to EM encoding.

SM RETRIEVAL
Sensitivity to object category (words and objects)

RSA has been used in a number of recent studies to iden-
tify regions sensitive to low-level visual models of words
and objects, as well as higher-level semantic category
structure for both types of stimuli. Common semantic
category effects for both words and objects have been
found in left AG (Devereux et al., 2013; Leshinskaya
and Caramazza, 2015).

Sensitivity to object function

Several studies have identified the role of function-
related judgments in this region, including information
about tool function and use (Mahon et al., 2009;
Ishibashi et al., 2011) (see Chapter 25). One way of har-
monizing sensitivity to categories for both words and
objects, and sensitivity to object function, is that the
information processed by VPC is feature type-specific
(e.g., functional information) but modality-independent
(Chen et al., 2016). Nonetheless, the extent to which
VPC is involved in general semantic control processes
or access of specific functional representations is still
unclear.

Theoretic accounts
ATTENTIONAL HYPOTHESES

If MVPA or RSA evidence is interpreted as storage (or
transient expression within “working memory”’) of EM
representations in VPC, then attentional hypotheses have
difficulty accounting for such findings. An alternative
possibility, however, is that the event-specific episodic
representations are stored or temporarily held in other
brain regions, and that VPC activation patterns reflect
attention to these representations. If one makes the rea-
sonable assumption that the regions mediating attention
show similar activations to the regions that are the focus
of attention, the attentional hypotheses could account for
MVPA/RSA data as reflecting the bottom-up attention
(AtoM), or top-down attention (internal attention), to
mnemonic information present in other regions. This
assumption would allow attentional hypotheses to
explain multivariate findings, including ER similarity,
similarity across encoding trials and sensitivity to stimu-
lus features predicting subsequent memory, and sensitiv-
ity to category information. A specialization for VPC
multivariate activation patterns for object function is
more difficult to explain by these hypotheses because

attentional mechanisms are assumed to be general and
not feature-specific.

Finally, the finding that VPC voxels showing subse-
quent forgetting effects are distinct from those involved
in representational content at encoding (Lee et al., 2016)
is consistent with VPC indexing distraction by task-
irrelevant information, as posited by AtoM. The subjec-
tive experience hypothesis cannot easily account for
MVPA/RSA findings because the patterns investigated
seem to be independent of measures of subjective expe-
rience, such as confidence or remember/know. This
hypothesis could fit better with the multivariate data
by assuming that stimulus category and E-R similarity
effects reflect subjective aspects of the recollection expe-
rience rather than representations per se. Support for such
an account might come from evidence that representa-
tional content of internally generated information
matches initial mental imagery, even in the absence of
pronounced univariate effects in VPC (King and
Miller, 2014).

REPRESENTATIONAL HYPOTHESES

The episodic buffer, CoOBRA, and semantic hub accounts
can easily explain MVPA/RSA findings given that they
assume that VPC stores representations. However, while
some data suggest that mnemonic content sensitivity is
particularly strong in regions like AG as compared to
other regions like ventral temporal cortex (Kuhl and
Chun, 2014), in many cases parietal cortex is just one
of many regions exhibiting content-sensitive memory
effects (Buchsbaum et al., 2012; Ritchey et al., 2013;
St-Laurent et al., 2015; Wang et al., 2015). If future stud-
ies reveal that content-specific memory results are truly
widespread, their significance in VPC regions may
become even less clear. Furthermore, given that parietal
lesions produce relatively subtle memory deficits, it
seems unlikely that the representations stored in VPC
are critical for EM. In contrast, if VPC mediates attention
to representations stored in other regions, an attentional
failure would fit better with the effects of lesions. Finally,
the episodic buffer and CoBRA have difficulty explain-
ing a specialization for object function representations
because they assume a general function of VPC. In con-
trast, the semantic hub hypothesis could be easily mod-
ified to assume that many regions store semantic
representations, and that VPC specialized in semantic
representations about objects’ functions.

FUNCTIONAL CONNECTIVITY
Evidence

Resting state- and task-based functional connectivity
studies have proven especially useful for defining the
macroarchitecture of the human brain. Both the regional
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specificity in the connectivity profiles of the VPC, as
well as its co-activation with other nodes in a distrib-
uted cortical network, may help to define the role of
this region in a broad array of cognitive functions.
fMRI-based connectivity has been identified largely
using three techniques: (1) seed-based methods, which
quantify the temporal correlations between a chosen
region of interest and all other brain voxels; (2)
whole-brain, multivariate connectivity —methods,
which estimate the connectivity between all pairs of
regions in a predefined atlas; and (3) data-driven,
independent component analysis, which operates on
all voxels simultaneously to unmix the blood oxygen
level-dependent signal into maximally independent
spatiotemporal sources.

RESTING-STATE FUNCTIONAL CONNECTIVITY
AG is part of the DMN

Resting-state connectivity fMRI studies have identified
AG as one of the main components of the DMN, which,
as discussed above, is a group of regions typically
activated during rest and deactivated during attention-
demanding tasks (Gusnard et al., 2001a, b). The func-
tion of the DMN is unclear but it has been linked to
stimulus-independent thoughts, mind wandering, self-
referential processing, mental simulation, and sponta-
neous cognition (Buckner et al., 2008). The DMN
has been consistently decomposed into three subsys-
tems: (1) a midline core consisting of anteromedial
PFC and the posterior cingulate cortex; (2) a dorsome-
dial PFC subsystem that also includes lateral and ante-
rior temporal cortex and SMG; and (3) an MTL
subsystem that also includes ventromedial PFC, retro-
splenial cortex, and AG. Thus, AG is closely linked
to MTL regions, consistent with its major role in declar-
ative memory.

SMG is part of the ventral network

As noted above, in contrast to AG, SMG is part of the
dorsomedial PFC subsystem. According to Corbetta
etal. (2008), SMG, and particularly right TPJ, forms with
the ventral PFC a network of coactive regions they call
the ventral network. They propose that the ventral net-
work, which is different from the DMN, supports
bottom-up attention to important, behaviorally relevant
stimuli, even if they are not salient or distinctive. Thus,
according to their view, SMG, but not AG, would support
bottom-up attention. Like the DMN, the ventral network
is deactivated during focused demanding tasks. Accord-
ing to Corbetta et al. (2008), the deactivation reflects
“filtering” of irrelevant stimuli, and increases with task
demands.

EM RETRIEVAL AND ENCODING
AG is connected to the recollection network

Task-related VPC connectivity during EM tasks can be
investigated using bivariate or multivariate connectivity
methods. In an important bivariate connectivity study,
Vincent et al. (2006) found that the same AG region con-
nected to the hippocampus during rest was also activated
during an episodic retrieval task and modulated by recol-
lection, consistent with abundant evidence linking AG to
recollection (Cabeza et al., 2008; Vilberg and Rugg,
2008; Hutchinson et al., 2009). During recollection,
AG is usually co-activated with a “core recollection
network” (Rugg and Vilberg, 2013; King et al., 2015),
which largely overlaps with the DMN (Spaniol et al.,
2009; Kim, 2010). Bivariate connectivity analyses have
confirmed that AG interacts very closely with other com-
ponents of the core recollection network, including the
hippocampus, medial PFC, and posterior cingulate/retro-
splenial cortex (Staresina et al., 2013; King et al., 2015).

AG is connected to ventral attention network

As previously reviewed, Ciaramelli et al. (2010) had
participants encode cue-target word pairs (e.g., “see”—
“dog,” “bun”—"“deer,” “home-lime”) and tested recogni-
tion for targets preceded by orienting (e.g., “see”) or
nonorienting (@ @ @) cues. DPC (IPS) showed greater
activity for orienting than nonorienting cues, whereas
VPC (AG) showed greater activity for nonorienting cues
when the target was unexpected (e.g., @ @ @ => “lime,”
“home”=>"deer”’) than expected (e.g., “see”=>’dog”).
Burianova et al. (2012) used the IPS and AG peaks as
seeds in a whole-brain functional connectivity. They
found that IPS was connected during expected targets
with dorsal frontoparietal regions, whereas AG was con-
nected during unexpected targets with SMG, parahippo-
campal, and right inferior frontal regions. The latter
group of regions overlap with the ventral attention
network.

SMG is connected with both visual cortex and
hippocampus

As illustrated by Figure 27.2, Cabeza et al. (2011) found
that the same SMG region mediated bottom-up detection
during both an EM retrieval task and a visual perception
task. Although the same SMG area was involved in
memory and perception, functional connectivity was dif-
ferent: the connectivity of this region with the visual cor-
tex was stronger for perceptual (green bars) than memory
detection (pink bars), whereas its connectivity with the
hippocampus was stronger for memory detection than
visual detection (Fig. 27.7). Thus, the same VPC region
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Fig. 27.7. Functional connectivity between ventral parietal
cortex region and visual cortex (Ctx) or the hippocampus,
based on modulated correlations between time courses
(Pearson’s r). Ventral parietal cortex shows detection-related
perception—-memory overlaps: connectivity with visual cortex
was stronger for perception (green bars) than memory (pink
bars), whereas connectivity with medial temporal lobe was
stronger for memory than perception. (Reproduced from
Cabeza R, Mazuz M, Stokes J, et al. (2011) Overlapping pari-
etal activity in memory and perception: evidence for the
Attention to Memory (AtoM) model. J Cogn Neurosci 11:
3209-3217.)

can support bottom-up attention to vision and memory
depending on its functional connectivity.

VPC hippocampal connectivity correlates with
EM retrieval

Turning to multivariate connectivity, Schedlbauer and
colleagues (2014) showed, using graph theory, that
VPC is more strongly connected to several MTL, PFC,
and visual cortex regions for correct compared to incor-
rect spatial memory retrieval. Also, using graph theory-
based indices of network segregation, Geib et al. (2015)
showed that SMG was one of the brain regions exhibiting
the largest changes in connectivity with the right hippo-
campus as a function of success in remembering visual
images. Likewise, Geib and colleagues (in press) found
that SMG was part of a small group of regions that
showed large increases in connectivity with the left hip-
pocampus during word recognition (a “retrieval assem-
bly”). Thus, these multivariate techniques have
identified a clear role for the SMG in a broadly distrib-
uted, yet interconnected, set of brain regions.

Connections from VPC to MTL/PFC happen
early in retrieval

Although univariate fMRI studies and patient studies
have laid the groundwork for our current understanding

of VPC contributions to declarative memory, it is
unlikely that these two approaches by themselves will
be able to address some of the major questions that
remain open. In particular, these methods do not provide
information about the temporal dynamics of VPC activa-
tion, which is a critical factor in understanding the func-
tion of this region. This limitation can be largely
addressed by studies using electrodes placed directly
on the exposed surface of the brain in order to record
electric activity (i.e., electrocorticography), which pro-
vides high temporal resolution while maintaining the
ability to localize sources within VPC (Jacobs and
Kahana, 2010). An electrocorticography study by
Watrous et al. (2013) found that, early during the trial,
correct context retrieval was accompanied by an increase
in low-frequency (1-10 Hz) phase consistency between
VPC and PHG (parahippocampal gyrus) and between
VPC and PFC. This study also identifies a clear role
for gamma oscillations in memory retrieval, which have
traditionally focused on frontotemporal theta power to
explain memory success (Hanslmayr et al., 2014).

The current review has focused on the activity pat-
terns at specific VPC loci, and as such we have ignored
human electroencephalography (EEG), given its poor
spatial resolution. While electrocorticography data help
to bridge this gap, these data are often hard to obtain
because of the risks and limitations of the invasive pro-
cedures involved. An alternative means of resolving this
issue in normal subjects is using simultaneous EEG
fMRI, two methods that respectively provide high tem-
poral and high spatial resolution. The role that such infor-
mation would play in hypotheses of PPC function is
clear. Each of these hypotheses relies on (theoretic or
observed) estimates of timing behavior for each parietal
locus, and it is therefore likely to be resolved through
methods that capture both the precise temporal and spa-
tial information.

SM RETRIEVAL

Left AG connectivity varies with semantic
features

Consistent with a role as a semantic hub, AG connectiv-
ity increases with anterior temporal cortex for social con-
cepts (Binney et al., 2016), with auditory cortex for
audiovisual speech integration (Bernstein et al., 2008),
and with motor cortex for tool processing (Garcea and
Mahon, 2014). Furthermore, both resting-state and
task-related seed-based connectivity show that the AG
(but not SMG) shows strong connectivity with the ven-
tral anterior temporal lobe (Jackson et al., 2016). At a
smaller level of granularity, a series of object-naming
studies focused on feature-level statistics have shown
greater coherence in magnetoencephalography (MEG)



CONTRIBUTIONS OF THE VENTRAL PARIETAL CORTEX TO DECLARATIVE MEMORY 541

signal between AG and anterior temporal regions for
objects with less distinctive features (Clarke et al.,
2013), suggesting that VPC may help to organize distinct
representations during EM retrieval. Semantic cognition
depends upon a distributed network of cortical regions,
and pinpointing the critical nodes in this network is
clearly an important goal. The convergent findings iden-
tifying both task-related and resting connectivity
between anterolateral and medial temporal regions with
the AG provide compelling evidence of a core network
responsible for multimodal semantic cognition both dur-
ing explicit semantic operations during EM functioning
and when using semantic information in free thought.

Theoretic accounts
ATTENTIONAL/EXPERIENTIAL HYPOTHESES
Resting-state connectivity

Given that all VPC hypotheses postulate specific cogni-
tive functions and the functions of resting-state networks
is unclear, the implications of the latter for the theoretic
debate are unclear. However, given current ideas about
the functions of resting state, some implications can be
drawn. The association of AG with the DMN network
can be explained by all attentional/experiential theories,
because it involves connectivity with MTL regions,
which are important to explain the role of AG in declar-
ative memory. The role of AG in the DMN fits very well
with internal attention and subjective experience views,
as these are functions often attributed to the DMN. In
contrast, evidence of the link between AG and a ventral
network associated with bottom-up attention fits well
with AtoM but not with other hypotheses, which do
not assume a link between VPC and attentional capture
by behaviorally relevant stimuli.

EM encoding/retrieval

The finding that AG is part of the recollection network
can be explained well by all attentional/experiential
hypotheses, in the same way they explain the link to rec-
ollection in univariate activity. AG connectivity with the
ventral network (Burianova et al., 2012), in contrast, can
only be explained by AtoM, because only this theory
makes explicit the relationship to the broader “ventral
network™ outlined by Corbetta and Schulman (2002).
The finding that the same SMG region is connected with
both visual cortex and hippocampus (Fig. 27.7) can be
easily explained by AtoM, which assumes that VPC sup-
ports bottom-up attention to both visual and mnemonic
information. Other views do not assume a dual role of
VPC in perception and memory, and the internal atten-
tion hypothesis actually predicts that VPC should not
be involved in external attention. Finally, the finding that

AG MTL connectivity is associated with retrieval suc-
cess can be explained by all three attentional/experiential
hypotheses as they all assume VPC processes MTL-
generated mnemonic information.

SM retrieval

Evidence that left AG shows “semantic hub” connectiv-
ity patterns by interacting with modality-specific cortices
depending on concept domains could be explained by the
AtoM model by assuming this connectivity reflects
bottom-up attention to semantic representations. Internal
attention and subjective experience hypotheses cannot
easily explain these connectivity patterns because con-
cept processing does not require internal attention (atten-
tion remains on external stimulus), or subject-referential
processing (semantic processing is noetic, not
autonoetic).

REPRESENTATIONAL HYPOTHESES
Resting-state connectivity

Episodic buffer, CoOBRA, and semantic hub hypothesis
could explain AG connectivity with the DMN by assum-
ing the DMN mediates integrating EM representations
with established semantic representations, which are
ideas consistent with some interpretations of the DMN
function. Regarding the semantic hub hypothesis,
Binder et al. (2009) noted that the network of brain
regions mediating understanding meaningful stimuli
(e.g., words vs. pseudowords) is “virtually identical” to
the DMN (p. 2782), including AG, medial PFC, posterior
cingulate, and other DMN regions. They proposed that
semantic processing is a major function of the DMN,
which is deactivated by tasks involving attention to
“external” stimuli but not by SM tasks, which rely on
“internal” sources of information. Interestingly,
“internal” in this case does not refer to attention and con-
sciousness, as in the internal attention view, but to the ori-
gin of the information. Thus, all three representational
hypotheses, as well as all three attentional/experiential
hypotheses, can explain connectivity between VPC
and DMN, which is facilitated by the rather vague defi-
nition of DMN functions — a kind of Rorschach test for
connectivity interpretations. In contrast, representational
hypotheses have more difficulties explaining the associ-
ation of SMG with the ventral bottom-up attention net-
work, which has been linked to bottom-up attention
but not processing representations.

Task-related connectivity

As noted above, task-related connectivity provides a
means of establishing the robust cortical networks under-
lying mnemonic representations, and defining the VPC
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role in these networks is critical. Thus far, there is clear
evidence of functional connectivity between the VPC
(specifically AG) and the hippocampus, suggesting that
these MTL structures utilize this connection to retrieve
stored representation information in VPC. As such, the
three representational hypotheses (particularly the
semantic hub hypothesis) can explain task-related VPC
connectivity to the recollection network and VPC hippo-
campal connectivity increases with retrieval success.
Furthermore, the finding that AG shows connectivity
patterns depending on semantic features fits perfectly
with the semantic hub hypothesis, but it could also be
accommodated by episodic buffer and CoBRA hypoth-
eses in terms of maintenance/integration of multimodal
information.

BRAIN STIMULATION
Evidence

A major limitation of functional neuroimaging is that it
is correlational and cannot determine if activated
regions play a causal role. Patient studies can reveal a
causal relationship between a brain region and a specific
cognitive process but they cannot distinguish between
encoding and retrieval phases of EM. Brain stimulation
techniques such as transcranial magnetic stimulation
(TMS) address this limitation and hence they play an
important role in investigating VPC contributions to
declarative memory. TMS can briefly produce action
potentials in specific cortical regions (~1 cm resolu-
tion) and using repetitive trains (rTMS), it can entrain
the region into a specific frequency (Hanslmayr et al.,
2014), and yield longer-lasting effects (Bestmann
et al., 2004, 2008). In contrast, transcranial direct cur-
rent stimulation (tDCS) does not produce action poten-
tials but only modulates neural excitability (Wagner
et al., 2007; Meinzer et al., 2012), and it has a very dif-
fuse effect, precluding accurate localization (Bikson
et al., 2013).

EM RETRIEVAL

Facilitating VPC at retrieval affects decision
processes and memory

Even if the effects of tDCS cannot be localized to VPC,
it is worth mentioning that the extant studies using this
method have identified modulations of decision
strength, as well as memory accuracy. During retrieval,
Pisoni et al. (2015) found that anodal tDCS over the
VPC enhanced accuracy (d’) but reduced confidence
in a recognition task. Pergolizzi and Chua (2015)
showed that anodal stimulation over left PPC (cathode
on right PPC) increased false recognition relative to
sham stimulation. Confidence ratings for false alarms

showed no difference with sham across either stimula-
tion condition, suggesting that these differences were
not driven by subjective impressions of memory
strength. However, given the poor spatial resolution
of this method, it is unclear which parietal regions medi-
ated these effects.

Disrupting AG impairs recognition but not
source memory

In a study by Sestieri et al. (2013), participants encoded
pictures while making animacy or pleasantness judg-
ments, and during retrieval, they viewed old and new pic-
tures and made combined item/source memory
judgments (old—animacy, old—pleasantness, or new).
Online 20-Hz TMS bursts delivered to left AG before
each picture during the retrieval period impaired item
memory d’ (old vs. new) but not source memory d’ (ani-
macy vs. pleasantness). In contrast, rTMS to DPC did not
affect picture recognition but affected bias to answer ani-
macy vs. pleasantness.

Disrupting AG impairs recognition confidence

Similarly, another study found that continuous theta-
burst stimulation (cTBS) to AG reduced confidence
scores on a word recognition task but not source memory
performance (Fig. 27.8; Yazar et al., 2014). It is worth
mentioning that, given that TMS effects spread through
white-matter tracts to other brain regions, it is possible
that these effects reflect indirect stimulation of MTL
regions, which, as noted before, are closely connected
to AG. In fact, two studies found that recall improve-
ments following a series of 20-minute sessions of
fMRI-guided 20-Hz rTMS to VPC were related to indi-
rect effects in the hippocampus (Wang et al., 2014; Wang
and Voss, 2015).

SM RETRIEVAL

Disrupting AG impairs automatic semantic
access

A rTMS study by Davey et al. (2015) dissociated the role
for the AG and the posterior middle temporal gyrus
(pMTGQ) in semantic cognition. In each trial, a picture
was presented with three words; participants selected
one of the words. Inhibitory rTMS (1 Hz, 10 minutes)
to the AG disrupted thematic matching (“is the picture
related to the word?”), particularly when the link was
strong (e.g., picture of a tuba and the word orchestra),
and disrupted identity matching at a specific level
(e.g., picture of a boxer with the options boxer, bulldog,
and corgi) but not at a superordinate level (e.g., picture of
a boxer with options animal, tool, and plant). In contrast,
rTMS to pMTG impaired thematic and object matching
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Fig. 27.8. Brain stimulation and the ventral parietal cortex. (A) Stimulation locations for continuous theta-burst stimulation in
Yazar et al. (2014), including angular gyrus, intraparietal sulcus (IPS), and a control site (vertex). (B) Memory performance
on tests of free and cued recall and source recollection accuracy and confidence after continuous theta-burst stimulation delivered
to angular gyrus (AnG) or vertex. Stimulation to the angular gyrus, but not vertex or supramarginal gyrus, elicited a significant

reduction in confidence ratings during source recollection.

at any level. Given that strong thematic relationships are
more easily retrieved, the results suggest that AG con-
tributes to more automatic forms of retrieval. The authors
concluded that pMTG contributes to controlled SM
retrieval, while AG is critical for efficient automatic
retrieval of specific semantic information.

Theoretic accounts
ATTENTIONAL HYPOTHESES

The finding that disrupting AG impairs item but not
source memory can be explained by the AtoM model
in the same way that this model explained evidence that
VPC damage impairs recollection and free recall but not
source memory and cued recall (Cabeza et al., 2008):
source memory and cued recall tasks guide top-down
attention toward memory targets, reducing the role of
spontaneous bottom-up attention to memory details.
The internal attention and subjective experience hypoth-
esis cannot easily explain this finding because both rec-
ognition and source memory involve internal attention
and a subjective experience. All three hypotheses can
explain the causal role of AG in recognition confidence,
particularly the subjective experience hypothesis, which
emphasizes the role of AG on subjective confidence.
Finally, the finding that disrupting AG impairs automatic
SM access can be explained by the AtoM model in terms
of bottom-up attention to activated concepts. Under this
hypothesis, when a picture of a boxer is presented along-
side different dog names, attention might be captured by
the features of a dachshund that are activated automati-
cally by spreading activation of semantic features
(Roelofs, 1992). In contrast, neither internal attention
nor subjective experience hypotheses can explain the

role of AG in semantic access given that there is no inter-
nal or subjective experience in this process.

REPRESENTATIONAL HYPOTHESES

Episodic buffer and CoBRA cannot easily account for
the dissociation of brain stimulation having a causal role
in item but not source memory given that multimodal
representation maintenance and integration should be
more critical for source than item memory. For the same
reason, it is not clear why AG disruption would impair
recognition confidence but not source memory (Yazar
et al., 2014). Although automatic SM access should
require little or no multimodal maintenance, it could be
argued that it requires the integration of representations
(e.g., the concept of a boxer). Finally, the semantic hub
hypothesis can account very well for all brain stimulation
findings: it can explain effects in item accuracy and con-
fidence but not source, because item memory depends on
SM access, whereas source memory is more dependent
on EM episodic details.

DISCUSSION

The diverse array of methods and findings discussed
above helps to elucidate the specific role of VPC in medi-
ating successful EM functioning, and to place those find-
ings within the context of a series of popular theories of
VPC function. As noted before, when introducing
Table 27.1, all hypotheses have strengths and weak-
nesses, and deciding between them is a matter of degree.
There is no clear winning hypothesis, and the growing
complexity of data types used to make inferences on neu-
rocognitive functions (e.g., the explosion of dimension-
ality engendered by multivariate connectivity data, or the
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novel appreciation for causal roles for VPC subregions
introduced by neurostimulation), it is likely that emer-
gent theories will adjust to this growing complexity. At
any rate, the exercise of comparing hypotheses is useful
because it helps identifies areas where further research is
essential and the need for new theoretic developments.
Below, we discuss Table 27.1, focusing on the successes
and failures of each theory in accounting for the evidence
reviewed above (deficits in VPC patients, univariate
functional neuroimaging, etc.). Finally, we leave the
reader with a trio of significant open questions which
point to the future of research on EM in the parietal
cortex.

Hypotheses’ strengths and weaknesses
ATOM MODEL

Compared with other hypotheses, the main strength of
the AtoM model is accounting for functional neuroimag-
ing of ER data, particularly VPC activity for high-
confidence “new responses” and the E-R flip, and for
brain stimulation data of impaired item but not source
memory. Furthermore, the AtoM model also provides a
better explanation of connectivity between SMG and
the ventral attention network and evidence that SMG
connectivity with visual cortex and the hippocampus
depends on whether the information is visual or mne-
monic. Evidence from brain stimulation studies that dis-
rupting AG impairs item memory accuracy and
confidence but not source memory is also generally con-
sistent with the AtoM model. Conversely, this hypothesis
has difficulties explaining some SM retrieval findings.
Across all findings, this is one of the best accounts of
available VPC data.

INTERNAL ATTENTION

The main strength of this hypothesis is explaining AG
connectivity with the DMN. These patterns suggest that
the VPC serves as a critical mediator of DMN coupling to
more task-related networks. Supporting this idea, find-
ings from graph theory suggest that the VPC serves as
a critical, with high boundary controllability, which is
a measure which identifies brain areas that can steer
the system into states where different cognitive systems
are either coupled or decoupled. However, this hypothe-
sis cannot easily explain other findings within the imag-
ing literature, including most univariate SM findings and
connectivity with ventral networks and visual cortex.
More generally, all attentional/experiential hypothe-
ses share a number of plusses and minuses. These theo-
ries are generally better at explaining ER deficits
observed in VPC patients (except cross-modal cued
recall deficits), whereas representational hypotheses

are generally better at explaining cross-modal cued recall
deficits and semantic comprehension deficits. Atten-
tional/experiential hypotheses also provide a generally
better account of univariate functional data than repre-
sentational hypotheses, though the former have difficulty
explaining AG activity during comprehension of mean-
ingful stimuli. Clearly, the growing influence of multi-
variate approaches to the informational content of
memory encoding and retrieval operations will help
these models to evolve.

SUBJECTIVE EXPERIENCE

This hypothesis provides the best account of the finding
that VPC patients are impaired in subjective but not
objective recollection, and it fits very well with the evi-
dence of greater VPC activity with recollection and high-
confidence old trials. It also fits well with the link
between AG and the DMN. Conversely, this view has
difficulty explaining the role of VPC in SM retrieval,
given that SM has a very different subjective experience
than EM.

Episobic BUFFER AND COBRA

The strengths and weaknesses of the episodic buffer and
CoBRA hypotheses are very similar, which is not sur-
prising given that the difference between them is very
subtle (maintaining vs. integrating multimodal represen-
tations). The main strengths of these hypotheses are
explaining the role of VPC in recollection and its connec-
tivity with the “recollection network,” and their effort to
unite memory processes with memory information. Con-
versely, this view cannot readily explain VPC activity for
high-confidence “new responses,” and also has little
bearing on most SM retrieval findings.

SEMANTIC HUB

A defining feature of the semantic hub hypothesis is that
the VPC acts as a key neural location for the processing
of semantic concepts; this role fits very well with the
empiric finding that left AG connectivity varies with
semantic features. In addition to its strong support from
connectivity-based methods, information from neuro-
psychiatric patients suggests that the semantic hub
hypothesis is generally better at explaining cross-modal
cued recall deficits and semantic comprehension deficits.
With respect to univariate findings, the strengths and
weaknesses of this hypothesis are largely the opposite
of the strengths and weaknesses of the AtoM model.
Obviously, this view accounts very well for all SM
retrieval findings, but cannot easily explain VPC activity
for high-confidence “new” responses, subsequent forget-
ting, and the E-R flip. Nonetheless, the semantic hub
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Fig.27.9. Ventral parietal cortex (VPC) connectivity. (A) Regions showing greater VPC connectivity for the attention-reorienting
(red) and recollection (blue) seeds plotted on two-dimensional slices. Examples of regions showing greater VPC connectivity for
the attention-reorienting seed include left and right ventrolateral prefrontal cortex (VLPFC), and occipitotemporal regions. For the
recollection seed, they include bilateral hippocampus (Hipp), and the default-mode network regions. mPFC, medial prefrontal
cortex; Post Cing, posterior cingulate cortex. (B) Graded differences between attention-reorienting and recollection seeds.
A three-dimensional vector consisting of six points (6 mm apart) describes the attention-reorienting and recollection VPC seeds.
VPC connectivity for VLPFC (red line) and hippocampus (blue line) shows that both VLPFC and hippocampal connectivity have a
graded pattern along the first five points of the vector that fell within VPC, but a sharp change when the vector exits the VPC
boundaries and continues into parieto-occipital cortex (Brodmann area 19; point 6). (Reproduced from Daselaar SM, Huijbers
W, Eklund K, et al. (2013) Resting-state functional connectivity of ventral parietal regions associated with attention reorienting

and episodic recollection. Front Hum Neurosci 7: 38.)

hypothesis of VPC function is well placed methodolog-
ically, specifically in its growing reliance on multivariate
measures of object or scene identity. While these data can
be explained by most hypotheses, VPC sensitivity to cat-
egory information also fits better with the semantic hub
hypothesis, though findings of fine-grained mnemonic
information may fit best with representational accounts.
In sum, all hypotheses have strengths and weakness
in this domain. Attentional/experiential hypotheses are
generally better at explaining ER deficits, while repre-
sentational hypotheses help to explain evidence that
VPC supports mnemonic representations, either
directly (e.g., semantic hub) or indirectly (e.g., episodic
buffer). Given that the strengths and weaknesses of
AtoM and semantic hub ideas complement each other,
an obvious solution would be to combine these views.
However, combining bottom-up attention and semantic
hub properties to VPC would be reasonable only if these
two functions apply to different VPC regions.
Consistent with this possibility, there is clear evidence
that anterior and posterior VPC have different connec-
tivity patterns and could mediate different cognitive

functions (Fig. 27.9). Because evidence for a sharp spa-
tial dissociation is lacking, a model based on a graded,
dual-process view of VPC mnemonic functions may help
unify bottom-up attention and semantic hub accounts.
While more anterior VPC regions (SMG > AG) mediate
the capture of bottom-up attention by recovered memo-
ries, more posterior VPC regions (AG > SMG) mediate
access to SM representations. This division offers a com-
promise between attentional accounts, which delineates a
clear role for the SMG in the ventral attention network,
and semantic/representational accounts, which place a
clear advantage for the AG in the processing of mne-
monic representations. Any successful theory of VPC
function must do its best to account for directly compet-
ing evidence, and clearly the evidence points towards a
more fine-grained division in VPC activity. We speculate
on this issue below.

Open questions

The study of VPC’s contributions to declarative memory
is full of uncertainties and open questions for future
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research. Even though the theoretic frameworks exam-
ined here have each received strong empiric support from
a wide array of findings, there are a few conceptual and
empiric issues that pose a challenge for future research.
In the final section of this chapter, we discuss these issues
in more detail and outline various directions for future
research.

Functional heterogeneity in VPC

An overarching question about VPC function concerns
functional specialization within the region, and the
degree to which subregions of the VPC are specialized
for specific cognitive function. This issue is illustrated
by debates about how to interpret activity in regions like
the SM@, the AG, and the TPJ, that appear across a range
of cognitive domains. According to the fractionation
view (Hutchinson et al., 2009; Nelson et al., 2012),
neighboring regions in the VPC can mediate unrelated
cognitive processes, while the overarching view of
VPC function posits that different subregions mediate
complementary components of a broad cognitive func-
tion. While the extreme fractionation view is likely
untenable given the importance of long-distance connec-
tivity, that regions within the VPC show some special-
ized functioning is obvious from the literature
discussed above. Nonetheless, how to parse this special-
ization is a matter of ongoing debate.

A resolution to this issue is unlikely to be satisfied by
standard fMRI modeling techniques. Findings from both
resting-state and task-based functional connectivity ana-
lyses have proven useful for defining the functional
macroarchitecture of the brain. Both seed-based and
data-driven functional connectivity techniques have
shown that in the transition zone between AG/SMG,
the connectivity pattern may reflect a mixture of two
brain-wide networks (Daselaar et al., 2013; Igelstrom
et al., 2015). More recently, findings from data-driven,
independent components analysis suggest that VPC
may further subdivide to four to six subdivisions in
each hemisphere, with each region having a specialized
connectivity profile (Igelstrom et al., 2015). Other
whole-brain connectivity methods, notably most
“connectome”-style analyses, often find more discrete
divisions between networks in the VPC, though this is
often a function of a priori parcellation schemes. Other
connectivity data appear to support the notion of hetero-
geneity VPC function even in the absence of sharp bor-
ders between subregions. For example, resting-state
connectivity study (Uddin et al., 2010) found that ante-
rior AG (PGa) has strong bivariate connections with
the basal ganglia and ventrolateral PFC, whereas poste-
rior AG (PGp) is more strongly connected with the hip-
pocampus and posterior cingulate. Likewise, Daselaar

and colleagues (2013) found that SMG’s resting-state
connectivity was stronger with VLPFC (in red in
Fig. 27.9A), whereas AG’s connectivity was stronger
with other DMN regions (in blue in Fig. 27.9A). Impor-
tantly, connectivity differences between SMG and AG
were not sharp but graded. As illustrated by
Figure 27.9B, VLPFC connectivity with VPC decreases
gradually from anterior SMG (seed #1) to AG (seed #5),
whereas hippocampal connectivity with VPC shows the
opposite gradient. These graded changes in connectivity
can be explained by assuming the existence of inter-
mixed neuronal populations with different connectivity
patterns. If this is the case, it is unlikely that the anterior
and posterior VPC have sharp differences in cognitive
functions (Cabeza et al., 2012).

Functional connectivity differences are largely con-
sistent with structural connectivity patterns identified
with diffusion-weighted imaging. Tractography bundles
originating in SMG connect to frontal motor and inferior
frontal regions, while tractography bundles originating in
AG connect to occipital and MTL (Caspers et al., 2011;
Wang et al., 2012). Further studies using active, task-
based connectivity are necessary to ascertain whether
these structure—function relationships hold for different
memory conditions, or may in fact help to explain gen-
eral overlaps in EM or SM systems with resting-state net-
works (Binder et al., 2009). A significant factor
complicating this issue is the considerable interindivi-
dual variability in sulcal morphology (Caspers et al.,
2008; Zlatkina and Petrides, 2014), structural connectiv-
ity (Caspers et al., 2011), resting-state connectivity
(Mueller et al., 2013), and task-related activations asso-
ciated with memory and attention (Hasson et al., 2008).
These patterns of individual variation suggest that any
satisfying answer to the functional heterogeneity of
VPC will necessitate single-subject studies focused on
careful anatomic delineation of VPC subregions and
within-subject manipulations of functional relevance of
those regions.

The role of VPC in connected networks

In order to properly characterize the distinct roles of
nearby cortical regions, we can no longer ignore that
these computations occur in the context of a massively
interconnected processing environment. At the same
time, in seeking to determine how regions operate in
the context of larger whole-brain networks, we should
consider whether various functions may be more or less
contingent upon connectivity with other regions. Thus,
an important challenge remains in identifying the inde-
pendent contributions of local versus more distributed,
whole-brain processing during memory retrieval, in
order to understand the topologic and temporal scope



CONTRIBUTIONS OF THE VENTRAL PARIETAL CORTEX TO DECLARATIVE MEMORY 547

of'the specific mechanisms by which the dorsal or ventral
PPC engenders successful memory performance.

Implicit in the investigation of regional versus
network-level connectivity in explaining differences in
memory functioning is whether each form of analysis
offers unique information in explaining these differ-
ences. While the methodologic considerations necessary
to compare these techniques are beyond the scope of this
review, it is nonetheless useful to consider the problem in
the abstract. As suggested by Schedlbauer and col-
leagues (2014), there are three general views to this ques-
tion of how mnemonic functions are organized across the
cortex.

First, the local view of successful memory may place
emphasis on the connectivity profile of a single region
(e.g., hippocampus) rather than more global network
configurations. In the EM literature, this approach is par-
ticularly evident in empiric and theoretic investigations
of functional coupling between the hippocampus (or
broader MTL) and a variety of other brain regions at dif-
ferent stages of memory (Ranganath and Ritchey, 2012;
Zeidman and Maguire, 2016). A corresponding view of
ventral PPC function would seek to understand how the
region might play a modulatory role in memory function
patterns of bivariate connectivity.

A second global view would suggest that successful
retrieval may be best explained by global increases in
connectivity within a general memory success network.
Resting-state studies (with seeds in key EM network
regions like hippocampus or ventral PPC) or meta-
analyses (which frequently identify a constellation of
regions, including MTL, PFC, and ventral PPC subre-
gions) are increasingly being used to develop “sub-
networks” specific to memory function (Benoit and
Schacter, 2015). A number of recent studies that have
placed the AG within a broadly distributed set of regions
consistently exhibit recollection-related increases in con-
nectivity with different members of the core recollection
network (King et al., 2015).

Lastly, memory success might involve some combi-
nation of both local and global information. This idea
is most consistent with a component process view of
memory because it incorporates the roles of additional
areas in modulating successful retrieval decisions and
their underlying representation. Schedlbauer et al.
(2014) demonstrated that, while the MTL serves as a cen-
tral locus in the recollection network, connectivity with a
diverse network of frontal and parietal regions was
increased during successful memory. These connections
were along the shortest paths in the network during suc-
cessful retrieval, representing importance of regions with
direct connectivity to the hippocampus. These results are
consistent with a recent graph-theoretic analysis consid-
ering the effects of memory strength on more global

measures of connectivity (Geib et al., 2015), which
found that the hippocampus and a number of directly
connected cortical regions show greater coherence dur-
ing vivid memory retrieval. These findings provide novel
insights into existing memory hypotheses that identify
the specific PPC regions as part of a more global network
in which representational information from distributed
brain regions is integrated to facilitate memory retrieval.

Process versus representation

A common theme running through much of the literature
of parietal memory functions concerns the distinction
between the region’s role in supporting cognitive pro-
cesses (at varying levels of specificity) on the one hand
versus representational content on the other. This con-
ceptual division makes a great deal of intuitive sense,
perhaps explaining its pervasiveness as an organizing
dimension across much of cognitive neuroscience.
Clearly some regions of cortex are organized in such a
way as to reflect fine-grained detail of perceptual infor-
mation (e.g., auditory cortex), while other regions play
more of a modulatory or process-based role (e.g., dopa-
minergic midbrain). However, in the years since
information-based techniques such as RSA have become
widespread, the distinction between brain regions that
support mainly processes and those that support mainly
stimulus content have become increasingly blurry. Early
work on parietal memory functions focused primarily on
process-based approaches, but recent work in both epi-
sodic and semantic domains has found evidence that this
region may indeed capture fine-grained information.
Nonetheless, the neuropsychologic studies of parietal
damage rarely report substantial agnosias or other defi-
cits that would indicate difficulty in processing informa-
tion content. Is it possible to reconcile recent findings
that describe very different aspects of parietal function
with respect to process vs. representation?

Answers to the above question may not come easily,
and may ultimately require a rethinking of how brain sci-
entists conceptualized the process/content distinction. At
a practical level, however, some steps can be taken to
contribute data that might help develop our understand-
ing of information processing in PPC. The vast majority
of the studies covered in this review rely on stimulus sets
that are conceptually rich (e.g., words, meaningful pic-
tures). While few studies directly comparing episodic
retrieval and semantic retrieval in the same analysis have
reported VPC activations, semantic information clearly
underlies much EM function and may help to establish
a common model of representational focus. Notwith-
standing limitations due to task design, many studies cur-
rently contain an inherent level of interitem conceptual
relationships that may be amendable to representational
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analysis. While the nature of this type of reanalysis
would be exploratory, and perhaps less memory-related
(especially in the episodic sense), probing the PPC’s sen-
sitivity to various conceptual stimulus dimensions in
tasks not initially designed to explore this angle might
nonetheless provide additional information about repre-
sentational sensitivity.

The explosion of fMRI-based RSA has helped to
elucidate the functional correlates of object representa-
tion. The majority of recent representational work on
SM has been limited by a restricted focus on object
knowledge presented at discrete time points, and often
presented in unrealistic contexts. In mnemonic repre-
sentations there are undoubtedly aspects of semantic
cognition that cannot be readily studied in such highly
controlled experimental settings. Increasingly, re-
searchers are being challenged to increase the ecologic
validity of fMRI studies by studying human cognition
within natural contexts (Hasson and Honey, 2012). Such
a challenge calls for at least two necessary advances.
First, future studies must find means of integrating real-
istic stimuli into the relatively clinical MR (or EEG,
MEG, or TMS) testing environment. Second, researchers
must employ novel analytic techniques that are able to
account for the spatiotemporal windows in which this
information is processed. Temporal information is an
intrinsic part of episodic retrieval (Ranganath and
Hsieh, 2016), and such information may serve as an effi-
cient means of integrating the information-processing
aspects of mnemonic processing within a specific tempo-
ral sequence. What is left unclear is how this complex
stream of information integrates with the organization
of complex representational structures stored in memory.
What kind of information informs the memory for every-
day objects? How do parietal memory functions relate to
representational content in ventral stream, and what kind
of encoded information promotes later retrieval? Metho-
dologic and theoretic advances will be needed to provide
satisfying answers to these questions.
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