
 

 

 University of Groningen

Quantified speech as a marker
Voppel, Alban

DOI:
10.33612/diss.196902987

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2022

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Voppel, A. (2022). Quantified speech as a marker: computational linguistics in schizophrenia-spectrum
disorders. [Thesis fully internal (DIV), University of Groningen]. University of Groningen.
https://doi.org/10.33612/diss.196902987

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://doi.org/10.33612/diss.196902987
https://research.rug.nl/en/publications/bc2d1dac-2eb9-4032-89ba-9a2e117e4dcc
https://doi.org/10.33612/diss.196902987


Chapter 1

General introduction



Chapter 1  

8

Introduction
When your friend is in a state of distress, you immediately notice the tension in 

his or her voice, even when the first sentences concern mundane topics. Further 

along in a conversation, a certain phrase or sentence can transmit more insight 

and meaning. Speech contains a wealth of information about the speaker’s state 

of mind, present not only in the words used, but also in the way these words are 

spoken. We discern information from speech all the time in everyday conversations. 

In serious cases of disturbances, when a psychiatric disorder is present, 

speech is noticeably affected as well, and is therefore commonly used to diagnose 

and assess a patient by trained clinicians. Sometimes this is relatively easy – 

someone sounds clearly “down” or even states “I feel depressed” - but at times 

the disturbances present in speech are more subtle, such as a decreased usage of 

connectives, an increased reference to the self or slightly rambling sentences. These 

subtle deviations of speech are not easily detected, even by a trained clinician.

Recent advancements in technology, chiefly natural language processing 

(NLP), have provided valuable techniques that can be used to analyze speech 

samples. Computational techniques can address both what is said (e.g., content 

aspects) and how it is said (e.g., acoustic aspects). Quantification of speech allows 

researchers to objectively measure aspects of speech in a psychiatric setting that 

are usually subjectively rated or sometimes not picked up at all.

The intersection between schizophrenia spectrum disorders, a group of 

severe, highly impacting psychiatric disorders, and quantitative measures of 

language and speech is the subject of this dissertation. Quantified language can be 

used to characterize, diagnose and assess schizophrenia-spectrum disorders. The 

focus of the research presented here lies primarily on semantics and phonetics of 

speech in order to differentiate subjects with schizophrenia-spectrum disorders 

from healthy controls, as well as the relation between speech features and specific 

symptoms, subtypes, as well as antipsychotic medication.

In order to understand the different approaches employed, a more thorough 

overview of schizophrenia-spectrum disorder, the speech disturbances present, 

and ways to quantify and assess these disturbances will be given in this introduction. 

Towards the end of this chapter the outline of the dissertation, including goals and 

overarching methods, as well as a short overview of each individual study will be 

presented. In the studies presented in chapters 2-6, various aspects of language 

and speech analysis in schizophrenia-spectrum disorder are explored. 
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1Schizophrenia-spectrum disorders
Schizophrenia-spectrum disorders are a group of psychiatric disorders that can 

have a severe impact on the lives of patients and the people close to them. The 

group encompasses diagnoses such as schizophrenia, schizoaffective disorder, 

schizophreniform disorder, and various types of psychosis. About 1.5% of people 

will develop schizophrenia-spectrum disorders during their lifetime (Rössler et al., 

2005).

Schizophrenia-spectrum disorder is characterized by impairment(s) of 

contact with reality, to think clearly and to behave in a way that is regarded as 

appropriate by society. Diagnosis is performed by clinicians, following criteria such 

as the Diagnostic and Statistical Manual of Mental Disorders (DSM-V; American 

Psychiatric Association, 2013). Onset of the disorder is typically in late adolescence 

or early adulthood, with higher age of onset in women. The disorder occurs 

more often in men than in women (Aleman et al., 2003; McGrath et al., 2004). 

The group of subjects diagnosed is very heterogeneous, with varying symptom 

profiles; two persons can each have schizophrenia-spectrum disorders without 

any overlapping symptoms. Some have a single psychotic episode, while others 

are chronically psychotic.

Before overt psychotic episodes become evident, some symptoms are 

usually already present; for example, a slowing of normal cognitive and emotional 

development, a period of social withdrawal, or symptoms such as depression 

commonly occur (Lieberman et al., 2002). Interestingly, speech developmental 

milestones in childhood are also delayed, pointing to the centrality of speech 

and language disturbances in schizophrenia-spectrum disorders (Ambelas, 1992; 

Jones et al., 1994).

The main treatment for schizophrenia-spectrum disorders is antipsychotic 

medication, at least during psychotic episodes and potentially also as maintenance 

treatment to prevent relapse. A variety of antipsychotic drugs exist, with 

classifications made in groups of typical or atypical, or depending on neuronal 

receptor affinity. These medications are more effective in relieving symptoms 

such as hallucinations and delusions, than other symptoms, notably apathy and 

depressive symptoms (Leucht et al., 2013). Usually, medication is taken for a 

minimum of a year after a psychotic episode, but many patients take medication 

constantly. This is partly dependent on the course of the disorder; some subjects 

have only a single psychotic episode while other have a relapsing or chronic variant 

of the disorder (Kazadi et al., 2008).
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Clinical disturbances in language and speech
Verbal communication disturbances have long been noted as a core symptom 

of schizophrenia-spectrum disorders. In the first published descriptions of 

schizophrenia, Kraepelin identified a group of patients with confusion of speech, 

a symptom he described as “schizophasia”, characterized by “an unusually striking 

disorder of expression in speech, with relatively little impairment of the remaining 

psychic activities” (Kraepelin et al., 1919).

These speech disturbances are one of the key diagnostic features (Covington 

et al., 2005; DeLisi, 2001; Kuperberg, 2010). Language and speech are closely 

related to higher-order thought processes, making it one of the most informative 

clinical sources (Elvevåg et al., 2016). Up to 80% of subjects diagnosed with 

schizophrenia-spectrum disorders display some aberrant language production 

(Rodriguez-Ferrera et al., 2001). The most common aspect is poverty of speech. 

However, a broad range of aspects of speech is impacted; these include semantic 

difficulties (related to meaning in language), including incoherent usage of words 

in a narrative, word approximation, missing information and missing references. 

On a syntactic or grammatical level, a reduced complexity has been noted, with 

fewer embedded clauses as well as an increase in other impairments. On a 

phonetic level, increased pausing, hesitation and reduced intonation have been 

found (Covington et al., 2005; Kuperberg, 2010).

Impairments in language can be extremely detrimental for social interactions 

and daily life; the added problems in communication are doubly worrisome 

as people diagnosed with schizophrenia-spectrum disorders have difficulties 

in maintaining relations with others and already are at risk of increased social 

isolation (Michael & Park, 2016; Oliveira et al., 2015). Reduced speech, one of the 

most commonly disturbed aspects, negatively impacts judgments made of the 

speaker by others, where the speaker is regarded as less truthful (De Waele et 

al., 2017). The presence of abnormalities in language is predictive of outcome in 

the ability to work, study and hold social relationships (Bowie & Harvey, 2008; 

Dickinson et al., 2006).

In schizophrenia-spectrum disorders, symptoms can be classified as being 

positive symptoms, meaning something that people normally do not have, such 

as hallucinations, or negative symptoms, where subjects with the disorder lack 

something, such as a lack of motivation. The same categorization can be made 

for speech disturbances. Poverty of speech and reduced grammatical complexity 
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1are thus negative language symptoms (DeLisi, 2001; Fraser et al., 1986). 

Positive language symptoms include neologisms and word approximations and 

associations, such as the usage of “time vessel’’ for a wristwatch or “paperskate” 

for a ballpoint pen (Andreasen, 1986; Covington et al., 2005).

Researchers have used subjective, observation-based rating instruments to 

investigate language disturbances in schizophrenia-spectrum disorder. Clinical 

interviews such as the CASH or the PANSS incorporate items related to speech 

such as increased pausing, poverty of speech or incoherence (Andreasen et al., 

1992; Kay et al., 1987). These and other rating scales have clinical utility, but 

subtle disturbances might not be noticed by raters, especially when phonology 

as well as grammar might be impacted. Symptom rating scales filled by trained 

researchers and clinicians seem to be only modestly related to the objective 

behavior they aim to measure (Cohen et al., 2014). Since the goal of a conversation 

is to communicate information, the interviewer might skip over subtle mistakes or 

inconsistencies, attributing them to common errors in spoken sentences or even 

miss them altogether, whereas these subtle signs might be signals of relapse or of 

a developing disorder.

Indeed, research indicates that language and speech disturbances are 

present in groups of subjects at high risk of developing a schizophrenia-spectrum 

disorder, such as children of parents with a diagnosis in the spectrum (Gupta et al., 

2018; Millman et al., 2014). As noted earlier, language and speech milestones are 

often delayed in children who have early onsets of the disorder (Ambelas, 1992; 

Jones et al., 1994). Retrospective studies in people who later develop schizophrenia 

also show delays in childhood language (Hoff et al., 2005).

Investigating disturbances in produced speech
As mentioned previously, patients with schizophrenia-spectrum disorders display a 

broad range of affected language and speech areas. These also include perceptual 

problems, such as a reduced ability to distinguish tones or to understand complex 

sentences (Champagne-Lavau & Stip, 2010; Davalos et al., 2002; Haigh et al., 2016). 

A tendency to interpret figurative sentences in a literal sense has also been noted 

(Brüne & Bodenstein, 2005; Kiang et al., 2007). On the production side, there is 

also evidence of language disturbances in written material, as well as on social 

media posts (Birnbaum et al., 2019; Willits et al., 2018). However, the focus of the 
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research presented in this dissertation is the production of language, specifically 

spoken language - speech. The disturbances found in this area can be categorized 

as belonging to semantic, syntactic and phonetic domains.

Patients with schizophrenia-spectrum disorders display a multitude of 

semantic problems, related to meaning. These include difficulty in selecting and 

retrieving words (Tan et al., 2015), missing information or vague and confused 

references (“We had to go to court and other bad things”) where the person spoken 

to is not given information necessary for the correct interpretation of a sentence 

(Docherty et al., 1996; Kuperberg, 2010). Sentences might be less coherent or 

jumping from one subject to the other, as given in an example by Bleuler (1911): 

“I always liked geography. My last teacher in that subject was Professor August A. 

He was a man with black eyes. I also like black eyes. There are also blue and grey 

eyes and other sorts, too…”.

The syntactic aspect of speech production is also affected. The grammatical 

disturbances of speech include fewer embedded clauses, as well as a reduction of 

connectives in speech. Overall, a reduced syntactic complexity compared to that of 

healthy controls has been noted (Özcan et al., 2017). Errors in syntax can likewise 

occur. For example, in the sentences “Resk saves the day. They come home” (Çokal 

et al., 2018), “they” is an incorrect plural referent of a single person – “Resk”. While 

not very common, there is an increased tendency to make these morphosyntactic 

errors (Walenski et al., 2010).

Phonetic aspects, including articulation rate, intonation and pausing 

in speech, have been noted clinically to also be affected, especially through 

increased hesitations, slower speech and more and longer pauses (Cohen et al., 

2014). These pauses can be silent or filled with sounds like “uhm”. Another often 

noted phenomenon is flat or monotonous-sounding speech, which is speech 

characterized by a lack of intonation (Covington et al., 2005). Pronunciation 

of vowels is usually unaffected, although there is evidence that antipsychotic 

medication or the side-effects thereof can have an impact on phonetic qualities of 

speech (Sinha et al., 2015; see also chapter 6).

The cause or underlying biological substrate of these wide-ranging 

disturbances in speech has been investigated as well. Neuroimaging studies 

have shown that brain areas involved in speech production such as Broca’s 

and Wernicke’s areas are affected in schizophrenia-spectrum disorders, both 

structurally and functionally during tasks (Kreher et al., 2008; Kuperberg et al., 
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12008; van Dellen et al., 2016). The classic language areas in the brain are found 

in the left half of the cerebral cortex. Interestingly, reduced differences between 

brain halves, also known as a reduced lateralization, has been found in subjects 

with schizophrenia-spectrum disorders (Sommer et al., 2001, 2003). White-matter 

tracts which connect different language brain areas have also been found to be 

impaired in schizophrenia (de Boer et al., 2020), with functional alterations also 

found in individuals at high risk (Thermenos et al., 2013), again suggesting a causal 

role between altered language areas and affected speech in the disorders.

Previous research into language disturbances in schizophrenia-spectrum 

disorders has investigated the aforementioned semantic, syntactic and phonetic 

domains. Since disturbances were observed in clinical practice or research in these 

domains, they were consequently investigated in quantitative computational 

analyses once these methods were developed. The availability of computational 

linguistic tools provides easy and fast analyses using exact and reproducible 

methods.

Quantifying language in schizophrenia
Content analysis – semantics and syntax
Researchers have noted the clinical occurrence of language and speech 

disturbances in schizophrenia-spectrum disorders and have tried to quantify 

aspects of it. For the semantic and syntactic aspects, or what is being said, 

language of transcribed speech has been investigated. Early investigations 

calculated the ratio of word types and tokens; the sentence “the cat sat on the 

mat” has two token of the type “the” with all other types having a single token. 

Subjects with schizophrenia generally have a lower type-token ratio indicating 

lower lexical variation (Pavy et al., 1969). Other early approaches omitted words 

from transcriptions of speech; subsequently, judges had to predict the omitted 

words. The omitted words were harder to predict for subjects with the disorder 

compared to controls (Salzinger et al., 1964). More recent approaches make use 

of a variety of natural language processing (NLP) approaches. These approaches 

aim to develop tools that help to not only computationally understand individual 

words, but everything related to human language. 

By creating word graphs, the flow and connectedness across sentences can 

be quantified (Mota et al., 2012; Palaniyappan et al., 2019). By using the resulting 
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measurements in machine learning classification algorithms, which can predict 

whether a new subject likely belongs to a specific group, up to 94% accuracy was 

achieved in distinguishing speech as belonging to either patients with mania 

or with schizophrenia-spectrum disorders (Mota et al., 2012a). Various NLP 

measurements like type-token ratio and numbers of connectives show differences 

between groups and have therefore been used in research (Bedi et al., 2013; see 

also chapter 6).

Recently, statistical models of language have been widely employed in 

analyzing semantic and syntactical measures of speech. These models are 

categorized as semantic space models. These include methods such as Latent 

Semantic Analysis (Landauer & Dumais, 1997) and word2vec (Mikolov et al., 2013) 

as well as BERT (Devlin et al., 2019) and aim to capture underlying patterns in 

language. These NLP models represent words as a series of numbers called vectors. 

These vectors contain abstract aspects of word meanings – “furry” and ”pet” are 

examples of vectors where the word ”cat” might be scored high by the model. 

These vectors can be used to calculate a quantitative distance of meaning between 

words. For example, the vector of “furry” will have a large distance between the 

words “snake” and ”cat”. Words have a value on each of often multiple hundreds 

of vectors, together encoding the meaning. Then, the separation between word 

meanings in a sentence can be calculated, with more recent, complex models 

such as word2vec and BERT also capturing complex relations between words in a 

sentence such as negation, as well as syntactical coherence.

A seminal study by Elvevåg et al. (2007) used latent semantic analysis to show 

significant differences between schizophrenia patients and healthy controls based 

on semantic aspects of speech. These measures were used to classify patients 

from controls – using machine learning algorithms – with 82% accuracy (Elvevåg 

et al., 2007). Further applications showed the capability of this type of analysis 

to distinguish the more subtle differences between subjects with schizophrenia-

spectrum disorders and their non-affected family members (Elvevåg et al., 2010).

 Clinically relevant predictions have been made by Bedi and colleagues, using 

a combination of language complexity measures and latent semantic analysis 

to predict psychosis onset in ultra-high risks group. Predicting onset of early 

psychosis allows for potentially better, earlier care as well as preventing possible 

psychoses due to removing risk factors such as stress. With 100% prediction 

accuracy these promising findings were, however, made in a small sample with 
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1only 5 subjects transitioning to psychosis (Bedi et al., 2015). The model was 

expanded and validated in a larger cross-sample cohort, with 79% prediction 

accuracy across cohorts, making use of a machine learning classifier incorporating 

semantic coherence and pronoun use (Corcoran et al., 2018).

Similar research has focused on using semantic space models of specific 

aspects of language, such as adjectives and adverbs (Bar et al., 2019), achieving 

classification accuracy of up to 81%. The research of Tang and colleagues shows 

that language models like BERT can be more sensitive than clinical raters on 

detecting aspects of impaired speech (Tang et al., 2021). Because of the rapid 

pace of development of semantic models for research in artificial intelligence and 

commercial applications the models are especially promising for the future.

Acoustic analysis – phonetic features
Advances in computational methods similarly have enabled more fine-grained 

and objective quantification of phonetic features, or how things are being said. 

Phonetic analysis using programs such as PRAAT or openSMILE allows for 

automatic calculation of pausing, speech rate, intonation and speech frequencies 

of the acoustic signal present in speech (Boersma & Weenink, 2013; Eyben et al., 

2010). The clinical symptoms of aprosody and poverty of speech, mostly in the 

negative symptom category, can be computationally extracted and quantified 

using this type of algorithms.

When comparing subjects with schizophrenia-spectrum disorders who have 

aprosody and healthy controls, significant differences in pitch variation have been 

found (Compton et al., 2018). pausing and speech rate have similarly shown to be 

significantly differentiating between patients and controls (Compton et al., 2018; 

Gosztolya et al., 2018). Features of frequency associated with specific tongue 

positions have been associated with negative symptoms (Covington et al., 2012).

Similar to approaches employing semantic measures in classification 

algorithms described above, phonetic measures can be used to differentiate 

cases from controls. The percentage of speaking time during an interview can be 

combined with tonal frequencies in speech to classify patients with schizophrenia-

spectrum disorders and healthy controls with comparable accuracy, reaching 

81% (Tahir et al., 2019), with a similar study achieving an overall accuracy of 93% 

(Martínez-Sánchez et al., 2015).
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While these studies show promising results, there have also been studies 

who did not find significant difference in vocal affect or amount of speech between 

subjects with schizophrenia-spectrum disorder and healthy controls (Meaux et al., 

2018), perhaps due to the widely differing methods of assessing and selection of 

speech characteristics (Parola et al., 2020).

Overview and aims
Language analysis in schizophrenia-spectrum disorders is a promising field of 

research. With the advent of computational methods, new approaches have become 

available; on the content side of language, computational techniques massively 

decreased the effort required to characterize written texts or transcribed speech, 

from counting word frequencies to statistically assessing syntactic structures and 

the coherence of meaning in sentences. On the phonetic side of speech, phonetic 

markers such as intonation, timbre, pause rate or fundamental frequency can be 

easily calculated. Initial results show high accuracies in classifying clinical groups.

This dissertation aims to further investigate language disorders in 

schizophrenia-spectrum disorders in a quantitative manner. To achieve this goal, 

interviews with both healthy subjects and subjects diagnosed with a schizophrenia-

spectrum disorder were performed and recorded. These interviews by trained 

researchers encompassed open-ended questions regarding daily life and the 

past, aiming for a semi-structured, neutral, somewhat lighthearted interview. 

Other measures such as cognition, medication usage, and symptom severity 

were also collected. The recorded interviews were then processed, and certain 

features were extracted, either through analysis of the phonetic markers, or after 

transcription to assess semantic or other aspects. In the studies presented below, 

these different aspects of speech are analyzed.

Chapter 2: Clinical use of semantic space models in psychiatry and 
neurology: A systematic review and meta-analysis

Computational word embeddings, used for quantifying the semantic relation 

between words, are a fast-developing tool used for assessing language and speech 

in a variety of psychiatric disorders. Methods of semantic space models, sources 

of language or speech used, as well as psychiatric populations investigated all 

differ. This chapter presents a systematic overview of research, as well as a meta-

analysis of observed effect sides.
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1Chapter 3: Quantified language connectedness in schizophrenia-spectrum 
disorders

In schizophrenia-spectrum disorders, connectedness of language can be impaired, 

clinically observed as incoherence or tangentiality. Using a word2vec semantic 

space model to quantify word connectedness on both word- and sentence-level 

over various ranges of words, this chapter uses these characteristics in a machine 

learning approach to differentiate subjects with schizophrenia-spectrum disorder 

from healthy controls.

Chapter 4: Acoustic speech markers for schizophrenia-spectrum disorders: 
a diagnostic and symptom-recognition tool

Differences in pausing, intonation and other phonetic aspects of speech in 

schizophrenia-spectrum disorder have been noted. These effects can be 

pronounced or, in subjects in remission, quite subtle. In this chapter, phonetic 

features of patient-control differences are investigated, as well as clinically 

relevant subgroups of schizophrenia-spectrum disorders. The phonetic features 

from recorded speech are used in a machine learning approach to show the 

possibility of a diagnostic aid with phonetic speech analysis, as well as its usage as 

a symptom-recognition tool.

Chapter 5: Semantic and phonetic markers in schizophrenia-spectrum 
disorders; a combinatory machine learning approach

Language disturbances in schizophrenia-spectrum disorders are present in both 

the phonetic and the semantic domain. Both have been used for classification, 

and features have sometimes been combined. The overlap as well as the added 

value of combining features of different language domains are assessed in this 

analysis, thus building on the preceding chapters. 

Chapter 6: Language disturbances in schizophrenia: the relation with 
antipsychotic medication

Antipsychotic medication is the first treatment option for schizophrenia-spectrum 

disorders, and while language aberrations are a key symptom, little is known about 

the impact of medication on these symptoms. This chapter investigates speech 

features and their relation to types of dopaminergic affinity of antipsychotic 

medication.
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Chapter 7: General discussion and summary

Finally, chapter 7 summarizes the preceding chapters, putting the findings in 

relation to the literature, and explores pitfalls and promises of speech analysis in 

schizophrenia-spectrum disorders. Considerations and future directions for the 

field are discussed.



General introduction

19   

1References
Aleman, A., Kahn, R. S., & Selten, J.-P. (2003). Sex Differences in the Risk of Schizophrenia. 

Archives of General Psychiatry, 60(6), 565. https://doi.org/10.1001/archpsyc.60.6.565

Ambelas, A. (1992). Preschizophrenics: Adding to the evidence, sharpening the focus. British 
Journal of Psychiatry, 160(MAR.), 401–404. https://doi.org/10.1192/bjp.160.3.401

American Psychiatric Association. (2013). Diagnostic and statistical manual of mental disorders 
(DSM-5®). American Psychiatric Pub.

Andreasen, N. C. (1986). Scale for the assessment of thought, language, and communication 
(TLC). Schizophrenia Bulletin, 12(3), 473–482. https://doi.org/10.1093/schbul/12.3.473

Andreasen, N. C., Flaum, M., & Arndt, S. (1992). The Comprehensive Assessment of Symptoms 
and History (CASH): an instrument for assessing diagnosis and psychopathology. 
Archives of General Psychiatry, 49(8), 615–623.

Bar, K., Zilberstein, V., Ziv, I., Baram, H., Dershowitz, N., Itzikowitz, S., & Vadim Harel, E. (2019). 
Semantic Characteristics of Schizophrenic Speech. 84–93.

Bedi, G., Carillo, F., Cecchi, G., Slezak, D. F., Sigman, M., DeVylder, J. E., Muchomba, F. M., & 
Corcoran, C. M. (2013). Automated analysis of disorganized communication predicts 
transition to psychosis among clinical high risk patients. Neuropsychopharmacology, 38, 
S436–S437. https://doi.org/10.1038/npp.2013.281

Bedi, G., Carrillo, F., Cecchi, G. A., Slezak, D. F., Sigman, M., Mota, N. B., Ribeiro, S., Javitt, D. 
C., Copelli, M., & Corcoran, C. M. (2015). Automated analysis of free speech predicts 
psychosis onset in high-risk youths. Npj Schizophrenia, 1(1), 15030. https://doi.
org/10.1038/npjschz.2015.30

Birnbaum, M. L., Ernala, S. K., Rizvi, A. F., Arenare, E., R. Van Meter, A., De Choudhury, M., & 
Kane, J. M. (2019). Detecting relapse in youth with psychotic disorders utilizing patient-
generated and patient-contributed digital data from Facebook. Npj Schizophrenia, 5(1), 
17. https://doi.org/10.1038/s41537-019-0085-9

Bleuler, E. (1911). Dementia praecox oder Gruppe der Schizophrenien (1st ed.). Diskord.

Boersma, P., & Weenink, D. J. M. (2013). Praat: doing phonetics by computer (Version 6.0.37). 
Amsterdam: Institute of Phonetic Sciences of the University of Amsterdam. (6.037).

Bowie, C. R., & Harvey, P. D. (2008). Communication abnormalities predict functional 
outcomes in chronic schizophrenia: Differential associations with social and adaptive 
functions. Schizophrenia Research, 103(1–3), 240–247. https://doi.org/10.1016/j.
schres.2008.05.006

Brüne, M., & Bodenstein, L. (2005). Proverb comprehension reconsidered - “Theory of mind” 
and the pragmatic use of language in schizophrenia. Schizophrenia Research, 75(2–3), 
233–239. https://doi.org/10.1016/j.schres.2004.11.006

Champagne-Lavau, M., & Stip, E. (2010). Pragmatic and executive dysfunction in 
schizophrenia. Journal of Neurolinguistics, 23(3), 285–296. https://doi.org/10.1016/j.
jneuroling.2009.08.009

Cohen, A. S., Mitchell, K. R., & Elvevåg, B. (2014). What do we really know about blunted vocal 
affect and alogia? A meta-analysis of objective assessments. Schizophrenia Research, 
159(2–3), 533–538. https://doi.org/10.1016/j.schres.2014.09.013



Chapter 1  

20

Çokal, D., Sevilla, G., Jones, W. S., Zimmerer, V., Deamer, F., Douglas, M., Spencer, H., 
Turkington, D., Ferrier, N., & Varley, R. (2018). The language profile of formal thought 
disorder. Npj Schizophrenia, 4(1), 18.

Compton, M. T., Lunden, A., Cleary, S. D., Pauselli, L., Alolayan, Y., Halpern, B., Broussard, B., 
Crisafio, A., Capulong, L., Balducci, P. M., Bernardini, F., & Covington, M. A. (2018). The 
aprosody of schizophrenia: Computationally derived acoustic phonetic underpinnings 
of monotone speech. Schizophrenia Research, 197, 392–399. https://doi.org/10.1016/j.
schres.2018.01.007

Corcoran, C. M., Carrillo, F., Fernández-Slezak, D., Bedi, G., Klim, C., Javitt, D. C., Bearden, C. E., 
& Cecchi, G. A. (2018). Prediction of psychosis across protocols and risk cohorts using 
automated language analysis. World Psychiatry, 17(1), 67–75. https://doi.org/10.1002/
wps.20491

Covington, M. A., He, C., Brown, C., Naçi, L., McClain, J. T., Fjordbak, B. S., Semple, J., & Brown, J. 
(2005). Schizophrenia and the structure of language: The linguist’s view. Schizophrenia 
Research, 77(1), 85–98. https://doi.org/10.1016/j.schres.2005.01.016

Covington, M. A., Lunden, S. L. A., Cristofaro, S. L., Wan, C. R., Bailey, C. T., Broussard, B., 
Fogarty, R., Johnson, S., Zhang, S., & Compton, M. T. (2012). Phonetic measures of 
reduced tongue movement correlate with negative symptom severity in hospitalized 
patients with first-episode schizophrenia-spectrum disorders. Schizophrenia Research, 
142(1–3), 93–95. https://doi.org/10.1016/j.schres.2012.10.005

Davalos, D. B., Kisley, M. A., & Ross, R. G. (2002). Deficits in auditory and visual temporal 
perception in schizophrenia. Cognitive Neuropsychiatry, 7(4), 273–282. https://doi.
org/10.1080/13546800143000230

de Boer, J. N., van Hoogdalem, M., Mandl, R. C. W., Brummelman, J., Voppel, A. E., Begemann, 
M. J. H., van Dellen, E., Wijnen, F. N. K., & Sommer, I. E. C. (2020). Language in 
schizophrenia: relation with diagnosis, symptomatology and white matter tracts. Npj 
Schizophrenia, 6(1), 10. https://doi.org/10.1038/s41537-020-0099-3

De Waele, A., Claeys, A.-S., & Cauberghe, V. (2017). The organizational voice: the importance 
of voice pitch and speech rate in organizational crisis communication. Communication 
Research, 0093650217692911.

DeLisi, L. E. (2001). Speech Disorder in Schizophrenia: Review of the Literature and Exploration 
of Its Relation to the Uniquely Human Capacity for Language. Schizophrenia Bulletin, 
27(3), 481–496. https://doi.org/10.1093/oxfordjournals.schbul.a006889

Devlin, J., Chang, M. W., Lee, K., & Toutanova, K. (2019). BERT: Pre-training of deep bidirectional 
transformers for language understanding. NAACL HLT 2019 - 2019 Conference of the 
North American Chapter of the Association for Computational Linguistics: Human Language 
Technologies - Proceedings of the Conference, 1(Mlm), 4171–4186.

Dickinson, D., Bellack, A. S., & Gold, J. M. (2006). Social/Communication Skills, Cognition, 
and Vocational Functioning in Schizophrenia. Schizophrenia Bulletin, 33(5), 1213–1220. 
https://doi.org/10.1093/schbul/sbl067

Docherty, N. M., DeRosa, M., & Andreasen, N. C. (1996). Communication disturbances in 
schizophrenia and mania. 53(4), 358–364.



General introduction

21   

1Elvevåg, B., Cohen, A. S., Wolters, M. K., Whalley, H. C., Gountouna, V.-E., Kuznetsova, K. A., 
Watson, A. R., & Nicodemus, K. K. (2016). An examination of the language construct 
in NIMH’s research domain criteria: Time for reconceptualization! American Journal 
of Medical Genetics Part B: Neuropsychiatric Genetics, 171(6), 904–919. https://doi.
org/10.1002/ajmg.b.32438

Elvevåg, B., Foltz, P. W., Rosenstein, M., & DeLisi, L. E. (2010). An automated method to analyze 
language use in patients with schizophrenia and their first-degree relatives. Journal of 
Neurolinguistics, 23(3), 270–284. https://doi.org/10.1016/j.jneuroling.2009.05.002

Elvevåg, B., Foltz, P. W., Weinberger, D. R., & Goldberg, T. E. (2007). Quantifying incoherence 
in speech: An automated methodology and novel application to schizophrenia. 
Schizophrenia Research, 93(1–3), 304–316. https://doi.org/10.1016/j.schres.2007.03.001

Eyben, F., Wöllmer, M., & Schuller, B. (2010). OpenSMILE - The Munich versatile and fast 
open-source audio feature extractor. MM’10 - Proceedings of the ACM Multimedia 2010 
International Conference, 1459–1462. https://doi.org/10.1145/1873951.1874246

Fraser, W. I., King, K. M., Thomas, P., & Kendell, R. E. (1986). The diagnosis of schizophrenia 
by language analysis. The British Journal of Psychiatry, 148(3), 275–278. https://doi.
org/10.1192/bjp.148.3.275

Gosztolya, G., Bagi, A., Szalóki, S., Szendi, I., & Hoffmann, I. (2018). Identifying schizophrenia 
based on temporal parameters in spontaneous speech. Proceedings of the Annual 
Conference of the International Speech Communication Association, INTERSPEECH, 
2018-Septe(Mci), 3408–3412. https://doi.org/10.21437/Interspeech.2018-1079

Gupta, T., Hespos, S. J., Horton, W. S., & Mittal, V. A. (2018). Automated analysis of written 
narratives reveals abnormalities in referential cohesion in youth at ultra high 
risk for psychosis. Schizophrenia Research, 192, 82–88. https://doi.org/10.1016/j.
schres.2017.04.025

Haigh, S. M., Coffman, B. A., Murphy, T. K., Butera, C. D., & Salisbury, D. F. (2016). Abnormal 
auditory pattern perception in schizophrenia. Schizophrenia Research, 176(2–3), 473–
479. https://doi.org/10.1016/j.schres.2016.07.007

Hoff, A. L., Svetina, C., Shields, G., Stewart, J., & DeLisi, L. E. (2005). Ten year longitudinal study 
of neuropsychological functioning subsequent to a first episode of schizophrenia. 
Schizophrenia Research, 78(1), 27–34.

Jones, P., Murray, R., Rodgers, B., & Marmot, M. (1994). Child developmental risk factors for 
adult schizophrenia in the British 1946 birth cohort. The Lancet, 344(8934), 1398–1402. 
https://doi.org/10.1016/S0140-6736(94)90569-X

Kay, S. R., Fiszbein, A., & Opler, L. A. (1987). The positive and negative syndrome scale (PANSS) 
for schizophrenia. Schizophrenia Bulletin, 13(2), 261–276. https://doi.org/10.1093/
schbul/13.2.261

Kazadi, N. J. B., Moosa, M. Y. H., & Jeenah, F. Y. (2008). Factors associated with relapse in 
schizophrenia. South African Journal of Psychiatry, 14(2), 52–62. https://doi.org/10.4102/
sajpsychiatry.v14i2.158

Kiang, M., Light, G. A., Prugh, J., Coulson, S., Braff, D. L., & Kutas, M. (2007). Cognitive, 
neurophysiological, and functional correlates of proverb interpretation abnormalities 
in schizophrenia. Journal of the International Neuropsychological Society, 13(4), 653–663. 
https://doi.org/10.1017/S1355617707070816



Chapter 1  

22

Kraepelin, E., Barclay, R. M., & Robertson, G. M. (1919). Dementia praecox. JSTOR.

Kreher, D. A., Holcomb, P. J., Goff, D., & Kuperberg, G. R. (2008). Neural evidence for faster 
and further automatic spreading activation in schizophrenic thought disorder. 
Schizophrenia Bulletin, 34(3), 473–482. https://doi.org/10.1093/schbul/sbm108

Kuperberg, G. R. (2010). Language in schizophrenia part 1: an introduction. Language and 
Linguistics Compass, 4(8), 576–589.

Kuperberg, G. R., West, W. C., Lakshmanan, B. M., & Goff, D. (2008). Functional magnetic 
resonance imaging reveals neuroanatomical dissociations during semantic integration 
in schizophrenia. Biological Psychiatry, 64(5), 407–418.

Landauer, T., & Dumais, S. (1997). A solution to Plato’s problem: The Latent Semantic Analysis 
Theory of Acquisition, Induction, and Representation of Knowledge. Psychological 
Review, 104(2), 211–240.

Leucht, S., Cipriani, A., Spineli, L., Mavridis, D., Örey, D., Richter, F., Samara, M., Barbui, C., 
Engel, R. R., Geddes, J. R., Kissling, W., Stapf, M. P., Lässig, B., Salanti, G., & Davis, J. M. 
(2013). Comparative efficacy and tolerability of 15 antipsychotic drugs in schizophrenia: 
A multiple-treatments meta-analysis. The Lancet, 382(9896), 951–962. https://doi.
org/10.1016/S0140-6736(13)60733-3

Lieberman, J. A., Perkins, D., Belger, A., Chakos, M., Jarskog, F., Boteva, K., & Gilmore, J. (2002). 
The early stages of schizophrenia: Speculations on pathogenesis, pathophysiology, 
and therapeuthic approaches. Biological Psychiatry, 51(4), 346. https://doi.org/10.1016/
S0006-3223(02)01310-0

Martínez-Sánchez, F., Muela-Martínez, J. A., Cortés-Soto, P., García Meilán, J. J. os., Vera 
Ferrándiz, J. A. ntoni., Egea Caparrós, A., & Pujante Valverde, I. M. arí. (2015). Can the 
Acoustic Analysis of Expressive Prosody Discriminate Schizophrenia? The Spanish 
Journal of Psychology, 18(March 2016), E86. https://doi.org/10.1017/sjp.2015.85

McGrath, J., Saha, S., Welham, J., El Saadi, O., MacCauley, C., & Chant, D. (2004). A systematic 
review of the incidence of schizophrenia: The distribution of rates and the influence 
of sex, urbanicity, migrant status and methodology. BMC Medicine, 2, 1–22. https://doi.
org/10.1186/1741-7015-2-13

Meaux, L. T., Mitchell, K. R., & Cohen, A. S. (2018). Blunted vocal affect and expression is 
not associated with schizophrenia: A computerized acoustic analysis of speech under 
ambiguous conditions. Comprehensive Psychiatry, 83, 84–88. https://doi.org/10.1016/j.
comppsych.2018.03.009

Michael, J., & Park, S. (2016). Anomalous bodily experiences and perceived social isolation in 
schizophrenia: An extension of the Social Deafferentation Hypothesis. Schizophrenia 
Research, 176(2–3), 392–397.

Mikolov, T., Sutskever, I., Chen, K., Corrado, G. S., & Dean, J. (2013). Distributed representations 
of words and phrases and their compositionality. Advances in Neural Information 
Processing Systems, 3111–3119.

Millman, Z. B., Goss, J., Schiffman, J., Mejias, J., Gupta, T., & Mittal, V. A. (2014). Mismatch 
and lexical retrieval gestures are associated with visual information processing, 
verbal production, and symptomatology in youth at high risk for psychosis. 
Schizophrenia Research, 158(1–3), 64–68. https://doi.org/http://dx.doi.org/10.1016/j.
schres.2014.06.007



General introduction

23   

1Mota, N. B., Vasconcelos, N. A. P., Lemos, N., Pieretti, A. C., Kinouchi, O., Cecchi, G. A., Copelli, 
M., & Ribeiro, S. (2012). Speech graphs provide a quantitative measure of thought 
disorder in psychosis. PLoS ONE, 7(4). https://doi.org/10.1371/journal.pone.0034928

Oliveira, S. E. H., Esteves, F., & Carvalho, H. (2015). Clinical profiles of stigma experiences, self-
esteem and social relationships among people with schizophrenia, depressive, and 
bipolar disorders. Psychiatry Research, 229(1–2), 167–173.

Özcan, A., Kuruoglu, G., Alptekin, K., Akdede, B., Sevilmis, S., & Yalincetin, B. (2017). The 
production of simple sentence structures in schizophrenia. International Journal of Arts 
& Sciences, 09(04), 6934.

Palaniyappan, L., Mota, N. B., Oowise, S., Balain, V., Copelli, M., Ribeiro, S., & Liddle, P. F. 
(2019). Speech structure links the neural and socio-behavioural correlates of psychotic 
disorders. Progress in Neuro-Psychopharmacology and Biological Psychiatry, 88(June 
2018), 112–120. https://doi.org/10.1016/j.pnpbp.2018.07.007

Parola, A., Simonsen, A., Bliksted, V., & Fusaroli, R. (2020). Voice patterns in schizophrenia: 
A systematic review and Bayesian meta-analysis. Schizophrenia Research, 216, 24–40.

Pavy, D., Grinspoon, L., & Shader, R. I. (1969). Word frequency measures of verbal disorders 
in schizophrenia. Diseases of the Nervous System, 30(8), 553–556.

Rodriguez-Ferrera, S., McCarthy, R. A., & McKenna, P. J. (2001). Language in schizophrenia 
and its relationship to formal thought disorder. Psychological Medicine, 31(2), 197–205.

Rössler, W., Joachim Salize, H., Van Os, J., & Riecher-Rössler, A. (2005). Size of burden of 
schizophrenia and psychotic disorders. European Neuropsychopharmacology, 15(4), 
399–409. https://doi.org/10.1016/j.euroneuro.2005.04.009

Salzinger, K., Portnoy, S., & Feldman, R. S. (1964). Verbal behavior of schizophrenic and 
normal subjects. Annals of the New York Academy of Sciences, 105(15), 845–860.

Sinha, P., Vandana, V. P., Lewis, N. V, Jayaram, M., & Enderby, P. (2015). Predictors of effect 
of atypical antipsychotics on speech. Indian Journal of Psychological Medicine, 37(4), 
429–433.

Sommer, I. E. C., Aleman, A., & Kahn, R. S. (2003). Left with the voices or hearing right? 
Lateralization of auditory verbal hallucinations in schizophrenia. Journal of Psychiatry & 
Neuroscience : JPN, 28(3), 217–219. https://pubmed.ncbi.nlm.nih.gov/12790162

Sommer, I. E. C., Ramsey, N. F., & Kahn, R. S. (2001). Language lateralization in schizophrenia, 
an fMRI study. Schizophrenia Research, 52(1–2), 57–67. https://doi.org/10.1016/S0920-
9964(00)00180-8

Tahir, Y., Yang, Z., Chakraborty, D., Thalmann, N., Thalmann, D., Maniam, Y., Rashid, N. A. 
binte A., Tan, B. L., Keong, J. L. C., & Dauwels, J. (2019). Non-verbal speech cues as 
objective measures for negative symptoms in patients with schizophrenia. PLoS ONE, 
14(4), 1–17.

Tan, E. J., Neill, E., & Rossell, S. L. (2015). Assessing the Relationship between Semantic 
Processing and Thought Disorder Symptoms in Schizophrenia. Journal of the 
International Neuropsychological Society, 21(8), 629–638. https://doi.org/10.1017/
S1355617715000648

Tang, S. X., Kriz, R., Cho, S., Park, S. J., Harowitz, J., Gur, R. E., Bhati, M. T., Wolf, D. H., Sedoc, J., 
& Liberman, M. Y. (2021). Natural language processing methods are sensitive to sub-
clinical linguistic differences in schizophrenia spectrum disorders. Npj Schizophrenia, 
7(1), 25. https://doi.org/10.1038/s41537-021-00154-3



Chapter 1  

24

Thermenos, H. W., Whitfield-Gabrieli, S., Seidman, L. J., Kuperberg, G. R., Juelich, R. J., Divatia, 
S., Riley, C., Jabbar, G. A., Shenton, M. E., & Kubicki, M. (2013). Altered language network 
activity in young people at familial high-risk for schizophrenia. Schizophrenia Research, 
151(1–3), 229–237.

van Dellen, E., Bohlken, M. M., Draaisma, L., Tewarie, P. K., van Lutterveld, R., Mandl, R., 
Stam, C. J., & Sommer, I. E. C. (2016). Structural Brain Network Disturbances in the 
Psychosis Spectrum. Schizophrenia Bulletin, 42(3), 782–789. https://doi.org/10.1093/
schbul/sbv178

Walenski, M., Weickert, T. W., Maloof, C. J., & Ullman, M. T. (2010). Grammatical processing in 
schizophrenia: Evidence from morphology. Neuropsychologia, 48(1), 262–269.

Willits, J. A., Rubin, T., Jones, M. N., Minor, K. S., & Lysaker, P. H. (2018). Evidence of disturbances 
of deep levels of semantic cohesion within personal narratives in schizophrenia. 
Schizophrenia Research, 197, 365–369. https://doi.org/10.1016/j.schres.2017.11.014



General introduction

25   

1




	Chapter 1



