
Parietal contributions to recollection: Electrophysiological
evidence from aging and patients with parietal lesions

Brandon A. Ally1,2, Jon S. Simons3, Joshua D. McKeever1,2, Polly V. Peers4, and Andrew E.
Budson1,2

1Center for Translational Cognitive Neuroscience, Geriatric Research Education Clinical Center, Edith
Nourse Rogers Memorial Veterans Hospital, Bedford, MA, USA

2Boston University Alzheimer’s Disease Center, Department of Neurology, Boston University School of
Medicine, Boston, MA, USA

3Department of Experimental Psychology, University of Cambridge, Cambridge, UK

4MRC Cognition and Brain Sciences Unit, Cambridge, UK

Abstract
There has been much recent investigation into the role of parietal cortex in memory retrieval.
Proposed hypotheses include attention to internal memorial representations, an episodic working
memory-type buffer, and an accumulator of retrieved memorial information. The current
investigation used event-related potentials (ERPs) to test the episodic buffer hypothesis, and to assess
the memorial contribution of parietal cortex in younger and older adults, and in patients with
circumscribed lateral parietal lesions. In a standard recognition memory paradigm, subjects studied
color pictures of common objects. One-third of the test items were presented in the same viewpoint
as the study phase, one-third were presented in a 90-degree rotated viewpoint, and one-third were
presented in a noncanonical viewpoint. Conflicting with the episodic buffer hypothesis, results
revealed that the duration of the parietal old/new effect was longest for the canonical condition and
shortest for the noncanonical condition. Results also revealed that older adults demonstrated a
diminished parietal old/new effect relative to younger adults. Consistent with previous data reported
by Simons et al., patients with lateral parietal lesions showed no behavioral impairment compared
to controls. Behavioral and ERP data from parietal lesion patients are presented and discussed. From
these results, the authors speculate that the parietal old/new effect may be the neural correlate of an
individual’s subjective recollective experience.
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Introduction
Over the last 50 years, neuropsychology research has established that medial temporal and
frontal regions of the brain are critical areas for memory (Aggleton & Brown, 1999; Janowsky,
Shimamura, & Squire, 1989; Simons & Spiers, 2003). For nearly half of this time, event-related
potential (ERP) researchers have associated parietal activity in healthy individuals with
successful recollection on tests of recognition memory (see Rugg & Curran, 2007, for review).
Due to the lack of spatial resolution associated with ERPs, these researchers could only
speculate as to the neural generators of this parietal activity. More recently, the advent of
functional neuroimaging techniques such as PET and fMRI have allowed us to examine the
functional workings of the brain with high spatial resolution while subjects engage in memory
retrieval. Converging with ERP findings, a number of PET and fMRI studies have reported
parietal activation in both medial and lateral parietal cortices associated with successful
memory retrieval (Rugg, Otten, & Henson, 2002; Wagner, Shannon, Kahn, & Buckner,
2005).

There are strong anatomic connections from the parietal lobe to medial temporal and prefrontal
regions, which make it plausible that the parietal lobe might be important for mnemonic
processing (Suzuki & Amaral, 1994; Rockland & Van Hoesen, 1999). This suggestion is
supported by the ubiquitous medial and lateral parietal activation seen in fMRI studies during
recognition memory tasks (see meta-analysis in Simons et al., in press, Figure 1). Although
the exact role of the parietal lobe in episodic memory remains unclear, recent fMRI and ERP
studies have attempted to answer this intriguing question. Several hypotheses have been
proposed as to the mnemonic functions supported by the parietal lobes, with two highly
discussed suppositions. One hypothesis is that parietal activity may index attentional orienting
to recollected information (Rugg & Henson, 2002; Wagner et al., 2005). Another hypothesis
posed is that the parietal cortex supports the representation of recollected information, and acts
as an episodic working memory-type buffer holding contents of retrieval “on-line” for a
decision to be made by a central executive (Baddeley, 2000; Ravizza, et al., 2004; Vilberg,
Moosavi, & Rugg, 2006).

Neuroimaging researchers have consistently reported greater activity in parietal regions for
correctly recognized studied items (hits) than for correctly identified unstudied items (correct
rejections) (Henson et al., 1999; Konishi et al., 2000; Shannon & Buckner, 2004). This
difference between hits and correct rejections is commonly referred to as the parietal old/new
effect. Several researchers using fMRI designs have reported greater activity in parietal regions
for items that subjects reported as vividly recollected compared to when subjects reported
having a general sense of knowing that an item was studied (Henson et al., 1999; Eldridge et
al., 2000; Wheeler & Buckner, 2004). Consistent with these findings, Yonelinas et al. (2005)
suggested that the lateral region of the parietal cortex could perhaps differentiate whether the
recognition of an item was accompanied by recollection. In a more recent fMRI study, Vilberg
and Rugg (2007) reported that activity in the left lateral parietal cortex was sensitive to the
amount of information retrieved. This finding, in combination with previous studies reporting
parietal activation across a number of study materials and modalities (i.e., visual, auditory,
pictures, words), have advanced the hypothesis that the parietal lobe may play a role in the
cortical reinstatement of encoded information (Vaidya et al., 2002; Wagner et al., 2005;
Wheeler & Buckner, 2004; Woodruff et al., 2005). These studies have suggested that parietal
cortex may work in a similar manner to the multimodal episodic buffer proposed by Baddeley
(2000), acting as an interface between episodic memory and the prefrontal central executive
(Wagner et al., 2005).

ERP studies have advanced similar hypotheses regarding retrieval-related parietal activity.
ERPs can provide precise temporal resolution of cognitive processes on the order of tens of
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milliseconds. The parietal ERP old/new effect begins around 500 ms after a subject encounters
a studied test item, is predominantly left-sided, and lasts approximately 400 to 600 ms in
duration (Friedman & Johnson, 2000). The parietal effect is invariant to changes in familiarity
strength, and has been associated with recollection (Ally & Budson, 2007; Friedman &
Johnson, 2000; Trott et al., 1999; Woodruff, Hayama, & Rugg, 2006). Although there have
been no investigations to our knowledge that have directly investigated the duration of the
parietal old/new effect, analysis of the magnitude of the effect has produced similar results to
fMRI studies. Research has shown that the parietal ERP old/new effect is greater for items that
are vividly recollected compared to when one has a more general sense of simply knowing that
an item was studied (Duzel et al., 1997; Wolk et al., 2006; Woodruff, Hayama, & Rugg,
2006). An ERP study that served as a precursor to the fMRI study above (Vilberg and Rugg,
2007) showed that the magnitude of the parietal old/new effect was greater when subjects
retrieved both words in a word pair compared to only remembering one of the words (Vilberg,
Moosavi, & Rugg, 2006). Because the old/new effect was evident in a graded fashion varying
with the amount of information retrieved, Vilberg et al. (2006) suggested that the parietal ERP
effect may reflect the amount of information recollected at test.

Taken together, the anatomical connectivity in conjunction with the fMRI and ERP studies
provide strong evidence that parietal cortex is involved in memory retrieval success, and more
specifically that it may be involved when retrieval is based on recollection of the context in
which stimuli were previously encountered. If parietal cortex were involved in memory
retrieval in general and in recollection in particular, we would expect that individuals with
parietal cortex dysfunction would show deficits in recollection-based memory. The parietal
lobe is one of the areas to suffer neural degeneration as a result of the aging process (Good et
al., 2001; Sowell et al., 2003), and reduced parietal activity has been observed in older adults
during recognition (Daselaar et al., 2006). However, aging also results in degeneration of
frontal and numerous other cortical areas, so the specificity of this parietal effect is difficult to
determine from comparison solely based between younger and older adults. Until recently,
there were no studies investigating performance on a recollection task in patients with
circumscribed lesions affecting parietal cortex. However, in a recent study using a source
memory task involving words and famous faces that elicited significant parietal activation in
healthy subjects using fMRI, Simons et al. (in press) found that patients with left or right
unilateral parietal lesions did not show memory impairment compared to controls. These
authors concluded that although the processes supported by the parietal lobe likely contribute
to memory function, these processes may not be critical for accurate source recollection to
occur.

While each of the scientific methods reviewed above has its limitations, interpretations of the
fMRI, ERP, and lesion data have led to intriguing hypotheses as to the role of the parietal lobes
in memory retrieval (Ally & Budson, 2007; Simons et al., in press; Wagner et al., 2005). The
current study was designed to better understand the role of the parietal lobes in memory by
seeking convergence across multiple complementary domains: ERPs, effects of aging, and
effects of circumscribed parietal lesions. We used a novel recognition memory paradigm
specifically designed to target processes thought to be dependent on parietal lobe function.
Among the experimental manipulations that have been shown to elicit particularly robust
parietal activation is the recognition of common objects from unusual or noncanonical
viewpoints (Kosslyn et al., 1994; Faillenot et al., 1997; Sugio et al., 1999). In the present
experiment, subjects studied 210 color pictures of objects in a standard or canonical view, and
were then tested on 420 pictures, half old and half new. One-third of both the old and new
pictures were presented in the same canonical view, one-third were presented in the canonical
view but rotated 90 degrees to either left or right, and one-third were presented in a
noncanonical view (see Figure 1 for an example of the stimuli). Subjects were instructed to
respond “old” if the object was studied, even if it was now rotated or shown from a different
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vantage point. We used this paradigm to examine the role of the parietal lobes in memory in
several different ways.

First, we elected to use the excellent temporal resolution of ERPs to investigate the episodic
buffer hypothesis. This hypothesis posits that activity in parietal cortex reflects retrieved
information that is held for the central executive to execute decision-making processes. In the
context of a task involving recognition of objects from different viewpoints, one would expect
that the demands on a system that holds information “on-line” for further processing would
depend on the amount of mental imagery transformation required for a perceived object to be
matched against those stored in long-term memory (Ally & Budson, 2007; Shepard & Metzler,
1988; Warrington & Taylor, 1973). Thus, we predicted that the duration of the ERP parietal
old/new effect would be shortest for the canonical condition, longest for the noncanonical
condition, and in-between for the rotated condition. It should be noted that due to cognitive
processes involved in mental rotation and transformation associated with the rotated and
noncanonical conditions, it is possible that the episodic buffer will be loaded at differing onset
points. To account for this, our analyses of the scalp topographic data examined not only
duration of the parietal old/new effect, but onset differences as well.

Second, we examined the ERP activity of healthy older adults on this paradigm relative to the
younger adults. Numerous studies have reported differential effects of aging on parietal activity
during the performance of recognition memory tasks (Ally et al., 2008; Grady et al., 2002;
Cabeza et al., 2002; Daselaar et al., 2006). It follows that as the need for parietal lobe activity
increases in a memory task, older adults should show increasing amplitude differences in the
parietal old/new effect when compared to the younger adults. Therefore, we predicted that
older adults would show the least difference in parietal old/new amplitude when compared to
younger adults on the canonical condition, the greatest difference in parietal old/new amplitude
compared to the younger adults for the noncanonical condition, and the difference in parietal
old/new amplitude for the rotated items would fall somewhere between the canonical and
noncanonical conditions. Further, given the extensive evidence suggesting decreased parietal
activity during retrieval in healthy older adults (Ally et al., 2008; Daselaar et al., 2006; Fjell
et al., 2005; Morcom & Rugg, 2004; Nielsen-Bohlman & Knight, 1995; Rugg et al., 1997;
Senkfor & Van Patten, 1998; Swick & Knight, 1997), we also predicted that when collapsed
over all three conditions, the healthy older adults would show a diminished parietal old/new
ERP effect relative to younger adults.

Lastly, we had the opportunity to examine the performance of several patients with
circumscribed unilateral parietal lobe lesions. If the assertion made by Simons et al. (in
press) that parietal cortex plays a supportive role but is not central to recollection were correct,
we would expect an interaction of group and condition such that the patients would show the
least impairment for the canonical condition, the most impairment for the noncanonical
condition, and in-between performance for the rotated items. We therefore predicted that as
the need for parietal lobe activity increases, the patients should perform increasingly worse
relative to an age and gender matched lesion control group. However, if parietal cortex were
central to recollection, we would expect performance to be significantly impaired for the
patients compared to controls on all three conditions, with no interaction of group and
condition.

Methods
Design Overview

Each subject viewed 210 color pictures in a standard canonical viewpoint at study. After a 10-
minute delay, subjects viewed 420 color pictures (50% old) at test. The 420 test items were
presented in three different viewpoints. One-third of the test items were presented in the same
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viewpoint as the study phase (canonical), one-third were presented in a 90-degree rotated
viewpoint, and one-third were presented in a noncanonical viewpoint. High-density ERPs were
recorded at test.

Subjects
Twenty-four younger adults, 24 older adults, 4 patients with parietal lobe lesions, and 4 age
and gender-matched lesion control subjects participated in the experiment. Older adult subjects
were excluded if they had a first-degree relative with a history of Alzheimer's disease or other
memory disorder, if they had a significant history of cerebrovascular disease, a
neurodegenerative disorder, or if they were currently being treating for a psychiatric disorder.
All subjects were right-handed, English was their native language, and were required to have
corrected 20/30 or better color vision. Demographic information for the lesion patients can be
seen in Figure 2. The study was approved by the human studies committees of the Edith Nourse
Rogers Memorial Veterans Hospital, Bedford, Massachusetts, USA, and the psychology
research ethics committee of the University of Cambridge, Cambridge, UK. All subjects gave
IRB-approved informed consent before participating in the study, and were compensated at
the rate of $25 per hour. The data from one younger adult and two older adults were excluded
from all analyses due to either poor performance or excessive artifact in the
electrophysiological data. Data are reported from the remaining 23 younger adults (16 female)
with a mean education of 15.1 years, and an age range of 18 to 25 (mean 21.38) and 22 older
adults (16 female) with a mean education of 16.4 years, and an age range of 62 to 83 (mean
73.86). Of note, ERP data was obtained from only one of the lesion patients, and was not
obtained from the 4 lesion control subjects. The ages of the four parietal lesion patients (1
female) ranged from 49 to 74 (mean 59.5), and the ages of the four lesion control group subjects
(1 female) ranged from 49 to 77 (mean 60.6).

The older adults completed a brief neuropsychological battery to confirm cognitive functioning
in the average range. These tests were administered in a separate 45-minute session. Subjects
were first administered the Mini Mental State Examination (Folstein, Folstein,& McHugh,
1975), on which a minimum score of 27 was required for participation. Subjects were then
administered the CERAD word list memory test (Morris et al., 1989), Trail Making Test Part
B (Adjutant General’s Office, 1944), Verbal Fluency (Monsch, et al., 1992), and the 15-item
Boston Naming Test (Mack, et al., 1992). Mean scores (and standard deviations) for the older
adult group on our neuropsychological battery were the following: MMSE = 29.23 (1.2);
CERAD word list immediate recall over 3 trials /30 = 20.6 (3.8), delayed recall /10 = 6.91
(1.6), recognition /10 = 9.77 (0.4); Trails B = 84.31 (26.9) seconds; Word fluency to letters (F,
A, S) = 42.04 (10.6); Word fluency to categories (animals, fruits, vegetables) = 46.99 (6.8);
15 item Boston Naming Test = 14.14 (1.2). No older adult scored greater than 1 standard
deviation from the group mean on any neuropsychological test. Neuropsychological data was
also obtained from parietal lesion patients, and can be seen in Supplemental Table 1.

Experimental Material and Methods
The color pictures used in the current study were of common objects, and were obtained from
several online databases including the Princeton 3D Model Search Engine,
http://shape.cs.princeton.edu/search.html, the Amsterdam Library of Object Images,
http://staff.science.uva.nl/~aloi; and The Tarr Lab Object Databank,
http//titan.cog.brown.edu:8080/TarrLab/stimuli/objects/objectdatabank.zip/view. The studied
and unstudied items, and the canonical, rotated, and noncanonical views at test, were
counterbalanced across subjects. Half of the rotated items were rotated 90 degrees to the left,
and the other half were rotated 90 degrees to the right. Pictures were presented in central vision
on a white background, with an average height of 12.7 cm and an average width of 15 cm.
Subjects were presented with three example study-test trials (one in each view; canonical,
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rotated, noncanonical) immediately prior to the experiment. Subjects were instructed that a test
item is “old” if the object was studied from either the same viewpoint or from a different
viewpoint. Examples of study and test stimuli can be seen in Figure 1.

During the study phase, subjects were asked to make like/dislike judgments of the stimuli, and
asked to remember the stimuli for a subsequent memory test. Each trial began with a 1500 ms
fixation character (“+”) prior to the presentation of study stimuli. Study stimuli were then
presented for 2000 ms followed by the question, “Do you like this item?” Subjects were then
prompted to button press to signify their like/dislike judgment.

The test phase began with another example study-test trial to assure that the subject understood
the task. Each trial began with a 1000 ms fixation character (“+”) prior to the presentation of
the stimuli. Test stimuli were presented in either a canonical view, a 90 degree rotated view,
or a noncanonical view with the question, “Is this item old or new?” The test item remained
on the screen until subjects button pressed to signify their response.

ERP Procedure
Subjects were seated in a hardback chair and fitted with an Active Two electrode cap
(Behavioral Brain Sciences Center, Birmingham, UK). A full array of 128 Ag-AgCl BioSemi
(Amsterdam, Netherlands) “active” electrodes were connected to the cap in a pre-configured
montage which places each electrode in equidistant concentric circles from 10–20 position Cz
(Supplemental Figure 1). Active electrodes are amplified through the electrode at the source
and do not require abrading of the skin or measuring skin-electrode impedance levels. In
addition to the 128 scalp electrodes, two mini-biopotential electrodes were placed on each
mastoid process. Finally, vertical and horizontal EOG activity was recorded from bipolar
electrodes placed below the left eye and on the outer canthus of the left and right eye. EEG
and EOG activity was amplified with a bandwidth of 0.03–35 Hz (3 dB points) and digitized
at a sampling rate of 256 Hz. Recordings were referenced to a vertex reference point, but were
later re-referenced to a common average reference to minimize the effects of reference-site
activity and accurately estimate the scalp topography of the measured electrical fields (Curran,
et al., 2006; Dien, 1998).

The sampling epoch for each test trial lasted for a total of 1700 ms, which included a 200 ms
pre-stimulus baseline period. This pre-stimulus period was used to baseline correct averaged
ERP epochs lasting 1500 ms. ERPs were averaged and corrected using the EMSE Software
Suite (Source Signal Imaging, San Diego, CA). Trials were corrected for excessive EOG
activity using the empirical EMSE Ocular Artifact Correction Tool, in which artifact data are
manually distinguished from the clean data by the investigator. The Ocular Artifact Tool then
produces a logarithmic ratio of artifact data versus clean data and subtracts artifact data from
all channels where it is detected. Trials were discarded from the analyses if they contained
baseline drift or movement greater than 90 µV. Individual bad channels were corrected with
the EMSE spatial interpolation filter.

Results
Recognition accuracy, response bias (C), reaction time (RT), and electrophysiological data
were analyzed for the younger and older adults using ANOVAs. Nonparametric analyses were
used to examine scalp topographic differences over time between the three conditions. Analysis
of memorial accuracy for the three conditions was also completed using ANOVA for the four
lesion patients and age and gender-matched controls. Although the lesion data is from a small
number of patients, we believe that such data are essential to our understanding of the role of
the parietal lobes in memory retrieval. Because of the small number of patients we are careful
not to overreach our conclusions.
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Behavioral Performance
Recognition accuracy was calculated using both the discrimination index Pr (%Hits - %False
Alarms) and d’ (Snodgrass & Corwin, 1988); because these results were nearly identical only
the Pr analyses are presented (all data are presented in Table 1). To examine differences in
accuracy, a repeated measures ANOVA was performed with the factors of Group (Young, Old)
and Condition (Canonical, Rotated, Noncanonical). Results revealed an effect of Group [F(1,
43) = 53.13, p < .001], indicating the overall accuracy was better for the younger adults
compared to the older adults. An effect of Condition [F(2, 86) = 488.34, p > .001] showed that
accuracy was better for the canonical condition compared to the rotated condition [F(1, 46) =
20.95, p < .001] and the noncanonical condition [F(1, 46) = 535.59, p < .001], and also for the
rotated condition compared to the noncanonical condition [F(1, 46) = 526.52, p < .001]. There
was also an interaction of Group and Condition [F(2, 86) = 7.96, p = .002]. This interaction
was likely due to performance becoming increasingly worse for the older adults compared to
the younger adults as the task became more difficult. As can be seen in Table 1, the difference
in Pr between the two groups for the canonical condition was relatively small (.12), but became
greater for the rotated condition (.17), and was at its greatest for the noncanonical condition (.
24). Follow-up t-tests for the younger adult group revealed that accuracy was better in the
canonical [t(22) = 16.39, p < .001] and rotated [t(22) = 15.17, p < .001] conditions compared
to the noncanonical condition. However, the difference in performance between the canonical
and rotated conditions was not significant [t(22) = 1.80, p = .095].

Response bias was calculated using the measure C (Snodgrass & Corwin, 1988), and can be
seen in Table 1. Positive values of C indicate a conservative response bias, and negative values
indicate a liberal response bias. A repeated measures ANOVA with the factors of Groups
(Young, Old) and Condition (Canonical, Rotated, Noncanonical) revealed an effect of
Condition [F(2, 86) = 88.28, p < .001] and an interaction of Group and Condition [F(2, 86) =
4.20, p = .018]. Follow-up analyses showed that response bias was more conservative for both
groups on the noncanonical condition compared to the canonical [F(1, 44) = 109.63, p < .001]
and rotated [F(1, 44) = 104.26, p < .001] conditions. Further analysis showed that the interaction
was present because the older adults demonstrated a more conservative response bias than the
younger adults only for the noncanonical condition [t(43) = 2.49, p = .017].

The RT data are shown in Table 2. To analyze differences in median RTs, a repeated measures
ANOVA was performed with the factors of Group (Young, Old), Condition (Canonical,
Rotated, Noncanonical), and Item Type (Hits, Correct Rejections). The results revealed an
effect of Group [F(1, 43) = 31.80, p < .001], indicating that overall reaction times were faster
for younger adults than for older adults. There was also an effect of Item Type [F(1, 43) =
49.92, p < .001] showing that reaction times were faster for hits than correct rejections, an
effect of Condition [F(2, 86) = 115.53, p < .001] indicated that reaction times were faster for
the canonical condition compared to the rotated condition [F(1, 44) = 75.19, p < .001] and the
noncanonical condition [F(1, 44) = 121.05, p < .001], and also for the rotated condition
compared to the noncanonical condition [F(1, 44) = 96.77, p < .001]. The ANOVA also
revealed a marginal 3-way interaction of Group, Condition, and Item Type [F(2, 86) 3.58. p
= .060]. This marginal interaction was likely due to the fact that the reaction time difference
between hits and correct rejection remained relatively constant for the older adults, whereas
the reaction time difference between hits and correct rejections increased significantly as the
condition became more difficult for the younger adults (Table 2).

ERP Results
The ERP analysis was guided by previous research and began with an ANOVA performed on
the 500 to 800 ms time interval associated with the parietal old/new effect. Mean amplitudes
were calculated for this time interval, which were then averaged across groups of electrodes
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that formed four separate regions of interest [Left Parietal (LP), Right Parietal (RP), Left
Occipital (LO), Right Occipital (RO)]. Each region of interest (ROI) consisted of a seven-
electrode cluster. See Supplemental Figure 1 for the scalp topography of the four ROIs. The
initial analysis consisted of a repeated measures ANOVA with the factors of Group (Young,
Old), Condition (Canonical, Rotated, Noncanonical), Item Type (Hits, Correct Rejections),
and ROI (LP, RP, LO, RO). Follow-up analyses were performed as necessary. Group grand
average ERP waveforms for the three conditions can be seen in Supplemental Figure 2. In
addition, nonparametric permutation tests were used to examine topographic differences in 50
ms intervals throughout the recording epoch. Typically used in imaging studies to compare
voxels between two different conditions, nonparametric permutation tests can be useful in
understanding temporal differences in high-density ERP data (Ally & Budson, 2007; Galan et
al., 1997; Greenblatt & Pflieger, 2004; Karniski et al., 1994). Old/new scalp topographies for
the younger and older adult groups can be seen in Figure 3 and Figure 5. The nonparametric
comparison p-value maps can be seen in Figure 4 and Figure 6. Please note that all 50 ms
topographic maps represent an average of 50 ms going forward from the labeled time, such
that 0 ms is the average from 0 to 49 ms, etc. Only significant statistics will be discussed.

The between-subjects ANOVA revealed an interaction of Condition and Group [F(2, 86) =
7.02, p = .002], due to the fact that there was an effect of Condition on the activity at the parietal
regions for the younger adults [F(2, 44) = 10.87, p < .001], but not for the older adults [F(2,
42) = 2.42, p = .119] (see Figure 7). An interaction of Item Type, Condition, and ROI [F(6,
258) = 4.57, p = .002] indicated that when collapsed across groups, hits were more positive
than correct rejections at parietal regions for the canonical condition compared to the
noncanonical condition [F(1, 44) = 5.76, p = .021] but not for the canonical condition compared
to the rotated condition [F(1, 44) = 1.46, p = .233). Hits were also more positive than correct
rejections at parietal regions for the rotated condition compared to the noncanonical condition
[F(1, 44) = 4.61, p = .037]. An interaction of Item Type, ROI, and Group [F(3, 129) = 16.73,
p < .001] indicated that hits were more positive than correct rejections at parietal regions for
the younger adults [F(1, 22) = 74.02, p < .001], but not for the older adults [F(1, 21) = 1.90, p
= .182]. Lastly, there was an interaction between Item Type and ROI [F(3, 129) = 53.00, p < .
001]. Follow-up t-tests revealed that the magnitude of the old/new effect was significantly
greater for the younger adults for all three conditions compared to the older adults: canonical
[t(43) = 5.09, p < .001], rotated condition [t(43) = 2.44, p = .014], and noncanonical [t(43) =
2.56, p = .018].

To follow-up on the interactions of Item Type X ROI X Group and Item Type X ROI, a follow-
up ANOVA of Item Type, Condition, and ROI was performed for the younger adult group
alone. This revealed an effect of Item Type [F(1, 22) = 4.74, p = .040], and an interaction of
Condition, Item Type and ROI [F(6, 132) = 3.48, p = .016]. Follow-up t-tests revealed that the
magnitude of the parietal old/new effect was greater for the canonical condition than for the
rotated condition at the left parietal region [t(22) = 2.96, p = .007], but not at the right parietal
region [t(22) <1]. The magnitude of the old/new effect was greater at both the left [t(22) = 3.90,
p = .001] and right [t(22) = 3.32, p = .003] parietal regions for the canonical condition compared
to the noncanonical condition. Finally, the effect was greater at the right parietal region for the
rotated condition compared to the noncanonical condition [t(22) = 2.94, p = .008].

The scalp topographies and nonparametric analyses are also helpful in determining spatial and
temporal differences in the parietal old/new effect between conditions for the younger adults.
The topographies and p-value maps can be seen in Figure 3 and Figure 4. As can be seen in
Figure 4, parietal activity is statistically more robust in the canonical condition compared to
the rotated condition at three distinct periods in time. Early parieto-occipital differences are
first seen at around 100 ms, due to a parietal positivity observed in the canonical but not rotated
condition. Parietal differences are next seen at around 300 ms, where it appears that the parietal
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effect begins earlier for the canonical condition than for the rotated condition. Finally, more
robust differences are seen from approximately 450 ms to 600 ms, due to the magnitude of the
parietal old/new effect here being greater in the canonical condition compared to the rotated
condition (consistent with the above ANOVAs). Nonparametric differences between the
canonical and noncanonical conditions show robust fronto-parietal differences from
approximately 200 ms to around 750 ms. Here the parietal effect also began earlier and was
more robust in the canonical condition compared to the noncanonical condition. These within-
subjects differences can be seen dynamically by viewing a video clip in the Supplemental Data
Appendix. The video clip (Supplemental Figure 3) shows the electrical activity of the brain
during successful retrieval of the canonical, rotated, and noncanonical test items.

Following-up the above ANOVA for the older adult group revealed no main effect of Item
Type [F(1, 21) < 1]. There were significant interactions of Condition and ROI [F(6, 126) =
8.34, p < .001] and Item Type and ROI [F(3, 63) = 7.62, p = .001]. However, further post hoc
analyses demonstrated that there were no significant old/new magnitude differences at parietal
or occipital ROIs for the three conditions. Nonparametric comparisons between older and
younger adults showed similar differences for each of the three comparisons. For this reason,
the three conditions were averaged to create a composite condition for both groups. As can be
seen in Figure 6, when the composite topographies were analyzed nonparametrically,
significant parietal differences were seen throughout the recording epoch beginning at
approximately 400 ms, consistent with and expanding upon the results obtained with the
ANOVA.

Lesion Data
Table 1 and Table 2 provide mean discrimination, response bias, and median reaction time
values for the lesion patients and the age-matched lesion control group. A repeated measures
ANOVA was performed on the accuracy data (Pr) with the factors of Group (lesion patient,
lesion control) and Condition (canonical, rotated, noncanonical). To examine effect size in
order to assure that any negative results were not attributable to insufficient power, eta squared
(η2) was also calculated. As expected the results revealed a robust effect of Condition [F(2,
12) = 81.59, p < .001, η2 = .931]. However, there was no effect of Group [F(1, 6) = .09, p = .
773, η2 = .015] or interaction of Group and Condition [F(2, 12) = .67, p = .470, η2 = .101].
Consistent with the previous lesion data (Simons, et al., in press), these patients performed
within the normal range of healthy age-matched control subjects. Figure 8 shows the behavioral
data for the parietal lesion patients compared to the lesion controls as well as the younger and
older adults for each of the conditions.

We also had the opportunity to acquire ERP data from one patient with a right lateral parietal
lesion (patient R1). The topographic data from patient R1 are displayed in Figure 9, where it
can be seen that there was a distinct absence of right parietal activity. This was confirmed using
Crawford and Howell's (1998) modified t-test for comparing an individual score with a small
control group (20 subjects from the younger adult group and 20 subjects from the older adult
group, mean age 48.4 years, for comparison with patient R1, aged 49). The t-test revealed that
parietal activity during the 500 to 800 ms time interval was significantly diminished in patient
R1 compared to the controls [t(39) = 2.044, p = .047]. Of particular interest, patient R1
demonstrated significantly enhanced frontal activity during the 500 to 800 ms time interval
associated with recollection compared to the control group [t(39) = 2.335, p = .024]. These
frontal differences will be discussed in detail below.

Discussion
The present study provided several interesting findings regarding the contribution of the
parietal lobes during memory retrieval. First, to assess the validity of the episodic buffer
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hypothesis, we analyzed the duration of the parietal old/new effect. The episodic buffer
hypothesis posits that parietal cortex may dynamically represent or hold retrieved information
in a form accessible to executive decision-related processing (Baddeley, 2000; Wagner et al.,
2005). Therefore, we predicted that the parietal effect would be longest in duration for the
noncanonical condition, as information would likely need to be held for a longer period of time
for a memorial decision to be made, and shortest in duration for the canonical condition, which
likely requires a shorter period of time for a memorial decision to be made. The analyses of
our data, however, yielded the opposite result: the parietal old/new effect was longer in duration
for the canonical condition compared to the rotated and noncanonical conditions. Thus, these
data are in apparent conflict with the episodic buffer hypothesis of parietal function in
recollection.

Second, we predicted that as parietal lobe activity increased on a memory retrieval task, older
adults would show increasing differences in the parietal old/new effect compared to the
younger adults. As can be seen in Figure 7, this prediction was borne out, although in a slightly
different way than expected. Specifically, we predicted that older adults would show the least
difference in parietal old/new amplitude when compared to younger adults on the canonical
condition, the greatest difference in parietal old/new amplitude compared to the younger adults
for the noncanonical condition, and the difference in parietal old/new amplitude for the rotated
items would fall somewhere between the canonical and noncanonical conditions. However,
because the younger adults showed the greatest activity in the canonical condition and the least
activity in the noncanonical condition, the results showed the opposite pattern than originally
predicted. The greatest difference in the parietal old/new effect between the groups was in the
canonical condition, the least difference was in the noncanonical, and the rotated condition fell
in between the canonical and noncanonical conditions. And, consistent with our original
predictions, the older adults showed significantly diminished parietal activity compared to the
younger adults when collapsed over all three conditions.

Third, the lesion patients in the current investigation performed similar to healthy age and
gender-matched control subjects on all three conditions. Consistent with Simons et al. (in
press), these findings suggest that parietal cortex is not necessary for accurate remembering,
although our ERP data suggests that it plays some important supportive role. In their initial
investigation of memory retrieval in patients with lateral parietal lesions, Simons et al. showed
that performance was not impaired compared to controls on a source recollection test that
elicited parietal activation on fMRI. In addition to the behavioral data in the present study, we
also had the opportunity to acquire ERP data from a right hemisphere lesion patient (subject
R1). Although substantial conclusions cannot be drawn from a single subject, the old/new scalp
topographies provide some preliminary data for speculation. As expected, there was diminished
parietal activity, particularly on the right side. However, there was significant bilateral frontal
activity, perhaps reflecting compensatory mechanisms or strategies. This bifrontal activity is
particularly interesting in light of anecdotal post-experiment interview data acquired from the
lesion patients. Patient R1 stated that she has developed numerous strategies to compensate
for her memory since tumor resection. These strategies included looking for distinctive colors
in a picture and determining whether study items are animate or inanimate objects. Perhaps
the utilization of these strategies is responsible for the frontal activity seen in the scalp
topographies. Additional anecdotal evidence from parietal lesion patients in the current study
and others may also be informative. Two other subjects with parietal lobe lesions in the current
study, as well as several of those from Simons et al. (in press), reported low confidence in their
overall memory abilities, and/or stated that their memories lacked richness. Similarly, a parietal
lesion patient (S.M.) in a recent study by Davidson et al. (in press) reported low confidence in
her memories and that they lacked episodic richness or vividness.
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Combining (1) these anecdotal data, (2) the patients’ normal memorial accuracy, and (3) our
ERP data in young subjects showing the greatest parietal activity in the canonical condition
leads us to speculate as to what role parietal cortex may play in memory retrieval. We propose
that parietal activity may index the magnitude of the subjective experience occurring at
recognition. Hassabis et al. (2007) suggested that recollection entails a number of component
processes, including both objective and subjective processes. The fact that parietal lesion
patients are relatively unimpaired on tests of recognition, suggests that parietal activity may
support a subjective component of recollection rather than an objective one. Consistent with
this view, Chua et al. (2006) showed that activity in medial and lateral parietal regions was
greater during memory assessment compared to recognition accuracy.

Impaired subjective recollection with parietal damage has also found support from studies of
autobiographical memory. Davidson et al. (in press) recently showed that patients with
unilateral parietal lesions were able to freely recall memories from their past, but that their
memories were significantly impoverished of details compared to control subjects. Findings
from Berryhill et al. (2007) also support this idea by showing that two patients with bilateral
parietal lesions could recall memories from their past, but only with severely diminished
content. In the same study, Berryhill and colleagues (2007) demonstrated that the patients were
not impaired on tasks of global mental imagery, suggesting that mental imagery is not the same
as the subjective episodic experience associated with recollection.

It has been argued that perhaps parietal cortex provides a critical link between consciousness
and cognition (Naghavi & Nyberg, 2005). Recent research has reported that activity in the
posterior precuneus appears to correlate with self-reflection in episodic and autobiographical
retrieval (Cavanna, 2007; Cavanna & Trimble, 2006). Further, Simons et al. (2005) observed
precuneus activity that was greater during recollection of self-generated context details than
those derived from the external world, and Hassabis et al. (2007) showed that activation in
parietal regions could distinguish real memories from contrived imaginary ones. The idea of
self-reflective awareness being important in memorial recollection is of course not new.
Ebbinghaus (1885) and James (1890) both stated that for proper memory to occur, one must
have knowledge of an event with additional recognition or consciousness that the event has
been personally experienced. More modern connections can be made to Tulving’s autonoetic
consciousness (self-knowing) and mental time travel in episodic memory (Tulving, 1984,
1985, 2005). The data provided by the current study and Simons et al. (in press) are consistent
with the idea that this sense of personal experience or self-knowing memory discussed by
Ebbinghaus, James, and Tulving becomes disrupted with parietal damage. If this idea is correct,
we could further speculate that the parietal old/new effect may be the neural correlate of one’s
subjective episodic experience.

This hypothesis is further supported by the current ERP data. The magnitude of the parietal
old/new effect in our younger adults was greatest in the canonical condition, where the test
items were an exact match to the study items, compared to the rotated and noncanonical
conditions, and also greater for the rotated condition compared to the noncanonical condition.
We speculate that due to the exact match of study and test items during recognition in the
canonical condition, the subjective experience of recollection of the study episode would be
the most rich relative to the rotated and noncanonical conditions. This speculation is consistent
with prior studies showing greater magnitude of the parietal effect when recognition is
accompanied by the vivid recollection of study details (Duzel et al., 1997; Wolk et al., 2006;
Woodruff, Hayama, & Rugg, 2006), and when study and test stimuli are an exact perceptual
match (Ally & Budson, 2007; Schloerscheidt & Rugg, 2004). This idea is further supported
by ERP (Goldmann et al., 2003) and fMRI (Wheeler & Buckner, 2003) studies showing that
false recognition elicits similar parietal activity to correct recognition. These studies suggest
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that parietal cortex is involved in the subjective experience of a memory despite whether or
not the item was previously encountered.

The ERP data from older adults also lends support to the hypothesis that the parietal old/new
indexes the amount of subjective episodic experience during recollection. Similar to numerous
previous studies of aging (Ally et al., 2008; Daselaar et al., 2006; Fjell, et al., 2005; Joyce, et
al., 1998; Morcom & Rugg, 2004; Nielson-Bohlman & Knight, 1995; Rugg, et al., 1997;
Senkfor & Van Petten, 1998; Swick & Knight, 1997), the older adults in the current study
demonstrated significantly diminished parietal activity compared to young adults. If the
hypothesis of subjective episodic experience were true, older adults likely experience
diminished subjective recollection. This hypothesis is supported by previous studies showing
that older adults lack self-related episodic details when recollecting a past event compared to
younger adults (Addis, Wong, & Schacter, in press), and that they exhibit decreased estimates
of recollection compared to younger adults (Howard, et al., 2006; Jennings & Jacoby, 1993,
1997; Prull et al., 2006). For these reasons, the subjective aspects of recollection may be similar
between older adults and patients with parietal lesions. Indeed, research investigating healthy
older adults has reported neural degeneration, (Good et al., 2001; Sowell et al., 2003) cortical
volume loss (Kochunov, Mangin, Coyle, Lancaster, Thompson, Riviere, et al., 2005; Rettmann,
Kraut, Prince, & Resnick, 2006; Resnick, Goldszal, Davatzikos, Golski, Kraut, Metter, et al.,
2000; Resnick. Pham, Kraut, Zonderman, & Davatzikos, 2003), and Alzheimer pathology in
parietal regions (McKee, Au, Cabral, Kowall, Seshadri, Kubilus, Drake, Wolf, 2006), as well
as poor functional connectivity between medial temporal regions and parietal cortex during
memory tasks (Damoiseaux, Beckmann, Arigita, Barkhof, Scheltens, Stam, Smith, Rombouts,
in press; Daselaar, Fleck, Dobbins, Madden, Cabeza, 2006) in healthy older adults. Future
studies can help to determine what role subjective recollection may play in both confidence
and accuracy (see Chua et al., 2006).

An alternative explanation that should be considered as to the role of parietal cortex in
recollection is awareness or attention to internal memorial representations (Wagner et al.,
2005). Rugg and Henson (2002) and others have suggested that posterior parietal cortex may
contribute to shifting attention to, or maintaining attention on, internally generated memory
representation. Providing some support for this argument, the patients with bilateral parietal
lesions in Berryhill et al. (2007) demonstrated simultanagnosia; a neurological disorder where
patients can perceive objects in their visual field, but can only attend to one at a time. Berryhill
and colleagues suggested that parietal damage might make it impossible for patients to attend
to or report on an entire memory, focusing on only a single aspect. Analogous to the way
patients with visual neglect following parietal damage can attend to items when pointed out
by an examiner, the patients in Berryhill et al. could remember or report specific memorial
details when given directed probes by the examiner. Based on these findings, Berryhill and
colleagues proposed a variation of Wagner et al.’s (2005) attention to internal memorial
representations hypothesis, drawing on distinctions between top-down and bottom-up attention
(Corbetta & Shulman, 2002). They suggested that their patient data could be attributed to a
deficit in the capture of bottom-up attention by internal memorial representations. It should be
noted, however, that a deficit that can be improved by the provision of external probes could
equally be considered to reflect impaired top-down control because the patients are unable
spontaneously to implement top-down strategies to guide performance in the absence of the
external probes (Desimone & Duncan, 1995; Duncan, Emslie, Williams, Johnson, & Freer,
1996).

It will be interesting to see how the top-down vs. bottom-up debate unfolds, but either way,
we would argue that the attention to memorial representation hypothesis does not fit the present
data as well as our proposed episodic experience hypothesis. If successful recollection were to
cause attention to be disengaged from the environment to focus on the contents of retrieval,
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we would expect that the noncanonical and rotated conditions would require greater attentional
demands than the canonical condition, producing greater parietal ERP activity. Yet, the current
findings yielded the opposite result. Parietal activity was greatest in magnitude and longest in
duration for the canonical condition. Further, our analyses showed that increasing cognitive
demands required to mentally rotate or transform an object at test resulted in delayed onset of
the parietal effect, possibly reflecting load effects. However, the parietal effect also ended
earlier in these conditions. If the parietal old/new effect represented attentional processes, we
would once again expect activity to be longest in duration in the noncanonical condition, as in
the episodic buffer hypothesis. In addition, based on the reaction time data, we would expect
the parietal effect to end later in the epoch for the noncanonical condition if the parietal effect
was attributable to attentional processes. While we agree that retrieved items likely demand
attentional resources for memorial decisions to be made, it is of course unlikely that more easily
recognized items would capture the greatest amount of attention.

In conclusion, results from the present investigation allowed us to attain several insights into
the possible contributions of parietal cortex in memory retrieval. First, our younger adult ERP
data showed that the duration of the parietal old/new effect is not consistent with the episodic
buffer hypothesis. In contrast to recent hypotheses focusing on the amount of information
retrieved at test, our data suggest that the parietal old/new effect may reflect subjective aspects
of recollection. In support of this hypothesis, debriefing and anecdotal reports from the patients
with parietal lesions from the current study and others suggest that parietal damage may lead
to a diminished sense that an event has been personally experienced. Consistent with previous
behavioral research demonstrating that healthy older adults experience decreased recollection,
the older adults in the current study showed significantly diminished parietal activity compared
to the younger adults. Lastly, we speculate that the subjective episodic experience during
memory retrieval discussed by Ebbinghaus (1885) and James (1890), and the experience of
mental time travel described by Tulving (1985), may be actualized within the parietal cortex.
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Figure 1.
Example of study and test stimuli
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Figure 2.
Lesion diagrams for the patients with parietal lobe lesions. Each patient's lesion was manually
traced on a structural MRI of their brain, normalized to MNI space, and displayed on axial
slices of a canonical structural image (slice positions indicated on sagittal section at foot of
figure). Patient L2's lesion affected BA 5 and 7, with some extension into BA 40. Patient L3's
lesion involved BA 7 and 39, as well as BA 17–19. Patient L4’s lesion is predominantly in BA
5, with some extension into BA 18 and 19. Patient R1's lesion involved BA 7 and 39, in addition
to BA 1–3.
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Figure 3.
Younger Adult old/new scalp topography maps for the three conditions. Topographies are
presented in 50 ms averages going forward.
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Figure 4.
Younger Adult topographic p-value maps created by the nonparametric permutation test.
Topographies are presented in 50 ms averages going forward.
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Figure 5.
Older Adult old/new scalp topography maps for the three conditions. Topographies are
presented in 50 ms averages going forward.
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Figure 6.
Topographic p-value maps created by the nonparametric permutation test between the younger
and older adults. Topographies are presented in 50 ms averages going forward.
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Figure 7.
Mean amplitudes of the parietal old/new effect for the older and younger adults on all three
conditions.
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Figure 8.
Boxplots showing the accuracy data for the parietal lesion patients and the younger and older
adults for the three conditions. Lesion patient data are plotted individually. (YA – Younger
Adults; OA – Older Adults; LC – Lesion Controls; PL – Lesion Patients).
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Figure 9.
Old/new scalp topography maps for parietal lesion patient R1, collapsed across the three
conditions. Topographies are presented in 50 ms averages going forward Supplementary Table
1. Neuropsychological test data for the parietal lesion patients and controls.
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