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Speech of people with schizophrenia is often difficult to
follow. There is evidence that neuropsychological deficits as-
sociated with schizophrenia explain some of the variance in
speech disorder, but its nature and causes overall are not well
understood. This study rated speech samples from 60
schizophrenic outpatients for thought disorder, conceptual
disorganization, linguistic structural breakdown, and com-
munication failure. A battery of neuropsychological tests
potentially relevant to coherent speech production was ad-
ministered, and associations between these variables and
the speech measures were assessed. Consistent with previous
research, the measure of functional effect, communication
failure, was more highly associated with neuropsychological
test performance than were the measures of putative cause:
thought disorder, conceptual disorganization, or linguistic
structural breakdown. Performance on tests of attention, im-
mediate memory, working memory, organizational sequenc-
ing, and conceptual sequencing all were significantly related
to the frequency of communication failures in the speech. In
hierarchical regression, attention, working memory, and
conceptual sequencing each contributed significantly and to-
gether explained 29% of the variance. Some other potential
contributors to test in future research include auditory atten-
tion, internal source memory, emotional disturbances, and
social cognitive deficits.
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Introduction

Thought disorder is a defining characteristic of schizophre-
nia.1 Clinically, it manifests as disordered speech, alogia,
and/ordelusional thinking.Schizophrenia isalsocharacter-
ized by deficits in basic neuropsychological functions such
as attention,memory, reasoning, and sequencingability.2–5

The relationship between neuropsychological deficits and
thought disorder is not entirely clear, but there is a great
deal of overlap conceptually. In fact, it is arguable that

they are one and the same thing, viewed from different
angles. They are defined identically, as disordered cogni-
tion,ie,disturbancesinthoughtprocesses.Althoughclinical
thoughtdisorderismeasuredintermsofsymptomsandneu-
ropsychological deficits are measured in terms of impair-
ments in specific cognitive abilities, both types of
measures assess disturbances in thought processes.
Investigations of clinical thought disorder and neuro-

psychological deficits have nearly always approached
them as separate constructs. There is a large literature
on cognitive deficits in schizophrenia and another on cog-
nitive symptoms. In support of viewing them separately,
the preponderance of findings from studies that have
looked at the neuropsychological correlates of schizo-
phrenic symptoms indicates only modest associations
with any symptoms, including thought disorder.4,6–9

On the face of it, these findings might seem to indicate
little relationship between neuropsychological deficits
and cognitive symptoms. However, one problem with
this interpretation is that the range in the variables of
interest within a schizophrenic sample is quite restricted.
Virtually all the participants in these studies have neuro-
psychological impairments and cognitive symptoms.
Comparing their severities within such a sample is not
likely to yield strong associations. The associations
would almost certainly be much stronger in a broader
sample that included people with and without schizo-
phrenia, with severity of neuropsychological impair-
ments and thought disorder symptoms ranging from
none to severe. Such a combined sample would be pro-
hibitively problematic statistically; the point is that the
limitations inherent in examining associations between
neuropsychological functioning and symptoms in amark-
edly impaired sample make it unlikely that strong asso-
ciations will be identifiable even if strong relationships
exist. Another difficulty in attempting to relate neuropsy-
chological functioning to symptoms is that symptoms,
which are assessed in terms of overt behavior, may man-
ifest similarly across patients yet have different cognitive
process origins in different individuals, or manifest
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somewhat differently across individuals yet reflect similar
cognitive deficits.

The present study focused on disordered speech, one
of the symptoms presumably caused by disturbances in
thought processes. A number of studies have examined
correlations between speech disorder and neuropsycho-
logical test performance in areas of attention, working
memory, and executive functioning, among others (for
review, see ref. Kerns and Berenbaum6). In theory, these
functions would seem to be very important in coherent
speech production, yet with few exceptions, the associa-
tions identified have been surprisingly small. In addition
to the problems of restricted range and diversity of causes
of thought disorder symptoms discussed above, research
specifically on the topic of speech disorder has another
difficulty related to the approach to classification and
quantification of the symptom. Most methods for assess-
ing schizophrenic speech disorder have attempted to tar-
get the underlying thought disorder directly, with diverse
targets such as associative loosening,10–12 conceptual
disorganization,13 confabulatory percepts,14,15 fragmen-
tation,16,17 and bizarre-idiosyncratic thinking14,16,18 or
combinations of such phenomena.19,20 Alternatively,
schizophrenic disordered speech has been posited to be
the product of language-specific structuring deficits,21,22

and measurement has targeted language structuring
processes23–25 or ‘‘schizophasic’’ deficits.21,26,27 A third
approach has been to assess disordered speech in terms
of its functional effects, ie, failures in the communication
of meaning.28 The idea here is that the main purpose of
speech is the transmission of meaning from speaker to
listener, so measures of disorder in speech are based
on the degree to which the conveyance of meaning is im-
paired. Speech disorder is quantified purely on the basis
of pragmatics, on the degree to which its meanings are
difficult to ascertain, rather than in terms of underlying
thought disorder or linguistic structural impairment. In
a previous article,29 we argued that the communication
failure approach to assessing speech disorder is more
appropriate than the thought disorder approach for pur-
poses of examining the neuropsychological underpin-
nings of speech disorder because it targets functional
outcome rather than putative cause and then attempts
to relate the outcome variable, or symptom, to potential
neuropsychological causes.

In preliminary support of this hypothesis, performance
on tests of low-load sustained attention and simple
sequencing were found to correlate significantly more
highly with a measure of communication failures in
speech than with measures of formal thought disorder.29

The present study was an attempt to test the same
hypothesis in a more comprehensive way, using a more
extensive battery of speech measures, including measures
of formal thought disorder, conceptual disorganization,
linguistic structural impairment, and communication
failure, and a more extensive neuropsychological test

battery, including tests of auditory and visual attention,
immediate auditory memory, working memory, simple
sequencing, organizational sequencing, and conceptual
sequencing. Associations of the neuropsychological test
scores with the different kinds of speech disorder ratings
were compared. The unique and combined contributions
of impairments in these neuropsychological functions to
the variance in speech disorder also were assessed.

Methods

Participants

Participants were 60 adult outpatients who met Diagnos-
tic and Statistical Manual of Mental Disorders, Fourth
Edition (DSM-IV) criteria for schizophrenia or schizoaf-
fective disorder.1 The sample consisted of the first cohort
of participants in a larger, ongoing project.30 All partic-
ipants were receiving treatment at 1 of 2 local community
mental health centers. Patients were referred to the study
by case managers or self-referred in response to signs
posted in the clinic waiting rooms. Individuals who
met DSM-IV criteria for current (past year) substance
abuse or dependence were excluded from the study, as
were those with histories suggestive of possible compli-
cating organic conditions. Individuals whose primary
language was not English also were excluded. The result-
ing sample was 55% male, 67% African-American, 30%
Caucasian, and 3% other race/ethnicity. Ages ranged
from 25 to 51 years, with a mean age of 42. Patient
educational level ranged from 8 to 16 years, mean
(SD) = 11.6 (1.8) years. Parent educational level (highest
parent of each patient) ranged from 3 to 18 years, mean
(SD) = 12.0 (3.2) years. Patient duration of illness ranged
from 8 to 42 years, mean = 23 years. Participants were
receiving atypical antipsychotic medications (82%), con-
ventional antipsychotics (18%), or no antipsychotics
(8%). Ten percent were receiving both kinds of antipsy-
chotics. Mood stabilizers also were prescribed for 22%,
antidepressants for 51%, antianxiety medications for
22%, and anticholinergics for 12%.

Procedure

Measures for the present study were administered in 2
sessions. The first session included informed consent,
diagnostic interview, symptom ratings, and collection
of the speech sample. Neuropsychological tests were
administered in the second session, in a fixed order, 1
week later. Patients were paid for their participation.

Measures

Clinical Assessment. The Schedule for Affective Disor-
ders and Schizophrenia diagnostic interview,31 adapted
slightly for use with DSM-IV criteria, was administered
to all participants. Diagnoses were determined by a clinical
psychologist with extensive research diagnostic experience,
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using information from this interview and clinic records.
Symptom ratings were done using the Positive and Nega-
tive Syndrome Scale (PANSS).32 The interviews and
symptom ratings were done by graduate assistants trained
in the measures. Interrater reliability on the PANSS was
assessed using independent coratings of audio-recorded
interviews of a subsample of patients. Intraclass correla-
tion (ICC) for total PANSS ratings and for the conceptual
disorganization item were high, ICC = .96 and.92,
respectively.

Speech Samples. Participants were asked to describe
themselves, their interests, and their daily activities for
10 minutes. Interviewers prompted them with comments
or questions as needed to keep them talking, to keep them
on the prescribed topics as much as possible, and to steer
them away from any emotionally laden topics. The
speech samples were audio recorded and later transcribed
for rating.

Formal Thought Disorder. The speech samples were
assessed from the formal thought disorder perspective us-
ing selected scales fromAndreasen’s Thought, Language,
and Communication Scales (TLC).10 The full TLC con-
sists of a large number of scales, many of which have
substantial overlap (eg, derailment, loss of goal, and non-
sequitur) or occur very infrequently (eg, clanging; word
approximations). The scales rated in the present study
included Poverty of Speech, Poverty of Content of
Speech, Pressure of Speech, Derailment, Tangentiality,
and Incoherence. TLC ratings were done directly from
the audio recordings rather than from the transcripts.
Two TLC scores were used in the analyses: a TLC total
score, computed as the sum of ratings of all the above
variables, and a TLC disorganization score, computed
as the sum of the scales most reflective of disorganization:
derailment, tangentiality, and incoherence. The disorga-
nization score was included because it represents a some-
what more narrowly defined formal thought disorder,
and one that could possibly be more reflective of cogni-
tive impairment than the more broadly defined total
score. The ratings were done by 2 individuals trained
in the method. Interrater reliability on a subset of 12
speech samples was acceptable, ICC = .88 for TLC total
and ICC = .86 for TLC disorganization.

Conceptual Disorganization. Thought disorder was also
assessed using the ‘‘conceptual disorganization’’ item
of the PANSS. This item is a global measure of
disorganization of thought as reflected in speech, rated
on a 7-point scale from ‘‘absent’’ to ‘‘very severe.’’

Linguistic Structural Disturbance. Linguistic structural
disturbance was assessed using a method based on the
work of Hoffman et al24 that examines the hierarchical
relationships among the statements in narrative speech.

The method parses the speech into separate statements,
roughly defined by independent clauses, and determines
whether each statement follows from the preceding ones
or whether there are disruptions in the hierarchical struc-
ture of the clausal sequences. The types of disruptions
described by Hoffman et al include (1) complete breaks,
in which a statement is (inappropriately) unrelated to pre-
vious statements, (2) nonpresuppositional associations,
in which a statement is related to the previous speech,
but only in a tangential and nonsubordinate way (eg,
by association with a word in the previous statement),
(3) negations, in which a statement directly contradicts
a previous statement, (4) upward branching, in which
a subordinate statement (inappropriately) precedes a
superordinate one, and (5) nontransitive dependencies,
in which a statement is related to previous statements,
but not subordinate to them, and thus changes the direc-
tion of the narrative before the previous topic has reached
closure. Following the method of Hoffman et al, each
complete break was counted as 4 points, negations
and nonpresuppositional associations as 3 points, and
upward branching and nontransitive dependencies as 2
points. This method was applied to continuous narrative
statements (ie, with no interruptions by a conversational
partner). In the present study, the first set of 10–18 con-
tinuous statements in the speech sample was used, ending
the segment with as complete a thought as possible within
this span. In order to control for differences among par-
ticipants in the number of statements assessed, the total
score was divided by number of statements. These ratings
were done by the first author, after obtaining acceptable
interrater reliability with a second rater, ICC = .90.

Communication Disturbances. Communication distur-
bances were rated using the CommunicationDisturbances
Index (CDI).33 This is a measure of references in speech
that is based entirely on failures in the transmission of
meaning. The CDI defines references very broadly.
The measure identifies all words or phrases with unclear
meaning in a speech sample, classifies each instance as 1
of 6 different types of referential communication failure,
and computes the frequencies with which they occur in
the speech sample. The 6 types include (1) vague referen-
ces, which are words or phrases that are unclear due to
a lack of specificity, (2) confused references, which are
unclear because they could refer to one of several possible
referents, (3) missing information references, which are
references for which the referent has not been provided
and is not known to the listener, (4) ambiguous word
meanings, unclear because the word or phrase has
more than one possible definitional meaning, and the
correct choice is not clear from the context, (5) wrong
word usage, in which the meaning is unclear because
of a seemingly incorrect word choice, and (6) structural
unclarities, which are statements in which the meaning is
unclear because of a breakdown in grammar. Use of poor
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somewhat differently across individuals yet reflect similar
cognitive deficits.

The present study focused on disordered speech, one
of the symptoms presumably caused by disturbances in
thought processes. A number of studies have examined
correlations between speech disorder and neuropsycho-
logical test performance in areas of attention, working
memory, and executive functioning, among others (for
review, see ref. Kerns and Berenbaum6). In theory, these
functions would seem to be very important in coherent
speech production, yet with few exceptions, the associa-
tions identified have been surprisingly small. In addition
to the problems of restricted range and diversity of causes
of thought disorder symptoms discussed above, research
specifically on the topic of speech disorder has another
difficulty related to the approach to classification and
quantification of the symptom. Most methods for assess-
ing schizophrenic speech disorder have attempted to tar-
get the underlying thought disorder directly, with diverse
targets such as associative loosening,10–12 conceptual
disorganization,13 confabulatory percepts,14,15 fragmen-
tation,16,17 and bizarre-idiosyncratic thinking14,16,18 or
combinations of such phenomena.19,20 Alternatively,
schizophrenic disordered speech has been posited to be
the product of language-specific structuring deficits,21,22

and measurement has targeted language structuring
processes23–25 or ‘‘schizophasic’’ deficits.21,26,27 A third
approach has been to assess disordered speech in terms
of its functional effects, ie, failures in the communication
of meaning.28 The idea here is that the main purpose of
speech is the transmission of meaning from speaker to
listener, so measures of disorder in speech are based
on the degree to which the conveyance of meaning is im-
paired. Speech disorder is quantified purely on the basis
of pragmatics, on the degree to which its meanings are
difficult to ascertain, rather than in terms of underlying
thought disorder or linguistic structural impairment. In
a previous article,29 we argued that the communication
failure approach to assessing speech disorder is more
appropriate than the thought disorder approach for pur-
poses of examining the neuropsychological underpin-
nings of speech disorder because it targets functional
outcome rather than putative cause and then attempts
to relate the outcome variable, or symptom, to potential
neuropsychological causes.

In preliminary support of this hypothesis, performance
on tests of low-load sustained attention and simple
sequencing were found to correlate significantly more
highly with a measure of communication failures in
speech than with measures of formal thought disorder.29

The present study was an attempt to test the same
hypothesis in a more comprehensive way, using a more
extensive battery of speech measures, including measures
of formal thought disorder, conceptual disorganization,
linguistic structural impairment, and communication
failure, and a more extensive neuropsychological test

battery, including tests of auditory and visual attention,
immediate auditory memory, working memory, simple
sequencing, organizational sequencing, and conceptual
sequencing. Associations of the neuropsychological test
scores with the different kinds of speech disorder ratings
were compared. The unique and combined contributions
of impairments in these neuropsychological functions to
the variance in speech disorder also were assessed.

Methods

Participants

Participants were 60 adult outpatients who met Diagnos-
tic and Statistical Manual of Mental Disorders, Fourth
Edition (DSM-IV) criteria for schizophrenia or schizoaf-
fective disorder.1 The sample consisted of the first cohort
of participants in a larger, ongoing project.30 All partic-
ipants were receiving treatment at 1 of 2 local community
mental health centers. Patients were referred to the study
by case managers or self-referred in response to signs
posted in the clinic waiting rooms. Individuals who
met DSM-IV criteria for current (past year) substance
abuse or dependence were excluded from the study, as
were those with histories suggestive of possible compli-
cating organic conditions. Individuals whose primary
language was not English also were excluded. The result-
ing sample was 55% male, 67% African-American, 30%
Caucasian, and 3% other race/ethnicity. Ages ranged
from 25 to 51 years, with a mean age of 42. Patient
educational level ranged from 8 to 16 years, mean
(SD) = 11.6 (1.8) years. Parent educational level (highest
parent of each patient) ranged from 3 to 18 years, mean
(SD) = 12.0 (3.2) years. Patient duration of illness ranged
from 8 to 42 years, mean = 23 years. Participants were
receiving atypical antipsychotic medications (82%), con-
ventional antipsychotics (18%), or no antipsychotics
(8%). Ten percent were receiving both kinds of antipsy-
chotics. Mood stabilizers also were prescribed for 22%,
antidepressants for 51%, antianxiety medications for
22%, and anticholinergics for 12%.

Procedure

Measures for the present study were administered in 2
sessions. The first session included informed consent,
diagnostic interview, symptom ratings, and collection
of the speech sample. Neuropsychological tests were
administered in the second session, in a fixed order, 1
week later. Patients were paid for their participation.

Measures

Clinical Assessment. The Schedule for Affective Disor-
ders and Schizophrenia diagnostic interview,31 adapted
slightly for use with DSM-IV criteria, was administered
to all participants. Diagnoses were determined by a clinical
psychologist with extensive research diagnostic experience,
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using information from this interview and clinic records.
Symptom ratings were done using the Positive and Nega-
tive Syndrome Scale (PANSS).32 The interviews and
symptom ratings were done by graduate assistants trained
in the measures. Interrater reliability on the PANSS was
assessed using independent coratings of audio-recorded
interviews of a subsample of patients. Intraclass correla-
tion (ICC) for total PANSS ratings and for the conceptual
disorganization item were high, ICC = .96 and.92,
respectively.

Speech Samples. Participants were asked to describe
themselves, their interests, and their daily activities for
10 minutes. Interviewers prompted them with comments
or questions as needed to keep them talking, to keep them
on the prescribed topics as much as possible, and to steer
them away from any emotionally laden topics. The
speech samples were audio recorded and later transcribed
for rating.

Formal Thought Disorder. The speech samples were
assessed from the formal thought disorder perspective us-
ing selected scales fromAndreasen’s Thought, Language,
and Communication Scales (TLC).10 The full TLC con-
sists of a large number of scales, many of which have
substantial overlap (eg, derailment, loss of goal, and non-
sequitur) or occur very infrequently (eg, clanging; word
approximations). The scales rated in the present study
included Poverty of Speech, Poverty of Content of
Speech, Pressure of Speech, Derailment, Tangentiality,
and Incoherence. TLC ratings were done directly from
the audio recordings rather than from the transcripts.
Two TLC scores were used in the analyses: a TLC total
score, computed as the sum of ratings of all the above
variables, and a TLC disorganization score, computed
as the sum of the scales most reflective of disorganization:
derailment, tangentiality, and incoherence. The disorga-
nization score was included because it represents a some-
what more narrowly defined formal thought disorder,
and one that could possibly be more reflective of cogni-
tive impairment than the more broadly defined total
score. The ratings were done by 2 individuals trained
in the method. Interrater reliability on a subset of 12
speech samples was acceptable, ICC = .88 for TLC total
and ICC = .86 for TLC disorganization.

Conceptual Disorganization. Thought disorder was also
assessed using the ‘‘conceptual disorganization’’ item
of the PANSS. This item is a global measure of
disorganization of thought as reflected in speech, rated
on a 7-point scale from ‘‘absent’’ to ‘‘very severe.’’

Linguistic Structural Disturbance. Linguistic structural
disturbance was assessed using a method based on the
work of Hoffman et al24 that examines the hierarchical
relationships among the statements in narrative speech.

The method parses the speech into separate statements,
roughly defined by independent clauses, and determines
whether each statement follows from the preceding ones
or whether there are disruptions in the hierarchical struc-
ture of the clausal sequences. The types of disruptions
described by Hoffman et al include (1) complete breaks,
in which a statement is (inappropriately) unrelated to pre-
vious statements, (2) nonpresuppositional associations,
in which a statement is related to the previous speech,
but only in a tangential and nonsubordinate way (eg,
by association with a word in the previous statement),
(3) negations, in which a statement directly contradicts
a previous statement, (4) upward branching, in which
a subordinate statement (inappropriately) precedes a
superordinate one, and (5) nontransitive dependencies,
in which a statement is related to previous statements,
but not subordinate to them, and thus changes the direc-
tion of the narrative before the previous topic has reached
closure. Following the method of Hoffman et al, each
complete break was counted as 4 points, negations
and nonpresuppositional associations as 3 points, and
upward branching and nontransitive dependencies as 2
points. This method was applied to continuous narrative
statements (ie, with no interruptions by a conversational
partner). In the present study, the first set of 10–18 con-
tinuous statements in the speech sample was used, ending
the segment with as complete a thought as possible within
this span. In order to control for differences among par-
ticipants in the number of statements assessed, the total
score was divided by number of statements. These ratings
were done by the first author, after obtaining acceptable
interrater reliability with a second rater, ICC = .90.

Communication Disturbances. Communication distur-
bances were rated using the CommunicationDisturbances
Index (CDI).33 This is a measure of references in speech
that is based entirely on failures in the transmission of
meaning. The CDI defines references very broadly.
The measure identifies all words or phrases with unclear
meaning in a speech sample, classifies each instance as 1
of 6 different types of referential communication failure,
and computes the frequencies with which they occur in
the speech sample. The 6 types include (1) vague referen-
ces, which are words or phrases that are unclear due to
a lack of specificity, (2) confused references, which are
unclear because they could refer to one of several possible
referents, (3) missing information references, which are
references for which the referent has not been provided
and is not known to the listener, (4) ambiguous word
meanings, unclear because the word or phrase has
more than one possible definitional meaning, and the
correct choice is not clear from the context, (5) wrong
word usage, in which the meaning is unclear because
of a seemingly incorrect word choice, and (6) structural
unclarities, which are statements in which the meaning is
unclear because of a breakdown in grammar. Use of poor
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grammar, vague words, and so on, are only counted if
they impair the conveyance of meaning from speaker
to listener. Instances are counted, and the sum is divided
by number of hundred words (# words/100) in the speech
sample, to control for differences among subjects in
amount of speech generated. These ratings were done
using both the transcripts and the recordings. The rater
attained good reliability with a second rater on a separate
set of speech samples prior to completing the ratings for
the present study, ICC = .94.

NeuropsychologicalTests. Sustained attentionwas assessed
using 2 continuous performance tasks (CPTs). The first
(CPT-A) was a simple test of auditory sustained attention
that consists of an 8-minute audiotaped quasi-random series
of letters presented at 1-second intervals.34 The subject is
instructed to respond to a target letter every time it occurs.
Errors of commission were very rare. Scores were computed
as number of omissions. The second was the CPT-Identical
Pairs test (CPT-IP),35 which assesses visual sustained atten-
tion and also has a working memory component. Condi-
tions 2, 3, and 4 were administered, with target stimuli of
2, 3, and 4 digits. Sensitivity scores, which take into account
both hit rate and false alarm rate, were calculated for each
condition. Working memory was assessed using the digit
span test, including digits forward and backward.36 Digits
forward is a test of immediate auditory memory, and digits
backward is a measure of manipulation of information in
immediate auditory memory. A computerized version of
the Wisconsin Card Sorting Test (WCST)37,38 also was
used as a measure of working memory. This measure is
less heavily weighted toward the auditory modality than
the digit span and requires somewhat longer-term process-
ing. It also assesses more controlled (as opposed to auto-
matic) processes than does the digit span. The WCST
score used in the analyses was total number of errors. Simple
sequencing ability was tested using the Trails A test, and or-
ganizational sequencing by the Trails B test.39 Trails A
presents the subject with a pagewith lettered circles scattered
on it. The test requires the subject to draw a line fromA to B
to C in a ‘‘follow the dots’’ manner. Trails B requires the
participant to draw a series of lines connecting 26 letters
and numbers in alternating sequence. The reciprocals of
time to correct completion were used as the scores on these
tests. For those few who did not complete Trails B within
360 seconds, the test was discontinued and a maximum
time of 360 seconds was used as the score. Conceptual se-
quencing involves the ordering of subordinate concepts in
the service of superordinate concepts. The conceptualization
subtest of the Shipley Institute of Living Scale40 was
administered as the test of conceptual sequencing ability.
This test consists of 20 sequences of numbers, letters, or
words. The participant is required to add to each given se-
quence by generating new sequential items. Each sequence is
based on a different concept, with graduated levels of diffi-
culty. Some facsimile sequences are (1) 9 8 7 6 5 _ _; (2) thin

in clover over trout out blunder _ _ _ _ _ ; and (3) down up
under over out. Scores are the number of items correct. This
test has been used in some contexts as a measure of concept
formation, or abstraction, but it also requires the ability to
generate and organize simple concepts into sequences in
the _ _. service of larger concepts, a capacity that is poten-
tially particularly important for the generation of coherent
speech.

Analysis

The analysis was done in 3 parts. First, correlations were
computed between the different measures of speech
disturbance. Next, correlations were computed between
neuropsychological test scores and the measures of
speech disturbance, to test the hypothesis that the com-
munication measure would be the most highly associated
with neuropsychological performance. Finally, a hierar-
chical regression was computed, testing the incremental
and combined contributions of the neuropsychological
measures to the speech disorder.

Results

Patients with schizophrenia did not differ significantly
from those with schizoaffective disorder on any of the
speech measures, so the 2 groups were examined as
one. Distributions of TLC total, TLC disorganization,
and PANSS conceptual disorganization ratings met
assumptions of normality. Linguistic structure ratings
and CDI ratings were skewed in the positive direction
and therefore were log-transformed for the analyses. Dis-
tributions of the neuropsychological test scores met nor-
mal assumptions, with the exception of the CPT-A, on
which nearly half the participants made no errors. Scores
on that test were dichotomized. There were no significant
effects of race/ethnicity, gender, age, or parents’ educa-
tional level on any of the speech measures.

Correlations Between Measures of Speech Disturbance

Means and SDs for the measures of speech disorder are
presented in table 1 and correlations between them in
table 2. Associations were all in the positive direction,
but generally modest in size, and in some cases not sig-
nificant statistically. Significant correlations were found
between the CDI, the PANSS conceptual disorganization
scale, and the linguistic structural measure. Neither TLC
rating corresponded to any significant degree to PANSS
ratings of conceptual disorganization, linguistic struc-
tural impairment, or CDI communication disturbance
in this sample.

Correlations of Speech Measures With
Neuropsychological Test Scores

Correlations were computed between the measures of
speech disorder and neuropsychological test scores (see
table 3). TLC total and TLC disorganization ratings
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were not significantly related to performance on any of
the tests. PANSS conceptual disorganization was related
to performance on one test of working memory, digit
span backward, but not to the tests of attention, sequenc-
ing, or conceptual sequencing. The linguistic structural
measure was related to one test of attention, the most
difficult condition of the CPT-IP, but not to any of
the other tests. CDI ratings, on the other hand, were
significantly related to performance on measures in sev-
eral areas: attention (CPT-IP, all conditions), working
memory (digit span forward and backward), organiza-
tional sequencing (Trails B), and conceptual sequencing
(Shipley II). CDI ratings were not related significantly to
performance on the CPT-A, Trails A, or WCST.
Mean correlations were computed between each

speech measure and the summary measures of attention
(CPT-IP total), working memory (digit span total), orga-
nizational sequencing (Trails B), and conceptual sequenc-
ing (Shipley II). Mean correlation of these cognitive
variables with the CDI was r = �.42; with PANSS con-
ceptual disorganization r =�.16; with linguistic structure
r = �.03; with TLC total r = �.06; and with TLC dis-
organization, r = �.07. Hotelling’s t-test for correlated
correlations was used to compare the CDI correlations
with those of the other measures. For CDI vs PANSS
conceptual disorganization, t (57) = 2.16, P < .05; for
CDI vs linguistic structure, t (57) = 2.32, P < .05; for

CDI vs TLC total, t (57) = 2.28, P < .05; and for TLC
disorganization, t (57) = 2.28, P < .05.

Neuropsychological Contributors to Communication
Failures in Speech

The summary measures of attention, working memory,
organizational sequencing, and conceptual sequencing
all were correlated with CDI ratings. However, these
cognitive functions are not completely distinct from
each other. Correlations of the test scores with each other
are presented in table 4. To assess their incremental and
combined contributions to the frequency of communica-
tion failures in speech, these 4 test scores were entered
hierarchically into a regression equation on CDI ratings.
The neuropsychological variables were entered in order
of increasing complexity. The most basic function, sus-
tained attention, was entered first because all the other
functions rely on it to some extent. Working memory
was entered second, to see whether it contributed to com-
munication failures beyond the effects of attention.
Organizational sequencing, which relies on working
memory as well as attention, was entered third, and
the most complex function, conceptual sequencing, was
entered fourth. Results of the regression, with R square
change at each step, are presented in table 5. Each step
made a significant contribution, with the exception of
organizational sequencing in the third step. Attention,
working memory, and conceptual sequencing each con-
tributed significant variance, sequentially. The overall
equation was significant, R (4, 55) = 0.54, R2 = 0.29,
P < .01. The test scores, taken together, explained
29% of the variance in total CDI ratings.

Discussion

This study applied several different measures of schizo-
phrenic speech disorder to the speech of stable outpatients
with schizophrenia or schizoaffective disorder. The

Table 1. Means and SDs ofMeasures ofDisorder in the Speech of
60 Patients With Schizophrenia or Schizoaffective Disorder

Measure Mean SD

TLC total 3.18 1.48

TLC disorganization 2.39 1.06

PANSS conceptual disorganization 2.19 1.13

Linguistic structural impairment 0.31 0.35

CDI total 1.96 1.06

CPT-A omissions 1.70 2.95

CPT-IP, 2 digits, d# 2.29 1.05

CPT-IP, 3 digits, d# 1.66 0.90

CPT-IP, 4 digits, d# 0.88 0.62

Digit Span, forward 7.04 2.17

Digit Span, backward 4.88 1.98

Digit Span total 11.97 3.65

WCST total errors 31.80 11.27

Trails A, time (s) 20.11 9.66

Trails B, time (s) 137.76 70.82

Shipley II 14.29 8.22

Note: TLC, Thought, language, and Communication Scales10;
PANSS, Positive and Negative Symptom Scales32; CDI,
Communication Disturbances Index.28; CPT-A, Continuous
Performance Test—Auditory; CPT-IP, Continuous
Performance Test—Identical Pairs; WCST, Wisconsin Card
Sorting Test.

Table 2. Correlations Between Measures of Speech Disturbance,
n = 60

1 2 3 4 5

1. TLC total 1.00

2. TLC disorganization 0.81** 1.00

3. PANSS conceptual
disorganization

0.04 0.03 1.00

4. Linguistic structural
impairment

0.11 0.18 0.29* 1.00

5. CDI total 0.14 0.18 0.44** 0.32* 1.00

Note: TLC, Thought, language, and Communication Scales10;
PANSS, Positive and Negative Symptom Scales32; CDI,
Communication Disturbances Index28.
*P < .05; **P < .01.
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grammar, vague words, and so on, are only counted if
they impair the conveyance of meaning from speaker
to listener. Instances are counted, and the sum is divided
by number of hundred words (# words/100) in the speech
sample, to control for differences among subjects in
amount of speech generated. These ratings were done
using both the transcripts and the recordings. The rater
attained good reliability with a second rater on a separate
set of speech samples prior to completing the ratings for
the present study, ICC = .94.

NeuropsychologicalTests. Sustained attentionwas assessed
using 2 continuous performance tasks (CPTs). The first
(CPT-A) was a simple test of auditory sustained attention
that consists of an 8-minute audiotaped quasi-random series
of letters presented at 1-second intervals.34 The subject is
instructed to respond to a target letter every time it occurs.
Errors of commission were very rare. Scores were computed
as number of omissions. The second was the CPT-Identical
Pairs test (CPT-IP),35 which assesses visual sustained atten-
tion and also has a working memory component. Condi-
tions 2, 3, and 4 were administered, with target stimuli of
2, 3, and 4 digits. Sensitivity scores, which take into account
both hit rate and false alarm rate, were calculated for each
condition. Working memory was assessed using the digit
span test, including digits forward and backward.36 Digits
forward is a test of immediate auditory memory, and digits
backward is a measure of manipulation of information in
immediate auditory memory. A computerized version of
the Wisconsin Card Sorting Test (WCST)37,38 also was
used as a measure of working memory. This measure is
less heavily weighted toward the auditory modality than
the digit span and requires somewhat longer-term process-
ing. It also assesses more controlled (as opposed to auto-
matic) processes than does the digit span. The WCST
score used in the analyses was total number of errors. Simple
sequencing ability was tested using the Trails A test, and or-
ganizational sequencing by the Trails B test.39 Trails A
presents the subject with a pagewith lettered circles scattered
on it. The test requires the subject to draw a line fromA to B
to C in a ‘‘follow the dots’’ manner. Trails B requires the
participant to draw a series of lines connecting 26 letters
and numbers in alternating sequence. The reciprocals of
time to correct completion were used as the scores on these
tests. For those few who did not complete Trails B within
360 seconds, the test was discontinued and a maximum
time of 360 seconds was used as the score. Conceptual se-
quencing involves the ordering of subordinate concepts in
the service of superordinate concepts. The conceptualization
subtest of the Shipley Institute of Living Scale40 was
administered as the test of conceptual sequencing ability.
This test consists of 20 sequences of numbers, letters, or
words. The participant is required to add to each given se-
quence by generating new sequential items. Each sequence is
based on a different concept, with graduated levels of diffi-
culty. Some facsimile sequences are (1) 9 8 7 6 5 _ _; (2) thin

in clover over trout out blunder _ _ _ _ _ ; and (3) down up
under over out. Scores are the number of items correct. This
test has been used in some contexts as a measure of concept
formation, or abstraction, but it also requires the ability to
generate and organize simple concepts into sequences in
the _ _. service of larger concepts, a capacity that is poten-
tially particularly important for the generation of coherent
speech.

Analysis

The analysis was done in 3 parts. First, correlations were
computed between the different measures of speech
disturbance. Next, correlations were computed between
neuropsychological test scores and the measures of
speech disturbance, to test the hypothesis that the com-
munication measure would be the most highly associated
with neuropsychological performance. Finally, a hierar-
chical regression was computed, testing the incremental
and combined contributions of the neuropsychological
measures to the speech disorder.

Results

Patients with schizophrenia did not differ significantly
from those with schizoaffective disorder on any of the
speech measures, so the 2 groups were examined as
one. Distributions of TLC total, TLC disorganization,
and PANSS conceptual disorganization ratings met
assumptions of normality. Linguistic structure ratings
and CDI ratings were skewed in the positive direction
and therefore were log-transformed for the analyses. Dis-
tributions of the neuropsychological test scores met nor-
mal assumptions, with the exception of the CPT-A, on
which nearly half the participants made no errors. Scores
on that test were dichotomized. There were no significant
effects of race/ethnicity, gender, age, or parents’ educa-
tional level on any of the speech measures.

Correlations Between Measures of Speech Disturbance

Means and SDs for the measures of speech disorder are
presented in table 1 and correlations between them in
table 2. Associations were all in the positive direction,
but generally modest in size, and in some cases not sig-
nificant statistically. Significant correlations were found
between the CDI, the PANSS conceptual disorganization
scale, and the linguistic structural measure. Neither TLC
rating corresponded to any significant degree to PANSS
ratings of conceptual disorganization, linguistic struc-
tural impairment, or CDI communication disturbance
in this sample.

Correlations of Speech Measures With
Neuropsychological Test Scores

Correlations were computed between the measures of
speech disorder and neuropsychological test scores (see
table 3). TLC total and TLC disorganization ratings
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were not significantly related to performance on any of
the tests. PANSS conceptual disorganization was related
to performance on one test of working memory, digit
span backward, but not to the tests of attention, sequenc-
ing, or conceptual sequencing. The linguistic structural
measure was related to one test of attention, the most
difficult condition of the CPT-IP, but not to any of
the other tests. CDI ratings, on the other hand, were
significantly related to performance on measures in sev-
eral areas: attention (CPT-IP, all conditions), working
memory (digit span forward and backward), organiza-
tional sequencing (Trails B), and conceptual sequencing
(Shipley II). CDI ratings were not related significantly to
performance on the CPT-A, Trails A, or WCST.
Mean correlations were computed between each

speech measure and the summary measures of attention
(CPT-IP total), working memory (digit span total), orga-
nizational sequencing (Trails B), and conceptual sequenc-
ing (Shipley II). Mean correlation of these cognitive
variables with the CDI was r = �.42; with PANSS con-
ceptual disorganization r =�.16; with linguistic structure
r = �.03; with TLC total r = �.06; and with TLC dis-
organization, r = �.07. Hotelling’s t-test for correlated
correlations was used to compare the CDI correlations
with those of the other measures. For CDI vs PANSS
conceptual disorganization, t (57) = 2.16, P < .05; for
CDI vs linguistic structure, t (57) = 2.32, P < .05; for

CDI vs TLC total, t (57) = 2.28, P < .05; and for TLC
disorganization, t (57) = 2.28, P < .05.

Neuropsychological Contributors to Communication
Failures in Speech

The summary measures of attention, working memory,
organizational sequencing, and conceptual sequencing
all were correlated with CDI ratings. However, these
cognitive functions are not completely distinct from
each other. Correlations of the test scores with each other
are presented in table 4. To assess their incremental and
combined contributions to the frequency of communica-
tion failures in speech, these 4 test scores were entered
hierarchically into a regression equation on CDI ratings.
The neuropsychological variables were entered in order
of increasing complexity. The most basic function, sus-
tained attention, was entered first because all the other
functions rely on it to some extent. Working memory
was entered second, to see whether it contributed to com-
munication failures beyond the effects of attention.
Organizational sequencing, which relies on working
memory as well as attention, was entered third, and
the most complex function, conceptual sequencing, was
entered fourth. Results of the regression, with R square
change at each step, are presented in table 5. Each step
made a significant contribution, with the exception of
organizational sequencing in the third step. Attention,
working memory, and conceptual sequencing each con-
tributed significant variance, sequentially. The overall
equation was significant, R (4, 55) = 0.54, R2 = 0.29,
P < .01. The test scores, taken together, explained
29% of the variance in total CDI ratings.

Discussion

This study applied several different measures of schizo-
phrenic speech disorder to the speech of stable outpatients
with schizophrenia or schizoaffective disorder. The

Table 1. Means and SDs ofMeasures ofDisorder in the Speech of
60 Patients With Schizophrenia or Schizoaffective Disorder

Measure Mean SD

TLC total 3.18 1.48

TLC disorganization 2.39 1.06

PANSS conceptual disorganization 2.19 1.13

Linguistic structural impairment 0.31 0.35

CDI total 1.96 1.06

CPT-A omissions 1.70 2.95

CPT-IP, 2 digits, d# 2.29 1.05

CPT-IP, 3 digits, d# 1.66 0.90

CPT-IP, 4 digits, d# 0.88 0.62

Digit Span, forward 7.04 2.17

Digit Span, backward 4.88 1.98

Digit Span total 11.97 3.65

WCST total errors 31.80 11.27

Trails A, time (s) 20.11 9.66

Trails B, time (s) 137.76 70.82

Shipley II 14.29 8.22

Note: TLC, Thought, language, and Communication Scales10;
PANSS, Positive and Negative Symptom Scales32; CDI,
Communication Disturbances Index.28; CPT-A, Continuous
Performance Test—Auditory; CPT-IP, Continuous
Performance Test—Identical Pairs; WCST, Wisconsin Card
Sorting Test.

Table 2. Correlations Between Measures of Speech Disturbance,
n = 60

1 2 3 4 5

1. TLC total 1.00

2. TLC disorganization 0.81** 1.00

3. PANSS conceptual
disorganization

0.04 0.03 1.00

4. Linguistic structural
impairment

0.11 0.18 0.29* 1.00

5. CDI total 0.14 0.18 0.44** 0.32* 1.00

Note: TLC, Thought, language, and Communication Scales10;
PANSS, Positive and Negative Symptom Scales32; CDI,
Communication Disturbances Index28.
*P < .05; **P < .01.
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measures of cognitive disorganization, linguistic struc-
tural impairment, and communication failure were signif-
icantly correlated with each other, but not with TLC
ratings of formal thought disorder. The modest sizes
of the associations among the speech measures, most
of which were applied to the same or overlapping speech
samples, indicate that the way in which speech distur-
bance is defined has a substantial impact on its measure-
ment. Neuropsychological test performance was more
highly related to CDI ratings than to disorganization, lin-
guistic structure, or formal thought disorder ratings.
These results provide further evidence that the cognitive
process underpinnings of schizophrenic speech distur-
bance are more readily identifiable when the speech dis-
order measure targets functional impairment, ie, failure
in the communication of meaning, than when it attempts
to target directly the putative cause, ie, thought disorder,
disorganization, or linguistic structuring impairment.
Significant and sizeable associations were found between
the cognitive measures and CDI ratings, which is notable
especially in light of the restricted ranges inherent in
a sample such as this.

The TLC ratings in the present study were not related
to the other measures of speech or to neuropsychological
test performance. Because the TLC contains many scales
that have significant overlap with each other, and some

that occur very infrequently, we used only selected scales
in this study, as described in the ‘‘Methods’’ section. It is
possible that the full TLC would have been more highly
related to the other variables. However, the scales were
selected with the intention of optimizing associations
with disorganization and negative processes. In previous
studies, the same TLC scales used here have corresponded
to CDI and disorganization ratings at low to moderate
levels,29,41 but neither these TLC scales nor TLC ratings
using all the scales have been very highly related to neuro-
psychological variables in most studies.6 The absence of
any associations between the TLC scales and the other
speech measures in the present study is likely to have
been due to the nature of the sample, which consisted
of relatively stable outpatients. The TLC is a more ‘‘clin-
ical’’ measure than the others, in the sense that it reflects
frank pathology, and is not very sensitive to subtle, sub-
clinical gradations of disturbance such as have been found
in the speech of nonschizophrenic relatives of patients and
nonpsychiatric individuals.41 In contrast, the CDI is quite
sensitive to low-level instances of communication failure
as well as to higher, pathological levels. TLC ratings have
been found to be less stable over time in patients thanCDI
ratings and more highly related to current clinical state.42

Both CDI ratings and neuropsychological test scores have
been relatively stable in patients over time and across
changes in clinical state, compared with the TLC.42,43

Lower scores on tests of sustained attention, working
memory, sequencing, and conceptual sequencing were
associatedwith higher frequencies of communication fail-
ures in speech. It is always possible that such correlations
are due to differences among patients in general level of
cognitive functioning, rather than to specific effects. A
common approach to this generalized deficit problem is
to factor out a measure of general intelligence, and test
whether theassociationsare still significant.We tookadif-
ferentapproach,basedontheideathatglobalcognitive im-
pairment is probably the result of impairment in one or

Table 3. Correlations of Neuropsychological Test Scores With
Speech Disorder Ratings, n = 60

Neuropsychological
Measure

TLC
Total

TLC
Pos

PANSS
Disorg

Linguistic
Structure

CDI
Total

Attention

CPT-A omissions 0.20 �0.02 0.15 �0.03 0.02

CPT-IP 2
condition, d#

0.04 0.01 �0.18 �0.06 �0.39**

CPT-IP 3
condition, d#

�0.06 �0.11 �0.02 �0.09 �0.35**

CPT-IP 4
condition, d#

�0.04 �0.02 0.00 �0.30* �0.32*

CPT-IP total, d# �0.02 �0.04 �0.09 �0.15 �0.40**

Working memory

Digit span, forward 0.05 �0.07 �0.22 �0.05 �0.36**

Digit span,
backward

�0.18 �0.07 �0.28* �0.18 �0.39**

Digit span, total �0.06 �0.08 �0.28* �0.09 �0.42**

WCST total errors 0.03 0.02 0.04 �0.12 �0.07

Organizational
sequencing

Trails A, time (s) �0.04 �0.09 �0.11 �0.17 �0.19

Trails B, time (s) �0.05 �0.06 �0.18 0.00 �0.31*

Conceptual
sequencing

Shipley, part II �0.12 �0.01 �0.10 0.12 �0.52**

Note: Abbreviations are explained in the first footnote to table 1.

Table 4. Correlations Between the SummaryNeuropsychological
Test Scores, n = 60

1 2 3 4

1. Attention
(CPT-IP total)

1.00

2. Working memory
(digit span total)

0.48** 1.00

3. Organizational
sequencing
(Trails B)

�0.36** �0.44** 1.00

4. Conceptual
sequencing
(Shipley II)

0.54** 0.72** �0.48* 1.00

Note: CPT-IP, Continuous Performance Test—Identical Pairs.
*P < .05; **P < .01.
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more lower level cognitive functions that affect perfor-
mance on virtually all higher level tasks, rather than
some kind of diffuse G-factor. This approach assumed
that neuropsychological variables (and the CDI too, in
this case) correlated with each other because they all rely
tosomeextentoncertainbasic low-level cognitiveabilities.
Oneof themostbasic is sustainedattention. Impairment in
this functionmakes it impossible to dowell on almost any
neurocognitive test.At the next level, but still basic, imme-
diatememory relies onattentionbutmaybe impaired even
if attention is intact. Immediate memory impairment
affects theability toperformwellonmanyhigher levelneu-
rocognitive tasks. In the present study, the lower level pro-
cesses were regressed out one at a time, hierarchically, to
test whether the higher level processes (eg, conceptual se-
quencing) were related to speech disorder only because
both relied on lower level processes such as attention, or
whether impairments in the higher level process also con-
tributed to speech disorder even after removal of their
shared variance with lower level processes. The regression
procedure used in the present study was viewed as a better
method of identifying specific effects than the method
of factoring out measures of general intelligence, which
are really just nonhierarchical composites of measures of
attention,workingmemory, sequencing, andother related
functions.
In the realm of attention, CDI ratings were associated

with the visual measure but not the auditory one. This
was somewhat surprising because auditory attention
might be expected to be more relevant to speech perfor-
mance. However, the auditory measure used in this study
was relatively easy, and as a result scores on the test had to
be dichotomized, whichmaywell have reduced its efficacy
asacorrelational variable.Thequestionofwhetheramore
challengingtestofauditoryattentionwouldbemorehighly
related to speech disorder is a topic for future research.
Digit span scores were related to CDI ratings, support-

ing the idea that working memory impairment is part
of what underlies CDI communication failures. However,

scores on the WCST, which also reflect working memory
ability, were unrelated to CDI ratings or any of the other
speech disordermeasures.WCST scores had a good range
and distribution, so the cognitive capacities it assesses ap-
pear tobe less relevant to coherent speechproduction than
those assessed by the digit span test. Theworkingmemory
requiredby theWCST is less immediate than that required
by the digit span test. The WCST also is primarily visual,
whereas the digit span is auditory. Finally, because the
WCST is relatively complex, performance reflects other
capacitiesbesidesworkingmemory, includingconcept for-
mation and maintenance and the ability to switch sets.
These other capacities may have affected WCST scores
enough to diminish its measurement of differences among
participants specifically in working memory capacity.
Simple sequencing, assessed by the Trails A test, was

not significantly related to CDI ratings, but the more
complex sequencing assessed by Trails B was. Trails B
has a heavier working memory component than Trails
A, and this may explain the difference. Trails B correlated
significantly with digit span, a measure of working mem-
ory, and no longer exerted a significant influence on CDI
ratings after the effects of the CPT-IP and digit span were
removed via regression. Conceptual sequencing was sub-
stantially related to CDI ratings. This is consistent with
our previous findings.29 Furthermore, it continued to
contribute significantly even after removal of the effects
of the CPT-IP, digit span, and Trails B tests. Generation
of coherent speech requires the sequencing of small con-
cepts (words) for the purpose of conveying larger con-
cepts (thoughts). The test of conceptual sequencing,
which requires the generation of sequential concepts in
the service of a larger concept, appears to capture to a sig-
nificant extent cognitive impairments that compromise
communicative ability in people with schizophrenia.

Conclusions and Future Directions

Performance on the neuropsychological tests was not very
highly related to speech disorder measured from thought
disorder, disorganization, or linguistic structuring per-
spectives but explained a significant proportionof the var-
iance in speech disorder measured from the perspective of
communication failure. This supports the idea that com-
munication failures in the speechof schizophrenicpatients
may not reflect psychotic ideation so much as they reflect
combinations of schizophrenia-related neuropsychologi-
cal impairments. That being said, the majority of the var-
iance in schizophrenic speech disorder is still unexplained.
In the interests of developing interventions to ameliorate
speech disorder, it would be very helpful to have a fuller
understandingof its causes.Asdiscussed in the ‘‘Introduc-
tion,’’ there are limits to the current method of examining
correlates of speech disorder, primarily due to the restric-
tion of range inherent in samples consisting only of people
with schizophrenia. However, future studies of

Table 5. Hierarchical Regression of Neuropsychological Test
Scores on Communication Disturbances Index Ratings, n = 60

Variables/steps R R2 R2 Change FChange P

1. Attention
(CPT-IP total d#)

0.41 0.16 0.16 11.16 .001

2. Working memory
(digit span total)

0.48 0.23 0.07 4.78 .03

3. Organizational
sequencing
(Trails B)

0.49 0.24 0.01 0.68 .42

4. Conceptual
sequencing
(Shipley II)

0.54 0.29 0.06 4.58 .04

Note: Abbreviation is explained in the first footnote to table 4.
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measures of cognitive disorganization, linguistic struc-
tural impairment, and communication failure were signif-
icantly correlated with each other, but not with TLC
ratings of formal thought disorder. The modest sizes
of the associations among the speech measures, most
of which were applied to the same or overlapping speech
samples, indicate that the way in which speech distur-
bance is defined has a substantial impact on its measure-
ment. Neuropsychological test performance was more
highly related to CDI ratings than to disorganization, lin-
guistic structure, or formal thought disorder ratings.
These results provide further evidence that the cognitive
process underpinnings of schizophrenic speech distur-
bance are more readily identifiable when the speech dis-
order measure targets functional impairment, ie, failure
in the communication of meaning, than when it attempts
to target directly the putative cause, ie, thought disorder,
disorganization, or linguistic structuring impairment.
Significant and sizeable associations were found between
the cognitive measures and CDI ratings, which is notable
especially in light of the restricted ranges inherent in
a sample such as this.

The TLC ratings in the present study were not related
to the other measures of speech or to neuropsychological
test performance. Because the TLC contains many scales
that have significant overlap with each other, and some

that occur very infrequently, we used only selected scales
in this study, as described in the ‘‘Methods’’ section. It is
possible that the full TLC would have been more highly
related to the other variables. However, the scales were
selected with the intention of optimizing associations
with disorganization and negative processes. In previous
studies, the same TLC scales used here have corresponded
to CDI and disorganization ratings at low to moderate
levels,29,41 but neither these TLC scales nor TLC ratings
using all the scales have been very highly related to neuro-
psychological variables in most studies.6 The absence of
any associations between the TLC scales and the other
speech measures in the present study is likely to have
been due to the nature of the sample, which consisted
of relatively stable outpatients. The TLC is a more ‘‘clin-
ical’’ measure than the others, in the sense that it reflects
frank pathology, and is not very sensitive to subtle, sub-
clinical gradations of disturbance such as have been found
in the speech of nonschizophrenic relatives of patients and
nonpsychiatric individuals.41 In contrast, the CDI is quite
sensitive to low-level instances of communication failure
as well as to higher, pathological levels. TLC ratings have
been found to be less stable over time in patients thanCDI
ratings and more highly related to current clinical state.42

Both CDI ratings and neuropsychological test scores have
been relatively stable in patients over time and across
changes in clinical state, compared with the TLC.42,43

Lower scores on tests of sustained attention, working
memory, sequencing, and conceptual sequencing were
associatedwith higher frequencies of communication fail-
ures in speech. It is always possible that such correlations
are due to differences among patients in general level of
cognitive functioning, rather than to specific effects. A
common approach to this generalized deficit problem is
to factor out a measure of general intelligence, and test
whether theassociationsare still significant.We tookadif-
ferentapproach,basedontheideathatglobalcognitive im-
pairment is probably the result of impairment in one or

Table 3. Correlations of Neuropsychological Test Scores With
Speech Disorder Ratings, n = 60

Neuropsychological
Measure

TLC
Total

TLC
Pos

PANSS
Disorg

Linguistic
Structure

CDI
Total

Attention

CPT-A omissions 0.20 �0.02 0.15 �0.03 0.02

CPT-IP 2
condition, d#

0.04 0.01 �0.18 �0.06 �0.39**

CPT-IP 3
condition, d#

�0.06 �0.11 �0.02 �0.09 �0.35**

CPT-IP 4
condition, d#

�0.04 �0.02 0.00 �0.30* �0.32*

CPT-IP total, d# �0.02 �0.04 �0.09 �0.15 �0.40**

Working memory

Digit span, forward 0.05 �0.07 �0.22 �0.05 �0.36**

Digit span,
backward

�0.18 �0.07 �0.28* �0.18 �0.39**

Digit span, total �0.06 �0.08 �0.28* �0.09 �0.42**

WCST total errors 0.03 0.02 0.04 �0.12 �0.07

Organizational
sequencing

Trails A, time (s) �0.04 �0.09 �0.11 �0.17 �0.19

Trails B, time (s) �0.05 �0.06 �0.18 0.00 �0.31*

Conceptual
sequencing

Shipley, part II �0.12 �0.01 �0.10 0.12 �0.52**

Note: Abbreviations are explained in the first footnote to table 1.

Table 4. Correlations Between the SummaryNeuropsychological
Test Scores, n = 60

1 2 3 4

1. Attention
(CPT-IP total)

1.00

2. Working memory
(digit span total)

0.48** 1.00

3. Organizational
sequencing
(Trails B)

�0.36** �0.44** 1.00

4. Conceptual
sequencing
(Shipley II)

0.54** 0.72** �0.48* 1.00

Note: CPT-IP, Continuous Performance Test—Identical Pairs.
*P < .05; **P < .01.
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more lower level cognitive functions that affect perfor-
mance on virtually all higher level tasks, rather than
some kind of diffuse G-factor. This approach assumed
that neuropsychological variables (and the CDI too, in
this case) correlated with each other because they all rely
tosomeextentoncertainbasic low-level cognitiveabilities.
Oneof themostbasic is sustainedattention. Impairment in
this functionmakes it impossible to dowell on almost any
neurocognitive test.At the next level, but still basic, imme-
diatememory relies onattentionbutmaybe impaired even
if attention is intact. Immediate memory impairment
affects theability toperformwellonmanyhigher levelneu-
rocognitive tasks. In the present study, the lower level pro-
cesses were regressed out one at a time, hierarchically, to
test whether the higher level processes (eg, conceptual se-
quencing) were related to speech disorder only because
both relied on lower level processes such as attention, or
whether impairments in the higher level process also con-
tributed to speech disorder even after removal of their
shared variance with lower level processes. The regression
procedure used in the present study was viewed as a better
method of identifying specific effects than the method
of factoring out measures of general intelligence, which
are really just nonhierarchical composites of measures of
attention,workingmemory, sequencing, andother related
functions.
In the realm of attention, CDI ratings were associated

with the visual measure but not the auditory one. This
was somewhat surprising because auditory attention
might be expected to be more relevant to speech perfor-
mance. However, the auditory measure used in this study
was relatively easy, and as a result scores on the test had to
be dichotomized, whichmaywell have reduced its efficacy
asacorrelational variable.Thequestionofwhetheramore
challengingtestofauditoryattentionwouldbemorehighly
related to speech disorder is a topic for future research.
Digit span scores were related to CDI ratings, support-

ing the idea that working memory impairment is part
of what underlies CDI communication failures. However,

scores on the WCST, which also reflect working memory
ability, were unrelated to CDI ratings or any of the other
speech disordermeasures.WCST scores had a good range
and distribution, so the cognitive capacities it assesses ap-
pear tobe less relevant to coherent speechproduction than
those assessed by the digit span test. Theworkingmemory
requiredby theWCST is less immediate than that required
by the digit span test. The WCST also is primarily visual,
whereas the digit span is auditory. Finally, because the
WCST is relatively complex, performance reflects other
capacitiesbesidesworkingmemory, includingconcept for-
mation and maintenance and the ability to switch sets.
These other capacities may have affected WCST scores
enough to diminish its measurement of differences among
participants specifically in working memory capacity.
Simple sequencing, assessed by the Trails A test, was

not significantly related to CDI ratings, but the more
complex sequencing assessed by Trails B was. Trails B
has a heavier working memory component than Trails
A, and this may explain the difference. Trails B correlated
significantly with digit span, a measure of working mem-
ory, and no longer exerted a significant influence on CDI
ratings after the effects of the CPT-IP and digit span were
removed via regression. Conceptual sequencing was sub-
stantially related to CDI ratings. This is consistent with
our previous findings.29 Furthermore, it continued to
contribute significantly even after removal of the effects
of the CPT-IP, digit span, and Trails B tests. Generation
of coherent speech requires the sequencing of small con-
cepts (words) for the purpose of conveying larger con-
cepts (thoughts). The test of conceptual sequencing,
which requires the generation of sequential concepts in
the service of a larger concept, appears to capture to a sig-
nificant extent cognitive impairments that compromise
communicative ability in people with schizophrenia.

Conclusions and Future Directions

Performance on the neuropsychological tests was not very
highly related to speech disorder measured from thought
disorder, disorganization, or linguistic structuring per-
spectives but explained a significant proportionof the var-
iance in speech disorder measured from the perspective of
communication failure. This supports the idea that com-
munication failures in the speechof schizophrenicpatients
may not reflect psychotic ideation so much as they reflect
combinations of schizophrenia-related neuropsychologi-
cal impairments. That being said, the majority of the var-
iance in schizophrenic speech disorder is still unexplained.
In the interests of developing interventions to ameliorate
speech disorder, it would be very helpful to have a fuller
understandingof its causes.Asdiscussed in the ‘‘Introduc-
tion,’’ there are limits to the current method of examining
correlates of speech disorder, primarily due to the restric-
tion of range inherent in samples consisting only of people
with schizophrenia. However, future studies of

Table 5. Hierarchical Regression of Neuropsychological Test
Scores on Communication Disturbances Index Ratings, n = 60

Variables/steps R R2 R2 Change FChange P

1. Attention
(CPT-IP total d#)

0.41 0.16 0.16 11.16 .001

2. Working memory
(digit span total)

0.48 0.23 0.07 4.78 .03

3. Organizational
sequencing
(Trails B)

0.49 0.24 0.01 0.68 .42

4. Conceptual
sequencing
(Shipley II)

0.54 0.29 0.06 4.58 .04

Note: Abbreviation is explained in the first footnote to table 4.
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neuropsychological correlates of schizophrenic communi-
cation failures still may be able to reveal additional cogni-
tive contributors related to auditory attention, or to other
specific facets of cognitive functioning such as internal
source memory, semantic memory, and cognitive con-
trol.44–46 Psychophysiological and neuroimaging studies
also have had some success in delineating the brain struc-
turesandactivity involvedinspeechsymptoms(eg,Kuper-
berg et al47,48). These lines of research show considerable
promise for identifying and localizing the brain processes
involved. In addition, beyond cognitive process impair-
ments, schizophrenic speechmaybe affectedby emotional
symptoms. Speech samplesonemotionallynegative topics
have been found to exhibit more disorder than those on
pleasant or neutral topics in patients as a group, and
this effect is more pronounced in some patients than
others.49,50Possiblytheanxietyandotheremotionalsymp-
toms that are present in some people with schizophrenia
contribute to thedisorder in their speechbeyondtheeffects
of neuropsychological impairments, or else interact with
neuropsychological impairments to affect speech.50

Finally, speech disorder may have social cognitive
contributors. Investigators have observed that the schizo-
phrenic speaker often does not seem able to take the
perspective of the listener well enough to understand the
information necessary for clear communication of mean-
ing.14,16,18 Future research on the origins of schizophrenic
disordered speech should examine the effects of other po-
tential neuropsychological contributors beyond those
studied here, the brain areas and processes involved, and
emotional and social cognitive contributors as well.
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cation failures still may be able to reveal additional cogni-
tive contributors related to auditory attention, or to other
specific facets of cognitive functioning such as internal
source memory, semantic memory, and cognitive con-
trol.44–46 Psychophysiological and neuroimaging studies
also have had some success in delineating the brain struc-
turesandactivity involvedinspeechsymptoms(eg,Kuper-
berg et al47,48). These lines of research show considerable
promise for identifying and localizing the brain processes
involved. In addition, beyond cognitive process impair-
ments, schizophrenic speechmaybe affectedby emotional
symptoms. Speech samplesonemotionallynegative topics
have been found to exhibit more disorder than those on
pleasant or neutral topics in patients as a group, and
this effect is more pronounced in some patients than
others.49,50Possiblytheanxietyandotheremotionalsymp-
toms that are present in some people with schizophrenia
contribute to thedisorder in their speechbeyondtheeffects
of neuropsychological impairments, or else interact with
neuropsychological impairments to affect speech.50

Finally, speech disorder may have social cognitive
contributors. Investigators have observed that the schizo-
phrenic speaker often does not seem able to take the
perspective of the listener well enough to understand the
information necessary for clear communication of mean-
ing.14,16,18 Future research on the origins of schizophrenic
disordered speech should examine the effects of other po-
tential neuropsychological contributors beyond those
studied here, the brain areas and processes involved, and
emotional and social cognitive contributors as well.
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