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True Memory, False Memory, and Subjective Recollection Deficits
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Objective: There is mounting evidence that the posterior parietal cortex (PPC) plays an important role in
episodic memory. We previously found that patients with PPC damage exhibit retrieval-related episodic
memory deficits. Here we assess whether parietal lobe damage affects episodic memory on a different
task: the Deese—Roediger-McDermott (DRM) false-memory paradigm. Methods: Two patients with
bilateral PPC damage and a group of matched controls were tested. In Experiment 1, the task was to
remember words; in Experiment 2 the task was to remember pictures of common objects. Prior studies
have shown that normal participants have high levels of false memory to words, low levels to pictures.
Results: The patients exhibited significantly lower levels of false memory to words. One patient showed
significantly elevated levels of false memory to pictures. The patients’ false memories were accompanied
by reduced levels of recollection, as tested by a Remember/Know procedure. Conclusions: PPC damage
causes decreased levels of false memories and an abnormal Remember/Know profile. Their false memory
rate is similar to the rate exhibited by patients with medial temporal lobe damage. These results support
the view that portions of the PPC play a critical role in objective and subjective aspects of recollection.
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There is growing evidence that the posterior parietal cortex
(PPC) plays an important role in episodic memory retrieval. Func-
tional magnetic resonancing imaging (fMRI) studies have reported
lateral and medial PPC activations across a wide range of episodic
memory retrieval tasks (reviewed by Cabeza, 2008; Cabeza,
Ciaramelli, Olson, & Moscovitch, 2008; Ciaramelli, Grady, &
Moscovitch, 2008; Wagner, Shannon, Kahn, & Buckner, 2005;
Vilberg & Rugg, 2008).

The functional involvement of the PPC in episodic memory has
been verified by a small number of focal lesion studies (Berryhill,
Phuong, Picasso, Cabeza, & Olson, 2007; Davidson et al., 2008;
Simons, Peers, Mazuz, Berryhill, & Olson, 2010; reviewed by Olson
& Berryhill, 2009). For instance, we previously tested two patients
with bilateral parietal lobe damage—one patient with damage that
was mostly in the inferior parietal lobe (IPL), and the other having
damage extending into the superior parietal lobe—on a study exam-
ining autobiographical memory (Berryhill et al., 2007). Patients and
matched controls were asked to select a memory from five designated
epochs in their lifetimes and then describe the memory in as much

David B. Drowos and Marian Berryhill, Department of Psychology,
Temple University, Philadelphia, Pennsylvania, and Center for Cognitive
Neuroscience, University of Pennsylvania, Philadelphia; Jessica M. André
and Ingrid R. Olson, Department of Psychology, Temple University, Phil-
adelphia, Pensylvania.

We thank Marianna Stark for recruiting participants, Anjan Chatterjee and
Branch Coslett for providing the patient database, and David Wolk, Jason Chein,
and Roberto Cabeza for helpful discussions. We would also like to thank Yonatan
Mazuz for assistance in testing control participants and Cara Shay for stimulus
development. This research was supported by RO1 MH071615 to Ingrid R. Olson
and by NRSA NS059093 to Marian Berryhill.

Correspondence concerning this article should be addressed to Ingrid R.
Olson, Department of Psychology, Temple University, 1701 North 13th
Street, Philadelphia, PA 19122. E-mail: iolson@temple.edu

465

detail as possible. Following this free recall stage, we asked a series of
specific probe questions that were aimed at elaborating on the number
of details mentioned. The free recall and specific probe data were
subjected to a detailed text analysis to categorize, tally, and rate the
details mentioned by study participants (Levine, Svoboda, Hay, Win-
ocur, & Moscovitch, 2002). The results demonstrated a surprising
dissociation in the patients’ performance between the free recall and
the specific probe stages. Their freely recalled memories were signif-
icantly impoverished in terms of the number of details they refer-
enced. In contrast, during the specific probe stage, patients responded
with as much detail as did the control subjects. Because the task did
not involve encoding, the patients’ abnormally low performance is
best characterized as a memory retrieval deficit.

In another study (Davidson et al., 2008), a patient with unilateral
left PPC damage was tested in a series of tasks including the
classic Deese—Roediger—McDermott (DRM) false-memory para-
digm (Deese, 1959; Roediger & McDermott, 1995). In the stan-
dard DRM, participants are presented with lists of conceptually
related words, and later, they are asked to perform an old/new
recognition memory task. At retrieval, most participants claim to
have seen or heard words that in fact had never appeared on the list
(“false memories™). This occurs when the words are closely related
to the core theme of the words on the learned list. It is thought that
such false memories arise from automatic activation of conceptu-
ally related words, or “gist” information (Schacter & Slotnick,
2004). Such false memories are typically accompanied by a strong
subjective sense of recollection. Metamemory processes operating
at retrieval can also shape expectations about what true memories
feel like, further modulating false memory rates.

The Davidson et al. (2008) report described a unique pattern of
deficits in their unilateral PPC patient: She remembered relatively
fewer items and made relatively fewer false alarms. Davidson et al.
interpreted this as evidence that the patient was not activating the
“gist” information associated with each semantically related list.
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Davidson’s patient also reported a decreased sense of subjective
recollection, a finding that has been reported by two other groups
using different tasks and stimuli (Ally, Simons, McKeever, Peers,
& Budson, 2008; Simons et al., 2010).

It is important to point out that there are several negative findings in
this small quantity of literature. For instance, three studies have reported
that unilateral and bilateral parietal lobe damage has no deleterious effect
on source memory accuracy (Davidson et al., 2008; Simons et al., 2010),
even when the lesions overlap with regions activated by a source-memory
task in an fMRI study (Simons et al., 2008). There is also evidence that
unilateral parietal lobe damage has no measureable effect on item-recog-
nition memory, such as recognition of a long series of words, pictures, or
sounds (Haramati, Soroker, Dudai, & Levy, 2008).

In summary, the existing data indicate that parietal lobe damage
affects episodic memory in some cases but not others. Because
there have been only a small number of studies on this topic, and
those that exist offer uneven evidence for parietal involvement in
episodic memory, it is difficult to make informed hypotheses about
the parietal lobes’ functional role in episodic memory. Also, with
a few exceptions, most reported findings have not been replicated.
The goal of this study is to bolster the literature by replicating and
extending the DRM findings reported by Davidson and colleagues.

Davidson’s finding is valuable because the DRM task has been
used on several different patient populations, thus allowing one to
compare the effects of different focal lesions on task performance.
In the present study, two patients with bilateral parietal lobe
damage are tested on two different DRM tasks. After conducting
our primary analyses, we conduct a brief qualitative meta-analysis
in which the performance of our patients is compared with the
performance of patients with medial temporal lobe (MTL) damage.

Experiment 1: False Memory With Auditory Word
Stimuli
Method

Lesion patients. Two patients, EESS5 and TQ591, with bilat-
eral parietal lobe damage were tested in this study. Both patients are

highly personable, alert, and attentive participants. They have been
discussed extensively in prior studies (Berryhill & Olson, 2008;
Berryhill et al., 2007); we summarize their neurological profiles here.

Patient EE555. EESS55 is a 40-year-old former teacher with 16
years of education. In 2004, she suffered three infarcts in the
watershed between the posterior and middle cerebral arteries. Her
physical and perceptual symptoms are currently stable. EE5S55’s
MRI revealed symmetrical lesions in lateral aspects of the inferior
parietal lobe, extending from superior aspects of the occipital lobe
through the angular gyrus (Brodmann areas—BA—39) in and
around inferior and middle portions of the intraparietal sulcus
(IPS). Damage does not encroach into the midline (e.g., precu-
neus). EE555’s lesions are depicted in Figure 1.

Patient EE555’s primary deficit is simultanagnosia. When
shown a line drawing of a visual scene, she describes parts of the
picture—*there is a woman” and “I see water”—without attaining
a global understanding of the scene. In line cancellation tasks, she
crosses off items only at the center, ignoring peripheral items. She
reports only the local elements when shown Navon letters. Lan-
guage comprehension and speech fluency were unimpaired as
assessed by her conversational skills and by ceiling performance
on the auditory tests of the Western Aphasia Battery. She finds
reading of long words or text passages impossible because of her
simultanagnosia. Her eyesight is normal.

Patient TQ591. TQ591 is a 49-year-old former preschool as-
sistant teacher with 15 years of education. She suffered bilateral
parieto-occipital damage due to cerebral vasculitis in March 2006.
TQ591’s MRI revealed signs of previous subacute posterior cere-
bral artery infarctions. The primary lesions are in bilateral parietal
regions (see Figure 1). The left parietal lesion extends into IPS
(BA 39) and precuneus (BA 7). There are two right lesion sites:
The inferior lesion is in superior aspects of the occipital lobe
(BA 18 and 19), and the superior lesion is in the superior parietal
lobe (BA 7). In both hemispheres, the lesions extend slightly into
occipital (BA 19) regions and parietal white matter.

TQ591’s primary deficit is simultanagnosia. When shown pictures
of scenes, TQ591 is slow to describe them and complains that parts of

Figure 1.

Patient lesion traces. Images are T2 fluid-attenuated inversion recovery (FLAIR) images in which the

lesions appear as white higher-intensity patches in parietal regions. Right hemisphere is on the left side of figure.
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scenes “disappear” when she looks away or blinks. In line cancella-
tion tasks, she identifies only a few lines within a narrow visual field.
She has a local bias with Navon letters. Language comprehension and
speech fluency were unimpaired as assessed by her conversational
skills and by ceiling performance on the auditory tests of the Western
Aphasia Battery. Reading is somewhat impaired because of her si-
multanagnosia. Her vision is corrected to normal.

Neuropsychological evaluation of memory and language.
Patients were administered several standardized memory, lan-
guage, and vision tests (see Table 1). First, to establish that patients
are able to follow verbal instructions, we conducted auditory
subtests of the Western Aphasia Battery—Revised (WAB-R; Har-
court Assessment); they both performed very well. To assess
episodic and working memory, we administered auditory subtests
of the Wechsler Memory Scale—III (WMS-III; The Psychological
Corporation). EE555 performed at least 1 standard deviation (SD)
below the mean on all tests, and was 2 SD below normal on the
auditory delayed component. TQ591’s performance was in the
normal range (see Table 1).

The Logical Memory I and II subtests of the WMS-III provide
estimates of gist and item memory. Participants read short vignettes
and then freely recalled the events immediately and later, after a
lengthy delay. Performance measures evaluate gist memory on the
basis of how many thematic components are retold and item memory
on the basis of how many detail components are retrieved. At the
immediate retelling stage, patients retold a greater proportion of
the gist information than of details or item information (item vs.
gist memory: EE555 = 41.3% vs. 78.3%; TQ591 = 453%
vs. 82.6%). This pattern was also observed after the delay period
(item vs. gist memory: EES55 = 36.0% vs. 86.7%;
TQ591 = 36.0% vs. 73.3%)." These data indicate that gist memory
was generally preserved, whereas item memory was impoverished.

As an initial assessment of parietal involvement in autobiographical
memory, a standard autobiographical memory test, the Autobiograph-
ical Memory Inventory (AMI; Kopelman, Wilson, & Baddeley,
1989), was administered. This test measures memory for personal
semantic and autobiographical incidents in a short-answer format. The
results showed that both patients were subtly abnormal on this test.

Table 1
Neuropsychological Evaluation of Patients EE555 and TQ591
Test Subtest EE555 TQ591

AMI Personal semantic 49.5" 60
Autobiographical incidents 21 17"

WMS Immediate 86 80
Delayed 77 97
WM 83 79
Recognition delayed 55" 110

WAB Auditory verbal comprehension 60 60
Sequential Commands 80 76
Repetition 100 98

Note. The AMI Personal Semantic score is out of a total of 63 (normal =
54-63), the Autobiographical Semantic Measure is out of a total of 27
(normal = 19-27). WMS scores are index scores from auditory subtests in
which the population mean is 100 and the SD = 15. We consider performance
on the WMS abnormal if it deviates by 2 SD, on the AMI if it deviates from
the population mean by 1 SD. The Western Aphasia Battery (WAB) measures
were scored out of 60, 80, and 100 possible points. WM = working memory.
* Indicates abnormal scores.

EE555’s semantic recollections were scored as “probably abnor-
mal” (see Table 1), but her description of autobiographical events
was in the “acceptable” range. TQ591 showed the reverse pattern.
A more complex assessment of autobiographical memory was also
administered (Levine et al., 2002), and both patients performed
abnormally low on free recall of life events but performed nor-
mally on cued recall (Berryhill et al., 2007). Other tests revealed
that both patients exhibit visual working memory impairments
when tested by old/new recognition (Berryhill & Olson, 2008).

Control participants. Twelve normal controls (8 men and 4
women) who were matched in age (M = 51.5, range = 39-67) and
education (M = 14.5, range = 12-18) to the two patients were tested.
There were no differences between patients and controls in terms of
age and education (p > .05). All control participants were given a
short questionnaire to verify that they were not experiencing any
neurological or psychiatric disorders at the time of testing. All par-
ticipants were compensated for their participation in the experiment.

Equipment. Stimuli were recorded using Apple’s Garage-
Band software (Cupertino, CA) and were presented on a 1.83-GHz
Intel Core Duo MacBook Pro laptop computer with a 15-inch
monitor. Each word list was presented using iTunes software
(Cupertino, CA).

Stimuli. The stimuli consisted of 24 digitized sound-file word
lists, each containing 15 words taken from Roediger and
McDermott’s (1995) work. Each list contained words that were
linked through one common theme (i.e., sleep, spider, or bread),
with the false alarm being the “category” of the list. A male
speaker and a female speaker each spoke one half of the record-
ings.

Design. The design, depicted in Figure 2, closely followed the
design of Roediger and colleagues (Roediger & McDermott,
1995). During the 45-min testing session, participants heard 16 word
lists. The word lists were determined by a random number generator
with an even distribution of lists spoken by male and female speakers.
Immediately following the presentation of each list, the participant
was asked to perform either free recall or simple arithmetic problems
(i.e., addition or subtraction with whole number values ranging from 0
to 99). Use of a random number generator determined whether the
free recall or simple arithmetic that followed the presentation of each
list was also done. After all the word lists had been presented, a
recognition test was conducted. The researcher read aloud 96 words: 3
words from each of the 16 word lists that the participant heard and the
“lure” word for each list, and 3 words from the 8 word lists that the
participant did not hear and the lure word for these lists as well.
The participant then made an old/new judgment as to whether the
word had been heard at study. If the participant made an old response,
the participant then made a remember/know decision about the pre-
sented word. Participants were instructed to provide a remember
response when they were able to vividly recall the word with high
confidence and to make a know response when they had a sense of
familiarity for the word but perhaps lower confidence.

Analysis. The same analyses were used for Experiments 1
and 2. Averages for controls were compared with patients in both
free-recall and recognition tasks with z tests to determine signifi-
cance (z > *£1.96 SD). Corrected true recognition was calculated

! Age-standardized percentile scores were available; however, percentile
ranks were not available.



468

Filler Task

DROWOS, BERRYHILL, ANDRE, AND OLSON

List ( 24227

Recognition

note

sound

piano or
SiNGuwens

Recall

Is this word old or new?
Remember/Know

—

&J{ What did you hear?

If the word was old, do
you remember or know it

G

16times

Figure 2. Schematic illustration of the Deese—Roediger—McDermott (DRM) task used in Experiment 1.

by subtracting false alarms (old responses to unstudied items) from
hits (old responses to studied items; Melo, Winocur, & Mosco-
vitch, 1999; Schacter, Verfaellie, Anes, & Racine, 1998). Cor-
rected false recognition (CFR) scores were calculated with the
following formula: CFR = hits (old responses to critical lures)—
false alarms (old responses to lure controls, i.e., critical lures of
unstudied lists); see Tables 2 and 3.

Results and Discussion

Free recall. In our first analysis we evaluated the free-recall
portion of the task, by comparing the accuracy of control participants
and patients. Although the controls correctly recalled more of the
words than did the patients (M = .42 vs. M = .33), when z scores
were analyzed, both patients performed within 1 SD of controls
(EES555: M = 33,z = —.78; TQ591: M = .32, z = —.94). The rate
at which participants recalled nonstudied lure words, or in other words the
degree of false recall, was 44% for both controls and patients. These
findings show that the patients’ DRM recall performance was normal.

Recognition. Recognition performance is shown in Figure 3.
Patient EE555’s hit rate of 29% and false alarm rate of 38% were
both abnormally low (z = —2.15; z = —2.41). Patient TQ591’s hit
rate of 58% was in the normal range (z = .27), but her false alarm
rate of 38% was abnormally low (z = —2.41).

Table 2

We examined participants’ remember (R)/know (K) responses
following each old response (see Figure 3). Both patients had R/K
profiles resembling that of the controls for target words. However,
patients’ recollection of lure words was abnormal. Patient EESSS
supplied significantly fewer R responses (.50 vs. .79, z = —2.27)
than did controls. Her K responses were in the normal range.
Patient TQ591 supplied significantly fewer R responses (.16 vs.
79, z = —3.44) and significantly more K responses (.84 vs. .21,
z = 3.54) than did controls.

The results of Experiment 1 provide us with several insights into
parietal lobe memory processes. The patients had normal levels of
true and false memory on the recall portion of the task. However,
a different picture emerges when the recognition data were as-
sessed. One patient exhibited decreased recognition memory for
target words. Both patients exhibited decreased levels of false
memory, as is illustrated by their low false alarm rates, and they
lacked confidence in their false memories, as is shown by their
reluctance to supply remember responses. Interestingly, Patient
EES555’s performance on the DRM was very similar to the perfor-
mance of a patient with left PPC lesions on the DRM (Davidson et
al., 2008). Davidson and colleagues (2008) attributed their pa-
tients’ deficit on the DRM to impaired memory for gist driven by
a general problem with recollection.

Data From Experiment 1, Verbal DRM Study, Recognition Portion of the Task

Old responses

R responses K responses

Variables TQ591 EES55 Controls TQ591 EES55 Controls TQ591 EES55 Controls

A. Targets (heard words) 0.58 0.29* 0.63 0.61 0.64 0.70 0.39 0.36 0.30
B. Target controls (never heard words) 0.00 0.00 0.14 0.00 0.00 0.22 0.00 0.00 0.78
Corrected true recognition 0.58 0.29" 0.49 0.61 0.64 0.80 0.39 0.36 0.20
C. Critical lures (lures corresponding

to heard lists) 0.38" 0.38* 0.69 0.16" 0.50" 0.72 0.84* 0.50 0.28
D. Lure controls (lures from never

heard lists) 0.00 0.00 0.16 0.00 0.00 0.25 0.00 0.00 0.75
Corrected false recognition 0.38 0.38 0.53 0.16" 0.50" 0.79 0.84* 0.50 0.21

Note.

This Table mimics Table 4 of Davidson et al. (2008) to allow comparison between parietal patients. Based on standard high-threshold procedures (Melo

etal., 1999; D. L. Schacter et al., 1998) Corrected True Recognition (CTR) was calculated using the formula: CTR = hits (“old” responses to targets) -- false alarms
(““old” responses to target-controls, i.e. items from unstudied lists). Corrected False Recognition (CFR) scores were calculated with the formula: CFR = hits (“old”
responses to critical lures) -- false alarms (“old” responses to lure-controls, i.e., critical lures of unstudied lists). R and K responses were computed as a proportion
of the old responses; thus, they do not add up to 100 vertically but do horizontally.

*Z scores below —1.96 are considered impaired.
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Data From Experiment 2, DRM Visual Study, Recognition Portion of the Task

Old responses R response K responses
Variables TQ591 EES55 Controls TQ591 EESS55 Controls TQ591 EESS55 Controls

A. Targets (heard words) 0.79* 0.77* 0.92 0.76 0.76 0.89 0.24 0.24 0.11
B. Target controls (never heard words) 0.08 0.04 0.03 0.91 0.91 0.53 0.09 0.09 0.47
Corrected true recognition 0.71* 0.73* 0.89 0.69 0.69 0.93 0.31 0.31 0.07
C. Critical lures (lures corresponding

to heard lists) 0.00 0.44* 0.19 0.00 0.44 0.78 0.00 0.56" 0.22
D. Lure controls (lures from never

heard lists) 0.25 0.00 0.10 1.00 0.00 1.00 0.00 0.00 0.00
Corrected false recognition —0.25 0.44* 0.09 1.00 0.29 0.61 0.00 0.71* 0.39

Note.

This Table mimics Table 4 of Davidson et al. (2008) to allow comparison between parietal patients. Based on standard high-threshold procedures

(Melo et al., 1999; Schacter et al., 1998). Corrected True Recognition (CTR) was calculated using the formula: CTR = hits (“old” responses to targets)—false
alarms (“old” responses to target-controls, i.e. ittems from unstudied lists). Corrected False Recognition (CFR) scores were calculated with the formula:
CFR = hits (“old” responses to critical lures) -- false alarms (“old” responses to lure-controls, i.e., critical lures of unstudied lists). R and K responses were
computed as a proportion of the old responses, thus they will not add up to 100 vertically but will horizontally.

*Z Scores Below —1.96 are considered impaired.

Experiment 2: False Memory With Visual Objects

The goal of Experiment 2 was to replicate the findings of Experi-
ment 1 and to explore one reason for the diminished levels of false
memories and recollection observed in Experiment 1. Reduced false
memory rates can reflect problems at several different stages of
memory (Johnson & Raye, 2000). Problems with gist extraction or
gist memory, such as a failure to understand the semantic theme of a
word list or a problem in retrieving the overall gist (Ciaramelli, Ghetti,
Frattarelli, & Ladavas, 2006; Melo et al., 1999; Schacter et al., 1998),
can decrease false memory rates. Unusually good item-specific mem-
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ory or source memory can also decrease false memory rates, because
subjects can accurately distinguish studied words from similar lures.
Last, metamemory processes can influence criteria used to make
memory decisions at retrieval. Several such processes have been
documented, such as the metamemory belief that self-generated in-
formation is more memorable than is heard information (Johnson &
Raye, 1981). A similar process can explain the finding that false
recognition is significantly reduced by using pictorial stimuli in com-
parison with word stimuli (Dodson & Schacter, 2002; Israel &
Schacter, 1997; Schacter, Israel, & Racine, 1999; Smith, Lozito, &
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Figure 3. Results from (a) the recognition portion of the Deese—Roediger—McDermott (DRM) task used in
Experiment 1; (b) remember/know (R/K) responses to targets; and (c) R/K responses to lures. Data are raw
accuracy for targets and lures. Each patient’s mean accuracy is illustrated by a symbol overlaid on the column.
Error bars represent the standard error of the mean. The asterisks denote a significant difference between patient

and control performance.
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Bayen, 2005). This effect may be due to differences between the
semantic associations of words and pictures, pictures that have a
smaller semantic network, or a metamemory belief termed the dis-
tinctiveness heuristic (e.g., Israel & Schacter, 1997; Schacter et al.,
1999), in which individuals expect to remember distinctive informa-
tion after picture encoding. The distinctiveness heuristic is thus a
strategy that normal participants adopt with which the failure to
remember expected information, in this case, distinctive image-based
information, signals that the event did not occur. As such, the use of
pictures in a DRM paradigm tends to make normal participants more
conservative, because they tend to rely heavily on item-specific rec-
ollection to reject lures.

In Experiment 2 we assessed whether parietal lobe damage
affects the ability to use distinctiveness to modulate false recog-
nition. If found, it would suggest that parietal lobe damage affects
recollection, the strategic use of distinctive information, or both.

Method

Lesion patients.
were tested.

Control participants. Twelve normal controls (7 men and 5
women) who were matched to the patient in age (M = 49, range =
37-66) and education (M = 14, range = 12-16) were tested. There
were no differences between patient and controls in terms of age and
education (both ps > .05). All control participants were given a short
questionnaire to verify that they were not experiencing any neurolog-
ical or psychiatric disorders at the time of testing. All participants
were compensated for their participation in the experiment.

Equipment. Stimuli were presented on a 2.39-GHz Intel Core
Duo Dell Optiplex 745, and we utilized a 22-inch Viewsonic 2245
monitor for display of images. All stimuli were presented using
E-Prime 2.0 (Psychology Software Tools, Pittsburgh, PA).

Stimuli. The stimuli consisted of 24 picture lists, each contain-
ing 15 pictures that were semantically related. Each list contained
pictures that were linked through one common theme (i.e., baby,
clown, or school), with the false alarm being the “category” of the list
(see the Appendix). Picture stimuli consisted of color photographs of
real objects. Pictures were manipulated in Adobe Photoshop to make
them approximately the same size, about 200 X 200 pixels.

Design. The design closely followed the design of Experi-
ment 1 with the one exception of presenting picture lists instead of
auditory word lists. The 45-min testing session consisted of three
parts: picture encoding, recall testing, and recognition testing.
Part 1 began with the presentation of 16 of the 24 picture lists.
Different participants were shown different lists during the testing
session, following an order determined by a random number gen-
erator. Each picture was presented for 1500 ms, followed by a
700-ms interstimulus interval (ISI).

At the end of each 15-item list, one of two things happened with
equal likelihood in pseudorandom order. On one half of trials,
participants were required to perform a free-recall memory task in
which they listed all of the items that they had just seen. On the
other half of trials, they were given simple arithmetic problems
consisting of addition or subtraction with whole number values
ranging from O to 99. The presentation of another 15-item picture
list was then presented for encoding. This continued until all 16
picture lists had been presented.

The same patients tested in Experiment 1

After all the picture lists had been presented, a surprise recog-
nition test was administered. Ninety-six pictures were presented: 3
pictures from each of the 16 pictures lists that the participant had
previously seen and the lure picture for each list, and 3 pictures
from the 8 picture lists that the participant had not seen and the lure
pictures from the unseen lists as well. Each picture was presented
for 1500 ms and followed by a 700-ms ISI. The task was to make
an old/new judgment as to whether the picture had previously been
seen or not. If the participant selected old, a remember/know
decision about the presented picture was elicited. Participants were
instructed to provide a remember response when they were able to
vividly recall the picture and to make a know response when they
had a sense of familiarity for the picture.

Results and Discussion

Free recall. In our first analysis, we evaluated performance on
the free-recall portion of the task by comparing the accuracy of
control participants with that of each patient. Patient EES55 recalled
significantly fewer pictures (control M = .51, EE555 M = .32,z =
—2.02), but patient TQ591 was not significantly impaired (M = .48,
z = —.38). We also assessed the rate at which participants recalled
nonstudied lure items, in other words, the degree of false recall.
Again, Patient EE555 performed abnormally by recalling significantly
more lure items than did control subjects (controls M = .13, EES55
M = 38, z = 1.79). Patient TQ591 performed no differently than did
controls (TQ591 M = .13, z = 0). The patients made few wrong
responses or intrusions (3 intrusions each), but across all control
participants there were only a total of 11 intrusions. The results of the
recall analysis indicate that Patient EE555 had diminished free recall
but elevated false recall of pictures, whereas Patient TQ591 per-
formed within the normal range on both measures.

Recognition. Recognition performance is shown in Figure 4 and
detailed in Table 3. Patient EE555’s hit rate of 77% and false alarm
rate of 44% were both abnormal, similar to the findings reported in
Experiment 1 (M controls = 92%, z = —2.36; M controls = 19%,
z = —1.96). In this case, however, her false alarm rate was signifi-
cantly higher than that of controls. Patient TQ591s hit rate of 79%
was also abnormally low (z = —2.02). She had a low false alarm rate
of 0%, which was numerically lower than that of controls. However,
the low false alarm rate of the control participants hampered our
ability to detect a statistical difference in Patient TQ591 (z = —1.46).

As was noted earlier, prior studies have shown that normal
adults tend to exhibit relatively low levels of false recognition for
pictorial stimuli in comparison with verbal stimuli. This finding
was apparent in our data: The corrected false recognition rate of
normal controls dropped significantly between Experiment 1 and
Experiment 2 (Experiment 1 M = .53; Experiment 2 M = .08,
#(22) = 6.56; p < .0004). This improvement in corrected false
recognition was observed in Patient TQ591, but it was not ob-
served in Patient EE555. However, both patients were better able
to discriminate between old and new items in Experiment 2 than in
Experiment 1, as was indicated by the larger difference between
their corrected true and false recognition scores (Experiment 1
M = .06, Experiment 2 M = .38).

The overall pattern for R/K responses to the lure items was
similar to what was observed in Experiment 1 (see Figure 4).
Patients exhibited normal levels of recollection for old items; their
R/K distributions for lures was more interesting. Patient EES55’s
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Figure 4. Results from (a) the recognition portion of the visual Deese—Roediger—McDermott (DRM) task used
in Experiment 2; (b) remember/know (R/K) responses to targets; and (c) R/K responses to lures. Data are raw
accuracy for targets and lures. Error bars represent the standard error of the mean. The asterisks denote a
significant difference between patient and control performance.

R/K profile was dominated by know responses (control M = .39,
EE555 M = .71, z = 2.70), with a numerically lower number of
remember responses in relation to those of controls (control M =
.61, EES55 M = .29, z = —.77). Patient TQ591’s R/K profile was
impossible to assess because she made only two false alarms to
lure control items and none to lure items.

In summary, the results of Experiment 2 show that Patient
EES55 had lower levels of true memory on both the recall and the
recognition portions of the task. Unlike control participants, she
failed to benefit from distinctiveness and thus showed an elevated
false recognition rate. Her false recognition responses were char-
acterized by reduced recollection. In contrast, Patient TQ591 per-
formed relatively normally on the recall portion and somewhat
abnormally on the recognition portion of the task. Her false recall
and recognition scores were normal.

These results suggest that Patient EES55 failed to adopt a normal
metamemory strategy that would allow one to benefit from item-
specific recollection processes that tend to accompany pictorial stim-
uli. Alternatively, EES55’s memory for pictorial stimuli may have
been so impoverished in detail that even if a conservative response
strategy were adopted, the quality of the remembered information was
insufficient to support its implementation. The second alternative is
supported by the finding that she had abnormally low levels of true
memories as assessed by both recall and recognition. As in Experi-
ment 1, EE555 lacked confidence in her false memories. In contrast,
Patient TQ591 appeared to benefit from the pictorial stimuli, and
although she was less accurate at recognizing previously seen pic-
tures, she was not prone to making false alarms.

General Discussion

It is well known that our recollection of the past is not a
veridical simulacrum of what we have experienced but rather is a
flawed recreation of bygone events. The flaws in our memory are
such that people frequently claim to have seen or heard something
never experienced, a phenomenon captured by false memory tasks.
False memories are thought to arise when target words cause the
automatic activation of semantically and conceptually related gist
information (Schacter, Verfaellie, & Koutstaal, 2002), leading to a
false sense of recollection. In this study we used a standard false
memory task, the DRM, to ask whether the parietal lobe plays any
meaningful role in true memories and false memories.

Experiment 1 used a classic DRM task with auditorily presented
verbal stimuli. Two patients with bilateral parietal lobe damage
were tested. Both patients exhibited normal levels of word recall
after relatively short delays. The recognition task occurred after a
longer delay period. One of the patients, EE555, had decreased
levels of true memory on the recognition task. Nevertheless, both
she and the second patient exhibited normal levels of confidence in
their old responses. A different picture emerged when the lure
trials were examined. Both patients exhibited low numbers of false
memories, and their false memories were accompanied by few
reports of recollection as measured by their R/K profile. For
example, Patient TQ591 gave remember responses to lures only
16% of the time, and the normal control participants gave remem-
ber responses to lures 72% of the time.

In Experiment 2, we tested a variant of the classic verbal DRM
in which the stimuli were pictures rather than words. Prior studies



472 DROWOS, BERRYHILL, ANDRE, AND OLSON

of normal adults have found that false recognition is significantly
reduced by using pictorial stimuli rather than word stimuli (Israel
& Schacter, 1997; Schacter et al., 1999). Both patients were more
accurate when recognizing target pictures than when remembering
words. However, the patients’ false recognition rates differed.
Patient EES55’s false recognition rates remained constant across
both experiments, suggesting that she did not benefit from the
distinctiveness heuristic. Furthermore, her false memories were
accompanied by an abnormal R/K profile, causing her to have a
statistically lower level of confidence on the lure trials. In contrast,
TQ591°s false recognition rate decreased, suggesting that she did
benefit from the distinctiveness heuristic, similarly to controls.

It is important to emphasize that the observed deficits do not
appear to be linked to the patients’ perceptual deficits—such as
difficulty perceiving spatial information, especially information
that is spatially arrayed, such as a visual scene. The stimuli used in
Experiment 1 were auditory words without meaningful spatial
attributes. The stimuli used in Experiment 2 were single common
objects presented at central fixation, which were easily perceived
by all participants. We have shown in the past that the patients
tested here do not have global mental imagery impairments (Ber-
ryhill et al., 2007), so it is unlikely the case that deficient mental
imagery problems account for these findings. As such, we turn to
mnemonic explanations for our findings.

Parietal Lobe Memory Mechanisms

There is fMRI evidence linking parietal lobe activity to both
episodic memory encoding and retrieval. In the former case, subse-
quent memory paradigms have shown encoding- related activity in
the inferior parietal lobe that predicts poor memory retrieval, whereas
more superior lateral parietal activity predicted good memory retrieval
(Uncapher & Wagner, 2009). Other fMRI findings strongly indicate
that inferior and superior aspects of the parietal lobe play distinct roles
in memory retrieval (Cabeza et al., 2008).

False memories can arise from many sources, including the
activation at encoding of overlapping representations that lead to
the formation of a strong gist representation due to semantic
relatedness (e.g., Brainerd, Yang, Reyna, Howe, & Mills, 2008) or
associative strength (e.g., Roediger, Watson, McDermott, & Gallo,
2001). However, it is difficult to explain the abnormal false mem-
ory rates in Experiment 1 as a problem specific to gist encoding.
Memory for the thematic content of stories, a form of gist, was
specifically tested in the WMS-III. The results showed that the
patients’ memory for the gist of short stories was normal but that
their item-specific memory was abnormal (see Experiment 1,
Method section). Of course, it is possible that our patients can
extract gist from stories, which are context rich, while failing to
activate semantic associates from single words, but here, too, we
have observed normal levels of semantic priming on an implicit
priming task, indicating that these patients have normal access to
semantic associates. Although the possibility remains that parietal
lobe memory deficits arise at encoding, the neuropsychological
data that we have collected to date do not support this contention.

Instead, our findings tend to favor a retrieval account. It is well
known that abnormal false memory rates can reflect problems at
retrieval (Johnson & Raye, 2000). For instance, metamemory
processes operating at retrieval bias expectations about what true
memories feel like, thus modulating false memory rates. Also, the

amount of retrieved perceptual detail modulates subjective mem-
ory states (Johnson & Raye, 2000).

The subjective feeling of fully reexperiencing or recollecting the
event typically accompany remember responses (Tulving, 1985).
Many studies, including our own, have shown that normal individuals
experience false memories accompanied by strong feelings of recol-
lection, as is indicated by a high number of remember responses. The
bilateral PPC patients experienced false memories accompanied by
weak feelings of recollection. This behavior should not be perceived
as a general outcome of brain damage, however. Both patients had
normal levels of recollection to the target words in Experiment 1.
Also, in three source memory tasks in which confidence ratings were
collected, the same patients had normal levels of confidence for
old/new recognition judgments but abnormally low levels of confi-
dence when making source memory judgments (Simons et al., 2010).

The issue of memory confidence has typically been conceived of as
inherently intertwined with the process of remembering: High confi-
dence responses (to targets) are thought to accompany recollection,
whereas low confidence responses are thought to mainly accompany
familiarity. Another possibility is that these processes are different
facets of memory, with only subjective aspects of memory being
linked to IPL function (Ciaramelli, Lin, & Moscovitch, 2009). This
observation is based on the fact that several studies have reported
intact source recollection accompanied by depressed subjective mem-
ory states after parietal lobe damage (Davidson et al., 2008; Simons et
al., 2008, 2010). There are several possible explanations for the
patients’ decreased subjective memory states. One possibility is that
the parietal lobe may be involved in recollecting perceptual details.
Consequently, when the parietal lobe is damaged, the memory lacks
detail and leads to reduced memory confidence (Johnson & Raye,
2000). Alternatively, the parietal lobe may also play a role in bot-
tom—up internal attention. This type of attention may be required for
memory retrieval. Parietal lesions may impair the automatic retrieval
of memories, and because memory retrieval is less spontaneous, the
patient’s recollection, or sense of reexperiencing the memory, is
lowered (Cabeza, 2008; Cabeza et al., 2008).

Relationship to fMRI Findings

The present findings have some concordance with neuroimaging
findings. A robust finding within neuroimaging is the “old/new
effect” (reviewed by Wagner et al., 2005). This effect refers to the
observation that in memory paradigms, increased parietal activity
is observed whenever an item is endorsed as “old,” even when that
response is incorrect. This finding supports the view that parietal
structures are involved in providing a signal corresponding to
perceived oldness. The prediction from these findings is that pa-
rietal damage should decrease patient’s ability to assess perceived
oldness. Also, fMRI studies have frequently reported that superior
PPC activations correlate with familiarity and low-confidence re-
sponses, whereas inferior PPC activations correlate with recollec-
tion and high-confidence responses (reviewed byCabeza et al.,
2008; Vilberg & Rugg, 2008). In the DRM task, responses to
targets are thought to reflect some combination of recollection and
familiarity, whereas responses to lures mostly reflect familiarity.
The fMRI findings thus predict that inferior PPC damage should
decrease recollection (hits) and high-confidence responses (re-
member responses). In line with this, Patient EES55 had signifi-
cantly lower memory for target words and pictures mostly owing
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Figure 5. Review of focal lesion studies of the standard verbal Deese-Roediger-McDermott (DRM). Each bar shows the
difference scores (control performance minus patient performance) for corrected true and false recognition for medial
temporal lobe (MTL) lesion patients (Melo et al., 1999; Schacter et al., 1996, 1997) or for posterior parietal cortex (PPC)
lesion patients (Patient SM from Davidson et al., 2008; this article). Higher bars indicate worse performance.

to a reluctance to supply old responses. Also, her R/K profile on
lure trials was dominated by low-confidence know responses.

Comparison to Other Patient Populations

The cognitive neuroscience of false memory has concentrated
on two brain areas: the lateral frontal lobe and the medial temporal
lobe (MTL). Patients with focal lateral frontal lobe lesions perform
more variably on an array of false memory paradigms, but gener-
ally have elevated levels of false recognition (Budson, Daffner,
Desikan, & Schacter, 2000; Budson et al., 2002; Curran, Schacter,
Norman, & Galluccio, 1997; Parkin, Ward, Bindschaedler,
Squires, & Powell, 1999; Schacter, Curran, Galluccio, Milberg, &
Bates, 1996; Stuss & Levine, 2002), whereas patients with hip-
pocampal or diencephalic lesions tend to show abnormally low
levels of false memories (for a review, see Schacter et al., 2002).
Similarly, patients with Alzheimer’s disease who possess some com-
bination of hippocampal and frontal lobe pathology tend to exhibit
diminished levels of both true and false recognition (Balota et al.,
1999; Budson et al., 2002), which has variably been attributed to
impoverished gist memory or lack of item-specific recollection. This
can be contrasted to normal aging in which there is a reduced ten-
dency to accurately retrieve target words, but an increased tendency to
erroneously retrieve lure words (Balota et al., 1999).

Only one other study has examined true and false memory in
patients with parietal lobe damage. Davidson and colleagues (2008)
tested one patient with unilateral left parietal lobe damage on a verbal
DRM task and found that false recognition was significantly de-
creased, similar to the findings reported in Experiment 1. Davidson’s
(2008) findings indicate that the left PPC, more than the right, may be
critical for normal performance on the standard (verbal) DRM.

One shortcoming of our study is that a lesion-control population
was not tested. Perhaps the most interesting comparison group
would be with patients sustaining bilateral MTL damage, because
they also exhibit diminished true and false memory. To compare
the magnitude of the effect observed in those patients to the effects
reported in PPC patients, we plotted difference scores—perfor-
mance of matched controls minus patients—in Figure 5. Only

studies that used the identical DRM task—the standard verbal
version—were included in order to constrain stimulus and task
differences. Figure 5 shows that the magnitude of the false mem-
ory impairment exhibited by both of our patients is of a similar
magnitude to Davidson et al.’s (2008) patient and to the MTL
patients tested by one group, that of Melo et al. (1999). In the
future it will be important to directly compare the performance of
patients with PPC damage to patients with medial temporal and
frontal lobe pathology in order to determine the relative contribu-
tion of each region to true and false recognition.

As with any experimental methodology, there are inherent lim-
itations; neuropsychological research is no exception. In this study,
we tested a small number of bilateral PPC patients because of their
scarcity. The issue of small sample size is a frequent limitation in
lesion studies, particularly when a rare patient group is studied.
Other limitations associated with neuropsychological research in-
clude the likelihood of postinsult brain reorganization, the possi-
bility of damage to other brain structures that remains invisible or
unnoticed, and patients’ use of different strategies to perform
cognitive tasks. However, the current findings can serve as a useful
guide when interpreting data from other sources such as the
powerful, but correlational, method of functional neuroimaging.
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Pen Train Fork Trapeze Nail Diamond Bone Desk
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