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Objective: Studies of the content of speech and of verbal hallucinations in schizophrenia point to dysfunction at multiple levels of lan-
guage. In this study, we empirically evaluated language processes. Methods: We examined the performance of 22 schizophrenia patients
and 11 healthy control subjects with procedures designed to explore the sublexical, lexical, semantic, syntactic and discourse levels of
language processing. Results: Schizophrenia patients exhibit impairment in the recognition of incorrect, but not correct, linguistic stimuli
at all but the sublexical level of language processing. The patients were not impaired in the recognition of nonlinguistic stimuli.
Conclusion: This language-specific differential impairment could explain speech abnormalities in schizophrenia. The nonrecognition of
incorrect linguistic information would prevent patients from correcting the abnormal speech they may occasionally produce. A model of
decreased power of linguistic computations (reduced number of operations) adequately accounts for this differential impairment.

Obijectif : Des études sur le contenu de I'expression orale et des hallucinations verbales de la schizophrénie indiquent un dysfonction-
nement a de multiples niveaux du langage. Au cours de cette étude, nous avons évalué de fagcon empirique les processus du langage.
Méthodes : Nous avons analysé le fonctionnement de 22 patients atteints de schizophrénie et de 11 sujets témoins en bonne santé au
moyen de procédures congues pour évaluer divers niveaux de traitement du langage : sublexical, lexical, sémantique, syntaxique et du
discours. Résultats : Les patients atteints de schizophrénie montrent un déficit de la reconnaissance des stimuli linguistiques incorrects,
mais non des stimuli corrects, a tous les niveaux du traitement du langage, sauf au niveau sublexical. Les patients ne présentaient pas
de déficit de la reconnaissance des stimuli non linguistiques. Conclusion : Ce déficit différentiel spécifique au langage pourrait expliquer
les anomalies de I'expression orale de la schizophrénie. La non-reconnaissance de l'information linguistique incorrecte empécherait les
patients de corriger I'expression anormale qu'ils peuvent produire a 'occasion. Un modele de capacité réduite de calculs linguistiques
(nombre réduit d’'opérations) explique adéquatement ce déficit différentiel.

Introduction

Language disorder in schizophrenia has been described since
the early accounts of this illness.! Further, it has been sug-
gested that language and psychosis have a common evolu-
tionary origin.* Although schizophrenic speech is easily recog-
nizable, it is difficult to define.’ Nonetheless, multiple studies
have examined speech samples of schizophrenia patients and
reported anomalies at multiple levels of language processing.

At the lexical level, anomalies such as pronounceable non-
word and confusion of antonyms were noted.* At the sen-
tence level, Chaika* described aberrations such as subject or
verb incompatibilities with sound grammatical structure
(e.g., “the house burnt the cow horrendously always”), fail-
ures to pronominalize or delete (e.g., “I gave my friend food
so my friend would not go hungry”), errors in tense and arti-
cle choice.

Many syntactic peculiarities were also reported at the sen-
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tence and discourse levels. For example, Pylyshyn® found
more use of passive voice, perfect tense and state verbs but
less use of achievement verbs and qualifying subordinators
(e.g., if, since). Additionally, patients with thought disorders
exhibited less use of conjunction links (e.g., and, but),
pronominalization,® reduction in the syntactic complexity
and syntactical deviance.””

Other discourse abnormalities include lack of discourse
markers for sequencing (e.g., finally, thus), announcing con-
tradiction (e.g., but, however) and similarity (e.g., and) and
association between sentences subordinated by phonetic and
semantic features rather than the topic.* Reference failures
(e.g., “a commuter and a skier are on a ski lift and he looks
completely unconcerned”) were also reported in patients
with thought disorders® and in patients with schizophrenia®
and their unaffected siblings and parents." Grammatical
deviance®” and incoherent discourse" were also reported.
Using the Hunt test (i.e., composing a multisentence text
from a controlled set of input sentences), patients signifi-
cantly misrepresented the meaning of the input sentences.”

In addition to speech aberrations, language disorder is im-
plicated in the pathogenesis of auditory verbal hallucinations
(AVHs), a frequent symptom in schizophrenia."" Studies
have shown a correlation between subvocal speech and AVH
and between the activation of Wernicke’s area and AVH. Ear-
lier theories hypothesized that patients are hearing their own
subvocal speech. However, because blocking subvocal speech
does not alleviate AVH, it was suggested that both subvocal
speech and AVH are related to a central pathological process
— that of anomalous speech generation.” According to this
theory, activation of Wernicke’s area constitutes the final com-
mon pathway for the hallucinatory experience.” Further, a re-
cent study showed that patients report hearing single words,
sentences or conversation differentially,” which probably in-
dicates dysfunctions of corresponding levels of language
neural resources.

The above studies point to possible dysfunctions at multi-
ple levels of language processing in schizophrenia. However,
4 points need to be addressed before making such a conclu-
sion. First, speech samples only partially reflect processes in-
volved in speech generation. The speaker’s assumptions
about the understanding of the listener and context informa-
tion are both integrated in speech generation processes but
cannot be detected in external speech.” Therefore, studies us-
ing speech samples could lead to erroneous conclusions, espe-
cially at the sentence and discourse levels. Second, language
processes are specialized but interconnected.” Therefore, diffi-
culties at a given level of language processing affect the func-
tion of another level. Consequently, it could be difficult to
make conclusions regarding the specificity of the affected lev-
els of language processing from AVH or studies using speech
samples. Third, studies of speech content or the content of
AVHs investigate language disorder in patients with thought
disorders and hallucinations, respectively. Therefore, these
studies provide a limited view of the extent of language prob-
lems in schizophrenia. Fourth, of the above findings, only
discourse disruption” and poverty of speech and of speech
content™* are found to be specific to schizophrenia.

The motivation for this study is to address the above
methodological limitations to clarify the nature of language
disorder in schizophrenia. We investigated patients” linguis-
tic performance on tests designed to explore sublexical, lexi-
cal, sentence and discourse processing. This method avoids
the first limitation because there is no hearer involved. The
second limitation is addressed by investigating processes
specific to each level of language processing separately. Fi-
nally, the method allowed for the investigation of linguistic
operations independent of symptomatology as well as the ex-
amination of the relation between these operations and
symptoms.

Methods
Subjects

Twenty-two patients (20 males, 2 females) meeting the Diag-
nostic and statistical manual of mental disorders, fourth edition
(DSM-1V)* criteria for schizophrenia or schizoaffective disor-
der participated in this study. They were recruited from the
outpatient clinic at the Minneapolis VA Medical Center
(VMACQ). Diagnostic evaluation was carried out by a research
assistant who was trained to use the Structured clinical inter-
view for the DSM-1V (SCID).* Consensus diagnosis was estab-
lished with the treating psychiatrist or by 3 other psychia-
trists when the treating psychiatrist was not available.

The severity of psychopathology was assessed with the
Brief Psychiatric Rating Scale (BPRS)” and the Positive and
Negative Symptoms Scale (PANSS).”* The duration of illness
was derived from reviews of patient records. All patients but
1 were medicated with atypical antipsychotic medications.
The chlorpromazine equivalent doses of medications were
estimated according to the methods of Woods” and Van
Kammen and Marder.” Measures of premorbid intellectual
functioning were obtained, using the National Adult Reading
Test (NART).”

We also studied 11 healthy control subjects (8 males, 3 fe-
males), recruited by advertisements posted at the University
of Minnesota and Minneapolis VA Hospitals. Subjects were
screened for mental illness with the SCID. Subjects had nei-
ther a history of mental illness nor a family history of schizo-
phrenia in first-degree relatives.

All subjects were native English speakers and were right-
handed. Handedness was assessed by the Edinburgh Hand-
edness Inventory”; none had neurological disease or major
medical illness. The protocol was approved by the VAMC
and the University of Minnesota Institutional Review Boards.
All subjects understood the risks and benefits associated with
the study and gave written informed consent.

The patient group did not differ significantly (p < 0.05)
from the control group with respect to age, personal or
parental level of education, and premorbid overall and ver-
bal intelligence. However, premorbid intellectual capacity
was marginally significantly lower (p = 0.05) in the patient
group, which indicates latent difficulty preceding illness on-
set. Table 1 summarizes the demographic and clinical charac-
teristics of the subjects.
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Linguistic task

A linguistic task (Fig. 1) was designed based on standard
psycholinguistic procedures.” Subjects had to distinguish
between correct and incorrect stimuli at the (A) sublexical,
(B) lexical, (C) semantic, (D) syntactic and (E) discourse lev-
els of language processing. The correct stimuli were mean-
ingless pronounceable letter strings in A and common
words, which have a similar mean frequency of occurrence
in the English language in B, C, D and E.* The mean fre-
quency was 80, 81, 79 and 73, respectively. Incorrect stimuli
were created by making unpronounceable letter strings in A,
changing some letters or the order of letters to create pro-
nounceable nonwords in B, changing the subject and object
order to create nonsensical sentences in C, changing the
order of words to create ungrammatical (and meaningless)
sentences in D and making short stories with causally un-
related sentences in E.

Table 1: Demographic and clinical characteristics of the subjects

Group; mean (and SD)

Control

Patients subjects ttest
Characteristics (n=22) (n=11) p value
Age, yr 51 (7) 47 (12) 0.236
Education, yr 13 (2) 14 (2) 0.526
Parents ed ucation, yr 12 (3) 13(2) 0.111
NART full score 102 (9) 109 (7) 0.047
NART verbal score 99 (11) 107 (8) 0.047
BPRS 44 (11) — —
PANSS, negative symptoms 9 (5) — —
PANSS, positive symptoms 8 (4) — —
Medication,* mg 308 (128) — —
lliness duration, yr 18 (8) — —

SD = standard deviation; NART = National Adult Reading Test; BPRS = Brief
Psychiatric Rating Scale; PANSS = Positive and Negative Syndrome Scale.
*Chlorpromazine equivalent.

The stimuli were presented individually in the centre of a
monitor placed in front of the subjects. The stimuli appeared
in sets of 5 at a rate of 1 Hz. Each set was followed by a 10-
second response window. The subjects were instructed to
read the stimuli silently and distinguish between 2 sets of
stimuli: (A) sets with all pronounceable stimuli versus sets
with 1 unpronounceable stimulus, (B) all real English words
versus sets with 1 nonword, (C) a semantically sound sen-
tence versus a semantically unsound sentence and (D) a
grammatical nonsensical sentence versus ungrammatical
nonsensical sentence.

In E, each set of 5 words comprised a semantically and syn-
tactically correct sentence (test sentence). This sentence was
preceded by the presentation of 2-3 sentences (context sen-
tences), which constituted the beginning of a short story. The
context sentences appeared individually for a duration that al-
lows reading at a rate of 3 words per second (normal reading
speed). The test sentence was presented 1 word at a time, as
described above. Subjects had to decide whether the test sen-
tence was an acceptable continuation to the preceding context
sentences. Acceptable continuations were constituted by sen-
tences that were causally coherent, and unacceptable continu-
ations were constituted by causally incoherent sentences.”

Twenty correct and 20 incorrect trials were presented in
A-E in a randomized block design. Subjects were asked to re-
spond at the end of each trial (5-stimuli set) by pressing but-
tons marked Yes or No on a response pad with their index or
middle fingers, respectively.

Because language operations call on working memory,**
we matched for working memory load across levels of lan-
guage processing, using trials with the same number® of stim-
uli in A-E. In C-E, the same syntactic structure was used
(“The,” noun, verb, “the,” noun) to match for syntactic com-
plexity in the test sentences. Although the distinction be-
tween correct and incorrect linguistic stimuli may not be a
function that language processors exert in a natural state, it
would require a sound operation of these processors. There-

Stimulus

Condition Correct Incorrect
Sublexical Horlo - kea- freet - tornoy - sastle Horlo - kea - freet - jplwy - sastle
Lexical The - cabin - fire - roped - the The - cabin - freet - roped - the
Semantic The - boy - ate - the - bagel The - bagel - ate - the - boy
Syntactic The - show - ruined - the - neck The - ruined - show - neck - the
Discourse My sister wanted to replace a kitchen cabinet. She called a local contracting

company and gave them the desired dimensions...

The - company - built - the - cabinet The - company - bought - the - kitchen

Fig. 1: Outline of the linguistic task.

252 Rev Psychiatr Neurosci 2007;32(4)



Language in schizophrenia

fore, this task allows us to evaluate the integrity of language
processors.

Nonlinguistic task

A nonlinguistic task was designed to evaluate subjects’ gen-
eral ability to detect anomalies. In this task, a set of 5 Kanji
symbols were presented with display parameters similar to
above. In 50% of the trials, the same symbol was presented
5 times, and in 50%, 1 of the symbols was different from the
other 4 symbols. Subjects were required to distinguish be-
tween the 2 types of trials.

Reaction time (RT) control task

This task was designed to evaluate the response latency re-
lated to decision-making processes unrelated to linguistic op-
erations. The numbers 1 and 2 were presented randomly, and
subjects were required to press response buttons marked 1 or
2 with their index or middle fingers, respectively, according
to the number displayed. The above 3 tasks were adminis-
tered in random order.
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Fig. 2: Average proportion of correct responses for each group,
condition and stimulus type. The error bars represent the standard
error of the mean. The ordinate is in an angular scale. Overlapping
errors have been omitted for clarity.

Data analyses

Data were analyzed with standard statistical techniques.*”
The analyses of the proportion of correct responses were per-
formed on the angular transformed values to stabilize the
variance.*

A mixed-model analysis of variance (ANOVA) with the
between-subjects factor group (2 levels) and the within-
subjects factors condition (6 levels) and stimulus type (2 lev-
els) was used. Post hoc analyses were performed as needed.
The RT of correct responses data were analyzed with the
ANOVA model. The average RT across repetitions was calcu-
lated with the harmonic mean, which is robust to potential
outliers.* Only trials with RTs greater than 100 ms were used
in the analyses.

The RT in the linguistic task was adjusted according to the
RT control task to yield the linguistic processing time. The
adjusted RT Y, ,,;, was calculated as follows:”

Vit (atj) = lTz‘ﬂd + b(}?j - X)

where Y, is the average RT of subject i of Group j for Condi-
tion k and Response type I, X; is the average RT of Group j in
the control task, X is the overall average RT in the control
task, and b is the slope between the RT in the control task and
the RT in the experimental task.

Rank correlation analyses (Spearman’s rho) were used to
evaluate the relation between symptomatology, medication,
and the experiment outcome measures. The analyses were
performed with SPSS 13.0. Effects with p < 0.05 were consid-
ered significant.

Results
Proportion of correct responses

The average proportion of correct responses for each group,
condition and stimulus type is plotted in Fig. 2, and the aver-
age performance was above the chance level of 0.5 in each
case. The results of the ANOVA are presented in Table 2.
This analysis showed a significant triple interaction group X
condition x stimulus type, which indicates that condition and
stimulus type had a differential effect on the performance of
the patient group, compared with the control group.

To investigate the source of the interaction, we analyzed

Table 2: Analysis of variance of the proportion of correct responses

Effect F df p value
Group 3.866 1,31 0.058
Condition 31.648 5,155 < 0.0005
Condition x group 1.144 5,155 0.340
Stimulus type 0.980 1,31 0.330
Stimulus type x group 12.820 1,31 0.001
Condition x stimulus type 2512 5,155 0.032
Condition x stimulus type x group 3.630 5,155 0.004
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the data for each stimulus type separately. The analysis of the
responses for the “correct stimuli” showed that there was a
significant effect of condition (F; s, = 19.307, p < 0.0005) but no
significant effect of group or interaction group X condition
(F.5 = 0.066, p = 0.800 and F; s = 0.725, p = 0.606, respec-
tively). In contrast, the analysis of the responses for the incor-
rect stimuli showed significant effects of group, condition,
and group X condition interaction (F,; = 8.677, p = 0.006,
F; 155 = 13.065; p < 0.0005 and F;,s;; = 4.055; p = 0.002, respec-
tively). Further analyses of the performance in the incorrect
stimuli trials were done in each condition separately. These
analyses showed that the proportion of correct responses dif-
fered significantly between the patients and the control sub-
jects in the lexical, semantic, syntactic and discourse conditions
(tn = 2.263, p = 0.031; t;, = 3.655, p = 0.001; t;, = 2.375, p = 0.024;
and t,, = 2.977, p = 0.006, respectively) but not in the sub-
lexical and the nonlinguistic conditions (t,, = 0.873, p = 0.389
and t,, = 0.940, p = 0.355, respectively).

Therefore, in all but the sublexical level of language and with
the incorrect stimuli only, the patients had significantly smaller
proportion of correct responses than the control subjects.
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Fig. 3: Average latency of correct responses for each group, condi-
tion and stimulus type. The error bars represent the standard error
of the mean. Overlapping errors have been omitted for clarity.

Adjusted RT of correct responses

The average adjusted RT of correct responses for each group,
condition and stimulus type is plotted in Fig. 3. The results of
the ANOVA are presented in Table 3. This analysis also
showed a significant triple interaction group x condition x
stimulus type. This result indicates that condition and stimu-
lus types had a differential effect on the performance of the
patient group, compared with the control group.

We applied the same strategy used above to investigate the
source of the interaction. The analysis of the “correct stimuli”
responses showed that there was a significant effect of condi-
tion (Fs.5 = 10.773, p < 0.0005), but no significant effect of
group or interaction group x condition (F;,s;; = 0.010, p = 0.920
and F;,;; = 0.475, p = 0.795, respectively). In contrast, the
analysis of the incorrect stimuli responses showed significant
effects of condition and group x condition interaction
(Fs15 = 14.412, p < 0.0005 and Fi,5; = 2.653, p = 0.025, respec-
tively). The main effect of group was not significant
(F.; =0.205, p = 0.654). Thus, the adjusted RT of correct re-
sponses of incorrect stimuli were compared in each condition
separately; however, no significant difference was found be-
tween the patients and the control subjects in any condition
(all t;; with p > 0.05). Nevertheless, the inspection of Figure 3
shows that the RT of correct responses was longer for the pa-
tients compared with the control subjects in the semantic,
syntactic and discourse conditions.

Clinical linguistic correlations

Rank correlation (Spearman’s rho) analyses were performed
between the clinical measurements (BPRS, negative and posi-
tive symptoms scores, thought disorder scores, duration of
illness, and the chlorpromazine equivalent doses of medica-
tion) and the experiments outcome measures (proportion of
correct responses, and the adjusted RT). The latter measures
were those obtained with the incorrect stimuli and averaged
across the lexical, semantic, syntactic and discourse condi-
tions. Table 4 summarizes the correlation analyses results. No
significant correlation was found between the clinical charac-
teristics of patients or their medication status and the out-
come measures of the linguistic experiment.

Discussion
Differential impairment in schizophrenia

In this study, schizophrenia patients performed as well as
healthy control subjects in recognizing correct linguistic stim-
uli but were impaired in recognizing incorrect linguistic stim-
uli. They also exhibited a bias to consider incorrect stimuli as
correct. This difficulty was encountered at the lexical, seman-
tic, syntactic and discourse levels but not at the sublexical
level. Similarly, patients exhibited slower linguistic process-
ing speed at the semantic, syntactic and discourse levels. This
last finding was not statistically significant; nonetheless, it in-
dicates that the impairment in accuracy was not related to
speed—accuracy trade-off.
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The capacity to recognize incorrect linguistic stimuli de-
pends on the ability to detect anomalies, the degree of diffi-
culty of the task and intact language processing systems. The
patients did not differ from the control subjects in the detec-
tion of nonlinguistic anomalies. Therefore, the performance
difference is language-specific and involves all but the sub-
lexical levels of language processing. Further, because both
the nonlinguistic and sublexical tasks are on opposite ends of
the spectrum with respect to difficulty, it can be concluded
that the differentiation between patients and control subjects
was related to the specificity of the investigated language
processes rather than to the degree of difficulty of the task.
Because the patients performed similarly to the control sub-
jects in the sublexical and nonlinguistic tasks, a general bias
to respond “yes” in the patient group cannot account for the
findings. Consequently, these findings reflect impairment of
language processing systems in schizophrenia.

Silent reading requires the activity of most neural re-
sources implicated in language generation.* Therefore, this
impairment could reflect speech generation dysfunction. As a
result, schizophrenia patients could produce speech with
anomalies at multiple levels of language processing. In one
respect, these data support the findings of studies using
speech samples and are consistent with earlier observations
of over-inclusive thinking in schizophrenia.** More impor-
tantly, the data provide a framework for understanding lan-
guage disorder in schizophrenia.

The question put forth by these findings is, “What kind of
disorder affects language processors that preserve the perfor-
mance of patients when they are dealing with correct linguis-
tic information and decrease their performance when they
are dealing with incorrect linguistic information?”

The implication of the differential impairment

Generally, it is accepted that language requires coordination
between neurolinguistic resources specific to each level of
language processing, with several interrelated cognitive func-
tions, such as verbal working memory and attention.”” Many
of these cognitive and psycholinguistic operations were the
subject of extensive investigations and were found to be im-
paired in schizophrenia. However, in our view, most of these
deficits do not adequately explain the type of impairment ob-
served in this study.

For example, several studies point to a reduced ability to
represent, maintain and update context information* at the

Table 3: Analysis of variance of the adjusted latency of correct
responses

Effect F df p value
Group 0.090 1,31 0.766
Condition 16.354 5,155 < 0.0005
Condition x group 1.493 5,155 0.195
Stimulus type 5.038 1,31 0.032
Stimulus type x group 0.891 1,31 0.352
Condition x stimulus type 7.137 5,155 < 0.0005
Condition x stimulus type x group 2.858 5,155 0.017

sublexical,”lexical* and sentence levels.”” These deficits
should have equal effects with both correct and incorrect lin-
guistic stimuli. Therefore, they do not adequately explain the
dissociation of performance found in this study. The same
argument would apply to impairment of verbal working
memory® and the impairment of attention and executive
functions.®

Language also requires access to episodic and semantic
memories. Semantic memory was investigated intensively in
schizophrenia research, with paradigms such as semantic
priming® and semantic categorization tasks.” The literature
on semantic priming shows conflicting results.? The priming
effect is theoretically related to the spread of activation
within the semantic memory network.” The incorrect stimuli
in this study constitute a clear break in the semantic related-
ness (e.g., a nonword such as “Lerstrave” is not semantically
related to any English word). Therefore, increased semantic
priming, if such is the case in schizophrenia, cannot be re-
tained as an adequate explanation of the deficits in this study.

Chen and colleagues™ used a semantic categorization task
in which subjects decided whether words belonged to a
given semantic category. The authors used words with either
different degrees of semantic relatedness or words that were
unrelated to the semantic category in question. They found
that schizophrenia patients, relative to healthy control sub-
jects, have longer RT for words outside the semantic cate-
gory. The study by Chen and colleagues,” in line with our
data, points to the same difficulty that schizophrenia patients
have — recognizing what is not the case. Their findings were
not replicated.™

The findings in this study could reflect an impairment in
detecting errors occurring at some language processing lev-
els. Earlier research showed that normal subjects have the
ability to monitor and correct the errors they make during a

Table 4: Rank correlation between behavioural measures and
clinical variables for the patient group* (n = 22)

Spearman’s
Correlations rho p value
% of correct responses and
clinical variables
BPRS score -0.213 0.354
PANSS, negative symptoms —-0.339 0.123
PANSS, positive symptoms -0.221 0.324
PANSS, thought disorder 0.004 0.988
Medicationt 0.062 0.785
lliness duration 0.143 0.524
Adjusted latency of correct
responses and clinical variables
BPRS score 0.091 0.695
PANSS, negative symptoms 0.226 0.312
PANSS, positive symptoms 0.221 0.323
PANSS, thought disorder 0.280 0.219
Medicationt —-0.099 0.661
Duration of illness -0.143 0.526

BPRS = Brief Psychiatric Rating Scale; PANSS = Positive and Negative Syndrome
Scale.

*The behavioural measures were those obtained with the incorrect stimulus and
averaged across the lexical, semantic, syntactic and discourse conditions.
tChlorpromazine equivalent.
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task.” It has been shown that a subset of schizophrenia pa-
tients are less likely to correct errors in the absence of visual
cues.” This finding leads to the theory that schizophrenia pa-
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Fig. 4: lllustration of the effect of diminished computational power
on the recognition of correct and incorrect linguistic stimuli
(P = property, uncrossed box = correct property, crossed box =
incorrect property). In the first scenario, correct and incorrect stim-
uli require an equal number of computations. In control subjects, n
properties are computed. Therefore, correct and incorrect stimuli
will be correctly classified. In patients, n — p properties are com-
puted. Thus correct stimuli will be classified correctly; however,
some incorrect stimuli will be classified in the correct category. In
the second scenario, incorrect stimuli require a higher number of
computations than do correct stimuli (n + m). With n computations,
all correct stimuli will be recognized in patients and control sub-
jects. In control subjects, n + m computations are done. Therefore,
all correct and incorrect stimuli will be recognized. In patients, n +
m — q computations are done. Therefore, some incorrect stimuli will
be classified in the correct category.

tients have a deficient internal monitor of “willed actions,”
which could explain a wide range of psychotic symptoms
such as delusions, thought insertion and broadcasting, and
verbal hallucinations.” Recently, numerous electrophysiolog-
ical studies have reported smaller error-related negativity
(ERN) in schizophrenia,”*® supporting the theory of error
monitoring deficits in this illness.

Monitoring for error is an integral part of the act of speak-
ing. It allows a person to correct errors he or she may
inadvertently produce while speaking.” In this study, the ob-
served impairment in recognizing the erroneous nature of
the linguistic material being read (or generated) could result
in impaired correction of these errors and would lead to the
generation of speech with linguistic aberrations. Therefore, a
deficient error monitoring, operating at specific aspects of
language processing, could be retained as an explanation of
the findings. However, although error recognition is a pre-
requisite for error correction, impairment in the latter is not
necessarily related to impairment in the former. Further, a
recent study indicates that the neural activity during con-
flict detection and making an error (error monitoring) are
dissociated.”

The findings can be adequately explained by a model of di-
minished computational power (a decrease in the number of
linguistic operations) in schizophrenia (Fig. 4). Let us assume
that, for a language stimulus to be correct, it must have n
properties. If the computation capacity is decreased, only a
subset 1 — p of these properties would be evaluated. Conse-
quently, all correct stimuli are recognized because they satisfy
the n — p properties. However, the incorrect stimuli that satisfy
the n — p properties but not the remaining p properties are in-
cluded in the correct category. Another possibility is that, if n
properties are satisfied, the stimulus is considered correct,
whereas if a property is not satisfied, additional 7 computa-
tions are performed to ensure that this particular property is
incongruent. If only n + a (where a < m) evaluations are per-
formed, incorrect stimuli requiring n + a computations are
recognized; however, incorrect stimuli needing 1 + m compu-
tations may be considered correct. Therefore, both scenarios
would result in adequate recognition of correct stimuli, but in
impairment of recognition of incorrect linguistic stimuli and
an overinclusion of these stimuli in the correct category.

The model of decreased computational power is consistent
with several studies pointing to excessive synaptic pruning
and generalized disconnectivity in schizophrenia® and with
some electrophysiological findings. It has been shown, al-
though inconsistently, that patients show significantly less
negativity of N400 or less positivity of P600* with incongru-
ent stimuli during semantic and syntactic processes, respec-
tively. The amplitude of these ERP components is generally
related to the difficulty of the task,” or to the degree of
semantic constraint, in the case of N400%; the lower the se-
mantic constraint, or the higher the difficulty, the higher the
computations, the larger the amplitude. Therefore, the small
amplitude of N400 and P600 could reflect schizophrenia
patients’ failure to perform the additional computations asso-
ciated with incorrect stimuli and thus support the second sce-
nario of the model.
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Finally, these findings should be taken in light of 4 consid-
erations: 1) the patients in this study were medicated;
nonetheless, there was no correlation between performance
and the medications dose. Further, the differential impair-
ment (incorrect v. correct stimuli) and the normal perfor-
mance on the nonlinguistic and sublexical procedures indi-
cate that the observed effects are specific to certain operations
rather than related to medication effects; 2) the small size of
the control group might have obscured smaller effects in the
sublexical and nonlinguistic tasks. If this were the case, the
impairment at the lexical-discourse levels would be dispro-
portionately higher than those of the nonlinguistic and sub-
lexical tasks; 3) the sample consists mainly of males. Given
the subtle sex-dependent differences in schizophrenia,® our
findings would be robust for the male population but may
not be applicable to the female population; 4) whereas most
patients have prominent difficulty at the discourse level, oth-
ers showed predominant difficulties at one or the other of the
language processing levels. It is possible that, with a larger
sample, clusters of patients with differential impairment of
language processing levels would emerge. Provided that
AVH results from anomalous speech generation, this differ-
ential impairment could be related to such symptomatology
as the linguistic complexity of AVH.

Conclusion

Schizophrenia patients are impaired in recognizing incorrect,
but not correct, linguistic information at most language pro-
cessing levels. This impairment could explain why these
patients produce abnormal speech. The nonrecognition of in-
correct linguistic information would prevent them from cor-
recting abnormal speech they may occasionally produce. A
model of diminished computational power, possibly due to
disconnection, adequately explains this impairment.

Acknowledgements: We received grant support from the VA Med-
ical Center, the Minnesota Medical Foundation and the MIND Insti-
tute. We thank Christa Surerus-Johnson for the clinical evaluation of
subjects included in this study.

Competing interests: None declared.

Contributors: Drs. Stephane, Pellizzer and Fletcher designed the
study. Drs. Stephane, Pellizzer and Ms. McClannahan acquired and
analyzed the data. Drs. Stephane and Pellizzer wrote the article and
all authors revised it. All authors gave final approval for the article to
be published.

References

1. Bleuler E. Dementia Praecox or the group of schizophrenias. New York:
International Universities Press; 1950. p. 147-60.

2. Crow TJ. Is schizophrenia the price that homo sapiens pay for lan-
guage? Schizophr Res 1997;28:127-41.

3. Lorenz M. Problems posed by schizophrenic language. In: Vetter
HJ, editor. Language behavior in schizophrenia: selected readings
in research and theory. Springfield: Thomas; 1968. p. 28.

4. Chaika E. A linguist looks at schizophrenic language. Brain Lang
1974;1:257-76.

5. Pylyshyn ZW. Clinical correlates of some syntactic features of pa-
tients’ speech. | Nerv Ment Dis 1970;150:307-16.

6. Rochester SR, Martin JR, Thurston S. Thought process disorder in
schizophrenia: the listener’s task. Brain Lang 1977;4:95-114.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Morice RD, Ingram JC. Language analysis in schizophrenia: diag-
nostic implications. Aust N Z | Psychiatry 1982;16:11-21.

Morice RD, Ingram JC. Language complexity and age of onsent of
schizophrenia. Psychiatry Res 1983;9:233-42.

Shedlack K, Lee G, Sakuma M, et al. Language processing and
memory in Ill and well siblings from multiple families affected
with schizophrenia. Schizophr Res 1997;25:43-52.

Wykes T, Leff J. Disordered speech: differences between manics
and schizophrenics. Brain Lang 1982;15:117-24.

Docherty NM, Gordinier SW, Hall M]J, et al. Referential communi-
cation disturbances in the speech of nonschizophrenic siblings of
schizophrenia patients. | Abnorm Psychol 2004;113:399-405.
Hoffman RE, Sledge W. An analysis of grammatical deviance oc-
curing in spontaneous schizophrenic speech. | Neurolinguistics
1988;3:89-101.

Hoffman RE, Kirstein L, Stopek S, et al. Apprehending
schizphrenic discourse: a structural analysis of the listener’s task.
Brain Lang 1982;15:207-33.

Hoffman RE, Stopek S, Andreasen NC. A comparative study of
manic vs. schizophrenic speech disorganization. Arch Gen Psychia-
try 1986;43:831-8.

Hoffman RE, Hogben GL, Smith H, et al. Message disruptions dur-
ing syntactic processing in schizophrenia. | Commun Disord 1985;
18:183-202.

Stephane M, Barton S, Boutros NN. Auditory verbal hallucinations
and dysfunction of the neural substrates of speech. Schizophr Res
2001;50:61-78.

Hoffman RE. Verbal hallucinations and language production
processes in schizophrenia. Behav Brain Sci 1986;9:503-48.

Frith CD, Done DJ. Toward a neuropsychology of schizophrenia.
Br ] Psychiatry 1988;153:437-43.

Stephane M, Folstein M, Matthew E, et al. Imaging auditory verbal
hallucinations during their occurrence. | Neuropsychiatry Clin
Neurosci 2000;12:286-7.

Stephane M, Thuras P, Nassrallah H, et al. The internal structure
of the phenomenology of auditory verbal hallucinations. Schizophr
Res 2003;61:185-93.

Caplan D. Language: structure, processing, and disorders. Cambridge
(MA): MIT Press; 1992. p. 1-16.

Fromkin VA. A linguist looks at “A linguist looks at “schizo-
phrenic language.”” Brain Lang 1975;2:498-503.

Andreasen NC. Thought, language, and communication disorders.
I. Clinical assessment, definition of terms, and evaluation of their
reliability. Arch Gen Psychiatry 1979;36:1315-21.

Andreasen NC. Thought, language, and communication disorders.
L. Diagnostic significance. Arch Gen Psychiatry 1979;36:1325-30.
American Psychiatric Association. Diagnostic and statistical manual
of mental disorders. 4th ed. Washington: The Association; 1994.

First MB, Spitzer RL, Gibbon M, Williams JBW. Structured clinical
interview for DSM-1V axis I disorders-patient edition. Washington
(DC): American psychiatric press; 1995.

Overall JE, Gorham DR. The Brief Psychiatric Rating Scale (BPRS).
Psychol Rep 1962;10:799-812.

Kay SR, Fiszbein A, Opler LA. The Positive and Negative Syndrome
Scale (PANSS) for schizophrenia. Schizophr Bull 1987;13:261-77.
Woods SW. Chlorpromazine equivalent doses for the newer atypi-
cal antipsychotics. | Clin Psychiatry 2003;64:663-7.

Van Kammen D, Marder S. Dopamine receptor antagonists.
In: Kaplan HI, Sadock BJ. editors. Comprehensive textbook of psychia-
try. 6th ed. Baltimore: Williams and Wilkins; 1995. p. 1987-2022.
Blair JR, Spreen O. Predicting premorbid IQ: a revision of the na-
tional adult reading test. Clin Neuropsychol 1989;3:129-36.

Oldfield RC. The assessment and analysis of handedness: the Ed-
inburgh inventory. Neuropsychologia 1971,9:97-113.

Gernsbacher MA. Handbook of psycholinguistics. San Diego: Acade-
mic Press; 1994.

Francis WN, Kuncera H. Frequency analysis of English usage: lexicon
and grammar. Boston: Houghton Mifflin; 1982.

Trabasso T, Sperry LL. Causal relatedness and importance of story
events. | Mem Lang 1985;24:595-611.

Just MA, Carpenter PA, Keller TA. The capacity theory of compre-
hension: new frontiers of evidence and arguments. Psychol Rev
1996;103:773-80.

Condray R, Steinhauer SR, van Kammen DP, et al. Working mem-
ory capacity predict language comprehension in schizophrenic pa-

J Psychiatry Neurosci 2007;32(4) 257



Stephane et al

38.

tients. Schizophr Res 1996;20:1-13.
Snedecor GW, Cochran WG. Statistical methods. 8th ed. Ames: Iowa

schizophrenia: a review and synthesis. | Int Neuropsychol Soc 2002;
8:699-720.

State University Press; 1989. 53. Collins AM, Loftus EFA. Spreading activation theory of semantic

39. Rohlf FJ, Sokal RR. Biometry. 3rd ed. New York: Freeman and processing. Psychol Rev 1975;82:407-28.

Company; 1995. 54. Elvevag B, Weickert T, Wechsler M, et al. An investigation of the

40. Ratcliff R. Methods for dealing with reaction time outliers. Psychol integrity of semantic boundaries in schizophrenia. Schizophr Res
Bull 1993;114:510-32. 2002;53:187-98.

41. Indefrey P, Levelt WJM. The neural correlates of language produc- 55.  Rabbitt PM. Error correction time without external error signals.
tion. In: Gazzaniga MS. The new cognitive neurosciences. Cambridge: Nature 1966;212:438.

MIT Press; 2000. p. 845-65. 56. Frith CD, Done DJ. Experiences of alien control of schizophrenia

42.  Cameron N. Reasoning, regression and communication in schizo- reflect a disorder of central monitoring of action. Psychol Med 1989;
phrenics. Psychol Monogr 1938;50:1-33. 19:359-64.

43. Payne RW. An object classification test as a measure of overinclu- 57.  Morris SE, Yee CM, Neuchterlein KH. Electrophysiological analysis
sive thinking in schizophrenia patients. British Journal of Sociology of error monitoring in schizophrenia. | Abnorm Psychol 2006;115:239-50.
and Clinical Psychology 1962;1:213-21. 58. Kim MS, Kang SS, Shin KS, et al. Neuropsychological correlates of

44.  Cohen JD, Barch DM, Carter C, et al. Context-processing deficits in error negativity and positivity in schizophrenia patients. Psychiatry
schizophrenia: converging evidence from three theoretically moti- Clin Neurosci 2006;60:303-11.
vated cognitive tasks. ] Abnorm Psychol 1999;108:120-33. 59. Levelt WIM. Speaking from intention to articulation. Cambridge

45. Braver TS, Barch DM, Cohen JD. Cognition and control in schizo- (MA): MIT Press; 1989.
phrenia: a computational model of dopamine and prefrontal func- 60. Swick D, Turken AU. Dissociation between conflict detection and
tion. Biol Psychiatry 1999;46:312-28. error monitoring in the human anterior cingulate cortex. Proc Natl

46. Chenery HJ, Copland DA, McGrath ], et al. Maintaining and up- Acad Sci U S A 2002;99:16354-9.
dating semantic context in schizophrenia: an investigation of the 61. Eastwood SL, Harrison PJ. Decreased synaptophysin in the medial
effects of multiple remote primes. Psychiatry Res 2004;126:241-52. temporal lobe in schizophrenia demonstrated using immunoau-

47. Bazin N, Perruchet P, Hardy-Bayle MC, et al. Context-dependent toradiography. Neuroscience 1995;69:339-43.
information processing in patients with schizophrenia. Schizophr 62. Kumar N, Debruille JB. Semantics and N400: insights for schizo-
Res 2000;45:93-101. phrenia. | Psychiatry Neurosci 2004;29:89-98.

48. Bruder GE, Wexler BE, Sage MM, et al. Verbal memory in schizo- 63. Ruchsow M, Trippel N, Groen G, et al. Semantic and syntactic
phrenia: additional evidence of subtypes having different cogni- processes during sentence comprehension in patients with schizo-
tive deficits. Schizophr Res 2004,;68:137-47. phrenia: evidence from event-related potentials. Schizophr Res

49. Chan RC, Chen EY, Cheung EF. Executive dysfunctions in schizo- 2003;64:147-56.
phrenia. relationships to clinical manifestation. Eur Arch Psychiatry 64. Ritter W, Ford JM, Gaillard AW, et al. Cognition and event-related
Clin Neurosci 2004;254:256-62. potentials. I. The relation of negative potentials and cognitive

50. Aloia MS, Gourovitch ML, Missar D, et al. Cognitive substrates of processes. Ann N'Y Acad Sci 1984;425:24-38.
thought disorder, II: specifying a candidate cognitive mechanism. 65. Kutas M, Hillyard SA. Brain potentials during reading reflect
[Comment]. Am ] Psychiatry 1998;155:1677-84. word expectancy and semantic association. Nature 1984;307:161-3.

51. Chen EY, Wilkins AJ, McKenna PJ]. Semantic memory is both im- 66. Highley JR, Esiri MM, McDonald B., et al. The size and fibre com-
paired and anomalous in schizophrenia. Psychol Med 1994;24:193-202. position of the corpus callosum with respect to gender and schizo-

52. Minzenberg M], Ober BA, Vinogradov S. Semantic priming in phrenia: a post mortem study. Brain 1999;122:99-110.

Canadian College of Neuropsychopharmacology

N . .
College canadien de neuropsychopharmacologie
The Jock Cleghorn Prize
This prize, which will consist of a cheque for $500, will be awarded by the CCNP for the best
poster presentation by a research trainee (graduate student or clinical resident) at the Annual
Meeting of the CCNP. All trainees/students who submit a poster presentation for the Annual
Meeting will be eligible for this prize. Those already applying for travel bursaries will automati-
cally be considered for the Jock Cleghorn Prize.
The poster presentations will be judged at the Annual Meeting by a committee consisting of at
least 3 members of the Awards Committee (or substitute judges to be chosen by the Council from
the CCNP membership if Awards Committee members are unable to attend the Annual Meet-
ing). Topics on either basic or clinical aspects of neuropsychopharmacology will be considered.
The poster should represent research in which the graduate student or resident is the primary in-
vestigator, and (s)he should be the first author of the submitted abstract. The winner of the award
will be announced in the first Newsletter after the Annual Meeting.
258 Rev Psychiatr Neurosci 2007;32(4)



