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Recent functional magnetic resonance imaging (fMRI) studies addressing healthy subjects
point towards posterior parietal cortex (PPC) involvement in episodic memory tasks.
This is noteworthy, since neuropsychological studies usually do not connect parietal
lesions to episodic memory impairments. Therefore an inventory of the possible factors
behind this apparent paradox is warranted. This review compared fMRI studies which
demonstrated PPC activity in episodic memory tasks, with findings with studies of
patients with PPC lesions. A systematic evaluation of possible explanations for the
posterior parietal paradox indicates that PPC activation in fMRI studies does not appear
to be attributable to confounding cognitive/psychomotor processes, such as button
pressing or stimulus processing. What may be of more importance is the extent to which
an episodic memory task loads on three closely related cognitive processes: effort and
attention, self-related activity, and scene and image construction. We discuss to what
extent these cognitive processes can account for the paradox between lesion and fMRI
results. They are strongly intertwined with the episodic memory and may critically
determine in how far the PPC plays a role in a given memory task. Future patient studies
might profit from specifically taking these cognitive factors into consideration in the task
design.

Episodic memory involves our ability to mentally reconstruct past events in relation to
time, place, and other associated cues, such as smell and emotions (Tulving, 2002).
The content of episodic memory is therefore unique and personal, and crucial for
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self-awareness intertwined with the subjective sense of time (Almeida, 2007). Arguably
episodic memory forms one of the more complex and vital cognitive processes.
Various areas in the brain have been put forward as the seat of episodic memory.
The hippocampus and the surrounding medial temporal lobe (MTL) have long been
acknowledged as important structures for episodic memory (Squire, Stark, & Clark,
2004). Neuropsychological and animal studies provide strong support for this notion
(Hwang & Golby, 2006; Rugg & Henson, 2002). A typical example is patient H. M., who
had about 50% of his hippocampi ablated (Squire, 2009). Dense connections between
the MTL and the hippocampus make the hippocampus an obvious candidate for the
integration of complex information in memory as well (for a meta-analysis, see Kessels,
de Haan, Kappelle, & Postma, 2001). In addition, it has been proposed that the frontal
lobes play an important role in episodic memory. Specifically, the left prefrontal cortex
is thought to be involved in the encoding of episodic material while the right prefrontal
cortex is active when episodic memory is being retrieved, also known as the hemispheric
encoding/retrieval asymmetry model (Habib, Nyberg, & Tulving, 2003; Tulving et al.,
1994).
Interestingly in the last decade, a growing number of studies have registered that
episodic tasks activated the posterior parietal cortex (PPC; for instance, see Konishi,
Wheeler, Donaldson, & Buckner, 2000). Reviews concerning imaging studies do indeed
suggest that activity in multiple parietal regions is associated with retrieval success
(for instance, Tulving, Habib, Nyberg, Lepage, & McIntosh, 1999; Wagner, Shannon,
Kahn, & Buckner, 2005). This is particularly noteworthy since up to that point the
PPC had previously not been associated with episodic memory. Subsequent reviews
taking a closer look at the PPC involvement showed mixed results on laterality and even
the precise loci within the PPC that may be involved (Cabeza, Ciaramelli, Olson, &
Moscovitch, 2008; Ciaramelli, Grady, & Moscovitch, 2008; Skinner & Femandes, 2007;
Vilberg & Rugg, 2008; Wagner et al., 2005).
These observations raised awareness of an intriguing paradox (see Cabeza et al.,
2008): why is the PPC activated during functional magnetic resonance imaging (fMRI)
studies of episodic memory while episodic memory does not appear to be disturbed
in patients with PPC lesions? Resolving this paradox also has relevance for the study of
function localization in human cognition in general. The finding of activity in relation to a
certain task does not automatically imply causation. It might well be that the assumption
of one-to-one correspondence between imaging and lesion studies, which assume causal
relations between function and the location of either activity or a lesion, is too simple
(Friston, 2005; Honey & Sporns, 2008; Young, Hilgetag, & Scannell, 2000).
Insight into the existence and cause of the paradox could enhance both our
understanding of the function of the PPC, and contribute to the debate on functional
localization in the brain. We therefore reviewed the differences between neuroimaging
studies in healthy individuals and behavioural studies in patients with parietal lesions,
both in terms of methodological aspects and obtained results.

Method
We selected event-related fMRI experimental studies on healthy human subjects addressing episodic memory by means of whole-brain analyses in the English language, using the
search engines ‘Scopus’ and ‘PubMed’. Keywords used were ‘episodic memory’, ‘PPC’,
and ‘fMRI’ in full or truncated version. The initial search yielded 249 hits. Abstracts were
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scanned and potentially eligible papers retrieved as full-text. In total, 38 articles were
included in the present study. These are presented in Table 1 and discussed in the first
and third section of this paper.
For Table 2, discussed in the section on parietal lesion studies, articles were retrieved
using the keywords ‘episodic memory’, ‘lesion’, ‘MRI’, and ‘parietal’ again in full or
truncated version. Only those studies were included that examined patients who, apart
from their brain infarction, suffered from no other neuro(psycho)logical disorders. This
search revealed 34 hits, of which 4 articles were included. Reference lists were scanned
for additional articles, resulting in Table 2.

fMRI and episodic memory
Table 1 offers an overview of the neuroimaging papers revealing PPC activity during
episodic memory tasks discussed both in this and the third section.
One of the most straightforward episodic memory experiments is the correct
recognition of previously learned items, usually words presented in print. When using
this paradigm, activity was demonstrated in the left precuneus, left inferior parietal gyrus,
and the posterior cingulate, which are all components of the PPC (Henson, Rugg, Shallice,
& Dolan, 2000; Kahn, Davachi, & Wagner, 2004). When the words were spoken instead
of presented in print, PPC activity was registered during recognition as well (Saykin
et al., 1999). The PPC was also found to be more active during recognition than during
encoding (McDermott et al., 1999). Besides parietal activity measured during recognition
of old words, parietal activity was also found in relation to identification of new words
categorically related to the learned old words, which can be seen as part of conscious
recollection as well (von Zerssen, Mecklinger, Opitz, & von Cramon, 2001). Notably, in
contrast to increases in activity in the PPC, a decrease in activity in the PPC in relation
to episodic memory task has been obtained as well (Levine et al., 2004).
Forced scaling, so-called Remember/Know or Knowing/Feeling of Knowing
paradigms, can provide insight into more gradual levels of episodic memory involvement.
In these paradigms, subjects can assign a degree of certainty to their memory. They
remember a stimulus and are aware of qualitative information about this memory
(remember/recollect the learning context, correlating with high certainty), they know
it without recalling circumstantial information to support this (know/familiarity without
a memory of the learning context, correlating with the least certain memory), or they
have the feeling that they have seen it before (item provokes a feeling of knowing) (Rugg
& Henson, 2002). With this paradigm, robust differential activity for answers reflecting
highest certainty was found in the parietal regions, amongst others in the left inferior
and superior lateral and PPC, as well as in the posterior medial parietal cortex. In these
experiments, the strongest activity was found for remembering (see Daselaar, Fleck, &
Cabeza, 2006; Henson, Rugg, Shallice, Josephs, & Dolan, 1999; Maril, Simons, Mitchell,
Schwartz, & Schacter, 2003).
Further support for the relation between episodic memory and PPC was found in
the experiment by Burianova and Grady (2007), who used identical stimuli to test
episodic, autobiographic, and semantic retrieval. In this study, a distinction has been
made between episodic and autobiographic memory. In our opinion, both cases refer
to episodic memory, in that one is episodic memory referring to an autobiographic and
self-related context and the other is episodic memory referring to a specific visuospatial
context. Using the same picture stimuli, the questions cued the type of memory retrieved.
More activity was found in the left precuneus and superior parietal lobe in the episodic
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Table 2. Overview of the cited lesion studies showing deficient performance in episodic memory tasks
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condition, suggesting that the left parietal cortex is involved in episodic memory, and
that this activation does not represent a general memory process.
Source memory also plays an important role in episodic memory, since for correct true
memory to take place, it is necessary to remember the source in which the information
was seen. Successful source retrieval-related activity was found in, amongst others, the
right parietal cortex (Cansino, Maquet, Dolan, & Rugg, 2002). When looking more closely
into the integration of source and item, successful encoding-related activity, thought to
connect the item and source, which is part of episodic memory, was found in the right
intra-parietal sulcus (Uncapher, Otten, & Rugg, 2006).
While there is a lack of agreement on which brain areas play a role in episodic memory,
a further debate has recently developed on the issue of whether, within episodic memory,
recollection, and familiarity are truly dissociated functions. A meta-analysis (Skinner &
Fernandes, 2007) based on 33 studies (21 patient studies) concludes that even though
both processes are supported by dorso-lateral prefrontal activity, only recollection is
supported by frontal, medio-temporal, and stimulus-specific cortices. The only parietal
area that supported both processes was the left inferior parietal cortex. This seems to
be in contrast with the study of Yonelinas, Otten, Shaw, and Rugg (2005) who reported
activity in, amongst others, the lateral parietal areas subserving recollection and superior
lateral parietal cortex and precuneus subserving familiarity (Yonelinas et al., 2005).
Also in a study of Montaldi, Spencer, Roberts, and Mayes (2006), a linear influence of
familiarity on parietal activity was found, where with increasing familiarity activity in the
left parietal cortex increased. A distinction in activity was also supported by the review
of Vilberg and Rugg (2008) who found that activity in the inferior parietal cortex is more
related to successful recollection than to familiarity, whereas the left superior parietal is
more involved in familiarity.
In conclusion, there is some controversy regarding the lateralization of the PPC
in episodic memory tasks as well as which regions within the PPC are most critical.
Overall neuroimaging studies appear to support PPC involvement in episodic memory.
However, as can be seen in Table 1, other papers on episodic memory, discussed in the
third section, also support alternative hypotheses on PPC involvement during episodic
memory processing.

Consequences of brain lesions
Early lesion studies of episodic memory mostly proposed the hippocampus and MTL
as being crucial circuitries (Squire, 2009; Squire & Zola, 1998). The first paper with
neurological patients studying the role of the PPC, to our knowledge, was that of
Berryhill, Phuong, Picasso, Cabeza, and Olson in 2007. This and other lesion studies
addressing PPC involvement in episodic memory are summarized in Table 2.
Berryhill et al. (2007) studied autobiographic memory in two patients with a
bilateral lesions in the lateral parietal areas, and observed that it was impoverished and
lacked detail compared with controls. In further studies in these patients, their recall
performance was intact, whereas their recognition memory was impaired (Berryhill &
Olson, 2008).
Another study into the neuroanatomical correlates of episodic memory (Simons
et al., 2008) involved six patients; two of them diagnosed with cerebral infarcts in
the parietal cortex, another three had a surgical resection of a meningioma, and two an
oligodendroglioma resection in the parietal cortex. As a result, these patients showed
various unilateral lesions. These patients were selected on the basis of having lesions
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overlapping activation areas found in healthy subjects during episodic memory tasks.
These areas included the left lateral parietal cortex for their ‘word–memory experiment’,
and bilateral lateral parietal cortex to relate to their experiment in which famous faces
had to be remembered. The selected patients showed preserved performance on both
tasks, despite their lesions. The only patient with an impaired score on the ‘famous
face recognition test’ showed damage extending into the frontal lobe as a consequence
of a cerebral infarction (Simons et al., 2008). In another study, patients with lesions
involving amongst others the PPC were tested on their verbal and non-verbal memory.
Patients with left hemisphere lesions showed no memory impairments, while patients
with right hemisphere lesions demonstrated impairments in memory for previously
seen pictures and heard sounds. Memory for word lists was not impaired (Haramati,
Soroker, Dudai, & Levy, 2008). Another study reports that patients with solely lateral
parietal damage showed reductions in the number of consciously recollected memories
(Davidson et al., 2008). In contrast, a large-scale study, involving 73 patients with a stroke,
found no association between episodic memory and the parietal cortex (Godefroy,
Roussel, Leclerc, & Leys, 2009).
While the reviewed literature gives some support for the necessary PPC role in
episodic memory it does not resolve the parietal paradox. If the PPC is necessary for
episodic memory, parietal lesions should have more substantial consequences in terms
of performance loss. Admittedly, the limitations of human lesion studies need to be
acknowledged. In particular, most lesions did not involve a single area, and brain damage
is often not confined to a single lesion (Aggleton, 2008).

Explanations for the paradox
The observation that paradigms which aim to test episodic memory give rise to
activity in the PPC cannot be taken as definite proof of episodic memory being
dependent on the PPC. There may be alternative explanations for PPC activity in these
paradigms. These alternative explanations, ranging from methodological issues to more
functionally intertwined factors, will be discussed in the next section. Experimental
papers related to memory studies discussed in these sections are also summarized in
Table 1.

Test-related factors
Stimulus characteristics. Episodic memory experiments usually entail visually presented stimuli. Possibly, activity in the parietal cortex, when performing an episodic
memory task, is related to processing of, or attending to these stimuli. In an experiment
in which learned stimuli consisted of both words and pictures, and the retrieval cue
consisted of visually presented words only, items endorsed as ‘remembered’ elicited
greater activity in several regions including the left lateral parietal area. However,
Brodmann area (BA) 7 was more active during word recognition and BA 31 for picture
recognition (Woodruff, Johnson, Uncapher, & Rugg, 2005). Still, these stimuli were
all visual, and the retrieval cue in this experiment was verbal. Another experiment
addressing the stimulus characteristics found more parietal activation for visual stimuli
than auditory stimuli (Sohn et al., 2005). In both these experiments, the stimuli used
are words, which could imply that activity in the parietal cortex could also reflect word
processing.
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As expected, when strictly visual non-verbal stimuli were used (i.e., paintings of
houses, faces, and abstracts), as expected stronger responses were found near the
bilateral intraparietal sulci and superior parietal lobes in reaction to familiar than
new stimuli in an episodic memory task. Activation in these regions decreased with
decreasing similarity between new exemplars and prototypes, suggesting that familiarity
or similarity is an important trigger (Yago & Ishai, 2006). Hofer et al. (2007) also
used non-verbal stimuli in a line-drawing identification task and found that successful
episodic retrieval was associated with (fronto)parietal activation. One of the limitations
of the above mentioned studies, however, is that again stimuli were presented visually,
thus not excluding the possibility that activity in the parietal cortex reflects visual
processing.
Interestingly, Platel et al. (2003) used musical stimuli in an episodic memory
recognition task. Episodic memory retrieval of music evoked activity in the medial frontal
areas and in the (predominantly right) precuneus. Thus, even without any visual or verbal
input, there is activity in the PPC during episodic memory tasks, arguing for a relation
of the parietal cortex and episodic memory. Thus, even though PPC is particularly
responsive to visual stimuli, stimulus characteristics per se are not solely responsible for
PPC activity in episodic memory tasks.

Motor demands. Classical theories of PPC activity predict that the PPC responds mostly
to manipulation effects of visuospatial, sensorimotor integration, and motor demands
(Andersen & Buneo, 2002). Because many episodic memory test paradigms require
motor responses, i.e., button pressing in reaction to a stimulus, the activity in the parietal
cortex might also be due to motor intention or preparation. Shannon and Buckner
(2004) addressed this by demanding button presses in all experimental conditions. After
subtracting the button pressing baseline from retrieval effort, activity in the PPC remained
(Shannon & Buckner, 2004), showing that activity in PPC evoked by the episodic memory
tasks, and not solely due to motor preparation demands.

Retrieval delay. The delay between stimulus presentation and retrieval could be
another relevant factor. In fMRI experiments, retrieval is often tested within an hour
of the learning phase. This is quite different from episodic memory in real life.
Nevertheless in one study, where the retrieval delay was increased to three days,
an activity in the bilateral precuneus was reported (Lundstrom, Ingvar, & Petersson,
2005). Also, when Rekkas and Todd Constable (2005) compared recent (2.5 days) with
remote (4 years) memory, they found a network comprising the the parietal–temporal
junction and the precuneus subserving both memory types. These studies suggest that
remote memories also evoke activity in the PPC. In contrast, Poettrich et al. (2009)
showed that recent memories over the previous 5 years did not lead to significant
PPC activation compared to remote memories of up to 50 years previously. When
region of interest (ROI) analysis was performed only the retrosplenium was found to be
significant.
Based on this literature, the influence of retrieval time is mixed: some studies of
lesions in the PPC do, whereas others do not find impaired episodic memory with short
delays. Clearly, these controversies are due to other factors than the length of the retrieval
delay.
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Subject-related factors
Reorganization. After a lesion, the brain is known to reorganize (Luhmann, 1996) with
compensatory mechanisms potentially preserving or restoring memory performance,
particularly if the PPC plays only a modest role in episodic memory. It is important to
note that in the majority of lesion studies the interval between lesion onset and testing
is at least 6 months. Even the most acute patient-based study by Haramati et al. (2008)
used a delay of between 3 and 16 weeks post-lesion onset, with most conducted 6
months or more post-insult, potentially long enough for reorganization to have taken
place.
If reorganization is a key factor, transcranial magnetic stimulation (TMS) studies in
which a direct ‘lesion’ is artificially created, might resolve the parietal paradox. An
advantage of TMS is that the lesion site is specific and that testing can be performed
immediately. Thus far, only a single TMS study has investigated the role of PPC in
episodic memory (Rossi et al., 2004). In this study, TMS administered to left or right
parietal cortex did not interfere with either encoding or retrieval of episodic memory.
Nevertheless, TMS induced ‘lesions’ may differ from natural lesions in for instance their
origin and chemical impact on the neurons of the functioning brain due to the severity
and permanent pathology. The absence of TMS effects here does not rule out the
possibility that cortical reorganization after lesions could mask the role of PPC in episodic
memory.

Network. Research into spontaneous correlation activity has shown that parietal cortex
is linked with the hippocampus and MTL (Vincent et al., 2006). This correlation is
also observed in the context of specific memory demands. A recent study showed a
close connection between the MTL and hippocampus through the retrosplenial cortex
or posterior cingulate cortex, both subregions of the parietal cortex (Greicius, 2008).
Damage in the retrosplenial area was found to produce amnesia (Aggleton, 2008), as
well as being active in memory processing tasks (Cabeza & Nyberg, 2000). The close
distance of the PPC to the retrosplenial cortex, and possible indirect connections of
the PPC with the hippocampus and MTL, suggests that the PPC is indeed part of a
larger episodic memory-related network. This could indicate that the lack of evidence
for parietal involvement in episodic memory in lesion studies is due to the compensatory
possibilities of this network.

Ageing. As a consequence of age, the brain is known to lose efficiency (see Kennedy
& Raz, 2009), possibly leading to reorganization of pathways or compensatory activity in
more brain areas. Modulating effects of age on the activity in PPC during episodic memory
retrieval may play a role, as most subjects in fMRI studies are young compared to patients
in lesion studies. This potential confound was addressed in a study that compared
activation patterns during visual attention, working memory, and episodic memory
retrieval between healthy older (aged 64–77) and younger (aged 19–26) participants
(Cabeza et al., 2004). Relative to the visual attention and working memory tasks, the
episodic memory task evoked more activity in left PPC, precuneus, and neighbouring
regions during retrieval, independent of age. In all three tasks, older subjects showed an
increase in the activity measured in the parietal regions compared to younger subjects.
Older subjects also showed less ‘remember’ and more ‘know’ responses (Cabeza et al.,
2004). This could imply that older individuals relied more on familiarity than on
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recollection, indicating that memories are weakening with ageing, or that elderly people
rely less on their explicit (remember) memory, or both.
In another episodic memory experiment, comparing younger participants (aged 31–
35), healthy elderly subjects (aged 64–68), and elderly individuals with reduced cognitive
performance (aged 62–68), all three groups showed activity in the left inferior/superior
parietal cortex during successful retrieval. Elderly with reduced cognitive performance
showed more overall brain activity in relation to episodic memory as well (Daselaar,
Veltman, Rombouts, Raaijmakers, & Jonker, 2003), suggesting possible loss of network
specificity. These results are in line with a study by Poettrich et al. (2009) in which
healthy elderly participants showed activation of the parietal area in an episodic memory
task, predominantly on the left side of the brain. Patients with minimal cognitive
impairment, on the other hand, showed activity peaks in the left supplementary motor
area, left premotor, and superior temporal cortex. The loss of specificity of the network,
seen in the broad activity pattern distribution, was again accompanied by a loss in
cognitive and memory abilities. This loss of network could be responsible for the
differences between experimental and lesion studies, since lesion studies usually involve
elderly patients. If ageing coincides with the loss of network specificity, a loss of a specific
node of this network with increasing age would more easily be compensated by the rest
of this network.
The foregoing supports the ‘hemispheric asymmetry reduction in older adults’ model
that states that hemispheric asymmetry reduces with older age, and over-recruiting is a
form of compensation. This over-recruitment-effect seems to stabilize from old (64–77
years) into old–old (84–96) age, where retrieval success effects were found in the left
medial parietal region, consistent with studies addressing younger populations. These
effects found in the older populations were stronger in the old than the old–old group
(Wang, Kruggel, & Rugg, 2009). Again, compensatory over-recruitment in relation to
ageing could explain the differences in results in the lesion and experimental studies.
While healthy elderly still have the ability to retrieve episodic memories, their episodic
retrieval judgment seems to have changed from recollection to familiarity (Cabeza et al.,
2004), suggesting lower certainty and specificity.
Hence, the discrepancy between lesion studies and fMRI studies might, in part, be
explained by age differences, since activity patterns change as age increases. This can
be seen in loss of specificity, leading to reliance on a network and over-recruitment,
resulting in a subsequent activation of a bigger network.

Cognitive processes related to episodic memory
Effort and attention. Effort in relation to episodic memory has two distinct phases:
effort during encoding and effort during retrieval. Both types of effort can influence
retrieval. Effort during encoding influences subsequent retrieval-related activity in
the PPC. Shannon and Buckner (2004) showed that successful retrieval activates the
precuneus complex and the inferior parietal lobe complex bilaterally both after shallow
and deep encoding. However, retrieval activity, kept under the same retrieval demands,
was greater after deep than after shallow encoding during the encoding phase. This
activity pattern measured during retrieval, in reaction to manipulation of effort during
encoding, shows that PPC activity measured during retrieval is sensitive to variable
memory demands at encoding. This indicates a relation between memories that are
stored better, and thus containing more information, and the PPC.
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Recently, Uncapher and Rugg (2008) reported that when more encoding effort was
needed to focus on a categorization task while doing a difficult secondary task, during
retrieval less judgments referred to ‘remember’, while ‘familiarity’ judgments were not
affected by the intrusions of the secondary learning task. Activity during encoding in the
superior parietal lobe, however, did not change as a result of interference, while frontal
and temporal regions did.
The effects of effort for successful retrieval of episodic memory could also be
responsible for the observed parietal activation during episodic memory. Sohn et al.
(2005) showed that the memory load and degree of similarity stimuli used to induce
recall influenced activity in the left parietal cortex (Sohn et al., 2005). A low memory
load (merely recognizing a previously seen item) versus high memory load (recollection
of the source the item was seen in) experiment demonstrated an effect in response to
each item, in amongst others, the right superior parietal cortex (Marklund et al., 2007).
During this whole experiment, an increasing load effect was found in the right anterior
intraparietal sulcus or IPS and precuneus, which could not be explained as working
memory-related activity. An experiment in this line found trial-by-trial effects in amongst
others the bilateral parietal cortex (BA 40/39) for correct recognized items. Increased
BOLD responses were found in the lateral and medial parietal cortex during moments
where more attention or high control was needed. In the condition in which high control
was needed, an effect of the ongoing activity was also measured in amongst others the
lateral parietal cortex (Velanova et al., 2003).
The amount of information on the recollection that was retrieved, measured by a
graded response, was also found to be of influence on PPC activation. Activity in the left
inferior lateral parietal and left fusiform cortex was found to increase while the amount
of information to recollect increased as well (Vilberg & Rugg, 2007).
It has also been suggested that parietal activity in relation to episodic memory is more
likely to be linked to attention than to episodic memory per se (Cabeza et al., 2008).
Attention, being separable into top-down intentional attention and bottom-up reflexive
attention can originate from different regions within the parietal area. The attention
to memory model (Cabeza et al., 2008) describes the two types and their subsequent
region in the parietal cortex. The involuntary attention route or ‘what-path’ through the
ventral parietal cortex (VPC) appears to distort the memory, perhaps by focusing on
memory-‘irrelevant’ information or support a form of memory competition. Voluntary
attention to task relevant aspects is thought to originate in the dorsal parietal cortex
(DPC) or ‘where-path’. These theories form the basis of the recently proposed hypothesis
known as the dual attentional processes hypothesis or DAP (Cabeza, 2008). The DAP
hypothesis predicts that top-down and bottom-up processes interact on a direct basis,
where DPC contributes to top-down attentional processes guided by retrieval goals. VPC
then contributes to bottom-up attentional processes that are captured by the retrieval
output (Cabeza, 2008).
This idea has been supported by findings that the superior parietal lobe is active
during tasks where top-down assistance for identifying correct memories was needed. In
a patient with bilateral parietal lesions, target recognition worsened as distracters became
more salient and thus attracting more involuntary attention (Friedman-Hill, Robertson,
Desimone, & Ungerleider, 2003). In healthy volunteers, repetitive offering over three
encoding trials of the same stimuli has also been found to decrease the amount of the
activity in the right PPC over the trials. While at first trial a significant increase of activity
in the PPC was found, repeated stimulus exposure was associated with a decrease
in activity, although it remained above baseline (Rand-Giovannetti et al., 2006). This
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effect may result from a decrease in attention in reaction to the repetition of identical
stimuli.
Voluntarily focusing attention on new information also appears to be problematic
when the parietal cortex is damaged, since patients with ventral parietal lesions
report less specific details of memories, showing a less vivid remembrance with lesser
details than healthy controls. Using specific questions and guidance to promote topdown and voluntary attention, however, helped patients to recall episodic information
(Berryhill et al., 2007). It seems that pointing attention to something that needs to
be remembered, promotes recall, while attention to irrelevant information disturbs
it (Uncapher & Wagner, 2009). As can be seen in Table 1, effort and attention are
factors that could underlie activity measured in the PPC during episodic memory tasks
in healthy individuals. In patient-based studies, summarized in Table 2, this does not
appear to be their cause, because tasks were generally less challenging and did not
manipulate effort or attention. Nevertheless, we do know that lesions in the PPC produce
attention deficits, for instance, neglect (Andersen & Buneo, 2002). This factor could play
a role in lesion studies as well, although not manipulated as such in episodic memory
experiments.

Scene and image construction. Scene and image construction are thought to play
an important role in episodic memory (Hassabis, Kumaran, & Maguire, 2007). Part of
episodic memory retrieval is thought to rely on ‘scene building’. Activity measured
during episodic memory tasks could thus be related to scene construction and internal
scene creation regardless of the episodic component of the scene. In a study designed to
disentangle object, contextual and spatial location information of an episode, activation
was found in the bilateral posterior parietal regions including BA 39/40/7 during
contextual information processing of the episode (Hayes, Ryan, Schnyer, & Nadel,
2004). Both spatial and temporal order information were associated with left PPC activity
relative to object information. In the right PPC, greater activation was measured during
spatial and temporal trials as well. Even more, spatial location information was associated
with greater activation in the right PPC than temporal-order information, showing an
activity pattern consistent with processing of complex scenes relative to objects-only
scenes.
A more recent study differentiated between visualization of an object and episodic
autobiographic visualization (Gardini, Cornoldi, De Beni, & Venneri, 2006). In this study,
no activity was found in the PPC in relation to episodic imagery or object imagery
compared to baseline. A conjunction analysis to map activity related to both imagery
tasks, showed some activity in the precuneus, although using a liberal threshold. When
comparing episodic and object imagery, a significant cluster was found in the left
precuneus. Comparing object to episodic imagery revealed significant activity in the
right precuneus. Thus, the PPC appears to be related to visualization instead of episodic
memory, however, the imagery of an object could be quite different from imaging of a
scene.
Another study attempted to dissociate episodic processing from scene construction.
In this study, actual scenes from memory, that is, episodic memory retrieval, were
compared to retrieving 1-week-old fictitious scene constructions that were set up to
be as complicated as episodic memories. The left and right parietal cortex were indeed
active during the construction of all scenes, regardless of episodic components (Hassabis
et al., 2007).
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In the aforementioned study of Mayes et al. (2004), spatial information was looked
into as well. This study revealed that in relation to recall of memories containing spatial
information, activity was measured in amongst others the right precuneus and PPC,
regardless whether the memory was semantic or episodic.
Various aspects of spatial information processing such as spatial imagery are associated with the parietal lobe (for a review, see Struiksma, Noordzij, & Postma, 2009),
and since episodic memory is typically thought to involve more spatial information than
semantic memory (Mayes, Montaldi, Spencer, & Roberts, 2004), these results, and those
described in Table 1, indicate that PPC activity during episodic memory tasks could thus
indeed reflect scene and image construction related elements. This factor appears to
play an important role in half of the episodic memory tasks described in Table 1.

Self-related information processing. A common denominator in episodic memory,
mental imagery, and spatial cognition, is processing of personal information. Activation
patterns in the brain evoked by these tasks all show involvement of the PPC (Hassabis
et al., 2007). In the spatial cognition literature, the PPC is thought to support egocentric,
viewpoint dependant coding of spatial information needed for spatial memory and
imagery (Burgess, 2008). Related to way finding and coding of distant and far away space,
this problem could be intertwined with self-reference, a concept episodic memory is
involved in as well (Lou et al., 2004). In a route-reversal experiment with patients
with right or left parietal lesions, the PPC was important for navigating and memory
of positional information. Patients with parietal involvement performed significantly
worse than controls in retracing the route they just learned (van Asselen et al.,
2006).
Personal relevance per se, however, does not account for the gradual response pattern
found in PPC during episodic memory tasks. That is, all episodic memories are personal,
therefore making a gradual pattern unlikely. The gradual pattern alternatively could be
explained by the emotional relevance of memories, in line with studies investigating the
processing of emotional effects indicating a relation between parietal lobe and emotion
(see Labar & Cabeza, 2006). This is a topic of debate, since in another study in which
different stages of emotional load were compared, emotionality was not found to play a
role. When comparing resting state with all the memories with variable emotional load,
the PPC was found to be amongst the active areas in all conditions (Vandekerckhove,
Markowitsch, Mertens, & Woermann, 2005), indicating a relation between the PPC and
episodic memory.

Discussion and conclusion
This review focused on an intriguing paradox: why do fMRI studies suggest a different
role of the PPC in episodic memory than lesion studies? In other fields of neuroscience
such conflicting results also exist, for instance in the field of inhibition (Aron, Robbins,
& Poldrack, 2004) and executive functioning (Alvarez & Emory, 2006). In both fields,
a one-to-one relationship between function and region has not been found, raising the
possibility of an interaction within a network, a possible explanation for the results in
episodic memory research as well.
A systematic examination of the underlying reasons for the paradox between episodic
memory and PPC activity revealed that experimental design factors such as motor
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demands are not responsible for the activity measured in the PPC during episodic
memory tasks, and do not explain the differences between the results of the lesion
studies and healthy subject studies. What may be of more importance is the extent to
which an episodic memory task is related to, or partially dependent on three factors we
have identified. These three factors; effort and attention, self-related activity, and scene
and image construction, are thought to be naturally collocated with episodic memory.
The extent to which these factors are engaged by a particular task could also affect
the so-called ‘gradient of episodic memory’. A gradual activity pattern, measured as an
increase in activity in the PPC as the certainty or strength of the memory is increasing
(Feeling of Knowing < Know < Remember) has been put forward as a strong argument
for the relation between episodic memory and the PPC. We argue, however, that this
gradient could also be evoked by increased demand of the aforementioned factors,
without necessarily changing the quality of the memory traces.
Finally, it is also known that the PPC is a circuitry vital for visuospatial processing
and awareness of the bodily self. We speculate that these processes contribute essential
flavours to episodic memory, without which conscious recollection appears virtually
impossible. Future patient studies should engage in a broad qualitative assessment of
conscious remembering, asking specifically for information regarding the amount of
effort needed, the visuospatial qualities and self-relevance of the retrieved memories.
Deeper insight in how the parietal lobes contribute to episodic memory may follow
from taking these aspects into account.
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