Neuropsychologia, Vol. 34, No. 8, pp. 793-808, 1996
Copyright © 1996 Elsevier Science Ltd. All rights reserved
Pergamon 0028-3932(95)00165-4 Printed in Great Britain

0028-3932/96 $15.00+0.00

False recognition and the right frontal lobe:
A case study

DANIEL L. SCHACTER,* TIM CURRAN,} LISSA GALLUCCIO,¥
WILLIAM P. MILBERG} and JULIANNA F. BATES§

tDepartment of Psychology, Harvard University, Cambridge, Mass., U.S.A.; {Geriatric Research Education and Clinical Center
and West Roxbury Department of Veterans Affairs Medical Center and §Center for Morphometric Analysis, Department of
Neurology, Harvard Medical School and Massachusetts General Hospital, Cambridge, Mass., U.S.A.

(Received 15 January 1995; accepted 1 October 1995)

Abstract-——We described a patient, BG, who exhibited a striking pattern of false recognition after an infarction of the right frontal
lobe. Seven experiments document the existence of the phenomenon, explore its characteristics, and demonstrate how it can be
eliminated. BG showed pathologically high false alarm rates when stimuli were visual words (experiments 1 and 4), auditory words
(experiment 2), environmental sounds (experiment 3), pseudowords (experiment 5), and pictures (experiment 7). His false alarms
were not merely attributable to the semantic or physical similarity of studied and non-studied items (experiments 4 and 5). However,
BG’s false recognitions were virtually eliminated by presenting him with categorized stimuli and testing him with new stimuli from
non-studied categories (experiments 6 and 7). The results suggest that BG’s false alarms may be attributable to an over-reliance on
memory for general characteristics of the study episode, along with impaired memory for specific items. The damaged right frontal
lobe mechanisms may normally support the monitoring and/or retrieval processes that are necessary for item-specific recognition.
Copyright © 1996 Elsevier Science Ltd.
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Introduction basal forebrain structures may be necessary to produce

extensive confabulation [11]. In addition, recent reports
Research concerning the role of the frontal lobes in mem- indicate that frontal-lobe damage is associated with the
ory has occupied an increasingly prominent position in phenomenon of false recognition, where patients incor-
neuropsychological research. Studies of patients with rectly claim to recognize distractor or lure items that
frontal-lobe damage have implicated these regions in had not appeared previously in an experiment. Delbrug-
memory for temporal order information [5, 26-28, 47], Derousne et al. [9] and Parkin et al. [32] have each
source memory [7, 19, 42, 48], and various other aspects reported case studies of patients with ruptured anterior
of encoding conditions and retrieval [10, 23, 49, 53; for communicating artery aneurysms and associated frontal-
reviews see Refs. 38, 46, 52]. Recent neuro-imaging stud- lobe damage, who produced an unusually high number
ies, too, have underscored the importance of frontal of false alarm responses on recognition tests. Moreover,
regions in human memory functions [33, 40, 44, 53]. these false recognitions were accompanied by high

Important insights into the role of frontal-lobe regions confidence.

in memory have also been provided by observations con- False recognition is theoretically important because it
cerning certain kinds of memory distortions, or false may provide clues concerning the nature of encoding and
memories, in patients with frontal-lobe damage. For retrieval processes in episode memory [4, 15-17, 37, 41,
example, a number of investigators have argued that 56]. Moreover, phenomena of false memory have recently
confabulation is closely associated with frontal-lobe dam- assumed great practical importance in controversies con-
age [20, 30, 51], although additional damage to nearby cerning the accuracy of recovered memories of childhood

[24]. Scientific knowledge concerning the neural basis of

* Address for correspondence: Department of Psychology, false memory is meager [39, 41], and neuropsychological

Harvard University, 33 Kirkland St., Cambridge, MA 02138, investigations can further illuminate this theoretically
U.S.A,; Fax: 617-496-3122. and practically important issue.
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In this paper we describe a patient, BG, who exhibited
a striking pattern of false recognitions after an infarction
of the right frontal lobe. We report seven experiments
that document the existence of the phenomenon, explore
its characteristics and demonstrate how it can be elim-
inated. We propose an account of BG’s false memories
that appeals to differing levels of representation in epi-
sodic memory, and to the impairment of retrieval and
monitoring processes that may be specifically associated
with right frontal-lobe regions.

Experiment 1

To examine recognition memory in BG, we initially
used a simple levels-of-processing paradigm. BG and
matched control subjects studied a series of target words
under either semantic encoding conditions (subjects rated
how much they like each word) or non-semantic encoding
(subjects counted the number of T-junctions—the places
where two lines meet—in each word). After a delay of
several minutes, old and new words were presented in a
recognition test. To examine the qualitative nature of
recollective experience, we used the remember/know pro-
cedure developed by Tulving [54] and Gardiner et al. [13].
When BG and control subjects responded that a word
had appeared on the study list, they were asked to indicate
(a) whether they possessed a specific recollection of hav-
ing encountered the word previously (a ‘““remember”
response), or (b) whether they just “knew” that the item
appeared on the list, even though they did not have a
specific recollection of having encountered it (a “know”
response).

Although remember and know responses probably
overlap considerably with high- and low-confidence judg-
ments, a substantial experimental literature indicates that
remember and know responses are not merely substitutes
for high- and low-confidence responses, but instead
appear to tap qualitatively different aspects of recollective
experience [reviewed by Ref. 13]. By examining remember
and know responses, we hoped to shed light on the quali-
tative nature of both true and false recognition responses.

Method

Case report. BG is a 66-year-old right-handed man who was
admitted to the hospital in December 1993 complaining of
diarrhea, cough and lethargy, and pleuritic chest pain. His
neurological examination was normal. He was diagnosed with
pneumococcal pneumonia and placed on antibiotics. On the
third day after admission BG’s behavior became ‘“‘inap-
propriate”, agitated, and confused. He continued to deteriorate
medically, becoming somnolent, and was transferred to the
medical intensive care unit where he was given additional anti-
biotic therapy. Approximately 2 weeks later, as his pneumonia
began to improve and he became more alert, his neurological
examination was notable for left arm and leg weakness. A CT
scan was ordered, which revealed a right frontal-lobe infarction
in the territory of the middle cerebral artery, possibly of embolic

origin, that was assumed to have occurred sometime during his
admission. In October 1994, a magnetic resonance imaging
(MRI) scan was performed (Fig. 1). BG’s lesion extended back
to the center sulcus, primarily involving motor and premotor
cortex (Brodmann’s areas 4 and 6). The lesion involves the
rostral two-thirds to three-quarters of the precentral gyrus, as
well as a bit of the postcentral gyrus, particularly at the rostral
(lateral, inferior) tip of the central sulcus. The inferior frontal
gyrus, pars opercularis, is also affected. The upper bank of the
Sylvian fissure is completely destroyed, over ~20 mm length
(anterior—posterior) starting at about the level at which the
temporal lobe is first attached, as seen in coronal section. The
insula appears to be intact. Subcortically, the ventricles are
enlarged, and the neostriatum is affected, particularly the body
and tail of the caudate, which are severely reduced in the right
hemisphere. Portions of the thalamus were also involved, par-
ticularly the anterodorsal, anteroventral and ventrolateral
nuclei, with lesser involvement of the midline mediodorsal
nucleus. In the left hemisphere, a much smaller infarct was
observed in the caudal and ventral portion of the putamen
(in the region of anterior choroidal artery distribution). Basal
forebrain structures such as the nucleus accumbens and sub-
stantia innominata appear to be intact in both hemispheres.

BG possesses a masters degree (18 years of education), and
he was employed for most of his working life in financial mana-
gerial positions. He was last employed in this capacity in 1988,
when he retired after his company was sold. His medical history
includes hypertension, coronary artery disease and possibly
heavy alcohol use.

The present experiments were conducted between April and
July of 1994. A summary of BG’s neurophsychological assess-
ment is presented in Table 1. On the Wechsler Adult Intelligence
Scale-Revised (WAIS-R), BG received a verbal 1Q of 99, a
performance 1Q of 93, and a full scale IQ of 96. Although these
scores fall within the average range, they are somewhat below
what we would estimate to be his high average level of pre-
morbid intellectual functioning, based on his education, his
occupation and his reading score of 112.96 on the American
National Adult Reading Test (ANART). This discrepancy
between estimated premorbid intelligence and current 1Q sug-
gests that BG has suffered at least a mild degree of general
intellectual decline.

BG’s MQ (memory quotient) of 100 is consistent with his
present level of general intellectual functioning, with evidence
of some slight loss of information across a retention interval
(delay score = 93). However, his attention score of 84 suggests
mild to moderate impairment. In addition, a mild to moderate
impairment was evident in his initial and delayed recall of the
list of words from the California Verbal Learning Test (CVLT,;
initial recall 8-10/16 items), though delayed recognition mem-
ory was normal (15/16 items with two false positives). The
finding that BG made relatively few false positive responses on
this test, in contrast to the experiments that we report, probably
reflects the fact that target lists are presented repeatedly on the
CVLT, thereby creating ceiling effects on subsequent recog-
nition performance for all but the most severely amnesic pati-
ents. BG’s copy of the Rey—Osterreith Complex figure was
unimpaired relative to his age group (33/36). Although he
showed a slight decline in recall of this figure with short (20/36)
and long (16/36) delay, his performance on these measures was
also unimpaired relative to his age group.

On the Warrington Recognition Test, which assesses two
alternative forced-choice recognition memory for words and
faces, BG’s performance on the word subtest was normal
(63%ile), but he showed severe impairments on the face subtest,
scoring at the chance level (< 5%ile). These results contrast
with BG’s relatively normal performance on a difficult test of
facial perception, the Benton Face Recognition Task, where he
was correct on 43/54 items. However, BG did show moderate



D. L. Schacter et al./False recognition and the right frontal lobe 795

Fig. 1. Lesion localization for BG in parasagittal and axial (horizontal) planes as revealed by MRI. The entire precentral gyrus is

affected, as seen in the parasagittal view. The superior—inferior and lateral-medial extents of this lesion can be appreciated in a series

of axial slices which proceed from superior to inferior (levels A-D). These images are derived from a 3-D-SPGR T1-weighted spoiled

gradient echo pulse sequence performed on a GE 1.5 Tesla Signa MR system (TR = 40, TE = 3, flip angle = 400, FOV = 24 cm,

slice thickness = 3.0 mm). Slices A, B, C and D are spaced equally, 10 mm apart in each case. See text for further details of lesion
analysis.

to severe impairments on the Benton Line Orientation Test
(7/30 correct).

Clinically, BG exhibited little difficulty remembering his
recent experiences and did not engage in extensive spontancous
confabulation. We administered confabulation batteries that
have been developed by Dalla Barba [8] and Moscovitch [30],
and he exhibited no evidence of confabulation on either battery.

BG’s adjusted score on the phonemic word list generation
task (FAS) placed him in the 25-29%ile, suggesting a moderate
impairment. In addition, he was also able to generate only 2/6
categories, on the Wisconsin Card Sorting Test (77 total errors
and 38 perseverative errors), which also suggests at least a
moderate impairment. Finally there was no clinical evidence of
language impairment. BG’s spontaneous speech was fluent and
well articulated with no evidence of word finding difficulties.
Indeed, his performance on the Boston Naming Test per-
formance was entirely normal (57/60 correct).

Control subjects. Eight control subjects who were closely
matched to BG according to age (65.6 years) and years of
education (17.0) participated in the experiment. Eight controls
with similar characteristics were also matched to BG in each of
the subsequent six experiments. Four of the control subjects
participated in all seven experiments, and others participated
in varying numbers of experiments; a total of 11 control subjects
were needed to yield eight controls/experiment. Because experi-
ments 2 and 3 involved auditory presentation and/or testing,

control subjects were given audiometric assessment and were
matched to BG, who exhibited a normal loss of sensitivity to
high frequencies that is often seen in elderly adults.

Materials and design. The experimental stimuli consisted of
144 concrete English nouns. The words were divided into six
subsets of 24 which were roughly equated for word length
(Mean = 5.1, S.D. = 1.4, range = 3-8) and frequency of usage
(Mean = 33.3,S.D. = 22.8, range = 10-99; [22]). Word subsets
were randomly assigned to a particular experimental condition
(liking, T-junction, non-studied). Another 36 words with similar
characteristics were used as buffer and practice items.

Subjects completed two study test blocks, with study task
manipulated on a within-subjects basis. Each study list was
divided into two 30-item sublists. In the first block subjects
provided liking ratings for the first sublist and counted T-junc-
tions for the second sublist. The study task order was reversed
for the second study-test block. Study sublists each contained
24 experimental words surrounded by three-word primacy and
recency buffers. Test lists contained 24 words from the liking
task, 24 from the T-junction task and 24 non-studied words.
Order of words on the test list was random with the constraint
that no more than three words appeared consecutively from the
same condition.

Words were presented on a MacIntosh Powerbook in upper-
case, 24-point Geneva font. Responses were written on response
forms by the subject.
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Table 1. Neuropsychological assessment of patient BG

Percentile

Test Score (where available)
Wechsler Adult Intelligence Scale-Revised

Verbal 1Q 99 47.4

Performance 1Q 93 322

Full scale IQ 96 39.6
Wechsler Memory Scale-Revised

General memory 100 50

Attention 84 14.6

Delay 93 32.2
Warrington Recognition Test

Faces 25/50 <5

Words 44/50 63
California Verbal Learning Test

Learning trials 1-5 of Monday list 8,9,8,10,8/16 e

Immediate free recall of Tuesday list 6/16 .

Short delay free recall Monday list 7/16 .

Short delay cued recall Monday list 9/16 .

Long delay free recall Monday list 7/16 .

Long delay cued recall Monday list 7/16 .

Long delay recognition Monday list .

Hits 15/16
False positives 2/16
Benton Line Orientation Test 7/30 .
Benton Face Recognition Test 43/54 33-59 range
Rey Osterreith Complex Figure

Copy 33/36 60

Immediate recall 16/36 ]

Delay recall 20/36 e
Word List Generation (items per minute)

FAS 12,7, 10 25-29 range

Grocery list 20 °
Wisconsin Card Sort Test .

Sorts 2/6

Total errors 77

Perseverative errors 38
Boston Naming Test 57/60 .
American National Adult Reading Test 112.96 .

Procedure. Subjects first completed a short practice block to
introduce the study and test procedures. The practice block
included two four-word study lists (liking encoding task, then
T-junction encoding task), followed by a 12-word test list con-
sisting of eight studied and four non-studied words. After this
practice segment, subjects completed the two experimental
study-test blocks.

During the encoding tasks, words were presented for 4 sec
each with a 1-sec interstimulus interval. Subjects were encour-
aged to respond to each word before the next appeared. In the
liking task, subjects rated each word on a 5-point scale accord-
ing to how much they liked its meaning—a rating of ““1”” was

given to words that subjects strongly disliked, “*3” to neutral
words, and ““5”” to words that subjects strongly liked. In the T-
junction task, subjects counted instances in which two lines
within a letter intersected to form a T-shaped formation.

Prior to each test list, subjects performed an unrelated serial
reaction time task for 2 min. After completion of the serial
reaction time task, the recognition test was administered. Sub-
jects were instructed in the use of the “remember”, “know”,
and “‘new” responses using instructions adapted from Rajaram
[36], and were required to summarize the instructions for the
experimenter to ensure adequate understanding of them. Test
lists were self-paced such that words appeared on the screen
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until subjects responded and initiated presentation of the next
word by pressing the space bar on the keyboard. The three
response options were displayed below the test word vertically:
(R)emember, (K)now, (N)ew.

Results and discussion

Figure 2 presents the proportion of “remember” (R),
“know” (K) and “‘old” (R +K) responses to new words,
old words that appeared during the T-junction encoding
task, and old words that appeared during the liking en-
coding task. For control subjects, the mean proportions
are displayed for each kind of response in each of the
three main conditions. In addition, we indicate the maxi-
mum and minimum proportion of responses observed in
any individual subject in each condition in order to define
the range of normal performance for purposes of com-
parison with BG.

The most striking feature of the data in Fig. 2 is that
BG made many more false alarm responses (R+K) to
new words than did controls: he made false alarms to
0.50 of non-studied words, whereas control subjects, on
average, made false alarms to 0.17 of non-studied words.
BG’s false alarm rate fell well outside the range of control
performance; the highest proportion of false alarms made
by any one of the control subjects was 0.29. To provide
a statistical comparison between BG’s responses and
those of control subjects, we used the non-parametric
comparison of counts test described by Bennet and
Franklin {2]. BG made significantly more false alarm
responses than did control subjects, P < 0.01. Further
inspection of subjects’ responses to new items indicates
that the difference in false alarm rates between BG and
controls was entirely attributable to the R responses:
BG claimed to “remember” 0.38 of new words, whereas
controls provided “remember” responses to only 0.05 of
the new words, P < 0.01. By contrast, BG and control
subjects provided a virtually identical number of K
responses to non-studied words.

It is possible that BG’s elevated false alarm rate is
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Fig. 2. Mean proportion of ‘“‘remember” (R), “know” (K)

words, and “old” (R +K) responses in each condition for BG

and controls in experiment 1. Error bars denote the maximum

and minimum proportion of responses observed in any indi-
vidual control subject.

simply a reflection of generally degraded memory for
study list items: BG may have been unable to remember
the study list items and instead offered haphazard
guesses. However, inspection of responses to studied
items (Fig. 2) indicates that this is not the case. In both
tasks, BG’s hit rate was substantially higher than his
false alarm rate, thus indicating that he was not simply
guessing randomly. After the liking task, the hit rates of
both BG and controls approached ceiling levels (0.96),
whereas after the T-junction task, BG’s hit rate for old
words (R+K) was higher than that of control subjects
(0.81 versus 0.60, P < 0.05). We further assessed BG’s
recognition accuracy by applying the standard correction
procedure in which the false alarm rate is subtracted from
the hit rate. BG’s corrected recognition score was much
lower than that of controls after both the T-junction task
(0.31 versus 0.43) and the liking task (0.46 versus 0.79),
but this is entirely attributable to his elevated false alarm
rate.

In previous research examining the effects of levels of
processing manipulations on R and K responses, it was
found that relative to non-semantic encoding, semantic
encoding selectively enhances the proportion of R
responses to old words [12]. Both BG and control subjects
exhibited this general pattern: the semantic encoding task
produced more R responses than the non-semantic en-
coding task (Fig. 2).

BG’s pattern of responses to studied items are poten-
tially relevant to the high proportion of R responses that
he made to non-studied words. It is possible that this
false recollection phenomenon reflects a general bias on
the part of BG to use the R response more frequently
than control subjects. 1f so, then BG should also con-
sistently make more R responses to studied words than
control subjects do. However, this outcome was not
observed: BG made non-significantly more R responses
to studied words than did controls after the t-junction
task, and significantly fewer (P < 0.01) remember
responses to studied words than did control subjects after
the liking task. Collapsed across the two study tasks, BG
made slightly fewer R responses to studied words (0.59)
than did control subjects (0.64). These results suggest that
the high proportion of R responses that BG provided to
non-studied words does not reflect a general bias on BG’s
part to use the R responses more often than control
subjects. However, subsequent experiments indicate that
BG’s proportion of R responses to studied items (relative
to control subjects) fluctuates considerably across con-
ditions, and we will postpone until the General Dis-
cussion further consideration of whether his R responses
to non-studied items reflect a generalized bias to use the
R response.

In summary, experiment 1 has revealed a striking false
recognition effect in patient BG. He made approximately
three times as many false alarm responses as did control
subjects, and he made over seven times as many R
responses to new words as did the controls. The effect is
not attributable to random guessing, nor does it appear






