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Objective: Schizophrenia impairs perfor-
mance on explicit, but not implicit, mem-
ory tasks, indicating that conscious aware-
ness at retrieval is a critical determinant of
impaired memory. The authors investi-
gated implicit learning, i.e., knowledge ac-
quisition in the absence of conscious
awareness, in patients with schizophrenia.

Method: An artificial grammar learning
task was used to assess implicit learning
in 48 patients with schizophrenia and 24
healthy comparison subjects. The sub-
jects were first presented with letter
strings that were generated according to
the rules of a finite-state grammar para-
digm. They were then required to indi-
cate whether new letter strings were
“grammatical,” depending on whether or
not the strings corresponded to the rules.
IQ, working memory, explicit memory,

verbal fluency, and speed of processing

were also assessed.

Results: Patients performed significantly

worse than the comparison subjects on

cognitive tasks that assessed episodic
memory, verbal fluency, working mem-

ory, and speed of processing. In contrast,

patients classified as being correct more

grammatical than nongrammatical letter
strings, and the magnitude of the differ-

ence was similar to that observed in

healthy comparison subjects.

Conclusions: Implicit learning, as as-

sessed with an artificial grammar learning

task, is intact in patients with schizophre-
nia. Conscious awareness might be a criti-

cal determinant of memory impairment

both at encoding and at retrieval.

(Am J Psychiatry 2001; 158:944–948)

Schizophrenia impairs many cognitive functions, such
as perception, memory, language, attention, and execu-
tive functions (1). In the face of this wide range of impair-
ments in patients with schizophrenia, the issue must be
raised of why everything does not go astray. For instance,
why are some patients still able to adapt to everyday situ-
ations? Why are some of them able to work? Beyond the
fact that patients are more or less cognitively impaired,
one plausible explanation is that, within a particular cog-
nitive domain, some processes are impaired whereas oth-
ers are not. This can be best exemplified by memory, one
of the most severely impaired functions (2), which is likely
to explain difficulties encountered by these patients in ev-
eryday life (3). The critical determinant of impaired mem-
ory is conscious awareness at retrieval (4–6). Schizophre-
nia impairs performance on explicit memory tasks, such
as recall and recognition, in which subjects are required to
retrieve information from memory consciously. In con-
trast, it does not impair performance on implicit memory
tasks, such as stem completion and procedural memory
tasks, for which subjects are not required to retrieve mate-
rial consciously (4). Thus, a patient may display inappro-
priate behavior when action must be guided consciously
by explicit memory processes but appropriate behavior
when action is driven more automatically by implicit
memory processes.

While implicit memory refers to the unconscious re-
trieval of knowledge, implicit learning refers to its uncon-

scious acquisition: subjects have no conscious awareness
that they are learning, and the acquired knowledge is inac-
cessible to awareness (7). It is surprising that implicit
learning has not yet been explored in studies of schizo-
phrenia, since it plays a major role in everyday life situa-
tions, and most of our acquired knowledge is probably
learned implicitly. It has been argued that generating
emotional reactions, forming impressions about people,
drawing inferences, and many other high-level cognitive
operations are supported by implicit learning (8). Implicit
learning also plays a major role during development and
the constitution of the self (9). The prototypical example is
that of a child who is learning his or her native tongue. The
child hears many exemplars of the language and is pro-
gressively able to abstract its grammatical rules. This ab-
stract knowledge makes it possible for the child to under-
stand and produce sentences he or she has never heard
before. Learning is implicit because it is not intentional
and conscious, and the acquired grammatical rules are
mainly inaccessible to conscious awareness.

The paradigm most often used for experimental investi-
gations of implicit learning is that of an artificial grammar
learning task. Subjects first are presented with letter
strings generated by a finite-state grammar paradigm. At
the test phase, they are informed that the letter strings
have been composed on the basis of a complex system of
rules. They are then required to indicate whether new let-
ter strings are “grammatical,” depending on whether or
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not the strings correspond to the rules. Most experiments
show that subjects, while being unable to report the rules
of the grammar, can classify correctly about 60%–80% of
the strings (10, 11). Thus, these sturdies provide strong ev-
idence that subjects learn something of the task. Several
interpretations have been put forward to account for what
and how subjects learn. According to the abstractionist ac-
count, learning is implicit and is supported by the pro-
gressive abstraction of the rules underlying the formation
of letter strings (12). This account has been challenged
with the proposal that learning is based not on the acqui-
sition of abstract rules but on knowledge related to indi-
vidual instances of the artificial grammar task. Subjects
might learn bigrams or trigrams of the presented strings
(i.e., chunks of two or three consecutive letters), memory
for these parts being sufficient to explain that perfor-
mance is above chance. According to one proposal, this
knowledge is implicit, depending on the associative chunk
strength, that is, the frequency with which chunks appear
in the letter strings (13). In parallel with this chunk-fre-
quency knowledge, chunk novelty (bigrams or trigrams
seen during the test phase that were not presented during
the learning phase) could also be a determining factor,
since the novelty of the chunk might be sufficient to in-
duce subjects to correctly classify the letter string as non-
grammatical. According to another proposal, the knowl-
edge acquired is explicit, resulting from the conscious
application of explicit memory strategies to letter strings.
This might be the case when some particularly salient fea-
tures are present in the letter strings. However, evidence
that patients with organic amnesia, who suffer from se-
verely defective explicit memory, perform normally in ar-
tificial grammar learning tasks indicates that explicit
learning plays only a marginal role, if any, in artificial
grammar learning tasks (14, 15). Taken together, these re-
sults indicate that, depending on the specific constraints

of the tasks, what is learned in these tasks is implicit
knowledge based on abstract grammatical rules and on
specific aspects of letter strings (16).

This study aimed at investigating implicit learning in
patients with schizophrenia by using an artificial grammar
learning task. Chunk strength, chunk novelty, and salient
aspects of letter strings were controlled for so that knowl-
edge based on specific letter strings played no significant
role in implicit learning. The hypothesis that conscious
awareness is a critical determinant of memory impair-
ment not only at retrieval but also at encoding predicted
that implicit learning, which does not require conscious
awareness, would be intact.

Method

Subjects

Forty-eight outpatients (17 women and 31 men) whose native
language was French were recruited from the Department of Psy-
chiatry of the Strasbourg University Hospital. They were clinically
stable and fulfilled DSM-IV criteria for schizophrenia (paranoid:
N=25; residual: N=6; disorganized: N=11; undifferentiated: N=6),
as determined by consensus of the current treating psychiatrist
and two senior psychiatrists from the research team. Forty-four
patients had been receiving long-term neuroleptic treatment
(mean dose=305.3 mg/day [SD=301.4] in chlorpromazine equiva-
lents). Twenty-three patients also had been receiving antiparkin-
sonian treatment (trihexyphenidyl hydrochloride, mean dose=8.3
mg/day [SD=5.2]), five had been receiving antidepressant treat-
ment (paroxetine [N=3], fluoxetine [N=1], or clomipramine [N=
1]), and two were taking lithium carbonate. Patients with histories
of traumatic brain injury, epilepsy, alcohol or substance abuse, or
other neurological problems were excluded.

The comparison group consisted of 24 subjects (nine women
and 15 men) recruited through local advertisements. The two
groups did not differ significantly in gender composition, age, or
education (Table 1). Comparison subjects had no history of alco-
holism, drug abuse, or neurological illness. They were not receiving
any medications. The protocol was approved by the regional com-
mittee of ethics. All subjects provided written informed consent.

TABLE 1. Demographic and Clinical Characteristics of Patients With Schizophrenia and Healthy Comparison Subjects Given
an Artificial Grammar Learning Task 

Characteristic

Patients With
Schizophrenia (N=48)

Healthy Comparison 
Subjects (N=24) Analysis

Mean SD Mean SD F (df=1, 70) p
Age (years) 34.1 6.4 33.7 5.9 0.09 0.76
Educational level (years) 11.8 3.1 12.1 3.0 0.12 0.73
Mean duration of illness (years) 10.6 6.0
Mean number of hospitalizations 4.2 3.5
Scores on psychopathology measures

BPRS 31.8 8.4
SAPS 24.2 16.7
SANS 31.8 16.1

Neuropsychological performance
WAIS

IQ 88.1 16.0 94.0 16.4 2.07 0.15
Digit symbol substitution test (number of correct items) 41.5 11.7 55.2 13.2 20.35 0.0001

Scores on Wechsler Memory Scale—Revised
Logical memory subtest (immediate recall) 23.2 7.8 27.5 8.5 4.53 0.04
Verbal paired associates subtest (immediate recall) 20.9 3.9 22.3 2.1 2.81 0.10

Rivermead Behavioral Memory Test score 20.1 3.4 22.4 2.5 8.67 0.004
Verbal fluency score 48.7 11.6 62.1 9.6 24.37 0.0001
Backward digit span task score 4.2 0.9 4.8 1.4 4.41 0.04
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Episodic memory performance was assessed with the logical
memory and verbal paired associates subtests of the Wechsler
Memory Scale—Revised (17) and the Rivermead Behavioral
Memory Test (18). Working memory was assessed with the back-
ward digit span task, and verbal fluency was measured through a
category generation task. Complementary tasks were carried out
to assess general cognitive functions. IQ was assessed with a short
form of the WAIS-R, and speed of processing was measured with
the digit symbol substitution test from the WAIS-R. On all aspects
of neuropsychological performance except for IQ and score on
the verbal paired associates subtest, the patients performed sig-
nificantly worse than the comparison subjects (Table 1).

Materials

The finite-state grammar paradigm (Figure 1) was adapted
from Mathews et al. (10) and included six different letters (F, V, M,
T, R, and X) distributed in 14 positions between eight nodes; the
structure also included one entry and two exits. Letter strings
were formed by starting at one entry and navigating from one
node to another, following the direction indicated by the arrows.
A letter was generated at each node transition and a letter string
terminated when an exit was reached. The finite-state grammar
paradigm used in the present study was constructed in such a
way that it did not produce any meaningful strings (e.g., TV). The
grammar paradigm could generate a total of 63 grammatical
strings of four to seven letters, the latter being the maximum
string length used in this study. In the learning phase, 51 of the
possible grammatical letter strings were presented. The 12 re-
maining grammatical strings were kept for the test phase, where
they were presented along with 12 nongrammatical letter strings.
These nongrammatical strings were generated by violating the
rule system at one or two positions within the letter string. These
rule violations could occur in any position within the letter string,
except in the first and last position.

Our first purpose in the construction of the nongrammatical
letter strings was to make them impossible to distinguish from
the grammatical strings simply on the basis of any superficial big-
ram or trigram knowledge formed during the learning phase (15,
16). Indeed, to demonstrate that the subjects’ ability to classify

the letter strings rested on their knowledge of some higher-level
regularities gained during the learning phase, it was necessary to
ensure that this ability could not simply be accounted for by a
knowledge of the relative frequency of bigram and trigram chunks
in the grammatical strings. Therefore, we constructed the mate-
rial for the test phase in such a way that grammatical and non-
grammatical letter strings were similar according to different
measures of chunk strength. To determine chunk strength, we
first calculated the frequency of every bigram and trigram chunk
that appeared in the 51 grammatical letter strings presented dur-
ing the learning phase (for example, the string FVFT includes the
bigrams FV-VF-FT and the trigrams FVF-VFT). We then calcu-
lated the mean chunk frequencies for each letter string presented
during the test phase to obtain its global associative chunk
strength. Grammatical and nongrammatical strings did not differ
according to 12 chunk strength measures (see reference 19 for
details).

Procedure

The task was presented to the subjects on a personal computer.
During the learning phase, each of the 51 letter strings ap-

peared for 3 seconds, one at a time, in a rectangle (14.5 cm × 6 cm)
at the center of the screen. As soon as the letter string disap-
peared, the subject had to reproduce it aloud. If the recall was cor-
rect, the next letter string was presented; if not, the item was
shown again in the same condition. Three trials were allowed for
each letter string, with one point given to the subject for an accu-
rate answer on the first trial, two points if an accurate perfor-
mance needed two trials, and three points when the subject an-
swered correctly after three trials. The subject was given four
points if he or she was unable to reproduce the letter string after
three presentations. After a maximum of three presentations, the
examiner went on to the next string. The 51 letter strings were
presented in a predetermined random order for half of the partic-
ipants and in the inverse order for the other half. The following in-
structions were verbally given to subjects: “This is an immediate
memory test. On the screen, you will see letter strings composed
of the letters F, V, M, R, T, and X. These strings are of variable
length. You must read aloud the string that I’ll show you. Once it
disappears, try to reproduce this string aloud. The purpose is to
reproduce correctly each string at the first trial.”

For the classification task, participants were asked to indicate
whether new strings were grammatically correct or not. No feed-
back was given as to the correctness of their judgments. The 24
letter strings were presented in the same way as in the learning
phase, except that there was no presentation time limit. The se-
ries of test items was presented twice in the same predetermined
random order. Participants were told: “The consonant strings that
you memorized a few minutes ago were generated according to a
set of complex rules. Now, you are going to classify 24 new letter
strings. Some of these strings are constructed according to the
same rules as the previous strings, while others contain errors
with regard to these rules. Note that these rules are so complex
that it is impossible to unravel them. To decide whether a letter
string is correct or not, just rely on your intuition, on your feeling.
If you think that a letter string is correct, then answer ‘yes,’ and if
you consider it wrong, simply say ‘no.’”

Statistical Analyses

The percentages of strings classified as grammatical or non-
grammatical were subjected to an analysis of variance (ANOVA)
with group (patients versus comparison subjects) as a between-
subject variable and grammaticality (grammatical versus non-
grammatical) as a repeated measure factor. Pearson’s product-
moment correlations between performance on the artificial
grammar learning task (for both the learning and test phases) and
performance on each of the neuropsychological tests were calcu-

FIGURE 1. Finite-State Grammar Paradigma Used to Mea-
sure Implicit Learning Ability in 48 Patients With Schizo-
phrenia and 24 Healthy Comparison Subjects

a Markovian rule system adapted from Mathews et al. (10).
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lated for the schizophrenic patients. Bonferroni correction was
applied to take into account the 10 correlations computed for
each variable; the significance level was set at p<0.005.

Results

During the learning phase, patients with schizophrenia
needed significantly more presentations of the letter
strings (mean=84.02, SD=19.16) than did the comparison
subjects (mean=72.96, SD=22.26) (t=2.19, df=70, p<0.04).

The patients with schizophrenia correctly classified
66.4% of the letter strings as grammatical while incorrectly
classifying 57.3% of the nongrammatical letter strings as
grammatical. The corresponding rates for the comparison
subjects were 74.8% and 60.8%. There was a significant ef-
fect of grammaticality (F=34.79, df=1, 70, p<0.00001), indi-
cating that the subjects could discriminate between gram-
matical and nongrammatical items. However, there was
no significant group effect (F=2.12, df=1, 70, p=0.15) or
group-by-grammaticality interaction (F=1.39, df=1, 70, p=
0.24), showing that the grammaticality effect was similar
for both groups (Figure 2).

Therefore, both the patients with schizophrenia and the
comparison subjects reached similar performance levels
in the classification task. However, the patients benefited
from having more presentations during the learning
phase than the comparison subjects did. To investigate
whether performance in the classification task was still in-
tact when the number of learning trials was equivalent for
both groups, we discarded from the analyses patients who
needed more presentations than the mean of the compar-
ison subjects plus one standard deviation (N=13). We then
compared the classification performance of the remaining
35 patients to that of the comparison subjects. The results
of the ANOVA confirmed the previous analysis: a signifi-
cant effect of grammaticality (F=41.13, df=1, 57, p<0.0001)
but no group effect (F=1.99, df=1, 57, p=0.16) or group-by-
grammaticality interaction (F=0.19, df=1, 57, p=0.66). Sim-
ilar results were obtained when the seven patients who
were receiving antidepressants or lithium were discarded
from the analyses.

As expected, patients’ performance in the learning
phase of the task was significantly and negatively corre-
lated with performance on the backward digit span task
(r=–0.47, df=70, p<0.0001). There were no significant cor-
relations between learning or test phase grammar task
performance and any other measures (all r’s <0.28).

Discussion

As predicted, implicit learning, as assessed with an arti-
ficial grammar learning task, was intact in patients with
schizophrenia. Patients classified as correct more gram-
matical than nongrammatical letter strings, and the
magnitude of the difference was similar to that observed
in comparison subjects. This finding was obtained in
patients who exhibited cognitive impairment (i.e., per-

formed poorly on cognitive tasks assessing episodic
memory, verbal fluency, working memory, and speed of
processing). It was also obtained with a relatively high
number of patients. The only difference observed in the
grammar learning task concerned the number of trials re-
quired to correctly recall the letter strings during the learn-
ing phase, in that patients needed significantly more pre-
sentations than did comparison subjects. This difference
was probably due to the impaired working memory exhib-
ited by patients, as suggested by a significant negative cor-
relation between the number of trials required to learn the
letter strings and patients’ backward digit span task perfor-
mance. It raised the possibility that patients reached per-
formance levels in the classification task that were similar
to those of the comparison subjects not because of intact
implicit learning but because they benefited from more
learning trials. However, this possibility might be ruled out,
since the classification task performance of a subgroup of
patients with a number of presentations equivalent to that
of the comparison subjects was still normal.

The question must be raised of what and how patients
did learn. Chunk strength, chunk novelty, and salient fea-
tures of letter strings were controlled for in order to mini-
mize, or even eliminate, the role played by knowledge re-
lated to specific letter strings. This was successful, since
classification task performance was intact when patients
with schizophrenia exhibited an impairment of explicit
memory. Moreover, in agreement with previous findings
in organic amnesia (14, 20), performance in the implicit
and explicit tasks were not significantly correlated, further
supporting the notion that implicit and explicit learning
processes are independent. Therefore, the study provides
strong evidence that patients with schizophrenia gained
knowledge that was based on the progressive abstraction
of the artificial grammar rules. However, it remains to be

FIGURE 2. Percentage of Grammatical and Nongrammati-
cal Letter Strings Endorsed as Correct by Patients With
Schizophrenia and Healthy Comparison Subjects Given an
Artificial Grammar Learning Task
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established whether patients with schizophrenia are able
to transfer abstract rules from one set of symbols to an-
other. In transfer studies, test items are constructed with a
different set of symbols than what is used in the learning
set while the grammatical rules remain the same (10, 21,
22). Evidence of transfer would provide further evidence
that the implicit acquisition of abstract rules is intact in
patients with schizophrenia.

Our results are likely to have clinical implications. They
suggest that the basic abilities that make it possible to
learn implicitly in various everyday life situations and dur-
ing development are not grossly impaired by schizophre-
nia. This might explain why, despite the wide range of cog-
nitive impairments that have been reported, everything
does not go astray in patients with schizophrenia. More-
over, our results extend to knowledge acquisition the find-
ing that conscious awareness at retrieval is a critical deter-
minant of memory performance. They suggest that it is
not the complexity per se of the to-be-acquired knowledge
that is the limiting rate factor, since, would this be the
case, the acquisition of the complex knowledge underly-
ing artificial grammar learning would not have been pos-
sible. Rather, the limiting factor seems to be the explicit
nature of the situation, i.e., that the acquisition or retrieval
of information requires conscious awareness. Finally, our
results have implications for cognitive remediation and
for the development of strategies that rely on intact pro-
cesses to compensate for impaired processes. Since pa-
tients are still able to acquire complex knowledge, pro-
vided that acquisition is implicit, interventions targeted at
implicit learning processes should make it possible for pa-
tients to acquire new knowledge relevant to everyday life
such as that involved in social situations or professional
skills.
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