Schizophrenia Bulletin Open
doi:10.1093/schizbullopen/sgab010

Small Words That Matter: Linguistic Style and Conceptual Disorganization in

Untreated First-Episode Schizophrenia

Angelica Silva*!-°, Roberto Limongi'*°, Michael MacKinley'-, and Lena Palaniyappan'~

'Robarts Research Institute, London, ON, Canada; *Department of Psychiatry, University of Western Ontario, London, ON, Canada;
SLawson Health Research Institute, London, ON, Canada; ‘Department of Medical Biophysics, University of Western Ontario, London,
ON, Canada; ’The Brain and Mind Institute, University of Western Ontario, London, ON, Canada

*To whom correspondence should be addressed; Robarts Research Institute, 1151 Richmond Street N, London, ON, Canada N6A 5B7;

fax: 5199315789, e-mail: asilvad3@uwo.ca

This study aimed to shed light on the linguistic style af-
fecting the communication discourse in first-episode schiz-
ophrenia (FES) by investigating the analytic thinking
index in relation to clinical scores of conceptual and
thought disorganization (Positive and Negative Syndrome
Scale, PANSS-P2 and Thought and Language Index,
TLI). Using robust Bayesian modeling, we report three
major findings: (1) FES subjects showed reduced analytic
thinking, exhibiting a less categorical linguistic style than
healthy control (HC) subjects (Bayes factor, BF,, > 1000),
despite using the same proportion of function and content
words as HCs; (2) the lower the analytic thinking score,
the higher the symptoms scores of conceptual disorganiza-
tion (PANSS-P2, BF = 22.66) and global disorganization
of thinking (TLI, BF,, = 112.73); (3) the linguistic style
is a better predictor of conceptual disorganization than
the cognitive measure of processing speed in schizophrenia
(SZ). These findings provide an objectively detectable lin-
guistic style with a focus on Natural Language Processing
Analytics of transcribed speech samples of patients with
SZ that require no clinical judgment. These findings also
offer a crucial insight into the primacy of linguistic struc-
tural disruption in clinically ascertained disorganized
thinking in SZ. Our work contributes to an emerging
body of literature on the psychopathology of SZ using a
first-order lexeme-level analysis and a hypothesis-driven
approach. At a utilitarian level, this has implications for
improving educational and social outcomes in patients
with SZ.
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Introduction

Human language is a multi-level system strongly asso-
ciated with thought organization'? and many aspects of
neurocognition (e.g. executive functioning).> The form
and content of one’s linguistic expression continues to
be the main substrate of clinical diagnosis for psychotic
disorders. A comprehensive understanding of “schizo-
phrenic language”—a term coined by Chaika* as a spe-
cial case of linguistic disruption—requires the study of
clinical deviance>® as well as variations in normal speech.’
Linguistic approaches offer specific conceptual and proce-
dural frameworks through Natural Language Processing
analytics® to investigate the differential mechanisms® un-
derlying a wide-ranging set of communication-discourse
disturbances. In this work, we focus on the relationship
between these disruptions in transcribed speech samples
and the clinical impression of formal thought disorder
(FTD) in schizophrenia (SZ). We directly address the
need to use computational linguistics in a hypothesis-
driven approach, to move from exploratory to explana-
tory and predictive frameworks.’

Most previous studies on language in SZ fall in two
approaches. First, a symptom-primacy approach that
describes deviations in speech/language with™!! or
without!?!? linguistic concepts. The approach generally
focusses on the pathological consequences of commu-
nication disturbances'*!* or disordered thoughts!'®!” and
relies on cross-sectional interviews. Secondly, a linguistic-
primacy approach considers speech disturbance in SZ
to be a variation in the normal language use. This ap-
proach focusses on studying the quantity and quality
of words usage, quantifying speech incoherence and
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textual cohesion,'®!" and detecting failures in building
meaning including converting thoughts into expressions
(c.f. referentiality).?2? Irrespective of the differences in
the perspectives, three points of consensus emerge from
these approaches. First, language can be affected by
cognitive and thought disorders in any of the three dif-
ferent stages of production (i.e. conceptualization, for-
mulation, and articulation).?® Secondly, speech/language
disturbances have been observed not only in SZ but also
in other disorders, in apparently healthy individuals,
and individuals at risk of psychosis.?*** Thirdly, in most
patients, speech/language disturbances are subtle and thus
elusive for the listener, but when severe, they reveal an un-
expected linguistic pattern that stands out (likely creating
the verbal equivalent of Rumke’s “praecox feeling”?).
Despite this consensus, to date, the study of failures in
spoken language production in acute SZ continues to be
elusive—especially because language sampling outside
clinical settings is particularly challenging.

Failures in spoken language production can be
captured through an analysis of not only its content
(what is said) but also its form (how it is said).” The
analysis of linguistic styles is an emergent computational
linguistic approach to assess the form of language, i.e.
“how people put their words together to create a mes-
sage.”?” One style is categorical, suggesting formal and hi-
erarchical thinking patterns. The other style is narrative,
suggesting more intuitive and episodic patterns. A sin-
gular dimension capturing these two opposing poles can
be extracted using computer-based analysis at the most
basic first-order lexeme level of language. This dimen-
sion is the analytic thinking index whose numerical values
(in a 0-100 scale) reflect a bipolar narrative-categorical
linguistic style continuum.”®3' This index is based on
the proportional use of eight function words (FW) (ar-
ticles, prepositions, conjunctions, nonreferential adverbs,
negations, and auxiliary verbs). As elaborated upon (see
Data Analysis Procedure), articles and prepositions take
positive values—driving the linguistic style toward the
continuum’s categorical pole. Conversely, all the other
FWs take negative values which drive the linguistic
style toward the narrative pole. The positive or negative
value of FW stems from a principal component analysis
performed on a large corpus comprised by 50 000 essays
written by first-year university students.??

One aspect of the analytic thinking index requires
consideration: pronouns and articles showed opposite
loadings. From a syntax-centered linguistics perspective,
both these FWs are the type of words needed to express
referentiality and thus expected to be grouped together.
Nevertheless, in corpus linguistics, pronouns (unlike ar-
ticles) endorse the text’s focus—a function that emerges
from interpreting co-occurrence linguistic patterns—
with predominant narrative style. See, for example, the
seminal work of Biber.?* Therefore, pronouns drive
the analytic thinking score closer to the narrative pole
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(wherein dynamic, personal narratives are dominant),
whereas articles drive the score closer to the categorical
pole (whereby complex concepts/objects are organized).

By relying on the statistical co-occurrence of FWs in
language use, the analytic thinking score provides an in-
tuitive yet robust index to assess the complexity of the
conceptual organization reflected in speech/language
samples. A low score in analytic thinking (driven by, for
example, a low proportion of articles and a high propor-
tion of conjunctions) would indicate a less categorical
style, whereas a higher score would reflect a heightened
abstract thinking and syntactic complexity (greater use
of articles and prepositions). Subjects with higher ana-
lytic thinking scores are likely to deconstruct complex
concepts into more manageable parts and better present
their interrelationships. In what follows, we apply the
concept of analytic thinking as a marker of the linguistic
style in SZ. We investigate whether this linguistic style di-
rectly speaks to how patients organize their thoughts (c.f.
conceptual disorganization) and express them.

It is a longstanding tenet in cognitive science that
highly organized conceptual knowledge equals high an-
alytic thinking.’* From this theoretical assumption, it
follows that conceptual disorganization would imply
lowly organized conceptual knowledge. Therefore, we
predicted lower analytic thinking (i.e. less conceptu-
ally organized) in FES patients than in healthy control
(HC) subjects during a time-limited discourse referring
to an unambiguous stimulus (pictures) [hypothesis 1].
Furthermore, we expected the reduced analytic thinking
index to relate to higher severity of clinician-measured
indices of conceptual disorganization (PANSS and TLI
scales) [hypothesis 2]. Previous works have focussed on
linking disorganization to neurocognition rather than
to linguistic structure.®® In particular, Ventura et al.
demonstrated that reduced processing speed, one of the
most consistent cognitive deficits observed in patients
with SZ,%3% was the best neurocognitive predictor of
clinically measured disorganization.** We tested whether
linguistic style could explain disorganization better than
processing speed. As antipsychotic exposure modifies
the degree of disorganization, we recruited a challenging
sample of first-episode patients with acute untreated epi-
sode of psychosis (<3 days of median antipsychotic dose
exposure) with longitudinal follow-up to confirm diag-
nostic stability. This study is part of a pre-registered ob-
servational trial whose primary aim is to characterize the
thought and language disorder in SZ (NCT02882204).

Method
Participants

The sample size was 78 English-speaking subjects, di-
vided in 48 treatment-naive FES subjects (38 males) of
mean (SD) age = 21.89 (3.63) years and 30 HC subjects
(18 males) of mean (SD) age = 21.62 (3.47) years. The



clinical sample was obtained from consecutive new
referrals to the PEPP (Prevention and Early Intervention
for Psychosis Program) at London Health Sciences
Centre, London, Ontario, Canada between April 2017
and July 2019. Patients were in the acute phase of illness
and recruited upon referral, irrespective of hospitaliza-
tion status, before antipsychotic treatment was estab-
lished. The PEPP uses an assertive case-management
model to provide assessment and treatment to individuals
16-39 years old experiencing FES. All potential study
participants provided written informed consent prior to
participation as per the approval provided by the Western
University Health Sciences Research Ethics Board,
London, Ontario, Canada. All participants received a
consensus diagnosis from a minimum of 3 psychiatrists (2
research psychiatrists and the primary treatment provider
from the PEPP clinic) after approximately 6 months on
the basis of the best estimate procedure (as described in
Leckman et al*! and the Structured Clinical Interview for
DSM-5%). The 6-month consensus diagnosis confirmed
that none of the included participants met criteria for
bipolar disorder with psychotic features, major depres-
sive disorder with psychotic features, or drug-induced
psychoses.

HC subjects were recruited from the community
through posters, had no personal history of mental ill-
ness, and no family history of psychotic disorders. Group

Table 1. Demographic, Clinical, Cognitive Scores

A. Silva et al

matching with the FES cohort for age, sex, and parental
socioeconomic status was maintained. Exclusion criteria
for both groups involved meeting criteria for a substance-
use disorder in the past year according to DSM-5 criteria,*
having a history of a major head injury (leading to a sig-
nificant period of unconsciousness or seizures), having
a significant, uncontrolled medical illness, the presence
of intellectual/developmental disorder, >2 weeks of life-
time antipsychotic exposure, or the inability to provide
informed consent. We constructed an (ordinal) education
level variable using the Statistics Canada classification of
highest educational attainment* (Supplementary table).
Complete demographic and clinical data are provided in
table 1.

Instruments

Psychiatric Symptoms and Cognitive Assessment. The
Positive and Negative Syndrome Scale-8 Item (PANSS-
8)isa condensed version of the interview-based measure
PANSS for psychosis, applied by one of the 2 research
psychiatrists [intraclass correlation (ICC); 2 raters; 10
subjects =0.91]. To quantify processing speed, we used
a modified digit symbol substitution task (DSST).*
The written and oral items of the DSST were scored
separately, and the items’ mean scores were used for as-
sessment as in prior studies.** Processing speed score

HC FES BF10 95% HDI
Demographic and Clinical Data
Age (Years) 21.89 (3.24) 21.43 (3.24) 0.29 —-0.56, 0.32
Sex (Male) 38% 62%
Education Scale 2.86 (1.06) 2.30(1.02) 2.31 -0.94, -0.03
SES 3.4(1.25) 3.24 (1.43) 0.273 —-0.23,0.54
PANSS (Total) 26.38 (6.62)
PANSS-P2 3.26 (1.66)
TLI (Total) 1.17 (1.2)
Impoverishment of Thinking 0.44 (0.65)
Disorganization of Thinking 0.73 (0.94)
DUP (Months) 8.82(13.17)
DDD-Days 2.09 (3.53)
SOFAS 82.15 (4.48) 38.38 (12.65) >1000 —49.97, —36.94
DSST 68.28 (10.95) 52.79 (13.33) >1000 -1.67, —0.66
Linguistic Data
Words per Sentence 13.82 (3.23) 11.56 (2.52) 147.5 —1.33,0.37
Articles 11.14 (2.93) 9.53(3.57) 1.41 —-0.87,0.02
Prepositions 13.86 (2.72) 12.68 (3.18) 0.599 —-0.73,0.13
Personal Pronouns 6.61 (3.47) 7.94 (4.37) 0.931 -0.07, 0.81
Impersonal Pronouns 5.61 (2.38) 6.47 (3.05) 0.743 -0.10, 0.77
Auxiliary Verbs 10.44 (2.27) 11.32 (2.93) 1.4 —-0.02, 0.87
Adverbs 6.47 (2.32) 7.02 (2.84) 0.525 —0.15,0.71
Conjunctions 5.86(2.22) 7.01 (3.21) 0.739 -0.10, 0.77
Negations 0.93 (2.03) 1.2 (1.28) 0.259 —0.39, 0.51

Note: FWs are presented in mean percentages relative to the total WC. Summary statistics mean (standard deviation). For completeness,
Bayesian z-tests of between-group differences are shown. SES, socioeconomic status; PANSS, Positive and Negative Syndrome Scale;
TLI, thought language index; DUP, duration of untreated psychosis; DDD, defined daily dose equivalents of antipsychotic medication;
SOFAS, Social and Occupational Functioning Assessment Score; DSST, Digit Symbol Substitution Test.
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refers to the number of symbols coded using matched
digits within a specified time period (90 s); this test
per se did not involve any word lists. These measures
were obtained on the same week during the first clin-
ical contact with symptoms of psychosis, prior to the
patients receiving clinically adequate treatment. Using
WHO'’s algorithm for defined daily doses (DDDs) for
antipsychotic medications,*” we derived a common unit
of exposure to antipsychotics to quantify the base-
line exposure. We also used the modified Social and
Occupational Functioning Assessment Scale (SOFAS;
administered by a single rater) to assess the overall level
of functioning at the time of presentation.*® We did
not administer the longer version of PANSS or other
detailed cognitive tests given the acute illness phase
during which the data were gathered (Supplementary
Material).

The Thought Language Index (TLI). The TLI™ is
an interview-based instrument to assess FTD under
standardized conditions. We used a picture-speech task
that induced participants to elaborate 1-min spontaneous
speech (oral soliloquies) in response to three photographs
from the Thematic Apperception Test® after hearing spe-
cific instructions: “I am going to show you some pictures,
one at a time. When I put each picture in front of you,
I want you to describe the picture to me, as fully as you
can. Tell me what you see in the picture, describe what
you see in this image, and what you think might be
happening.”

Researchers that administered the picture-speech
task were blinded to participant status.’® Responses
were recorded, transcribed, and scored on eight
domains which were integrated in two merged labels:
(1) Impoverishment in Thinking which included pov-
erty of speech, weakening of goal, preservation of ideas
(ICC between 2 raters for 78 subjects = 0.97) and (2)
Disorganization in Thinking which comprised loose-
ness, peculiar use of words, peculiar sentences, peculiar
logic, and distractibility (ICC=0.99). Finally, global
scores for each of the merged labels accomplished the
TLI (i.e. global impoverishment in thinking and global
disorganization in thinking). Cognitive assessments,
the TLI interview, and rating were completed by
trained graduate-level research assistants. Symptom
assessments were performed in the clinical context,
with clinical raters being blind to linguistic and cogni-
tive scores.

Linguistic Inquiry Word Count (LIWC). Linguistic
Inquiry Word Count Software (LIWC 2015 Edition) is
a computational-lexical approach, essentially a word
detector providing summaries of psycholinguistic
dimensions (i.e. analytic thinking score) and pre-defined
content word themes (e.g. negative emotion words)
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derived from psychometric rates. In the two-step process,
LIWC analyzes the current target word contained in
texts comparing and matching every single word against
master dictionaries using its own language corpora com-
posed of “almost 6,400 words, word steams, and selected
emoticons from a sample of ~181,000 text files.”"!
Secondly, a standard LIWC computes the percentage
of co-occurrences. LIWC has recently gained attention
in several research areas establishing the relationship
between linguistic-thinking styles and both personality
traits, see, for example,’' and mental health conditions
(Supplementary Material).

Data Analysis Procedure

The data analysis was completed in four steps. First, re-
search assistants transcribed speech samples blinded to
participant status. Secondly, a preprocessing was needed
in order to use the LIWC software. Thirdly, one-by-one
text files were entered into LIWC to obtain the standard
output upon which subjects’ analytic thinking scores were
computed with this equation: Analytic Thinking = ar-
ticles + prepositions — pronouns — auxiliary verbs —
conjunctions — negations — nonreferential adverbs. The
resulting algebraic sum was standardized in the 0-100
scale at the group level. Fourth, as detailed below, we
performed two Bayesian analyses (using JASP, version
0.14) to evaluate our hypotheses.

Statistical ( Bayesian) Analyses

First, we investigated whether the groups differed in the
number of words (i.e. word count, WC) they used to de-
scribe the pictures. Furthermore, we investigated the ef-
fect of group in the percentage of FWs and CWs. Sex and
education were included as covariates. Furthermore, text
number (corresponding to each of the three task pictures)
and subjects were included as random effects. Finally, we
tested the main hypothesis of the effect of group on the
analytic thinking score. Secondly, we tested our second hy-
pothesis via Bayesian Pearson’s correlations between ana-
lytic thinking scores (averaged across the 3 transcripts) and
clinical scores (i.e. PANSS-P2, Global Impoverishment
of Thinking, and Global Disorganization of Thinking).
In both analyses, we report Bayes factors against the
null model (BF, ), unless otherwise specified. Briefly, if
BF,, < 0, we accepted the null hypothesis, whereas if
BF > 3 we accepted the alternative hypothesis. As an
index of effect size, we report the proportion of variance
accounted for by the winning model (R?). At a parameter
level, we report the 95% highest density interval (HDI)
of the posterior distribution of credible values as well as
the proportion of this distribution that differed from 0
(posterior proportion, PP). Parameters were estimated
using Markov Chain Monte Carlo procedures and were
assessed for convergence (Supplementary Material).
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Results

Group Effect on Analytic Thinking Score
(Hypothesis 1)

FES subjects used lower number of words to describe
the pictures than HCs (BF,, = 3.52; HC mean = 136.36,
SD = 27.64; FES mean = 118.14, SD = 36.25; mode of
the between-group difference = 17.8, PP = 1.0, 95% HDI
[8.81, 26.5], R> = 0.77; figure 1). Moreover, both groups
used the same percentage of FWs (BF = 0.31; HC
mean = 58.1, SD = 4.76; FES mean = 58.67, SD = 5.04;
mode of the between-group difference = 0.2, PP = 0.78,
95% HDI [-0.72, 1.72], R*> = 0.5; figure 1). Similarly, both
groups used the same percentage of CW (BF,, = 0.55;
R?>*=0.48; HC mean = 35.82,SD =4.2; FES mean = 34.58,
SD = 4.6; mode of the between-group difference = 1.15,
PP = 0.97, 95% HDI [-0.01, 2.35]; figure 1). Note that
in the case of CW, although the percentage of posterior
credible values was 97%, the most credible of these values
comprised negative estimates.

We confirmed our main hypothesis. The FES group
showed a less categorical linguistic style than the HC
group (mean-_. . =54.09, SD = 30.42; mean-,. = 70.9,
SD = 24.46; mode of the between-groups differ-
ence =—16.2, PP =1.0,95% HDI [-21.6, —11.1]; R>=0.5;
BF,, > 1000; figure 2). Table 2 shows that models in-
cluding education level and sex received much less sup-
port from the data than the simpler model (see BF,; in
table 2).

Correlation Between Analytic Thinking and Clinical
Symptoms ( Hypothesis 2)

Analytic thinking was negatively correlated with both
the PANSS-P2 score (BF,, = 22.66, r = —0.44, 95% HDI
[-0.63, —0.17], PP = 0.99, figure 3) and the global dis-
organization of thinking score (BF = 112.73, r = =0.5,
95% HDI [-0.63, —0.17], PP = 1.0, figure 4). However,
analytic thinking did not correlate with the global score
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Fig. 2. Effects of group on the analytic thinking scores. Bars
represent the 95% HDI.

of impoverishment of thinking (BF = 0.3, r = =0.15,
95% HDI [-0.4, 0.14], PP = 0.68, figure 5).

Given the compelling support that the data provided
to analytic thinking as a symptoms predictor, this score
emerges as a reliable index of conceptual disorganiza-
tion. This suggests that analytic thinking could also be
a better predictor than other indices of general cognitive
functioning. To explore this potential generalization, we
assessed whether analytic thinking is a better predictor
than the DSST. When accounting for conceptual disor-
ganization (PANSS-P2), analytic thinking outperformed
the DSST (BF = 229). Furthermore, analytic thinking is
at least 6 times as likely to account for global disorgani-
zation of thinking as is the DSST (BF = 6.9). For com-
pleteness, the DSST marginally outperformed analytic
thinking when accounting for general impoverishment of
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Table 2. Model Comparison

Models P(M) P(M]data) BFM BF10

Null Model 0.100 6.282e—7 5.654e—6 1.000
Group 0.100 0.502 9.058 798 400.521*
Group + Sex 0.100 0.277 3.456 441 678.968*
Group + Sex + Group X Sex 0.100 0.086 0.849 137 186.926*
Group + Education Scale 0.100 0.08 0.780 126 987.888*
Group + Sex + E. Scale 0.100 0.042 0.391 66 215.670*
Group + Sex + E. Scale + Group X Sex 0.100 0.013 0.122 21 253.776*
E. Scale 0.100 1.615¢—7 1.454e—6 0.257
Sex 0.100 1.023e-7 9.210e—7 0.163
Sex + E. Scale 0.100 2.885¢—8 2.596e—7 0.046

Note: All models included picture number as random effects. E. scale, education scale; P(M), prior probability of rival models;
P(M|data), probability of each model after seeing the data; BF,,, likelihood of each model compared with the mean of the rival models;

BF

10°

Bayes factor ratio of the model against the null. *The model outperformed the null. All complex models performed better than the

null. However, no complex model performed better than the simpler model comprising only the effect of group.
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Fig. 3. Bayesian Pearson’s correlation between analytic thinking
and conceptual disorganization (PANSS-P2).

thinking (BF = 3.77). However, DSST barely won over
the null model (BF > 1.48).

General Discussion

This study sheds light on the linguistic style affecting the
communication discourse in FES by investigating the
analytic thinking index in relation to clinical scores—
PANSS-P2 and TLI. We report three major findings: (1)
FES subjects showed reduced analytic thinking, exhibiting
a less categorical linguistic style than HC subjects, despite
using the same proportion of function and content words
as HC; (2) the lower the analytic thinking score, the
higher the syndrome scores of conceptual disorganiza-
tion (PANSS-P2) and global disorganization of thinking
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Fig. 4. Bayesian Pearson’s correlation between analytic thinking
and disorganization of thinking.

(TLI); and (3) the linguistic style is a better predictor of
conceptual disorganization than the cognitive measure
of processing speed in SZ. These findings provide an ob-
jectively detectable linguistic style in SZ that requires no
clinical judgment. Additionally, they provide a crucial in-
sight into the primacy of linguistic structural disruption
in the clinical impression of disorganized thinking in SZ.

We found support to the differential effect of group on
analytic thinking as an emergent feature of the entire lan-
guage structure. Remarkably, no single word type drove
low analytic thinking scores in SZ (table 1). FEP and HC
subjects were alike in the relative proportion of FW and
CW usage. A deficit in FW acquisition could explain the
lower analytic thinking score in the FES group. Children
learn FW as combining words. Whereas CW (open-class)
are often learned from single-word utterances matching
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Fig. 5. Bayesian Pearson’s correlation between analytic thinking
and impoverishment of thinking.

word meanings to the concept-world knowledge, a
multiword input is needed to learn FWs (closed-class).
It also means that one condition for FW acquisition is
syntactic proficiency.”> Therefore, FWs play a dual role
in helping syntax to maintain the relationship between
words and sentence organization. Creating references
needs a specific word-use profile that joints CW-FW sup-
port meaning at the semantic level. In particular, the ap-
propriate selection, rather than the learning of FW itself,
may be disrupted in SZ.

We observed a greater role for the linguistic style,
rather than a domain-general neurocognitive score (proc-
essing speed), in explaining the variance of disorganized
thinking. In contrast, Bora et al* highlighted a major role
for neurocognition (working memory, processing speed
deficits) as well as syntactic comprehension deficits in
disorganization in SZ (more specifically, positive FTD).
While it is tempting to rekindle the debate on linguistic
vs. neurocognitive primacy in speech disorder of SZ, it
is important to note that we were limited in our ability
to extensively measure cognition during the acute psy-
chotic phase. Attention, working memory, and source
monitoring indices may prove to be better predictors than
the DSST in future studies.

Speaking results from online processing in which errors
in spoken language are common and expected. However,
normal speakers correct themselves after noticing an
error during their speech.”® One major problem in SZ
patients is that they do not correct messages’ which speaks
to cognitive control impairment.** Docherty et al® re-
lated the communication failures in disorganized speech
to sequencing impairment.®*® Chaika’ argued that SZ
subjects also deliver verbal messages with less voluntary
control. In the absence of an adequate control required

A. Silva et al

for categorical partitions and sequencing, an effortless
compensatory approach may rely more on an intuitive,
less categorical, or abstract style of communication.
As a result, the discourse stimulus (e.g. from a picture)
becomes detail-oriented, replete with irrelevant pieces
of information, less cohesive, and full of derailments in-
stead of being impoverished in communicative function
(Supplementary Material).

Compensatory phenomena in SZ are present at struc-
tural,®® physiological, and cognitive levels.”” We specu-
late that the apparent grammatical incompetence and
resulting referential anomalies may be an unintended
ploy to maintain discourse in the presence of cognitive
control deficits. Neurophysiological studies capturing the
role of cognitive control networks during discursive tasks,
e.g. using effective connectivity models of brain function
(e.g. fIMRI),% will be able to clarify this speculation.

Analytic thinking accounted for 19% of the variance of
the PANSS-P2 scores and for 25% of the variance of the
TLI disorganized thinking scores. In both cases, a large
proportion of variance remained unexplained. In general,
the analytic thinking score is a behavioral index. Our pre-
vious work has suggested that parameter estimates of
computational models of behavioral measures are better
predictors of clinical scores than the behavioral measures
per se, and this predictive power is augmented when they
are combined with neurochemical, computational, and
network connectivity parameters in a single model.”

In closing, our observations have key implications
for understanding and treating SZ. First, they sup-
port a compelling body of literature on the linguistic
basis of the psychopathology of SZ, recently revived by
Hinzen et al® in the pursuit of delusion formation or the
hallucinated voice talk by Tovar et al.®*> More broadly,
the reduced deployment of referential function in those
with a less categorical linguistic style may drive deficits
in structural learning.%*% Secondly, they suggest a role of
categorical thinking in learning processes* and its rele-
vance to semantic long-term memory®—the permanent
storage of organized knowledge. From this perspective,
the less categorical style of language deployment may
have implications for educational outcomes in SZ. In
fact, academic success seems to require a more catego-
rical linguistic style*> due to the conventions of spoken
and written academic discourses.®® In this context, educa-
tional approaches to improve analytic thinking style may
be beneficial for patients with SZ.

This work has several strengths including the recruitment
of minimally medicated patients during an acute stage of
psychosis, something that has not been achieved to date in
prior linguistic studies of psychosis. Also several limitations
must be considered. First, while LIWC allows us to quan-
tify frequency occurrence of words, this does not account
for contextual text meanings. Secondly, contextual, pro-
sodic, and phonetic aspects of spoken language were not
considered in this study. However, clinical employment of
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discourse analysis is more realistic with transcribed speech
samples that are readily available with minimal resource
constraints, allowing large-scale studies as well as future
repeated measurements. Thirdly, the stimuli we used were
not designed specifically to study thinking styles. While
we employed a descriptive discourse schema,®” emotional
narrative tasks could possibly increase the frequency of
type of FWs.% Such a descriptive task will lead the speaker
toward talking about whole, parts, attributes, spatial lo-
cation, comparisons,” and reflecting everyday communi-
cation demands crucial for the study of psychosis. Fourth,
we lacked information about bilingualism and native lan-
guage of our subjects, though English was the transac-
tional language for all participants—no interpreters were
used in any aspects of the study.

Supplementary Material

Supplementary data are available at Schizophrenia
Bulletin Open online.
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