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Metamemory refers to knowledge about one’s own memory capabilities. The accuracy of
metamemory judgments (i.e., feeling of knowing) was tested in patients with frontal lobe lesions
and control subjects. Their performance was compared to other findings for 6 patients with Korsakoffs syndrome and 5 other patients with amnesia. In Experiment 1, subjects were presented
sentences and then asked to recall key words from each sentence. They then judged their feeling
of knowing for nonrecalled items in terms of how likely they thought they would be to recognize
the key words on a subsequent recognition test. Patients with frontal lobe lesions exhibited impaired feeling of knowing when memory was weakened by imposing a 1-3-day delay between
sentence presentation and recall. Experiment 2 tested feeling-of-knowing accuracy for nonrecalled
general-information questions. On this test, patients with frontal lobe lesions performed normally.
The metamemory deficit observed in Experiment 1 suggests that the frontal lobes contribute,
at least in part, to metamemory judgments. The 5 (non-Korsakoff) amnesic patients had intact
metamemory functions, but patients with Korsakofrs syndrome did not. These findings suggest
that the metamemory impairment in patients with Korsako~s syndrome is due, in part, to frontal lobe pathology.

Metamemory refers to knowledge of one’s own memory
capabilities and to knowledge of the strategies involved
in memory performance. One aspect of metamemory is
the feeling-of-knowing phenomenon--the ability to predict
future success on a memory test (Gruneberg, 1983; Hart,
1965; Nelson, 1988). The study of anmesic patients has
provided one useful way to explore the relation between
feeling-of-knowing judgments and memory test performance (Shimamura & Squire, 1986). Patients with Korsakoff’s syndrome, who were severely impaired on conventional tests of recall and recognition memory, were
also impaired in making metamemory judgments. Yet,
other amnesic patients, who were as impaired on memory
tests as were the Korsakoff patients, could nevertheless
make metamemory judgments as accurately as could normal subjects. Thus, impaired feelng of knowing is not an
obligatory feature of amnesia. Accordingly, the brain
structures necessary for metamemory abilities are
presumably different from the medial temporal and diencephalic structures that, when damaged, cause amnesia.
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One possibility is that the metamemory deficits found
in patients with Korsakoff’s syndrome are due to frontal
lobe pathology. There are several reasons for suggesting
that metamemory abilities might depend on the integrity
of the frontal lobes. First, patients with frontal lobe lesions exhibit deficits on certain tasks involving inferential, or metacognitive, judgments. For example, they have
difficulty making estimates about everyday objects or experiences (e.g., "How tall is the average English
woman?"; Shallice & Evans, 1978). They also have
difficulty estimating the price of objects (Smith & Milner,
1984). Second, patients with Korsakoff’s syndrome--but
not other amnesic patients--exhibit cognitive deficits that
are also observed in patients with circumscribed frontal
lobe lesions (Janowsky, Shimamura, Kritchevsky, &
Squire, in press). Moreover, the severity of some cognitive deficits in Korsakoffpatients (e.g., failure to release
from proactive interference and poor temporal order
judgments) correlated with performance on tests of frontal
lobe function (Squire, 1982). Third, both patients with
Korsakoff’s syndrome (Butters & Cermak, 1980; Squire
& Zouzounis, 1988; Talland, 1965) and patients with frontal lobe lesions (Blumer & Benson, 1975; Luria, 1966)
are often apathetic and lack insight into their disorder.
Finally, cortical atrophy, and in particular frontal
lobe atrophy, is present in patients with Korsakoff’s
syndrome (Carlen et al., 1981; Jacobson & Lishman,
1987; Shimamura, Jernigan, & Squire, 1988).
To test whether metamemory deficits depend on frontal lobe pathology, we assessed the accuracy of feeling-
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of-knowing judgments in patients with circumscribed frontal lobe lesions. We used the same feeling-of-knowing
paradigms used by Shimamura and Squire (1986). In two
experiments, subjects judged how likely they would be
able to recognize items that they could not recall. They
then took a recognition test to determine the accuracy of
their judgments. We tested patients with frontal lobe lesions and a group of control subjects, and we compared
their performance with that of two groups of amnesic
patients--patients with Korsakoff’s syndrome and 5 other
patients with amnesia.

EXPERIMENT 1
Method
Subjects
Patients with frontal lobe lesions. Seven patients with lesions
of the frontal lobes were identified by a review of medical records
and CT scans at the VA Medical Center, San Diego, and at the
University of California, San Diego Medical Center. Patients included were those who had lesions restricted to the frontal lobes
and who had no other diagnoses likely to affect cognition or interfere with participation in the study (e.g., significant psychiatric
disease, alcoholism). We studied 5 patients with unilateral frontal
lobe lesions (2 left, 3 right) and 2 patients with bilateral lesions

(see Figure 1). A detailed description of these patients appears elsewhere (Janowsky et al., in press).
These 7 patients (4 men and 3 women) averaged 64 years of age
at the beginning of the study, had 13.0 years of education and an
average Wechsler Adult Intelligence Scale-Revised (WAIS-R) Full
Scale IQ score of 101.1. The 7 patients performed within the normal range on a test of immediate and delayed story recall, delayed
diagram recall, and paired-associate learning (Janowsky et al.,
in press). In addition, Wechsler Memory Scale-Revised (WMS-R)
scores were available for 6 of the 7 patients. Their average index
scores were as follows: Attention and Concentration, 83.3; Verbal
Memory, 100.7; Visual Memory, 90.5; General Memory, 95.7;
Delayed Memory, 94.5. Each of the five indices for the WMS-R
yields a mean score of 100 in the normal population with a standard deviation of 15 (Butters et al., 1988; Wechsler, 1987).
As reported elsewhere (Janowsky et al., in press), these patients
were impaired on the Wisconsin Card Sort Test (Berg, 1948; Heaton, 1981), a standard test of frontal lobe dysfunction (number of
categories, mean = 2.1, range = 0-5; percent of perseverative errors, mean = 41.6, range = 10-98). In addition, they were impaired on the 37-point Initiation and Perseveration index of the Dementia Rating Scale (Mattis, 1976; mean = 31.9, range = 26-36).
Finally, the patients with left and bilateral frontal lobe lesions (but
not patients with right frontal lobe lesions) were impaired on the
Verbal Fluency Test (Benton & Hamsher, 1976; mean number of
words produced = 21.5, range = 17-35). Additional neuropsychological data for these patients can be found in Janowsky et al.

Figure 1. Reconstructions from CT or MRI brain scans of the frontal lobe damage (in black) for each patient
in the study, using the method of H. Damasio (1983, and personal communication). The most ventral section is shown
at the top. The lateral view below each construction shows the angle of the horizontal sections and the locations of
the most dorsal and ventral sections.

MEMORY AND METAMEMORY

5

0n press). Testing occurred between February, 1987, and Janu- ing to their feeling of knowing. Thus, at the end of this phase, all
ary., 1988.
the sentences had been ranked, from the one judged as having the
Healthy control subjects. Eight subjects (5 men and 3 women)highest feeling of knowing to the one judged as having the lowest
served as control subjects for the patients with frontal lobe lesions. feeling of knowing.
They were matched to the study patients with respect to age (mean
Recognition l~aS¢. Immediately following the feeling-of-knowing
-- 60.6 years) and education (mean = 14.3 years). They were also phase, the subjects were given a seven-alternative, forced-choice
matched to the study patients on the basis of two WAIS-R subtest
recognition test for all 24 study sentences and the 8 new sentences.
scores, Information (control subjects, mean = 22.6; study patients, Eight alternatives were available for each question. If a subject gave
mean = 21.9) and Vocabulary (control subjects, mean = 55.8; study one of the eight alternatives as an incorrect response during the initial
patients, mean = 53.7).
recall phase, that alternative was omitted from the recognition test.
Patients with Korsakoff’s syndrome. Data for 6 patients with Otherwise, one of the incorrect alternatives was randomly omitKorsakoff’s syndrome (4 men and 2 women) have been published ted. Thus, there were always seven possible choices for the blank
previously (Shimamura & Squire, 1986) and are presented here for in each sentence. Recognition responses to the 8 new sentences
comparison purposes. These 6 patients averaged 45.3 years of age, (those not presented for study) were scored as a 0. Feeling-ofwith 11.8 years of education. Their average WAIS-R Full Scale knowing accuracy was then calculated using a nonparametric correIQ score was 97.1. Their average index scores on the recently avail- lation (gamma) between the feeling-of-knowing ranking and recogable WMS-R were as follows: Attention and Concentration, 87.7; nition performance (Hays, 1973; Nelson, 1984).
Verbal Memory, 72.0; Visual Memory, 69.7; General Memory, In addition to testing the patients with frontal lobe lesions and
64.8; Delayed Memory, 55.7. Additional neuropsychological data the control subjects after a 5-rain delay, we repeated the experifor these same 6 patients can be found elsewhere (Squire & ment with these two groups using a similar set of materials and
Shimamura, 1986).
a 1-3-day delay. This longer retention interval was used in order
(Rher patients with amnesia. Data are presented for 5 other am- to test feeling-of-knowing judgments at a time when memory pernesic patients. Three of these patients became amnesic after an epi- formance was weak. Specifically, the l-3-day-delay condition rneasode of anoxia or ischemia (A.B., G.D., and L.M.), and data for sured feeling-of-knowing accuracy in patients with frontal lobe
these patients were reported previously (Shimamura & Squire, lesions at a time when their memory performance matched that of
1986). Subsequently, 2 additional patients (W.H. and M.G.) were the amnesic patients tested after the 5-mln delay. These two test
tested. W.H. became amnesic in 1986, but without a known conditions (5-rain and l-3-day delays) were separated by an averprecipitating event. Preliminary magnetic resonance (MR) scans age of 5 weeks (range = 1-16 weeks).
have identified bilateral medial temporal pathology. M.G. became
amnesic in 1986 following a bilateral thalamic infarction. As a
Results
group, the 5 patients averaged 54.6 years of age at the beginning
of the study, with an average educational level of 15.6 years. Their
average WAIS-R Full Scale IQ was 109.2. On the WMS-R, the Recall
Figure 2 shows the recall performance of the patients
average index scores were as follows: Attention and Concentration, 105.4; Verbal Memory, 77.8; Visual Memory, 81.2; Generalwith frontal lobe lesions and the control subjects in the
Memory, 73.0; Delayed Memory, 55.0. Additional neuropsycho- 5-min and 1-3-day-delay conditions, as well as the per-

logical data for these 5 patients can be found in Janowsky et al.formance of amnesic patients. Performance was first as(in press).
sessed using a 2 × 2 ANOVA with groups (frontal patients
Procedure
The procedure was the same as was used in a previous study of
feeling-of-knowing accuracy in amnesic patients (Shimamura &
Squire, 1986, Experiment 2). Patients with frontal lobe lesions and
control subjects were presented 24 sentences for study (e.g., "At
the museum we saw some ancient relics made of clay. "). The sentences were presented on cards and were also read by the experimenter. Twelve of the sentences were presented once, and the
other 12 sentences were presented twice for a total of 36 presentations. The subjects were asked to study the sentences so that they
would remember them later.
Recall phase. After a 5-min delay, recall was assessed by asking the subjects to recall the missing word in each of the 24 senterlces (e.g., "At the museum we saw some ancient relics made
of __ ."). Also, 8 new sentences (with a key word missing in each
case) were included that had not been presented for study. The subjects were instructed to guess if they were uncertain of the correct
word. Also, they were told that some of the test items might be
ones that they had not seen previously.
Feeling-of-knowing phase. Immediately following the recall
phase, the subjects were asked to make feeling-of-knowing judgments. For each nonrecalled item, as well as for each of the 8 new
test items, the subjects rated their feeling of knowing on a 4-point
scale (high, medium, low, pure guess). Speciftcally, the subjects
were shown each sentence and were asked to judge how likely they
would be able to recognize the missing word if some choices were
given. After placing the nonrecalled sentences and the 8 new sentences into one of the four feeling-of-knowing categories, the subje<~ rank-ordered the sentences within each rating category accord-
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Figure 2. Performance of the subjects who studied 24 sentences
and were then asked to recall a missing part of each sentence. F
= patients with frontal lobe lesions; F-CON = control subjects for
frontal patients; KOR = patients with KorsakoWs syndrome; AMN
= other patients with amnesia. Bars show standard error of the
mean.
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vs. control subjects) and delay (5 min and 1-3 days) as
independent variables. Recall performance by the patients
with frontal lobe lesions was similar to that of control subjects [F(1,13) = .01, p > . 10]. There was a significant
main effect of delay IF(l, 13) = 112.8, p < .01], showing that both groups performed better in the 5-min-delay
condition than they did in the 1-3-day-delay condition.
The group x delay interaction was not signfiicant [F(1,13)
= 2.85, p > . 10], demonstrating that both groups were
affected equally by the delay.
An analysis of presentation frequency showed that the
patients with frontal lobe lesions and their control group
were better at recalling sentences that had been presented
twice than they were at recalling sentences that had been
presented only once [F(1,13) = 12.2, p < .05]. The marginal interaction between group and presentation frequency [F(1,13) = 3.8, p = .07] suggested that, when
a sentence was presented twice instead of once, the patients with frontal lobe lesions benefited somewhat more
than did their control group (58% vs. 38% correct for
the patients with frontal lobe lesions; 53% vs. 47% correct for the control subjects).
Recall performance of the patients with frontal lobe lesions at the 1-3-day delay was similar to the performance
of the 6 patients with Korsakoff’s syndrome and the
5 other patients with amnesia, who were tested after a
5-min delay (ts < 1.0, ps > .10). The 1-3oday-delay
score was 25 % correct for the patients with frontal lobe
lesions, 25 % correct for the patients with Korsakoff’s syndrome, and 21% correct for the other patients with amnesia. Both amnesic groups recalled sentences presented
twice better than they recalled sentences presented only
once [31% vs. 17% for the patients with Korsakoff’s syndrome, t(5) = 4.47,p < .05; 30% vs. 12% for the other
patients with amnesia, t(4) = 2.56, p = .06].
Recognition
Recognition performance for all 24 study sentences
(recalled and nonrecalled sentences) was similar for the
patients with frontal lobe lesions and their control group
[F(1,13) =. 18, p > . 10]. The patients with frontal lobe
lesions and the control subjects recognized more words
in the 5-min-delay condition (83 % and 82 %, respectively)
than they did in the 1-3-day-delay condition [48% and
56 %, respectively; F(1,13) = 87.1, p < .05]. There was
no group x delay interaction [F(1,13) = 2.1,p > .10].
Also, the subjects were better at recognizing words from
sentences that had been presented twice than they were
at recognizing words from sentences that had been
presented only once [F(1,13) = 27.8, p < .05]. Presentation frequency benefited the performance of the patients
with frontal lobe lesions more than it did the control subjects, as indicated by a significant group × presentation
frequency interaction IF(l,13) = 10.5, p < .05]. Perhaps
patients with frontal lobe lesions especially benefit from
repeated presentations because they have some difficulty
attending to the material. As with recall performance, the
recognition score obtained by the patients with frontal lobe

lesions at the 1-3-day delay (48%) was similar to the
recognition scores obtained by both the patients with Korsakoff’s syndrome (47%) and the other patients with
anmesia (mean = 37%, ts < 1.50,p > .10). The effect
of presentation frequency did not reach significance for
either anmesic group (ts < 1.1, ps > . 10).
Figure 3 shows recognition performance for the nonrecalled sentences--that is, those sentences for which the
subjects made feeling-of-knowing judgments. The patients
with frontal lobe lesions performed similarly to control
subjects in both the 5-min-delay and 1-3-day-delay conditions [F(1,13) = .69, p > . 10]. Although the effect of
delay did not reach significance [F(1,13) = 3.0, p = . 11],
both groups recognized fewer items after the 1-3-day delay (32 % for the patients with frontal lobe lesions, 43 %
for the control subjects) than they did after the 5-min delay (47% and 53%, respectively). There was no group
× delay interaction [F(1,13) = .10, p > .10]. Finally,
the recognition score obtained by the patients with frontal lobe lesions at the 1-3-day delay (32%) was similar
to the recognition scores obtained by the patients with Korsakoff’s syndrome (31%) and the other patients with
amnesia (36%, ts < 1.0, ps > .10].
Feeling of Knowing
Figure 4 shows feeling-of-knowing accuracy, which
was assessed with a nonparametric (gamma) measure that
correlated each subject’s feeling-of-knowing rankings with
his/her recognition test performance. Across delay conditions, there was no effect of group [frontal patients vs.
control subjects; F(1,12) = 2.22, p > .10]. There was
a significant effect of delay IF(l,12) = 11.7, p < .05],
indicating that feeling-of-knowing accuracy was better in
IOO
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Figure 3. Recognition memory (seven-alternative, forced-choice)
for the sentence information that could not be recalled. F -- patients
with frontal lobe lesions; F-CON = control subjects for frontal patients; KOR = patients with Korsakoff’s syndrome; ALVIN = other
patients with amnesia. Bars show standard error of the mean.
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feeling-of-knowing test (correlations of +. 11 and - .09,
respectively).
FEELING-OF-KNOWING PERFORMANCE
90
The low feeling-of-knowing score obtained by the patients with frontal lobe lesions in the 1-3-day-delay con80
diton was similar to the score obtained by the patients with
7o
Korsakoff’s syndrome [t(11) = 1.10, p > .10], who also
were unable to make feeling-of-knowing judgments at
60
above-chance levels (correlation = -.007; Shimamura
& Squire, 1986). By contrast, the other patients with
5O
amnesia performed at above-chance levels [average
4O
gamma correlation -- .38, t(4) = 5.6, p < .05]. Their
feeling-of-knowing accuracy was significantly better than
50
that of the patients with Korsakoff’s syndrome [t(9) =
2O
3.8, p < .05] and marginally better than that of the patients with frontal lobe lesions [tOO) = 2.07, p = .07].
Io
The feeling-of-knowing scores indicated that the judgments
made by the patients with frontal lobe lesions re0
mained
impaired even when the correlations between
KO~ AMN
F F-CON
F F-CON
recognition
and feeling-of-knowing ranking excluded the
(5
m~n
delay)
(I-3
day
delay)
(5 mm delay)
8 sentences that had never been presented for study. These
recalculated gamma correlations were .04 for the patients
Figure 4. Feeling-of-knowing performance for the sentence information that could not be recalled. Feeling-of-knowing accuracy waswith frontal lobe lesions and .42 for the control subjects
cakulated by correlating feeling-of-knowing ranking with subsequent in the delayed condition [t(13) = 2.76, p < .05]. This
recognition performance. F = patients with frontal lobe lesions; F- analysis shows that impaired feeling-of-knowing accuracy
CON = control subjects for frontal patients; KOR = patients with did not depend on requiring the subjects to make judgKorsakoff’s syndrome; AMN = other patients with amnesia. Bars
ments about sentences that they had not studied previously.
show standard error of the mean.
In summary, the patients with frontal lobe lesions and
the control subjects exhibited comparable recall and recogthe short-delay condition than in the long-delay condition. nition memory for words in sentences. Although the paImportantly, there was a significant group x delay inter- tients with frontal lobe lesions exhibited intact feeling of
action [F(1,12) = 6.6, p < .05]. Specifically, feeling-knowing when tested after a 5-min delay, they exhibited
of-knowing performance in the 5-min-delay condition was severe feeling-of-knowing impairment when tested after
similar for the patients with frontal lobe lesions and the a 1-3-day delay. Indeed, after a 1-3-day delay, feelingcontrol subjects (average gamma correlation = .64 and of-knowing judgments by the patients with frontal lobe
.62, respectively). Yet, in the 1-3-day-delay condition, lesions were not significantly above chance. Previously,
the patients with frontal lobe lesions performed more the patients with Korsakoff’s syndrome, but not other ampoorly than did the control subjects [. 13 and .52, respec- nesic patients, were also found to exhibit impaired feelingtively; t(13) = 2.95, p < .05]. In fact, the feeling-of- of-knowing judgments. The findings from Experiment 1
knowing performance of the patients with frontal lobe le- suggest that the ability to make accurate feeling-ofsions in the 1-3-day-delay condition did not differ sig- knowing judgments depends, at least in part, on the integrity of the frontal lobes.
nificantly from chance [t(6) = 1.33, p > . 10].
I00

The patients with frontal lobe lesions were slightly more
likely to overestimate than underestimate their subsequent
memory performance. For the items they placed in the
high and medium feeling-of-knowing categories, they
achieved only 27% correct, while the control subjects
achieved 42 % correct. For items placed in the low and
guess categories, the patients with frontal lobe lesions and
the control subjects achieved 14% and 19% correct,
respectively.
Due to the variability in the locus and extent of damage
in this small group of patients, it was not possible to explore statistically how feeling-of-knowing accuracy was
affected by site and size of lesions. It is worth pointing
out, however, that the 2 patients with bilateral frontal lesions, who achieved 0 and 1 categories on the Wisconsin
Card Sort Test, also achieved very low scores on the

EXPERIMENT 2
In a previous study (Shimamura & Squire, 1986), patients with Korsakoff’s syndrome, but not other amnesic
patients, exhibited impaired feeling of knowing for factual information that could not be recalled. Experiment 2
investigated feeling-of-knowing performance of patients
with frontal lobe lesions on this same task.
Method
Subjects
Patients with frontal lobe lesions. See Experiment I.
Healthy control subjects. Six of the 8 control subjects from
Experiment 1 and 2 additional subjects (4 men and 4 women) served
as the control subjects in Experiment 2. They were matched to the
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patients with frontal lobe lesions with respect to age (mean = 59.9
years) and education (mean = 13.7 years). The mean scores on
the Information and Vocabulary subtests of the WAIS-R were 21.5
and 53.9, respectively (frontal patients, 21.9 and 53.7).
Patients with Korsakoff’s syndrome. Previously published data
for 8 patients with Korsakoff’s syndrome (5 men and 3 women)
are included here for comparison purposes (Shimamura & Squire,
1986). Comparison data for 6 of these 8 patients were also presented
in Experiment 1. The 8 patients averaged 54.0 years of age, with
12.3 years of education. They had an average WAIS Full Scale IQ
score of 102.6 and an average WMS score of 78.
Other patients with amnesia. See Experiment 1.
Procedure
The procedure used in Experiment 2 was identical to the one used
in our previous study of feeling-of-knowing accuracy for generalinformation questions (Shimamura & Squire, 1986, Experiment 1).
A set of 100 general-information questions (e.g., What is the name
of the project which developed the atomic bomb during World War
II? [Manhattan]) were selected from a pool of questions developed
by Nelson and Narens (1980). The degree of difficulty of the questions varied from a recall probability for college students of .004
to a recall probability of .97.
Recall phase. The subjects were first asked to recall the answers
to general-information questions. The experimenter showed the subject each question on a card and read the question aloud. The recall
phase continued until the subject missed a total of 24 questions (including errors of omission and commission).
Feeling-of-knowing phase. Immediately following the recall
phase, the subjects were asked to rate each of the 24 nonrecalled
questions according to their feeling of knowing 0aigh, medium, low,
pure guess). Just as in Experiment 1, the subjects were shown each
item and asked to judge how likely they would be able to recognize the correct answer if some choices were given. After each question was placed into one of four feeling-of-knowing categories, the
subjects rank-ordered their feeling of knowing within each category.
Thus, at the end of this phase all questions had been ranked from
the question judged as having the highest feeling of knowing to the
question judged as having the lowest feeling of knowing.
Recognition phase. Immediately after the feeling-of-knowing
phase, a seven-alternative, forced-choice recognition test was administered for the 24 questions. Recognition alternatives were obtained from the FACTRETRIEVAL computer program
(Shimamura, Landwehr, & Nelson, 1981). Eight alternatives were
available for each question. Ifa subject gave one of the eight alternatives as an incorrect response during the initial recall phase, that
alternative was omitted from the recogntion test. Otherwise, one
of the incorrect alternatives was randomly omitted for each question. Thus, in all cases, the subjects were asked to choose the correct answer from seven alternatives. As in Experiment 1, feelingof-knowing accuracy was calculated using a nonparametric correlation (gamma) between feeling-of-knowing ranking and recognition performance.
A second test was also administered in order to assess feeling
of knowing for very difficult facts. A set of 54 difficult generalinformation questions was assembled from the pool of generalinformation questions described above. On the basis of the norms,
the recall probability for these difficult questions ranged from .004
to .31. We administered the second test to 6 of the 7 patients with
frontal lobe lesions approximately 7 months after the first test. The
7th subject was not available for testing.
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Figure 5. Recall performance for general information questions.
The subjects were asked questions until they had failed 24 items.
F = patients with frontal lobe lesions; F-CON = control subjects
for frontal patients; KOR = patients with Korsakoff’s syndrome;
AMN = other patients with amnesia. Bars show standard error of
the mean.

as the performance of the amnesic patients. The patients
with frontal lobe lesions performed similarly to their control subjects [46% and 57%, respectively; t(13) = 1.47,
p > . 10]. The patients with Korsakoff’s syndrome were
poor at recalling general-information facts on this test
(Shimamura & Squire, 1986). Figure 5 shows that the
recall score obtained by the patients with frontal lobe lesions (46 %) was numerically higher than the score of the
patients with Korsakoff’s syndrome (36%) and numerically lower than the score of the other patients with amnesia (57%). These differences were not statistically significant (ts < 1.42, ps > .10).
Recognition
Figure 6 shows recognition performance for the 24 nonrecalled facts. The patients with frontal lobe lesions performed similarly to their control subjects [42 % and 52 %,
respectively; t(13) = 1.62, p > .10]. The patients with
Korsakoff’s syndrome (47%) performed worse than did
the other patients with amnesia [63%; t(10) = 2.83,
p < .05] and similarly to the patients with frontal lobe
lesions [t(13) = .66, p > .10].

Feeling of Knowing
Figure 6 also shows feeling-of-knowing accuracy as
measured by the correlation between feeling-of-knowing
ranking and recognition performance. The patients with
frontal lobe lesions were able to make feeling-of-knowing
Results
judgments for factual information as well as did their control group [average gamma correlation = .41 and .43,
Recall
respectively; t(13) = .31, p > .10]. One patient with
Figure 5 shows the recall performance of the patients bilateral frontal lobe lesions performed worse than did
with frontal lobe lesions and the control subjects, as well the rest of the patients and all of the control subjects (.23),
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Figure 6. Recognition memory (seven-alternative, forced-choice) and feeling-of-knowing
accuracy for 24 nonrecailed facts. Feeling-of-knowing accuracy was calculated by correlating feeling-of-knowing ranking with subsequent recognition performance. F = patients with
frontal lobe lesions; F-CON = control subjects for frontal patients; KOR = patients with
Korsakoff’s syndrome; AMN = other patients with amnesia. Bars show standard error of
the mean.

while the other subject with bilateral lesions performed
normally (.45). In contrast, as reported previously
(Shimamura & Squire, 1986), the patients with Korsakoff’s syndrome, but not other amnesic patients, performed poorly on this feeling-of-knowing task.
In the second test, which used more difficult questions,
recall performance of the patients with frontal lobe lesions was only 18% and recognition performance was
33 %. Despite the fact that the patients with frontal lobe
lesions now performed even more poorly than did the patients with Korsakoff’s syndrome on the first test (recall
score = 36%, recognition score = 47%), their feelingof-knowing accuracy remained quite good (correlation =
.41). Thus, the patients with frontal lobe lesions were able
to make feeling-of-knowing judgments about general factual information across a wide range of item difficulty.

other amnesic patients, were poor at making these feelingof-knowing judgments (Shimamura & Squire, 1986).
The poor feeling-of-knowing performance by the patients with frontal lobe lesions is consistent with their
deficits on other metacognitive tasks. Thus, patients with
frontal lobe lesions have difficulty on tasks requiring the
organization of responses (Petrides & Milner, 1982) and
the organization of information into categories (Incisa
della Rochetta, 1986). They are poor at making inferences
and estimates about common objects or events (Shallice
& Evans, 1978), at estimating prices of objects (Smith
& Milner, 1984), and at estimating the frequency or
recency of occurrence (Milner, Petrides, & Smith, 1985;
Smith & Milner, 1988). These observations suggest that
impaired feeling of knowing may not be a specific cognitive
disorder. Rather the frontal lobes may mediate processes
required to make a wide variety of metacognitive judgDISCUSSION
ments, including feeling-of-knowing judgments.
The patients with frontal lobe lesions did not exhibit
Experiment 1 showed that patients with frontal lobe le- a feeling-of-knowing impairment on all of the tests used
sions were unable to make feeling-of-knowing judgments in the present study. Specifically, they had accurate feelfor newly learned sentences. Specifically, when recall and ing of knowing for factual information, much of which
recognition memory for the sentences was weakened by would have been learned long ago. One possibility is that
imposing a delay between the learning and the recall test, patients with frontal lobe lesions have impaired feelng of
the control subjects obtained high feeling-of-knowing knowing only for information learned after the frontal lobe
scores, but the patients with frontal lobe lesions performed injury. This possibility seems unlikely because such paat chance levels. A deficit in feeling of knowing for newly tients fail on many other tests that require estimates about
learned sentences was also reported previously for patients items encountered premorbidly (e.g., estimates about
with Korsakoff’s syndrome, but not for other amnesic pa- everyday objects or price estimations; see Shallice &
tients (Shimamura & Squire, 1986). Experiment 2 showed Evans, 1978; Smith & Milner, 1984). Another possibilthat patients with frontal lobe lesions exhibited intact ity is that it is easier to base metamemory judgments on
feeling-of-knowing ability for previously learned factual memory for factual information than it is to base them
information. Patients with Korsakoff’s syndrome, but not on memory for words in sentences. The factual questions
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used in Experiment 2 covered a variety of generalinformation topics learned long ago and were likely to
be well integrated into a person’s knowledge. By contrast,
the sentence material used in Experiment 1 was more arbitrary and homogeneous, and was not well related to existing knowledge.
Other characteristics of test material might also determine when feeling-of-knowing judgments are most
difficult and, correspondingly, when impaired performance will most readily appear. In Experiment 1, the
deficit appeared only in the delay condition, when memory
performance was weakened to match the performance of
the two amnesic groups. Feeling-of-knowing performance
was intact in the 5-min-delay condition. However, in the
5-min-delay condition, performance was so good that
there were few nonrecalled sentences with which to estimate feeling-of-knowing ability (average = 6.9/24).
Therefore, the subjects based their feeling-of-knowing
judgments primarily on their unfamiliarity for the 8 new
sentences and on their better familiarity for a few recently
presented nonrecalled sentences. Accordingly, it is possible that the 5-min-delay condition did not provide a sufficiently sensitive test of metamemory abilities. In Experiment 2, a set of very difficult facts was administered in
an attempt to make the tasks more difficult. However,
some of these facts might never have been learned in the
first place, so that the subjects based their feeling-ofknowing performance on facts that were completely unfamiliar and on a few other facts that were more familiar.
Accordingly, some difficult facts might have been easy
for the subjects to treat as low in feeling of knowing (e.g.,
as pure guesses), just as the 8 new sentences in the 5-mindelay condition of Experiment 1 were easy to treat as
guesses.
The finding of a metamemory deficit in the patients with
frontal lobe lesions suggests that the metamemory impairment exhibited by patients with Korsakoff’s syndrome
may also be due, at least in part, to frontal lobe pathology. In fact, the patients with Korsakoff’s syndrome who
participated in this study do have frontal lobe atrophy,
as demonstrated by a quantitative CT technique
(Shimamura et al., 1988). Compared to the healthy control subjects, the patients with Korsakoff’s syndrome exhibited increased fluid volume bilaterally in the frontal
lobe. Moreover, patients with frontal lobe lesions and patients with Korsakoff’s syndrome share other cognitive
deficits in addition to impaired metamemory. Both have
deficits on the Initiation-Perserveration subscale of the
Dementia Rating Scale and both perform poorly on the
Wisconsin Card Sort Test (Janowsky et al., in press;
Jetter, Poser, Freeman, & Markowitsch, 1986). As discussed elsewhere (Janowsky et al., in press), all of these
deficits are likely to be related to frontal lobe pathology
in these patients.
Taken together, evidence from this study and from a
previous study (Shimamura & Squire, 1986) shows that,
while both patients with frontal lobe lesions and patients
with Korsakoff’s syndrome have a metamemory deficit,

patients with Korsakoff’s syndrome have a more pervasive deficit. The patients with Korsakoff’s syndrome were
unable to make accurate feeling-of-knowing judgments
about sentences and factual information, whereas the patients with frontal lobe lesions were impaired only with
sentences, and then only in the delay condition. One possibility is that the diencephalic lesions found in the patients with Korsakoff’s syndrome (Shimamura et al.,
1988) contribute to their metamemory impairment. It
should be noted, however, that Patient N.A., who is amnesic due to a left diencephalic lesion (Squire, Amaral,
Zola-Morgan, Kritchevsky, & Press, 1987), showed normal feeling-of-knowing performance (Shimamura &
Squire, 1986). Also, in the present study, Patient M.G.,
who has bilateral thalamic lesions, showed normal feelingof-knowing performance. A second possibility is that the
patients with Korsakoff’s syndrome have more widespread
damage or more severe damage to the frontal lobes than
do the patients with circumscribed frontal lobe lesions.
Perhaps a more likely possibility is that frontal lobe lesions and memory impairment together produce a more
severe metamemory deficit than do frontal lobe lesions
alone. Nelson, Gerler, and Narens (1984) suggested two
different means by which feeling-of-knowing judgments
might be made. One method requires access to specific
item information in memory (trace-access mechanisms).
The second depends on inferential mechanisms that operate on contextual knowledge and other related knowledge.
Patients with frontal lobe lesions may show feeling-ofknowing deficits due to failure of inferential abilities.
However, because these patients are not amnesic, they
may sometimes be able to base their feeling-of-knowing
judgments on preserved trace-access mechanisms. Patients
with Korsakoff’s syndrome may have particularly poor
feeling-of-knowing ability because they have impaired inferential mechanisms due to frontal lobe damage, as well
as impaired trace-access mechanisms due to diencephalic
damage. Patients with anoxic-ischemic amnesia and other
non-Korsakoff patients have a feeling-of-knowing ability
commensurate with their reduced level of performance
on memory tasks (i.e., their ability is as good as that of
control subjects who are matched for memory strength).
In summary, this study suggests that the frontal lobes
make an essential contribution to metamemory ability. Because patients with frontal lobe lesions do not exhibit
memory impairment, the present study demonstrates that
metamemory deficits can occur in the absence of amnesia. The finding that patients with frontal lobe lesions and
patients with Korsakoff’s syndrome exhibit a feeling-ofknowing impairment, but that other amnesic patients do
not, strengthens the view that memory and metamemory
are dissociable processes.
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