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Objective: Recognition memory is im-
paired in patients with schizophrenia, as
they rely largely on item familiarity,
rather than conscious recollection, to
make mnemonic decisions. False recogni-
tion of novel items (foils) is increased in
schizophrenia and may relate to this defi-
cit in conscious recollection. By studying
pictures of the target word during encod-
ing, healthy adults can suppress false rec-
ognition. This study examined the effect
of pictorial encoding on subsequent rec-
ognition of repeated foils in patients with
schizophrenia.

Method: The study included 40 patients
with schizophrenia and 32 healthy com-
parison subjects. After incidental encod-
ing of 60 words or pictures, subjects were
tested for recognition of target items in-
termixed with 60 new foils. These new
foils were subsequently repeated follow-
ing either a two- or 24-word delay. Sub-
jects were instructed to label these re-
peated foils as new and not to mistake
them for old target words.

Results: Schizophrenic patients showed

greater overall false recognition of re-

peated foils. The rate of false recognition

of repeated foils was lower after picture

encoding than after word encoding. De-

spite higher levels of false recognition of

repeated new items, patients and compar-

ison subjects demonstrated a similar de-

gree of false recognition suppression after

picture, as compared to word, encoding.

Conclusions: Patients with schizophre-

nia displayed greater false recognition of

repeated foils than comparison subjects,

suggesting both a decrement of item- (or

source-) specific recollection and a conse-

quent reliance on familiarity in schizo-

phrenia. Despite these deficits, presenting

pictorial information at encoding allowed

schizophrenic subjects to suppress false

recognition to a similar degree as the

comparison group, implying the intact

use of a high-level cognitive strategy in

this population.

(Am J Psychiatry 2002; 159:1506–1513)

While patients with schizophrenia show impairment

in many cognitive processes (1, 2), not all of these domains

are affected to a similar degree. Recent work, particularly

in the realm of memory, has focused on these differential

deficits, as they may inform our understanding of the un-

derlying pathophysiology leading to schizophrenia (3, 4).

Although patients with schizophrenia show a decline in

explicit memory, implicit memory (i.e., procedural learn-

ing and priming) remains relatively unaffected (5–8).

Similarly, patients with schizophrenia demonstrate im-

pairment in memory processes requiring conscious recol-

lection, with relative preservation of mnemonic processes

based on familiarity (9, 10).

To examine the separate influences of conscious recol-

lection and familiarity on memory performance in schizo-

phrenia, we used an old/new recognition memory experi-

ment in which participants must distinguish previously

studied words from new words (foils) (11–15). The new

words are then repeated, with a variable lag between their

first and second occurrence. Participants are instructed to

respond “old” only to studied words and “new” to new

words (even when they repeat), being careful not to mis-
take the repeating new foils for old items.

Following sufficiently long lags (e.g., after 24 or 48 inter-
vening items), healthy adults will falsely recognize these
repeated foils as study list items at a significantly higher
rate than they falsely recognize once-presented new
words (11). As these repeated new items produce a similar
degree of familiarity as previously encountered study list
items, relying on familiarity to make old/new judgments is
not a fruitful strategy. Recollection of specific details asso-
ciated with the prior occurrence of a word is required to
counter any familiarity produced by the second presenta-
tion of the new word on the test (12). This type of errant re-
sponse based on familiarity is even more pronounced in
healthy elderly subjects, even when the lag between repe-
titions is as short as four intervening items (11, 12, 14, 16).

In addition to the processes of recollection and familiar-
ity, there is a strategic retrieval process, called the distinc-
tiveness heuristic, that also influences the degree of false
recognition (11, 15, 17–19). This heuristic refers to a mode
of responding influenced by the expectation of recollect-
ing vivid details about previously experienced events. An
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inability to recall distinct information about a particular
item suggests that the item was not seen previously and
can be categorized as new. For example, studying pictures
(instead of words) produces a dramatic reduction in the
rate of false recognition of repeated new words in both
younger and older adults (11).

The distinctiveness heuristic is categorized as a meta-
cognitive process, as it is presumed to require introspec-
tion of personal memory expectations (e.g., “If I had seen
a picture of xx, I think I would remember it.”) (19). As pa-
tients with schizophrenia demonstrate impaired insight
into their own mental and physical states (20, 21) and have
been shown to exhibit abnormal biases in memory attri-
bution (22, 23), we were particularly interested in assess-
ing the ability of patients with schizophrenia to utilize this
type of heuristic.

We therefore tested two main hypotheses:
1. Patients with schizophrenia will demonstrate poor

item-specific recollection and will rely on familiarity to
make old/new decisions, leading to a greater degree of
false recognition of repeated foils than seen in healthy
adults.

2. Patients with schizophrenia will not utilize the dis-
tinctiveness heuristic and will therefore not demonstrate
the normal pattern of false recognition suppression after
picture encoding, as compared to word encoding.

Method

Subjects

Forty male patients with DSM-IV-defined schizophrenia were
recruited from our outpatient clinic in Boston. Confirmation of
diagnosis and determination of schizophrenic subtype was made
for all patients by clinic psychiatrists, who administered the psy-
chotic disorders module of the Structured Clinical Interview for
DSM-IV Axis I Disorders, Patient Edition (SCID-P) (24). All pa-
tients were taking a stable dose of antipsychotic medication (12
were taking conventional neuroleptics, 27 were taking atypical
neuroleptics, and one was taking lithium monotherapy) and were
not withdrawn from their medication for the purposes of the
study. The mean dose of medication was equivalent to 557 mg of
chlorpromazine. In addition, six of the patients were taking an
anticholinergic medication (four were taking benztropine, and
two were taking trihexyphenidyl) at the time of study participa-
tion. Patients were excluded if they had a history of significant

neurological illness (seizure disorder, head trauma, stroke) or if
they met criteria for alcohol or other substance abuse within the
past 3 months.

Thirty-two age-matched male subjects, recruited by means of
advertisement from the local community, served as a comparison
group. Comparison subjects were free of any axis I psychiatric
condition as determined by the SCID-P (administered by A.P.W.)
and did not have a history of major medical or neurological
illness or of substance abuse. None of the comparison subjects
was taking psychotropic medication. One of the 32 comparison
subjects had a first-degree relative (brother) with a history of
schizophrenia.

Comparison subjects had a higher level of formal education
and a greater mean parental level of education than the schizo-
phrenia group (Table 1). There were no significant within-group
differences in age, education, parental education, duration of ill-
ness, or symptom severity (as defined by the Positive and Nega-
tive Syndrome Scale [25]) between subjects assigned to the pic-
ture- or word-encoding conditions.

Before enrollment of subjects, the protocol was approved by
the institutional review boards of both the Massachusetts General
Hospital and the state Department of Mental Health. After a com-
plete description of the study, informed, written consent was ob-
tained from all participants.

Materials and Study Design

The experimental paradigm was an old/new recognition mem-
ory test (11–14, 26). The stimuli consisted of 120 line drawings or
their corresponding verbal labels (27). Sixty items were studied,
either as pictures or words, and were then seen as old items at the
time of the test. The other 60 items served as new foils at the time
of the test, with half of these items repeating at either a two-word
or a 24-word delay (Figure 1).

Participants were alternatively assigned to either the picture-
or word-encoding condition. Stimuli were presented on a com-
puter screen, concurrent with auditory presentation of the item
name by means of headphones. Subjects were told to indicate the
number of syllables (one or two) in the study item by using a self-
paced button press and were unaware of the subsequent memory
test.

In the test phase, which occurred immediately after the items
were studied, all items appeared in word format without auditory
presentation, regardless of study condition. Participants were in-
formed that they would now see old words (i.e., items seen during
the syllable-counting phase) and new words (i.e., items not seen
previously) and would be asked to distinguish between the two by
using a self-paced button response. They were also told that the
new items would repeat so that they would be seen twice. They
were instructed to continue to consider these repeating new
words as new, as they were not encountered during the syllable-
counting phase of the experiment.

TABLE 1. Demographic Characteristics of Patients With Schizophrenia and Healthy Comparison Subjects Assigned to
Picture or Word Encoding in a Study of Recognition Memory

Study Group and Test Condition

Patients With Schizophrenia Comparison Subjects

Picture Encoding (N=20) Word Encoding (N=20) Picture Encoding (N=16) Word Encoding (N=16)

Characteristic Mean SD Mean SD Mean SD Mean SD
Age (years) 44.6 8.9 43.9 5.9 42.3 12.4 37.4 11.2
Education (years)a 10.9 2.1 11.8 1.8 15.6 3.0 15.6 3.5
Parental education (years)b 11.9 2.4 12.4 2.2 13.7 2.1 14.2 2.1
Duration of illness (years) 20.8 7.4 22.8 7.7
Positive and Negative Syndrome 

Scale total score 59.6 9.3 61.0 12.1
a Significant difference between patients with schizophrenia and comparison subjects (t=6.74, df=66, p<0.0001).
b Significant difference between patients with schizophrenia and comparison subjects (t=3.17, df=58, p<0.01).
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Statistical Analysis

Correct recognition of old items (hit rate) and the false charac-
terization of new foils as old during their initial presentation
(false-alarm rate) were analyzed by using a two-way analysis of
variance (ANOVA) (group: schizophrenia versus comparison; en-
coding condition: picture versus word). Old/new discrimination
accuracy and response bias were measured with the signal detec-
tion parameters of discrimination (d′)  and bias (C), respectively
(28), on the basis of the hit rate and false-alarm rate of each sub-
ject. As hit rates of 0 or 1 lead to undefined values in these analy-
ses, the data were transformed in standard fashion by adding 0.5
to each individual’s hit total and dividing by N + 1 (rather than N)
(29). Values of d′  and C were then also analyzed by using a two-
way ANOVA (group and encoding condition).

To determine the degree of false recognition of the repeated
foils, false recognition rates after the two-word and 24-word delay
were first corrected by subtracting out the baseline rate of false
recognition of new words at initial presentation. This corrected
rate of false recognition was then analyzed by using repeated
measures ANOVA, with group and encoding condition as be-
tween-subject factors and length of delay (two-word versus 24-
word) as a within-subject factor.

To examine the potential confound of mean parental educa-
tion on memory performance, we ran a simple linear regression
analysis of mean parental education versus overall discrimina-
tion accuracy (d′) and corrected rate of false recognition. We ex-
amined the potential confound of encoding performance (sylla-
ble counting) on subsequent memory in a similar fashion. We
studied the potential impact of medication status on perfor-
mance in two ways: 1) by means of a simple linear regression

analysis of neuroleptic dose (in chlorpromazine equivalents) ver-
sus d′  and corrected rate of false recognition, and 2) by using t
tests to compare these memory performance statistics between
patients taking conventional neuroleptics and those taking atypi-
cal neuroleptics and between patients taking anticholinergic
medications and those who were not.

Results

Hit Rate, False-Alarm Rate, 
and Signal Detection Analyses

Correct recognition of previously studied items (hit rate)
was greater in comparison subjects (mean=0.61, SD=0.19)
than patients with schizophrenia (mean=0.45, SD=0.23)
(F=9.81, df=1, 68, p<0.005) and tended to be higher after
word encoding (mean=0.58, SD=0.20) than after picture
encoding (mean=0.47, SD=0.25) (F=3.59, df=1, 68, p=0.06)
(Table 2). There was no interaction of group and encoding
condition.

The false recognition of new foils at their initial presen-
tation (false-alarm rate) did not differ significantly be-
tween comparison and patient groups (mean=0.19, SD=
0.14, and mean=0.14, SD=0.13, respectively). The false-
alarm rate was higher after word (mean=0.21, SD=0.13)
than picture (mean=0.12, SD=0.13) encoding (F=8.15, df=

FIGURE 1. Summary of Study and Test Phases of the Memory Paradigm in a Study of Recognition Memory in Patients With
Schizophrenia and Healthy Comparison Subjectsa

a In the study phase, subjects saw either pictures or words presented concomitantly with an auditory stimulus. Subjects were instructed only
to count the number of syllables in the word and were unaware of a subsequent memory test. (The images are not the original Snodgrass
and Vanderwart [27] pictures used in the actual experiment.) In the test phase, items were presented in word form only, without an auditory
stimulus. Previously studied target words were randomly intermixed with novel foils. The foils were then repeated, after either a two-word or
24-word delay. Subjects were asked to distinguish old words from new words, continuing to label the novel foils as new even when they re-
peated. (The color background is for illustration purposes only; all words were presented on a white background.)
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1, 68, p<0.01), without an interaction of group and encod-
ing condition.

Signal detection analyses indicated that comparison
subjects were better at discriminating old from new items,
as evidenced by a higher level of d′ (1.30 versus 1.07) (F=
4.01, df=1, 68, p=0.05). Encoding condition had no signifi-
cant effect on old/new discriminability. Schizophrenic
subjects had a significantly more conservative response
bias (i.e., a greater reluctance to call items old), as evi-
denced by the higher criterion threshold (C=0.67 versus
0.35) (F=6.37, df=1, 68, p<0.05). Subjects in both groups
were more conservative in their responses after picture
encoding (C=0.71) than after word encoding (C=0.35) (F=
8.04, df=1, 68, p<0.01).

False Recognition of Repeated Foils

Schizophrenic subjects showed greater false recognition
of repeated foils (corrected for baseline rate of false recog-
nition) (mean=0.18, SD=0.16) than the comparison sub-
jects (mean=0.09, SD=0.13) (F=11.28, df=1, 68, p<0.005).
The rate of false recognition of repeated foils was lower af-
ter picture (mean=0.09, SD=0.1) than word encoding
(mean=0.19, SD=0.18) (F=11.72, df=1, 68, p<0.001) in both
groups. Despite schizophrenic patients’ higher level of
false recognition of repeated foils, both schizophrenic and
comparison subjects demonstrated a similar degree of
false recognition suppression after picture encoding,
compared to word encoding (interaction of encoding con-
dition by group: F=1.45, df=1, 68, p=0.23) (Figure 2).

In addition to these significant main effects of group
and encoding condition, there was also a significant effect
of delay, such that longer delay to repetition (i.e., 24 words
versus two words) led to a greater degree of false recogni-
tion (0.18 versus 0.10) (F=34.43, df=1, 68, p<0.0001). The
effect of delay was more pronounced after word than pic-
ture encoding (interaction of delay and encoding condi-
tion: F=5.81, df=1, 68, p<0.05).

This accentuation of the effect of delay following word-
encoding tended to be more pronounced in the compari-
son group (interaction of delay by encoding condition by
group: F=3.26, df=1, 68, p=0.08), owing largely to a height-
ened degree of false recognition in the schizophrenic co-

hort at even the shortest delay interval (Figure 3). Indeed,
the degree of false recognition after only a two-word delay
was significantly higher in the schizophrenic group than
in the comparison group (0.15 versus 0.05) (F=11.32, df=1,
68, p<0.005), particularly after word encoding (for two-
word delay, interaction of encoding condition by group:
F=4.09, df=1, 68, p<0.05).

We examined the potential confounding influence of
mean parental education, encoding performance (syllable
counting), and medication status on memory perfor-
mance. Regression analyses indicated no significant asso-
ciation between mean parental education and either d′ (r=
0.07, df=59, p=0.61) or false recognition (r=0.09, df=59, p=
0.49). While syllable counting accuracy was slightly higher
in the comparison subjects (mean=95.1%, SD=7.3%) than
in the patients with schizophrenia (mean=89.3%, SD=
12.1%) (t=2.38, df=70, p<0.05), syllable counting accuracy
did not correlate with either d′ (r=0.14, df=71, p=0.24) or
false recognition (r=0.05, df=71, p=0.71). There was no sig-
nificant association between medication dose and either
d′ (r=0.21, df=33, p=0.25) or false recognition (r=0.09, df=
33, p=0.62) within the schizophrenic cohort. Patients tak-
ing atypical medication did not differ from those taking
conventional medication in either d′  (t=0.03, df=37, p=
0.98) or false recognition (t=0.12, df=37, p=0.91). Similarly,
patients taking anticholinergic medication did not differ
from other patients on either main measure of memory
performance (d′: t=1.23, df=38, p=0.23; false recognition:
t=0.89, df=38, p=0.38). Finally, given the potential for cog-
nitive impairment even in first-degree relatives of patients
with schizophrenia, we reran all analyses after excluding
the single comparison subject with a positive family his-
tory. This did not affect the significance of any analyses.

Discussion

We found that patients with schizophrenia demon-
strated an elevated rate of false recognition of repeated
foils, relative to the comparison group. Despite this ele-
vated rate of false recognition, patients with schizophre-
nia were just as successful in reducing false recognition af-
ter picture encoding (compared to word encoding). The

TABLE 2. Rates of Characterizing Studied Items, New Items, and Repeated New Items as Old Among Patients With Schizo-
phrenia and Healthy Comparison Subjects Assigned to Picture or Word Encoding in a Study of Recognition Memory

Rate of Correct 
Recognition of Previously 

Studied Items as Old

Rate of False
Characterization of 
New Items as Old

Rate of False
Characterization of

Repeated New Items as Old Signal Detection Measurea

Study Group 
and Test Condition

After a Two-
Word Delay

After a 24-
Word Delay

Discrimination 
(d′) Bias (C)

Comparison subjects
Picture encoding (N=16) 0.59 0.13 0.18 0.20 1.48 0.50
Word encoding (N=16) 0.63 0.25 0.31 0.43 1.12 0.21

Patients with schizophrenia
Picture encoding (N=20) 0.38 0.11 0.20 0.26 1.05 0.89
Word encoding (N=20) 0.53 0.17 0.38 0.46 1.08 0.46

a Derived from rate of correct recognition of previously studied items as old (hit rate) and from rate of false characterization of new items as
old (false-alarm rate).
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former finding indicates a degraded ability to use item-
specific recollection to sort old from new events in schizo-
phrenia. The latter finding suggests an intact ability in
schizophrenia to improve performance, even in the face of
this deficit in conscious recollection.

These results add to a growing body of literature de-
scribing impaired verbal memory in patients with schizo-
phrenia. These memory deficits include a decreased abil-
ity to identify the temporal and spatial context in which
words were learned and an inability to assess the veridical
nature of one’s own recollective experience, leading to ele-
vated rates of false recognition (4, 10). This pattern of ver-
bal memory deficits has been interpreted as evidence for a
core cognitive deficit (impaired conscious awareness) and
its neural substrate (impaired frontotemporal integration)
in schizophrenia (10, 30–32). Our study provides further
support for this type of specific cognitive deficit. We fur-
thermore provide novel evidence that this deficit can be
corrected by means of additional information at the time
of learning. As verbal memory is a strong predictor of so-
cial functioning in schizophrenia (33), this latter finding
may have important clinical implications. Remediation of
cognitive impairment, an important approach to the long-
term treatment of schizophrenic patients (34–36), can rely
on intact metacognitive strategies, even in the face of sig-
nificant cognitive impairment.

Unlike other old/new recognition memory experiments,
where reliance on item familiarity can be used to distin-
guish previously studied targets from novel foils, the para-

digm used in this study penalized the use of such a strategy,
as both targets and repeated foils are familiar. Correct dis-
crimination of studied items from repeated foils therefore
requires the use of a different mnemonic process, namely
the recollection of source, or item-specific, information re-
garding the previous exposure to the stimulus (11, 12, 15,
37, 38). Ability to recall the temporal context in which the
item had been previously experienced (i.e., during the
study or test phase) allows for correct distinction between
repeating foils and previously studied targets. The signifi-
cantly greater degree of false recognition displayed by the
schizophrenic group suggests an impairment in this recol-
lective process. These results extend previous work dem-
onstrating deficient source monitoring in schizophrenia,
including evidence of poor temporal awareness (39–42).

The apparent reliance on item familiarity, leading to the
mistaken categorization of repeated foils as having been
previously studied, also supports prior studies in schizo-
phrenia that have found heightened reliance on familiar-
ity-based memory processes (9, 10). Interestingly, this pat-
tern of memory performance is similar to that of healthy
elderly subjects, who also seem to be prone to basing
mnemonic decisions on a feeling of familiarity, leading to
a heightened degree of false recognition in this paradigm
(11, 12, 15, 43), as well as in other tasks requiring old/new
discrimination (44–46). It is not clear which cognitive and
neural mechanisms are responsible for the memory im-
pairment in normal aging, but there is growing evidence

FIGURE 2. Rates of False Recognition of Repeated New
Items Among Patients With Schizophrenia and Healthy
Comparison Subjects Assigned to Picture or Word Encoding
in a Study of Recognition Memorya

a False recognition was suppressed after picture encoding, compared
with word encoding.

b Corrrected for rate of false recognition of new words at baseline.
c N=20 in word-encoding condition; N=20 in picture-encoding

condition.
d N=16 in word-encoding condition; N=16 in picture-encoding

condition.
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FIGURE 3. Rates of False Recognition of Repeated New
Items After Repetition Delay Among Patients With Schizo-
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that older persons utilize different functional brain net-
works, perhaps to compensate for reductions of efficiency
in task-related brain areas (47, 48).

Patients with schizophrenia demonstrated elevated lev-
els of false recognition to repeated novel stimuli after even
a two-word delay, relative to the comparison subjects (Fig-
ure 3). This difficulty in properly categorizing an item in
relation to one seen only a few moments earlier may rep-
resent a defect in verbal working memory processes in the
schizophrenic group, a well-documented deficit in this
population (49–52). Unlike patients with schizophrenia,
comparison subjects may be able to hold the previous rep-
resentation of the foil “on-line” and therefore may be able
to quickly and reliably categorize the repeating item as
new.

Despite the elevated rate of false recognition to repeated
foils, schizophrenic subjects were able to suppress the rate
of false recognition after viewing pictures (as compared to
words) in the study phase. As encoding condition (picture
versus word) had no significant impact on old/new dis-
criminability (as measured by d′), the finding of lower
rates of false recognition of repeated items after picture
encoding cannot be simply attributed to the greater ease
of processing pictorial as compared to verbal information.
This false recognition suppression after picture encoding,
seen in prior studies of healthy adults, is ascribed to the
use of a metacognitive strategy called the “distinctiveness
heuristic” (15, 18, 19). Contrary to our initial hypothesis, it
appears that this type of heuristic was operating in both
the comparison and schizophrenic cohorts. This suggests
that some mental heuristics may remain intact in schizo-
phrenia, despite impairments in other metacognitive
skills.

In line with prior studies of recognition memory in
schizophrenia, this study found that patients demon-
strated a slight impairment in overall recognition memory,
as evidenced by a lower hit rate (correct recognition of pre-
viously studied items) and decreased discrimination accu-
racy (d′) (4, 9, 10). In contrast to patients in prior reports of
response bias in schizophrenia, the patients in this study
did not demonstrate an elevated false-alarm rate to the
initial presentation of novel items (22, 23). This was in
large part due to a significantly more conservative re-
sponse strategy (i.e., greater hesitancy to call an item old)
in the schizophrenic subjects than in the comparison sub-
jects, a pattern similar to that recently demonstrated by
Danion et al. (53). Given the discrepancies in the litera-
ture, the nature of response selection in schizophrenia,
and its correlation with clinical features, may warrant fur-
ther examination.

There are a number of limitations of this study that must
be kept in mind while interpreting the results. First, all of
the schizophrenic patients were taking psychotropic med-
ications: differences in memory performance between
these patients and the unmedicated healthy comparison
group may be confounded by this factor. Prior work on the

impact of medication status on episodic memory has
been mixed, though most recent studies report no signifi-
cant effect (54, 55) or even slight cognitive benefit (56–58),
particularly with atypical medications such as clozapine.
Indeed, withdrawal of neuroleptic medication may even
adversely affect memory performance (59). A lack of a
significant correlation between neuroleptic dose and
measures of memory performance within the schizo-
phrenic cohort also argues against a significant impact of
this variable.

Second, although the comparison subjects did not differ
from the patients in age or gender, they had a higher over-
all level of attained education and a greater level of mean
parental education. Level of achieved education is gener-
ally not considered an adequate measure for comparison
of overall intellectual capability. The lack of a significant
correlation between mean parental education and mem-
ory performance suggests that this variable is not critical
to explaining the false recognition results. Furthermore,
several findings, including the ability to suppress false rec-
ognition after picture encoding, were based on within-
group comparisons where there were no significant differ-
ences in age, education, mean parental education, or
medication status.

Finally, we studied an all-male cohort, a decision based
on the predominance of male schizophrenic patients at
our affiliated clinic. While this strategy has the advantage
of providing a more homogeneous study group, it may de-
crease the generalizability of our results. There are no a
priori reasons to expect different results in female sub-
jects, nor have there been gender differences detected in
prior experiments using this paradigm.

In conclusion, recognition memory is impaired in pa-
tients with schizophrenia, but this impairment can be
overcome, at least in part, when additional information is
provided at the time of learning. This finding is relevant
for the rehabilitation of schizophrenic patients by means
of cognitive behavior interventions.

Presented at the 5th Biennial Mt. Sinai Conference on Cognition in
Schizophrenia, Whistler, British Columbia, Canada, April 27, 2001.
Received Aug. 6, 2001; revisions received Dec. 27, 2001, and April
23, 2002; accepted April 25, 2002. From the Department of Psychia-
try, Massachusetts General Hospital; Department of Psychology, Har-
vard University, Cambridge, Mass.; and the Department of Psychol-
ogy, University of Virginia, Charlottesville. Address reprint requests to
Dr. Weiss, Department of Psychiatry, Massachusetts General Hospital,
Wang ACC 812, Boston, MA 02114; aweiss@partners.org (e-mail).

Supported by NIMH grant MH-01763 (Dr. Heckers), grant AG-08441
from the National Institute on Aging (Dr. Schacter), and a grant from
the National Alliance for Research on Schizophrenia and Depression
(Dr. Heckers).

References

1. Heaton RK, Paulsen JS, McAdams LA, Kuck J, Zisook S, Braff DL,
Harris J, Jeste DV: Neuropsychological deficits in schizophren-
ics: relationship to age, chronicity, and dementia. Arch Gen
Psychiatry 1994; 51:469–476



1512 Am J Psychiatry 159:9, September 2002

RECOGNITION MEMORY IN SCHIZOPHRENIA

2. Seidman LJ: Schizophrenia and brain dysfunction: an integra-
tion of recent neurodiagnostic findings. Psychol Bull 1983; 94:
195–238

3. Saykin AJ, Gur RC, Gur RE, Mozley PD, Mozley LH, Resnick SM,
Kester DB, Stafiniak P: Neuropsychological function in schizo-
phrenia: selective impairment in memory and learning. Arch
Gen Psychiatry 1991; 48:618–624

4. Aleman A, Hijman R, de Haan EHF, Kahn RS: Memory impair-
ment in schizophrenia: a meta-analysis. Am J Psychiatry 1999;
156:1358–1366

5. Clare L, McKenna PJ, Mortimer AM, Baddeley AD: Memory in
schizophrenia: what is impaired and what is preserved? Neu-
ropsychologia 1993; 31:1225–1241

6. Perry W, Light GA, Davis H, Braff DL: Schizophrenia patients
demonstrate a dissociation on declarative and non-declarative
memory tests. Schizophr Res 2000; 46:167–174

7. Marie A, Gabrieli JD, Vaidya C, Brown B, Pratto F, Zajonc RB,
Shaw RJ: The mere exposure effect in patients with schizophre-
nia. Schizophr Bull 2001; 27:297–303

8. Danion J-M, Meulemans T, Kauffmann-Muller F, Vermaat H: In-
tact implicit learning in schizophrenia. Am J Psychiatry 2001;
158:944–948

9. Huron C, Danion J-M, Giacomoni F, Grangé D, Robert P, Rizzo L:
Impairment of recognition memory with, but not without,
conscious recollection in schizophrenia. Am J Psychiatry 1995;
152:1737–1742

10. Danion JM, Rizzo L, Bruant A: Functional mechanisms underly-
ing impaired recognition memory and conscious awareness in
patients with schizophrenia. Arch Gen Psychiatry 1999; 56:
639–644

11. Dodson CS, Schacter DL: When false recognition meets meta-
cognition: the distinctiveness heuristic. J Memory and Lan-
guage 2002; 46:782–803

12. Jennings JM, Jacoby LL: An opposition procedure for detecting
age-related deficits in recollection: telling effects of repetition.
Psychol Aging 1997; 12:352–361

13. Underwood BJ, Freund JS: Testing effects in the recognition of
words. J Verbal Learning and Verbal Behavior 1970; 9:117–125

14. Koriat A, Benzur H, Sheffer D: Telling the same story twice—
output monitoring and age. J Memory and Language 1988; 27:
23–39

15. Schacter DL, Israel L, Racine C: Suppressing false recognition in
younger and older adults: the distinctiveness heuristic. J Mem-
ory and Language 1999; 40:1–24

16. Dywan J, Segalowitz SJ, Webster L: Source monitoring: ERP evi-
dence for greater reactivity to nontarget information in older
adults. Brain Cogn 1998; 36:390–430

17. Israel L, Schacter DL: Pictorial encoding reduces false recogni-
tion of semantic associates. Psychon Bull Rev 1997; 4:577–581

18. Schacter DL: Suppressing false memories: the distinctiveness
heuristic and beyond. Int J Psychol 2000; 35:113–114

19. Dodson CS, Schacter DL: “If I had said it I would have remem-
bered it”: reducing false memories with a distinctiveness heu-
ristic. Psychon Bull Rev 2001; 8:155–161

20. Smith TE, Hull JW, Israel LM, Willson DF: Insight, symptoms,
and neurocognition in schizophrenia and schizoaffective disor-
der. Schizophr Bull 2000; 26:193–200

21. Lysaker PH, Bell MD, Bryson G, Kaplan E: Neurocognitive func-
tion and insight in schizophrenia: support for an association
with impairments in executive function but not with impair-
ments in global function. Acta Psychiatr Scand 1998; 97:297–
301

22. Brebion G, Smith MJ, Amador X, Malaspina D, Gorman JM:
Word recognition, discrimination accuracy, and decision bias
in schizophrenia: association with positive symptomatology
and depressive symptomatology. J Nerv Ment Dis 1998; 186:
604–609

23. Brebion G, Smith MJ, Gorman JM, Amador X: Discrimination ac-
curacy and decision biases in different types of reality monitor-
ing in schizophrenia. J Nerv Ment Dis 1997; 185:247–253

24. First MB, Spitzer RL, Gibbon M, Williams JBW: Structured Clini-
cal Interview for DSM-IV Axis I Disorders, Patient Edition (SCID-
P), version 2. New York, New York State Psychiatric Institute, Bi-
ometrics Research, 1995

25. Kay SR, Opler LA, Fishbein A: Positive and Negative Syndrome
Scale (PANSS) Rating Manual. Toronto, Multi Health Systems,
1992

26. Fischler I, Juola JF: Effects of repeated tests on recognition time
for information in long-term memory. J Exp Psychol 1971; 91:
54–58

27. Snodgrass JG, Vanderwart M: A standardized set of 260 pic-
tures: norms for name agreement, image agreement, familiar-
ity, and visual complexity. J Exp Psychol Hum Learn 1980; 6:
174–215

28. Macmillan NA, Creelman CD: Detection Theory: A User’s Guide.
New York, Cambridge University Press, 1991

29. Snodgrass JG, Corwin J: Pragmatics of measuring recognition
memory: applications to dementia and amnesia. J Exp Psychol
Gen 1988; 117:34–50

30. Dolan RJ, Fletcher PC, McKenna PJ, Friston K, Frith CD: Abnor-
mal neural integration related to cognition in schizophrenia.
Acta Psychiatr Scand Suppl 1999; 99:58–67

31. Frith C: When conscious recollection disrupts memory. Arch
Gen Psychiatry 1999; 56:645–646

32. Heckers S, Rauch SL, Goff D, Savage CR, Schacter DL, Fischman
AJ, Alpert NM: Impaired recruitment of the hippocampus dur-
ing conscious recollection in schizophrenia. Nat Neurosci
1998; 1:318–323

33. Green MF: What are the functional consequences of neurocog-
nitive deficits in schizophrenia? Am J Psychiatry 1996; 153:
321–330

34. Bellack AS, Gold JM, Buchanan RW: Cognitive rehabilitation for
schizophrenia: problems, prospects, and strategies. Schizophr
Bull 1999; 25:257–274

35. Green MF, Nuechterlein KH: Should schizophrenia be treated
as a neurocognitive disorder? Schizophr Bull 1999; 25:309–319

36. Spaulding WD, Reed D, Sullivan M, Richardson C, Weiler M: Ef-
fects of cognitive treatment in psychiatric rehabilitation.
Schizophr Bull 1999; 25:657–676

37. Johnson MK: Source monitoring and memory distortion. Phil
Trans R Soc Lond B Biol Sci 1997; 352:1733–1745

38. Johnson MK, Hashtroudi S, Lindsay DS: Source monitoring. Psy-
chol Bull 1993; 114:3–28

39. Keefe RSE, Arnold MC, Bayen UJ, Harvey PD: Source monitoring
deficits in patients with schizophrenia: a multinomial model-
ling analysis. Psychol Med 1999; 29:903–914

40. Vinogradov S, Willis-Shore J, Poole JH, Marten E, Ober BA, She-
naut GK: Clinical and neurocognitive aspects of source moni-
toring errors in schizophrenia. Am J Psychiatry 1997; 154:
1530–1537

41. Keefe RSE, Courtney M, McEvoy JM: Self-monitoring deficits in
schizophrenia: autonoetic agnosia (abstract). Schizophr Res
1997; 24:110

42. Elvevag B, Egan MF, Goldberg TE: Memory for temporal order
in patients with schizophrenia. Schizophr Res 2000; 46:187–
193

43. Jennings JM, Jacoby LL: Improving age-related deficits in recol-
lection: application of an opposition procedure. Brain Cogn
1997; 35:403–406

44. Norman KA, Schacter DL: False recognition in younger and
older adults: exploring the characteristics of illusory memories.
Mem Cogn 1997; 25:838–848



Am J Psychiatry 159:9, September 2002 1513

WEISS, DODSON, GOFF, ET AL.

45. Koutstaal W, Schacter DL: Gist-based false recognition of pic-
tures in older and younger adults. J Memory and Language
1997; 37:555–583

46. Kensinger EA, Schacter DL: When true memories suppress false
memories: effects of ageing. Cognitive Neuropsychology 1999;
16:399–415

47. Grady CL: Functional brain imaging and age-related changes in
cognition. Biol Psychiatry 2000; 54:259–281

48. Grady CL, Craik FE: Changes in memory processing with age.
Curr Opin Neurobiol 2000; 10:224–231

49. Bell MD, Bryson G, Wexler B: Verbal working memory impair-
ment in schizophrenia (letter). Am J Psychiatry 2001; 158:660

50. Elvevag B, Weinberger DR, Goldberg TE: Short-term memory
for serial order in schizophrenia: a detailed examination of er-
ror types. Neuropsychology 2001; 15:128–135

51. Conklin HM, Curtis CE, Katsanis J, Iacono WG: Verbal working
memory impairment in schizophrenia patients and their first-
degree relatives: evidence from the Digit Span Task. Am J Psy-
chiatry 2000; 157:275–277

52. Stone M, Gabrieli JD, Stebbins GT, Sullivan EV: Working and stra-
tegic memory deficits in schizophrenia. Neuropsychology
1998; 12:278–288

53. Danion J-M, Gokalsing E, Robert P, Massin-Krauss M, Bacon E:
Defective relationship between subjective experience and be-
havior in schizophrenia. Am J Psychiatry 2001; 158:2064–2066

54. Goldberg TE, Weinberger DR: Effects of neuroleptic medica-
tions on the cognition of patients with schizophrenia: a review
of recent studies. J Clin Psychiatry 1996; 57(suppl 9):62–65

55. Mortimer AM: Cognitive function in schizophrenia—do neuro-
leptics make a difference? Pharm Biochem Behav 1997; 56:
789–795

56. Hagger C, Buckley P, Kenny JT, Friedman L, Ubogy D, Meltzer
HY: Improvement in cognitive functions and psychiatric symp-
toms in treatment-refractory schizophrenic patients receiving
clozapine. Biol Psychiatry 1993; 34:702–712

57. Keefe RS, Bollini AM, Silva SG: Do novel antipsychotics improve
cognition? a report of a meta-analysis. Psychiatr Annals 1999;
29:623–629

58. Stip E: Memory impairment in schizophrenia: perspectives
from psychopathology and pharmacotherapy. Can J Psychiatry
1996; 41:S27–S34

59. Gilbertson MW, van Kammen DP: Recent and remote memory
dissociation: medication effects and hippocampal function in
schizophrenia. Biol Psychiatry 1997; 42:585–595


