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1 Department of Biomedical Sciences of Cells and Systems, University Medical Center Groningen
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Schizophrenia-spectrum disorders (SSD) are highly heterogeneous in risk factors, symptom characteristics,
and disease course outcome. Although speech anomalies have long been recognized as a core symptom of
SSD, speech markers are an unexplored source of symptom heterogeneity that may be informative in recog-
nizing relevant subtypes. This study investigated speech heterogeneity and its relation to clinical characteris-
tics in a large sample of patients with SSD and healthy controls. Speech samples were obtained from 142
patients with SSD and 147 healthy controls by means of open-ended interviews. Speech was analyzed using
standardized open-source acoustic speech software. Hierarchical clustering was conducted using acoustic
speech markers. Symptom severity was rated with the Positive and Negative Syndrome Scale, and cognition
was assessed with the Brief Assessment of Cognition for Schizophrenia. Three speech clusters could be dis-
tinguished in the patient group that differed regarding speech properties, independent of medication use.
One cluster was characterized by mild speech disturbances, while two severely impaired clusters were rec-
ognized (fragmented speakers and prolonged pausers). Both clusters with severely impaired speech had
more severe cognitive dysfunction than the mildly impaired speakers. Prolonged pausers specifically had
difficulties with memory-related tasks. Prolonged pausing, as opposed to fragmented speaking, related to
chronic active psychosis and refractory psychotic symptoms. Based on speech clustering, subtypes of
patients emerged with distinct disease trajectories, symptomatology, and cognitive functioning. The identifi-
cation of clinically relevant subgroups within SSD may help to characterize distinct profiles and benefit the
tailoring of early intervention and improvement of long-term functional outcome.

General Scientific Summary
Speech anomalies have long been recognized as a core symptom of schizophrenia-spectrum disor-
ders (SSD), yet speech markers are an unexplored source of symptom heterogeneity that may be in-
formative in recognizing relevant subtypes of SSD. This study showed the existence of distinct
speech subtypes with divergent disease trajectories, symptomatology, and cognitive functioning.
This supports the notion that speech can provide valuable information about the patient and benefits
the tailoring of early intervention and improvement of long-term functional outcome.
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Schizophrenia-spectrum disorders (SSD) have been character-
ized as highly heterogeneous. Heterogeneity is recognized in risk
factors (e.g., drug use, comorbidities, early life brain trauma, gen-
der; Owen et al., 2016; Voineskos et al., 2020), in symptom char-
acteristics (e.g., hallucinations, delusions, speech abnormalities,
motivation, cognitive dysfunction; Ahmed et al., 2018; Carruthers
et al., 2019; Dickinson et al., 2018), as well as in disease course
outcome (e.g., early/late onset, remission patterns, stability, refrac-
tory psychosis; Salagre et al., 2020; Suvisaari et al., 2018). Given
that only two of the five diagnostic criteria for schizophrenia are
required to make a diagnosis, there is room for substantial variabil-
ity among individuals within the group of patients who receive the
diagnosis schizophrenia (American Psychiatric Association,
2013). When individuals with schizophreniform disorder and
schizoaffective disorder are also included, as is often the case, this
variability increases even more. Acknowledging this high hetero-
geneity in symptoms has clinical importance since prognosis and
required treatments and care may differ greatly among patients
who share little to no symptoms (Cohen et al., 2014; Insel, 2014;
Schnack, 2019). A largely unexplored source of symptom hetero-
geneity in SSD is speech.
Speech is a subset of the larger field of human language proc-

essing. The term speech is used for the oral output of language.
Speech anomalies have long been recognized as a core symptom
of SSD (Bleuler, 1911; Kraepelin et al., 1919), and clinicians often
report these atypical speech patterns in their mental state examina-
tion, including descriptions of poverty of speech, slow or hesitant
speech, and distinctive tone (Alpert et al., 2002). A recent meta-
analysis of speech disturbances suggests that pitch variability, pro-
portion of spoken time, speech rate, and pauses are abnormal in
SSD (Parola et al., 2020). Recent developments in information
technology and computational linguistics allow for the application
of highly specialized language tools to spoken language, which
makes speech analysis quick, objective, and reliable (Corcoran &
Cecchi, 2020; de Boer et al., 2021).
Spoken language analysis is an important candidate for identify-

ing heterogeneity for two main reasons. First, speech analysis ful-
fills the criteria for an ideal biomarker (Califf, 2018; Holland,
2016; Verma et al., 2011) because it is reliable (Eyben et al.,
2016), consistent within individuals (Hasan et al., 2004; Ingram et
al., 2013; Nolan & Grigoras, 2005), ecologically valid (Maryn et
al., 2010; Sbordone, 1996; Schmuckler, 2001), easily measured,
and inexpensive (de Boer et al., 2021). Moreover, the fact that
speech anomalies are a characteristic symptom of SSD (American
Psychiatric Association, 2013) points to the relevance of speech as
a potential biomarker for these disorders. Second, speech distur-
bances are closely related to important predictors for clinical end-
points. Abnormalities in pausing have been associated with
positive and negative symptoms, in both individuals at clinical
high risk (Agurto et al., 2020; Sichlinger et al., 2019; Stanislawski
et al., 2021) and patients with schizophrenia (Cohen et al., 2016).
In addition, speech disturbances are related to cognitive function
(Barker et al., 2020; R. W. Brown & Lenneberg, 1954; Carroll,
1964; Dunn, 2017). Features such as pauses, speech rate, and pitch
variability are potential indicators of cognitive load both in healthy
controls and individuals with SSD (Cohen et al., 2012, 2015; Kha-
waja et al., 2008), and speech abnormalities have been related to
impairments in attention (Docherty et al., 2006). Furthermore,
speech abnormalities are predictive of functional outcome (Bowie

& Harvey, 2008; Dickinson et al., 2007), are related to social rela-
tions (Oliveira et al., 2015), and have a negative impact on quality
of life in SSD (Tan et al., 2014). To date, little is known about the
distribution of speech disturbances across individuals with an
SSD. Traditionally dichotomizing a sample based on speech dis-
turbances (e.g., “disturbed speech” vs. “normal speech”) does not
do justice to the different ways in which speech can be disturbed.
To overcome this, we use a data-driven hierarchical clustering
method to identify different patterns of speech anomalies in SSD
patients. In such an approach, the speech data themselves are in-
formative in recognizing clusters or subgroups of patients. We fur-
ther assessed the association between speech clusters, cognition,
and symptomatology in SSD patients to evaluate the quality of
speech in identifying relevant and useful disease heterogeneity.

Method and Materials

Participants

The data of 142 patients with an SSD and 147 healthy controls
were drawn from independent research studies examining cognition
in SSD at the University Medical Center Utrecht (UMCU), the
Netherlands. Approval from the UMCU Ethics Review Committee
was obtained, and each trial is registered in the European Clinical
Trials Database (EudraCT 2013-000834-36, 2015–004483-11,
2017–002406-12). Written informed consent was obtained prior to
study participation. Psychiatric diagnoses were confirmed by the
Structured Clinical Interview for DSM–IV (First, 2014), the Com-
prehensive Assessment of Symptoms and History (Andreasen et al.,
1992), or the Mini-International Interview (Sheehan et al., 1998)
depending on the study the participants originally enrolled in. Only
Dutch native speakers were included in the present study. Exclusion
criteria were the presence of uncorrected hearing difficulties or
speaking dysfunction such as stuttering.

Procedure

Spoken Language

Open-ended, semistructured interviews were obtained from par-
ticipants. To promote spontaneous speech by the participants,
interviewers were instructed to refrain from speaking as much as
possible without creating an unnatural interview setting. Inter-
views were recorded using headset cardioid microphones onto a
TASCAM-DR40 steady state recorder, using two channels with
16.000-Hz sampling. Speech was elicited using a standard list of
questions. All questions were deliberately neutral; topics that
would have a different emotional valence for patients and healthy
controls (such as health) were avoided. A question was skipped if
the subject did not feel comfortable answering it. For a list of
questions, we refer to Supplemental Table 3. Interviews lasted
approximately 13 min for all participants. For more elaborate
descriptions of the methodology, see previous reports by our group
(de Boer, van Hoogdalem, et al., 2020; de Boer, Voppel, et al.,
2020; de Boer et al., 2021; Voppel et al., 2021). Crosstalk (i.e.,
speech from the interviewer on the participants audio channel)
was removed as follows: (a) silences were annotated on the inter-
viewer’s audio channel in PRAAT (Boersma & Weenink, 2013;
function: annotate to text grid silences; settings: minimum pitch
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100 Hz, time step .0, silence threshold �30.0 dB, minimum
silence duration 1.0 s, minimum sounding duration 0.1 s), (b) the
resulting regions (i.e., regions in which the interviewer was silent)
were selected on the participants channel, and (c) these voiced
(speech) regions were concatenated into a new audio file contain-
ing only the participant’s speech.

Preprocessing of Speech Data

Based on a recent large systematic review and meta-analysis
about acoustic speech patterns in patients with SSD and healthy
controls (Parola et al., 2020), the following aspects of speech were
assessed: the length and number of voiced (speech) regions,
pauses, pitch variability, and proportion of spoken time. The Praat
Script Syllable Nuclei v2 (Quené et al., 2011) was used to calcu-
late proportion of spoken time (see Table 1). The GeMAPS param-
eter set was extracted using OpenSMILE (Eyben et al., 2013) to
obtain the other three aspects of speech. GeMAPS provides arith-
metic means and coefficients of variation (standard deviation nor-
malized by the arithmetic mean) for each parameter. See Table 1
for an overview of the used variables. A high number of voiced
regions indicates more fragmented speech, highly interrupted with
pauses. For each aspect of speech, a z score was calculated relative
to the healthy control participants.
Of note, the eGeMAPS parameter imposes no minimal length on

voiced or unvoiced regions (Eyben et al., 2016), which means that
all unvoiced frames are taken into the calculation of “unvoiced
region length,” even if they are only one frame long. Short silences
in speech (, 200 ms) are often related to the articulation of particu-
lar sounds, notably plosives (e.g., the /p/, which introduces a short
silence in the sound wave; Rosen, 1992). Therefore, we performed a
second analysis in PRAAT to test the reliability of the eGeMAPS
approximation of pauses. Average pause duration was calculated
using the Praat Script Syllable Nuclei v2 (Quené et al., 2011) devel-
oped for Dutch. In this script, we defined pauses as silences longer
than 200 ms, thereby excluding silences introduced by plosives. The
resulting average pause duration from PRAAT was strongly corre-
lated with the unvoiced region length parameter from eGeMAPS in
all participants (n = 289, r = .809, p , .0001), suggesting that
unvoiced region length is a reliable approximation of pause duration

Cognitive Functioning

Cognition was assessed in all patients and a subset of the
healthy controls (n = 31) using the Brief Assessment of Cognition

in Schizophrenia (BACS; Keefe et al., 2004), which consists of
the following tasks:

1. List learning – Verbal memory

2. Digit sequencing –Working memory

3. Token motor task –Motor speed

4. Category Instances and Controlled Oral Word
Association Test – Verbal fluency

5. Symbol coding – Attention and information processing
speed

6. Tower of London – Executive function

Individual BACS scores were converted into standardized z
scores that are corrected for age and gender based on previously
published norm scores (Keefe et al., 2008). For demographic
characteristics of the healthy controls with BACS scores, see
Table S1.

Statistical Analysis

Statistical analyses were performed in SPSS Statistics Ver-
sion 25.0. Subject characteristics were compared between
healthy controls and patients with SSD using an analysis of var-
iance (ANOVA) for continuous values and a chi-square test for
categorical values. Next, for the sample of patients, z scores of
each speech parameter as summarized in Table 1 were entered
into the clustering analysis. Clustering analysis was conducted
using an agglomerative hierarchical clustering approach. Case
similarity was computed with squared Euclidean distance and
Ward’s (1963) linkage as agglomeration procedure specifica-
tion. Collaborative examination of the dendrogram and the
agglomeration schedule coefficients (see Figures S1 and S2)
were used to establish the optimal number of clusters, follow-
ing Carruthers et al. (2019). Emergent patient clusters and
healthy controls were compared on demographic variables,
cognitive function, and clinical variables using an ANOVA
with Bonferroni post hoc correction for continuous values and a
chi-square test or Fisher’s exact test for categorical values.
Speech features between the emergent clusters were compared
using analysis of covariance (ANCOVA) corrected for age with

Table 1
Speech Parameters

Parameter Definition Description Parameter type

Mean number of voiced regions per second Number of speech regions Average number of continuous voiced regions (F . 0) per
second (more regions indicates more fragmented speech
and thus speech interrupted with pauses)

Temporal

Mean voiced region length per second Speech turn duration The mean length of continuously voiced regions (F0 . 0) Temporal
Mean unvoiced region length per second Pause length The mean length of unvoiced regions (F0 = 0) Temporal
F0 semitone (SD) Pitch variability Pitch is the logarithmic F0 on a semitone frequency scale,

starting at 27.5 Hz (semitone 0), coefficient of variation
Frequency related

Proportion of time articulating Proportion of spoken time Phonation time participant/full interview duration. Note:
the full interview duration includes the speech of the
interviewer.

Amount
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Bonferroni post hoc correction. For all analyses, the alpha level
was set at .05.

Results

Descriptive statistics and cognitive domain comparisons
between healthy controls and the total sample of patients can be
found in Table S2. Patients with SSD have significantly more in-
terrupted speech, longer pause duration, lower pitch variability,
and a lower proportion of time articulating compared to healthy
controls (Table S2). Cluster analysis and inspection of the dendro-
gram and agglomeration schedule coefficients (see Figures S1 and
S2) resulted in a three-cluster solution within the group of patients
with SSD (see Table 2).
Speech features were normally distributed in both patients

and healthy controls. Based on the five included aspects of
speech, three clusters were observed that can be characterized
as one mildly impaired cluster (the “mildly impaired speak-
ers”) and two severely impaired speakers (the “fragmented
speakers” and the “prolonged pausers”); see Table 3 and
Figure 1. In the following sections, we describe the speech
characteristics and demographic information of these three
groups in more detail. All the patient groups spoke a smaller
percentage of time than the healthy controls, though no differ-
ence emerged between the speech groups (all ps . .05). This
speech characteristic will therefore not be discussed in further
detail. Significant age differences were shown. Fragmented
speakers were significantly younger than healthy controls
(p , .001) and mildly impaired speakers (p = .001) and pro-
longed pausers (p , .001). Therefore, additional group com-
parisons (ANCOVA) were performed corrected for age; see
Table 2. Moreover, chlorpromazine equivalents did not signif-
icantly differ between speech groups (p = .061).

Mildly Impaired Speakers

Compared to healthy speakers, the mildly impaired speakers
(n = 58) have more interrupted speech, increased pause duration,
and decreased pitch variability (all ps , .001; see Table 3). The
mildly impaired speakers can be considered mildly impaired
since their average deviation from the controls is smaller than
the deviation in the severely impaired groups (p , .001). Com-
pared to both the fragmented speakers and prolonged pausers,
the mildly impaired speakers have normal pause duration and
pitch variability and have less fragmented speech (p , .001).
They have an intermediate illness duration, and their PANSS
score is on average 11 points lower than that of the prolonged
pausers (p , .001). Mildly impaired speakers show less overall
cognitive impairment than the other patients with SSD (see Fig-
ure 2; all ps , .012). Compared to healthy controls, significant
cognitive impairment is present in list learning (p = .011) and
symbol coding (p , .001; see Table 2).

Fragmented Speakers

Compared to both the healthy controls and the mildly impaired
speakers, speech of fragmented speakers (n = 64) can be consid-
ered more severely impaired (see Table 3) and is most character-
ized by frequent use of short voiced regions (high number of
voiced regions, z score 7.22, both ps , .001) indicating frag-
mented speech. They also spoke shorter periods of time compared
to both the healthy controls and the other speech groups (low
voiced region length, z score �.69, all ps , .001). Their PANSS
scores are similar to those of the mildly impaired speakers and
approximately 10 points lower than that of the prolonged pausers
(p , .001). Their overall cognition was impaired compared to the
mildly impaired speakers and the controls (both ps , .001). Cog-
nitive impairment relative to healthy controls was evident in all

Table 2
Mean (SD) Scores for Patients With SSD and Healthy Controls

Sample characteristics
Healthy controls

(n = 147)
Mildly impaired speakers

(n = 58)
Fragmented speakers

(n = 64)
Prolonged pausers

(n = 20) Statistic F, v2 df p Post hoc analyses
Post hoc analyses,
age corrected

Gender, n (male/female) 86/61 46/12 44/20 16/4 v2 = 10.26 3 p = .016 a N/A

Age, M (SD) 34.95 (14.23) 34.97 (14.03) 26.09 (8.44) 40.10 (8.63) F = 9.79 3 p , .001 b, d, f N/A

Years of education, M (SD) 14.87 (1.92) 13.35 (2.28) 13.00 (2.46) 13.20 (2.04) F = 15.33 3 p , .001 a, b, c a, b, c

Years of education parents, M (SD) 12.77 (2.91) 13.04 (2.73) 12.46 (3.00) 11.09 (3.03) F = 2.01 3 p = .113 — b, d

Duration disease (years), M (SD) N/A 7.00 (11.95) 2.19 (4.24) 15.14 (9.27) F = 16.96 2 p , .001 d, e, f e, f

Chlorpromazine equivalent, M (SD) N/A 249.60 (229.48) 260.63 (220.60) 387.78 (269.29) F = 2.85 2 p = .061 — —

PANSS, M (SD)

Total N/A 45.14 (8.55) 46.55 (10.20) 56.80 (14.19) F = 10.09 2 p , .001 e, f e, f

Positive N/A 10.33 (3.95) 9.69 (2.87) 13.60 (5.04) F = 8.69 2 p , .001 e, f e, f

Negative N/A 11.10 (3.56) 12.95 (4.76) 13.95 (4.90) F = 4.39 2 p = .014 e e

General N/A 23.71 (4.51) 23.91 (5.00) 29.25 (8.18) F = 8.84 2 p , .001 e, f e, f

BACS, M (SD) z scoreg

Composite score 0.16 (1.32) �0.82 (1.01) �1.62 (1.13) �1.76 (1.13) F = 20.41 3 p , .001 a, b, c, d, e a, b, c, d, e

Verbal memory 0.39 (1.17) �0.40 (1.11) �0.86 (1.07) �1.23 (1.22) F = 11.65 3 p , .001 a, b, c, e b, c

Working memory 0.10 (1.09) �0.56 (1.19) �1.02 (1.12) �1.81 (1.45) F = 12.21 3 p , .001 b, c, e b, c, e

Motor speed �0.17 (1.12) �0.61 (1.23) �0.99 (1.18) �1.44 (1.37) F = 5.61 3 p = .001 b, c b, c

Verbal fluency 0.13 (1.17) �0.55 (1.13) �1.01 (1.20) �1.08 (1.18) F = 7.68 3 p , .001 b, c a, b, c

Attention and processing speed �0.06 (1.28) �0.96 (0.84) �1.38 (0.93) �1.42 (0.98) F = 13.76 3 p , .001 a, b, c a, b, c

Executive function 0.18 (0.87) 0.10 (0.95) �0.38 (1.59) �0.24 (1.37) F = 2.10 3 p = .102 — —

Note. Patients with SSD n = 142. PANSS = Positive and Negative Syndrome Scale; BACS = Brief Assessment of Cognition for Schizophrenia.
a HC significantly different from mildly impaired speakers. b HC significantly different from fragmented speakers. c HC significantly different from
prolonged pausers. d Mildly impaired speakers significantly different from fragmented speakers. e Mildly impaired speakers significantly different
from prolonged pausers. fFragmented speakers significantly different from prolonged pausers. gBACS healthy controls n = 31.
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subdomains except for executive function (Tower of London; all
ps, .015; see Table 2).

Prolonged Pausers

Compared to both the healthy controls and the other speech
groups, speech of the prolonged pausers (n = 20) is more
severely impaired. The most prominent characteristic is the
length of their pauses (z score 3.00, p , .001) and their pause
frequency indicated by a low number of voiced regions (z score
�2.36, p , .001). Moreover, they have a higher pitch variability
(p = .001) and decreased length of voiced regions compared to
healthy speakers (p , .001). This group had the highest total,

positive, and general PANSS scores compared to both the mildly
impaired speakers and the fragmented speakers. Negative
PANSS scores were higher compared to the mildly impaired
speakers. Additionally, only 35% of the prolonged pausers were
in remission, compared to 57% in the mildly impaired speakers
and 58% in the fragmented speakers. Their overall cognition was
impaired compared to the mildly impaired speakers and the
healthy controls (both ps , .001). Compared to the mildly
impaired speakers, prolonged pausers showed most impairments
in verbal memory (list learning; p = .055) and working memory
(digit sequencing; p , .001). Prolonged pausers showed impair-
ments in all subdomains except for executive function (Tower of
London) compared to the healthy controls (p , .002).

Table 3
Mean (SD) Scores, Age Corrected, for Patients With SSD and Healthy Controls

Speech measures, M (SD) z score

Healthy controls
(n = 147)

Mildly impaired speakers
(n = 58)

Fragmented speakers
(n = 64)

Prolonged pausers
(n = 20)

Statistic df p
Post hoc
analysesZ score Raw score Z score Raw score Z score Raw score Z score Raw score

Number of voiced regions (seconds) 0.00 (1.00) 1.25 (0.14) 1.77 (1.53) 1.50 (0.22) 7.22 (2.07) 2.27 (0.29) �2.36 (1.75) 0.92 (0.25) F = 374.06 3 p , .001 a, b, c, d, e, f

Voiced region length 0.00 (1.00) 0.25 (0.05) 0.33 (1.06) 0.27 (0.05) �0.69 (0.76) 0.22 (0.04) 1.11 (1.79) 0.30 (0.09) F = 13.34 3 p , .001 b, c, d, f

Pause length 0.00 (1.00) 0.20 (0.06) 1.44 (1.74) 0.28 (0.10) 0.39 (0.95) 0.22 (0.05) 3.00 (2.65) 0.37 (0.15) F = 39.07 3 p , .001 a, c, d, e, f

Pitch variability 0.00 (1.00) 0.21 (0.04) �0.64 (0.82) 0.18 (0.04) 0.15 (0.96) 0.22 (0.04) �0.79 (0.96) 0.17 (0.04) F = 13.92 3 p , .001 a, c, d, f

Proportion of spoken time 0.00 (1.00) 57.06 (8.65) �1.44 (1.10) 44.70 (9.49) �1.41 (1.11) 44.94 (9.55) �1.65 (1.38) 42.81 (11.95) F = 42.83 3 p , .001 a, b, c

Average deviation from healthy controls N/A 1.12 (1.25) 1.97 (2.07) 1.78 (1.71) F = 34.58 2 p , .001 d, e

Note. Patients with SSD n = 142.
a HC significantly different from mildly impaired speakers. b HC significantly different from fragmented speakers. c HC significantly different from
prolonged pausers. d Mildly impaired speakers significantly different from fragmented speakers. e Mildly impaired speakers significantly different
from prolonged pausers. f Fragmented speakers significantly different from prolonged pausers.

Figure 1
Variability in Speech Features Across the Three Speech Clusters and Healthy Controls

Note. Pentagons represent z scores for each speech feature, relative to the healthy control participants. See the online article for
the color version of this figure.
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Discussion

This study examined speech heterogeneity in a large sample of
schizophrenia-spectrum patients. A data-driven hierarchical cluster-
ing approach indicated the presence of three diverse speech sub-
groups in SSD. The three emergent clusters showed significant
variability and differences across general disease characteristics,
symptom profiles, and cognitive functioning. Based on speech heter-
ogeneity, one mildly impaired speech group and two severely
impaired speech groups could be distinguished. The severely
impaired speech groups differed from each other in speech character-
istics as well as symptom profiles, with one group being character-
ized by fragmented speech and the other group being characterized
mostly by prolonged pauses. Our results show that individuals
belonging to either of these severely impaired speech clusters have
impaired cognition compared to those in the mildly impaired speech
group. Moreover, the prolonged pausers have a longer illness dura-
tion and higher PANSS scores and are less likely to be in symptom
remission indicating refractory symptoms, when compared to the
other patients with SSD. These findings show that automatic analysis
of just a few minutes of recording of natural speech can provide valu-
able information about the patient with regard to cognition and symp-
tom remission. Given the ease and acceptability of the speech
recording, it could find its place in clinical practice as a momentary
biomarker to add objective and reliable information on mental status
of the patient.
Our results are in line with a recent systematic review and meta-

analysis on acoustic patterns in schizophrenia, demonstrating atypi-
calities in pitch variability, proportion of time spoken, and pauses
compared to healthy controls (Parola et al., 2020). Furthermore, our
findings are in line with previous research indicating an associa-
tion between speech disturbances and cognition in SSD (Barch

& Ceaser, 2012; Becker et al., 2012; M. Brown & Kuperberg,
2015; Cavelti et al., 2018; Hinzen & Rosselló, 2015; Kerns &
Berenbaum, 2002; Liddle et al., 2002; Lundin et al., 2020;
Sumner et al., 2018). Our results further indicate that increased
pause time is specifically associated with memory since the
group of prolonged pausers showed significantly more impair-
ment on both verbal memory and working memory tasks com-
pared to the mildly impaired speakers.

There are several ways in which poor cognition relates to speech
properties. First, spontaneous speech can be described as the process
of converting thoughts into temporal sequences of speech units.
Pauses are an inherent feature of the normal speech process and can
be interpreted as reflecting feedback loops in which a person proc-
esses what they just said, while the next unit of information is
planned (Levelt, 1983; Lundholm Fors, 2015). In the case of cogni-
tive dysfunction, such planning operations are not flawless, which
affects the type of speech unit that is generated next. Pauses often
occur before words that are rarely used because such words have a
longer lexical retrieval time than frequently used words (Alario et al.,
2002). Pauses at clausal boundaries are related to the complexity of
the subsequent clausal structure as syntactically complex sentences
require more planning time (Ferreira, 1991). In fact, pauses at clausal
boundaries have been associated with the activation of the left tempo-
ral gyrus, which may be related to lexical retrieval (Kircher et al.,
2004; Matsumoto et al., 2013). Thought-disordered patients with
SSD have more sentence-initial pauses and more pauses before em-
bedded sentences, indicating increased processing time of complex
syntactic units (Çokal et al., 2019). This is substantiated by functional
MRI studies showing a differential pattern of brain activity during
pauses in patients with SSD, possibly reflecting impairments of lexi-
cal retrieval on a neurobiological level (Matsumoto et al., 2013). Pre-
vious research by our group performed in patients with SSD showed

Figure 2
Global Cognitive Functioning as Measured by the Composite BACS Score
Across Speech Clusters and Healthy Controls

Note. BACS = Brief Assessment of Cognition in Schizophrenia. The healthy control
group differed from all clusters on cognitive functioning. * p , .05. See the online article
for the color version of this figure.
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an association between language production and white matter integ-
rity in the language tracts (de Boer, van Hoogdalem, et al., 2020).
Specifically, pause duration was a strong predictor for the integrity of
the language tracts in patients with SSD (de Boer, van Hoogdalem,
et al., 2020). As pause duration is thought to reflect speaking effi-
ciency and/or processing speed (Deary et al., 2006; de Boer, van
Hoogdalem, et al., 2020), increased white matter integrity appears to
be associated with higher speech processing efficiency. Following
from this, one could hypothesize that the prolonged pausers in the
current study have reduced white matter tract integrity in comparison
to the other speech clusters.
Second, speakers with poor attention might be easily distracted

by competing thoughts or associations and forget their original dis-
course plan before completion. Indeed, sustained attention has
been associated with communication failures in SSD (Docherty et
al., 2006). Our results indicate that both severely impaired speech
groups have more cognitive impairments than the mildly impaired
speakers and controls. Given that attention is required for all cog-
nitive tests, impaired attention might be a process underlying the
more severely impaired speech in SSD. Remarkably, executive
function assessed by the Tower of London was relatively spared in
all three subgroups, although impairments of executive function-
ing have been frequently reported in SSD (Reichenberg & Harvey,
2007). Since the term executive functioning covers a large set of
cognitive capacities, the Tower of London task may possibly be
limited in the assessment of executive function as it primarily
assesses planning but not, for example, inhibition, switching, and
flexibility. Indeed, literature suggests that different executive func-
tions show differential patterns of impairment in patients with
schizophrenia (Thuaire et al., 2020). Significant differences in age
were demonstrated between groups. Age is known to influence
speech. For instance, more frequent pauses have been demon-
strated in older speakers compared to younger speakers (Bóna,
2014). In addition, older age is associated with cognitive decline
(Hedden & Gabrieli, 2004). However, additional analyses cor-
rected for age showed similar patterns of cognitive performance,
speech, and symptomatology across groups, indicating that group
effects were not driven by differences in age. Interestingly, the
amount of speech (proportion of spoken time) seems to be a gener-
alized impairment in SSD as it does not differentiate between the
three speech clusters.
The current study has some limitations. First, this study has a

cross-sectional design. Although different patterns of disease pro-
gression emerged from our data, we do not know whether these
speech subtypes are stable throughout the course of the disease.
Second, possible influences of antipsychotic medication on speech
and the formation of subgroups have not been assessed, while
there is indication that antipsychotics affect speech (de Boer, Vop-
pel, et al., 2020). Although chlorpromazine equivalents were not
significantly different across speech clusters, the effects of cumu-
lative dose could not be evaluated. Third, men were overrepre-
sented in our sample. However, since percentages were about
equal across clusters, this most likely did not influence the forma-
tion or characterization of clusters. Fourth, a limitation of cluster
analyses in general is that they are influenced by the selected clus-
ter algorithm and the criteria used to determine the number of clus-
ters. However, we followed the recommended guidelines for
reporting on cluster analysis by Carruthers et al. (2019). Of note,
the current study focuses only on speech disturbances, which
encompasses research focused on the acoustic properties of spoken
language. Speech is a subset of the larger field of human language

processing, which also includes the study of meaning, grammar,
pragmatics, and language perception and acquisition. Further
research should examine whether these clusters extend to other
fields of language processing as well. A strength of the current
study is the use of a semistructured interview with neutral
prompts, many of which were memory related (e.g., “Tell us about
your most recent birthday celebrations”). This line of questioning
likely induced more pausing related to memory retrieval.

Over the past years, the use of natural language processing tools
for the analysis and classification of psychosis has rapidly
expanded. Acoustic measures of spoken language can be easily
recorded and quantified through open-source software and are
more objectively obtained compared to conventional speech meth-
ods that are assessed by clinicians. Recent literature has shown the
value of speech analysis as a biomarker for psychosis (Corcoran et
al., 2020; Corcoran & Cecchi, 2020; de Boer, Brederoo, et al.,
2020; Hitczenko et al., 2021). Speech features have been proven
to predict psychosis development with very high accuracy (Gutiér-
rez et al., 2017; Pietrowicz et al., 2019). Such biomarkers are of
great clinical relevance in psychiatry. The current study adds to
this line of research by acknowledging the heterogeneity of speech
anomalies in SSD and showing that speech clusters have distinct
clinical characteristics.

In conclusion, a cluster analysis was performed to investigate
speech heterogeneity in a sample of patients with SSD. Three clus-
ters emerged, with significant differences across disease character-
istics, symptom profiles, and cognitive function. Defining the
existence of subgroups within SSD may be useful in the character-
ization of heterogeneity. Further longitudinal studies are required
to assess the possible predictive value of speech subgroups on the
clinical and cognitive course of SSD. The identification of such
clinically relevant subgroups within SSD may help to characterize
distinct profiles and benefit the tailoring of early intervention and
improvement of long-term functional outcome.
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