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Abstract

We present a study of the linguistic output
of the German-speaking writer Robert Walser
using NLP. We curated a corpus comprising
texts written by Walser during periods of sound
health, and writings from the year before his
hospitalization, and writings from the first year
of his stay in a psychiatric clinic, all likely at-
tributed to schizophrenia. Within this corpus,
we identified and analyzed a total of 20 lin-
guistic markers encompassing established met-
rics for lexical diversity, semantic similarity,
and syntactic complexity. Additionally, we ex-
plored lesser-known markers such as lexical
innovation, concreteness, and imageability. No-
tably, we introduced two additional markers
for phonological similarity for the first time
within this context. Our findings reveal sig-
nificant temporal dynamics in these markers
closely associated with Walser’s contempora-
neous diagnosis of schizophrenia. Furthermore,
we investigated the relationship between these
markers, leveraging them for classification of
the schizophrenic episode.

1 Introduction

Schizophrenia is a heterogeneous psychiatric disor-
der characterized by diverse symptoms impacting a
person’s perception, cognition, language and motor
functions. The disorder displays variable courses;
some patients undergo circumscribed episodes with
psychotic symptoms and either complete or in-
complete remission, while others follow a chronic
course with persistent symptoms at a relatively sta-
ble level. Typically, there is a prodromal period,
ranging from several weeks to several years, that
precedes the first psychotic episode. Symptoms in
schizophrenia can be broadly categorized into two
groups: positive symptoms, such as hallucinations,
delusions, and certain formal thought disorders like

derailment and word salad; and negative symptoms,
including poverty of speech, alogia, anhedonia, and
social withdrawal (Andreasen, 1990). In clinical
psychiatry, the diagnosis of schizophrenia is es-
tablished based on interviews and diagnostic man-
uals that provide comprehensive descriptions of
symptoms. Despite advances in modern medicine,
the absence of concrete (bio)markers for diagno-
sis and individualized treatment for schizophrenia
persists. Concurrently, patients exhibit fluctuat-
ing alterations in language production and compre-
hension that correlate with the illness’s dynamics
and severity. Despite the long history of study of
language in connection to mental illness (the first
accounts on recognizable linguistic patterns are in-
deed older than the term “schizophrenia” and even
its predecessor “dementia praecox” (Griesinger,
1845; Brosius, 1857), only the recent advances of
computational linguistics and NLP provide the nec-
essary tools and technology to analyze substantial
linguistic datasets and extract linguistic features
in an objective and replicable manner (Hitczenko
et al., 2021; Crema et al., 2022). Several authors
identify the potential of linguistic features extracted
by means of NLP as possible biomarkers of psy-
chosis (Corcoran et al., 2020; de Boer et al., 2020).
Palaniyappan (2021) emphasizes that linguistic pro-
duction not only reflects biological processes but
also incorporates social aspects. Consequently, he
contends that language can be regarded as a bioso-
cial marker. Our stance is that schizophrenia (and
mental illness in general) should not be oversim-
plified to mere biology. We view the concept of
biomarkers as an analogy, comparable to blood
sugar levels or blood pressure in somatic medicine.
Notably, a significant gap exists in the current state
of research, with no established population norms
for the NLP features. This contrasts sharply with
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the majority of biomarkers in traditional medicine.
Addressing this gap could involve adopting a per-
sonalized methodology, observing changes in lin-
guistic output over time in individual subjects.

Nowadays, NLP methodologies are commonly
used to demonstrate significant differences in the
linguistic production between participants suffering
from schizophrenia or high-risk individuals com-
pared with neurotypical participants. Furthermore,
it seems that computational linguistic features at
least partially correlate with the severity of psy-
chotic symptoms. A promising recent trend in
the field is to produce and analyse longitudinal
datasets and explore the stability or the dynamics
of the linguistics markers within schizophrenia. As
schizophrenia is characterized by a highly heteroge-
nous expression of symptoms, it is not surprising
that there is evidence of a substantial difference
in the linguistic markers within the schizophrenia
group (Liebenthal et al., 2023). Given the advance-
ments in individualized medicine, an important
question arises: Can variations in linguistic mark-
ers be identified within each individual’s language
output, enabling a truly personalized method for
diagnosing relapses and monitoring the disease? If
so, NLP could furnish tools for tailoring individu-
alized detection algorithms, thereby aiding in the
prevention of future psychotic episodes.

In this study, we adopt such a longitudinal ap-
proach using a single-subject design. Our study
is based on a linguistic corpus comprising short
literary texts authored by the German-speaking
writer Robert Walser who probably suffered from
schizophrenia. From this corpus, we extracted es-
tablished linguistic features for lexical diversity
and lexical innovation, syntactic complexity, and
semantic similarity. Additionally, we introduce
markers for phonological similarity. We present ev-
idence of significant marker dynamics temporally
linked to Walser’s diagnosis of schizophrenia and
subsequent hospitalization.

In this work, we contribute to the intersection of
NLP and psychiatry through multiple avenues. Pri-
marily, we explore various NLP findings at the indi-
vidual level. Furthermore, we introduce a novel lin-
guistic marker, phonological similarity, warranting
future investigation. Additionally, our utilization of
a corpus from a German-speaking writer enhances
the linguistic diversity within this domain.

2 Background

2.1 Linguistic markers of schizophrenia
One extensively studied linguistic aspect in psy-
chotic language through NLP is semantic coher-
ence, addressing the relatedness between word
chunks or sentences, aiming to capture formal
thought disorders (disorganisation, tangentiality,
derailment and poverty of speech) in schizophre-
nia. In coherence analysis, words and sentences are
commonly represented as vector embeddings in a
multidimensional semantic space, with relatedness
gauged via cosine similarity between these vectors.
Currently, there is no consensus on a best practice
approach regarding segmentation. Some studies
focus on the semantic similarity between chunks of
5 or 10 tokens (called coherence-5 and coherence-
10), other studies examine the similarity between
sentences (first- and second-order coherence, mea-
suring semantic similarity with a sentence’s first
or second neighbour(Parola et al., 2023)). Further-
more, there is also no consensus on the preferred
type of embeddings. Studies reveal substantial dif-
ferences in the semantic coherence when compar-
ing patients with schizophrenia to neurotypical con-
trols. The majority of studies suggest reduced se-
mantic coherence in schizophrenia patients, notably
derived from analyses based on word2vec, GloVe,
and fastText embeddings (Corona-Hernández et al.,
2023; Voleti et al., 2023; Iter et al., 2018; Morgan
et al., 2021; Voppel et al., 2021; Just et al., 2020;
Parola et al., 2023). The findings have encountered
challenges. Alonso-Sánchez et al. (2022) revealed
an increase in semantic coherence among a cohort
experiencing the first episode of psychosis, coun-
tering previous assumptions. Moreover, Tang et al.
(2021), employing BERT embeddings, yielded in-
conclusive coherence outcomes in inter-group com-
parisons. Intriguingly, only second-order coher-
ence demonstrates potential for cross-language gen-
eralization (Parola et al., 2023).

Another frequently employed set of linguistic
markers revolves around gauging the lexical di-
versity within language samples. It reflects the
variety and richness of vocabulary within a text.
The Type-Token Ratio (TTR) specifically quanti-
fies the ratio of unique words to the total words in
a text. However, due to its sensitivity to text length
variations, various other markers have emerged to
address this limitation and offer a more nuanced
understanding of lexical richness. Among these
markers, the Measure of Textual Lexical Diversity
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(MTLD) and Mean Average TTR (MATTR) stand
out (McCarthy and Jarvis, 2010). Several studies
have investigated the differences in lexical diversity
between subjects with schizophrenia and neurotypi-
cal subjects. Voleti et al. (2023) report lower lexical
diversity, while Ziv et al. (2021) observe the oppo-
site trend. Lundin et al. (2023) and Schneider et al.
(2023) report a negative result on MTLD and TTR
respectively. Notably, Bambini et al. (2022) utilize
TTR for the identification of clusters of individu-
als with schizophrenia. Additionally, Pavy et al.
(1969) report significantly higher TTR for individ-
uals with acute schizophrenia compared to those
with a chronic condition. In schizophrenia patients,
lexical diversity measures seem to vary based on
clinical symptoms. Some individuals demonstrate
an increase, while others display a decrease in these
metrics.

The words used in a text can be further exam-
ined beyond their mere counts. Despite the avail-
ability of comprehensive linguistic norms across
languages, semantic norms related to concreteness
and imageability are seldom applied in analyz-
ing linguistic output from individuals affected by
schizophrenia. Concreteness refers to the extent to
which a word signifies something tangible, specific,
and easily perceivable through the senses; image-
ability refers to the potential of words to evoke
vivid mental images. Oertel et al. (2009) and Sack
et al. (2005) have observed that individuals with
schizophrenia and their first-degree relatives ex-
hibit heightened vividness of mental imagery, as
assessed through a standardized questionnaire. No-
tably, because of the absence of a correlation be-
tween vividness scores and symptoms, the authors
interpret this phenomenon as indicative of a trait
marker in schizophrenia. The investigation of men-
tal imagery within in the linguistic production of
individuals affected by schizophrenia remains un-
explored in current research. The adoption of a vo-
cabulary characterized by lower concreteness and
imageability, possibly resulting in a more abstract
linguistic style, might reflect reminiscences of psy-
chopathological symptoms such as poverty of con-
tent of speech and stilted speech. Conversely, a dis-
course marked by high concreteness and vivid im-
agery also appears plausible. Minor et al. (2019) re-
port that concreteness is not connected to neurocog-
nitive, socialcognitive or metacognitive deficits in
schizophrenia. A more recent study of Minor et al.
(2023) examined the test-retest reliability of con-

creteness using the Coh-Metrix tool and reported a
good intraclass-correlation.

Individuals with schizophrenia often exhibit lexi-
cal innovations, termed neologisms, encompassing
words absent from the general lexicon. Surpris-
ingly, the exploration of such lexical innovations
in schizophrenia through NLP methodologies re-
mains limited. To date, Just et al. (2020) stand as
the sole instance using semi-automated neologism
detection effectively, distinguishing schizophrenia
individuals from control groups.

Syntactic complexity addresses the intricacy and
sophistication of the grammatical structures in a
text. It appears reduced in individuals at high risk
for developing schizophrenia (Bedi et al., 2015;
Corcoran et al., 2018). Schneider et al. (2023) re-
port a significantly reduced syntactic complexity
for individual suffering from schizophrenia com-
pared to both controls and patients with depression.
Haas et al. (2020) report a negative correlation be-
tween negative symptoms and syntactic complex-
ity in clinically high risk individuals. Silva et al.
(2023) analyse various indices of syntactic com-
plexity in individuals with first episode psychosis
and report that the majority of indices remain sta-
ble over a period of 6 months. Voleti et al. (2023)
used Yngve scoring to analyse the syntactic com-
plexity of transcribed interviews from individuals
suffering from schizophrenia or bipolar disorder
and healthy controls. Although syntactic complex-
ity seems lower in the schizophrenia group this
marker was not selected for the development of
prediction models by the authors.

A commonly replicated linguistic feature of in-
dividuals with schizophrenia is the extensive use
of first person singular pronouns as a marker of
focus on the self (Ziv et al., 2021; Tang et al.,
2021; Birnbaum et al., 2017; Lundin et al., 2023;
Fineberg et al., 2015). The prominence of increased
first-person singular pronoun use extends beyond
schizophrenia and has been observed in diverse
mental health conditions (Brockmeyer et al., 2015;
Edwards and Holtzman, 2017; Lyons et al., 2018).
An increased use of second person singular pro-
nouns (Watson et al., 2012) and decreased use of
first person plural pronouns (Lundin et al., 2023)
have also been reported in schizophrenia.

This study not only delves into established lin-
guistic markers but also introduces phonological
similarity as a promising marker in NLP associ-
ated with linguistic output in schizophrenia. While
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drawing from established methodologies for mea-
suring string similarity, this study stands as the
pioneering exploration of this approach within
the context of linguistic output in schizophrenia.
High phonological similarity may be associated
with clanging - a rare symptom observed in some
patients with schizophrenia which involves using
words based on their sound similarity rather than
their meaning, e.g. "I’m trying to make sense out
of sense. I’m not making sense [cents] anymore. I
have to make dollars." (Andreasen, 1986).

2.2 Longitudinal studies
Currently, only a limited number of studies address
the question whether linguistic markers represent
stable longitudinal traits or capture dynamic shifts
in psychological states. Research by Bedi et al.
(2015) demonstrated a decrease in semantic coher-
ence via Latent Semantic Analysis (LSA) preced-
ing psychosis, complemented by a decline in mark-
ers of syntactic complexity. Corcoran et al. (2018)
corroborated these findings. Birnbaum et al. (2019)
analyzed Facebook posts, identifying linguistic al-
terations preceding psychotic relapses, notably an
upsurge in first- and second-person pronouns. Mi-
nor et al. (2023) observed satisfactory test-retest
reliability in speech content and organization over
6 months to a year using LIWC and Coh-Metrix.
Alonso-Sánchez et al. (2022) highlighted an aug-
mented semantic similarity in a picture descrip-
tion task over 6 months, correlating with increased
negative symptoms. Silva et al. (2023) examined
the syntactic complexity of individuals with first
episode psychosis and report that over a period of
6 months the majority of the examined markers
remain stable.

2.3 Literature in the study of mental illness
The NLP analysis of authors with mental illness
includes studies on Iris Murdoch’s reduced lexi-
cal diversity due to Alzheimer’s dementia (Hirst
and Wei Feng, 2012; Le et al., 2011; Garrard et al.,
2005; Pakhomov et al., 2011). Edgar Allan Poe’s
works are scrutinized to illuminate aspects of his
enigmatic death (Dean and Boyd, 2020). Addition-
ally, research examines linguistic patterns associ-
ated with bipolar disorder (Rentoumi et al., 2017)
or suicidality in poems or in diaries (Stirman and
Pennebaker, 2001; Fernández-Cabana et al., 2013;
Baddeley et al., 2011). To our knowledge, a system-
atic NLP-based analysis of the literary works au-
thored by an individual diagnosed with schizophre-

nia is still missing. In the current study, we extract
NLP features from a corpus of a single individual
and observe significant within-subject variations,
which could be associated with psychosis.

3 Methods

3.1 Robert Walser

Robert Walser (1878–1956) is a German-speaking
writer from the early 20th century, who played a
significant role in European literary modernism.
Throughout his lifetime, Walser created an exten-
sive body of work, encompassing several novels,
numerous short pieces of prose, and poetry. In
1929, he was institutionalized, remaining in psy-
chiatric care for nearly 27 years until his pass-
ing. During this period, he received a diagno-
sis of schizophrenia. Several detailed accounts
shed light on Walser’s hospitalization and his pro-
longed stay in psychiatric clinics (Wernli, 2014;
Partl et al., 2011). Upon admission to the Waldau
psychiatric clinic, Walser exhibited auditory ver-
bal hallucinations, probably persecutory delusions,
anxiety, and suicidal thoughts. Subsequently, in
the Herisau asylum from 1933 onwards, he consis-
tently reported experiencing commenting and dialo-
gizing voices, as noted by the attending psychiatrist
(Vannette, 2020). Through an extensive presenta-
tion of Walser’s medical records (Wernli, 2014)
and a detailed exploration of his family history,
which includes multiple instances of schizophre-
nia or depression among family members (Gisi,
2018), the possibility of his diagnosis becomes
evident. However, posthumously, the diagnosis
of schizophrenia has faced challenges from vari-
ous scholars. Lyons and Fitzgerald (2004) suggest,
for instance, that Walser might have been expe-
riencing high-functioning autism instead. Other
scholars reject any psychiatric diagnosis altogether
and assert that Walser’s stay in psychiatric insti-
tutions was solely due to socio-economic reasons.
This study acknowledges that verifying or refut-
ing Walser’s psychiatric diagnosis falls outside its
scope, particularly given the impossibility of such
an assessment for a person who passed away over
60 years ago. Nevertheless, considering the current
efforts to identify NLP markers of schizophrenia,
Walser’s extensive body of work and medical his-
tory presents an intriguing case. His extensive body
of work presents a compelling opportunity for NLP
research due to the substantial volume of text he
generated in the decades and years prior to and just
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Period Texts Tokens Tokens
(total) (mean)

1903-1907 70 50102 715.74
1915-1919 79 80408 1017.82
1928-1929 40 28688 717.20
Total 189 159198 995.56

Table 1: Linguistic corpus

before his hospitalization, enabling comprehensive
comparative analysis.

3.2 Corpus

For our analysis, we assembled a corpus consisting
of short prose texts authored by Walser for various
periodicals or published in collections. Consider-
ing the texts share the same genre and have com-
parable lengths, we consider them comparable for
the purposes of our study. This corpus included
all currently available texts (n=189) from three dis-
tinct timeframes: 70 texts published between 1903
and 1907, sourced from the volume Fritz Kocher’s
Aufsätze (Walser, 2023a), kleine Prosa (Walser,
2023b), as well as publications in Neue Rundschau
(Walser, 2017a), Schaubühne (Walser, 2015), and
Berliner Tageblatt (Walser, 2013a). Another set
of 79 texts, spanning 1915 to 1919, originated
from Neue Züricher Zeitung (Walser, 2013b), Neue
Rundschau (Walser, 2017a), Prosastücke (Walser,
2017b), and Poetenleben (Walser, 2014). Notably,
Walser’s biography does not attest to mental suf-
fering or illness during these periods. Lastly, 40
texts written in 1928 and 1929, form the third part
of the corpus (Walser, 2019, 2013b,a). Walser was
admitted to the psychiatric clinic in Waldau in Jan-
uary 1929. The assumption that he had been in a
state of psychosis in the months (and likely years)
leading up to this admission has been expressed by
his biographers (Mächler and Seelig, 1992) as cited
in (Vannette, 2020). We decided to exclude both
poetry and novels to ensure maximal homogeneity
in the corpus, facilitating comparisons across differ-
ent time periods. Walser’s three major novels were
composed between 1907 and 1909. The draft of a
fourth novel, The Robber, was found posthumously
and dated back to 1925. A detailed examination
of Walser’s poetry or letters is reserved for future
work.

3.3 Linguistic markers
After constructing the corpus and preprocessing,
we extracted a number of linguistic markers.

To gauge semantic coherence, we utilized pre-
trained word2vec embeddings from the Python li-
brary spaCy1. After removing the stop words, we
computed the cosine similarity between chunks
of 5 and 10 tokens and averaged these values to
derive one score per text, generating coherence-5
and coherence-10 scores for chunks with 5 and
10 tokens respectively. To assess first- and second-
order sentence similarity, we employed a pretrained
Hugging Face transformer model2 using the sen-
tence transformers Python library (Reimers and
Gurevych, 2019) we calculated cosine similarity
between sentence BERT-embeddings, then averag-
ing these values to produce a single score for each
text.

To estimate the lexical diversity of the texts we
used the python library lexical richness (Shen et al.,
2023) and calculated TTR, MLTD and MATTR for
both 25 and 50 token windows.

In addition to this, we calculated the concrete-
ness and imageability values for each text as the
mean of the concreteness and imageability norms
for the individual words used in the texts. We used
the word norms from the newly developed GLEAN
dataset for German (Lüdtke and Hugentobler).

We employed a German reference corpus3 com-
prising 249 million tokens extracted from texts be-
tween 1465 and 1969 to detect neologism. This
corpus, spanning Walser’s lifetime, was chosen due
to its written content. After preprocessing involv-
ing stopword removal and lemmatization, we de-
termined the relative frequency of tokens/lemmata
in texts that were out of scope of the German refer-
ence corpus.

After POS-tagging, we estimated syntactic com-
plexity by calculating the mean Yngve score, sen-
tence length, and number of clauses per sentence
in each text. The Yngve Score measures the depth
of the parsing tree, with higher scores indicating a
more complex syntactic structure (Yngve, 1960).
Furthermore, we included the mean frequency of
1st and 2nd person singular and also 1st person
plural pronouns per text in our report.

To assess the phonological similarity among
1github.com/explosion/spacy-models/releases/

tag/de_core_news_lg-3.7.0
2huggingface.co/aari1995/German_Semantic_STS_

V2
3www.dwds.de/r/lexdb/dta/lex
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strings, we analyzed the raw un-preprocessed
text. Initially, we transformed the graphemes
into phonemes using the Python library Epitran
(Mortensen et al., 2018). Subsequently, we calcu-
lated the Jaro-Winkler similarity between a string
and each token from the consecutive 10- and 20-
token sequences. We selected these window sizes
based on the established capacity of working mem-
ory, commonly regarded as 7±2 tokens (Miller,
1956), but acknowledging potential individual dif-
ferences. Following this, we derived a mean simi-
larity score for each text.

3.4 Analysis

Comparison between periods. The texts from
the three distinct periods were compared for differ-
ences in linguistic markers via a one-way ANOVA
analysis and a subsequent Tukey test through the
statsmodels Python library (Seabold and Perktold,
2010). In total we estimated 20 linguistic mark-
ers. To mitigate Type I errors, a Bonferroni correc-
tion was implemented to adjust for the multitude
of linguistic markers assessed (p < 0.0025 for 20
markers). In assessing the practical significance
of observed distinctions, we provide effect sizes
for individual markers within our analysis. Our
evaluation indicates that small effects align with
η2 around 0.01, medium effects with η2 around
0.06 and large effects with η2 around 0.14 (Cohen,
1988). We proceeded to analyze the relationships
between the linguistic markers by computing their
correlations.

Classification. In our study, we applied
sklearn’s (Pedregosa et al., 2011) classification
algorithms – logistic regression, SVM, random
forests, and Naïve Bayes – to categorize texts
based on extracted linguistic markers. We assigned
"healthy" to texts from the initial two periods and
"ill" to those from the last period. The robust 10-
fold cross-validation technique notably bolstered
the models’ reliability and ability to generalize ef-
fectively across the diverse entries within the text
corpus.

4 Results

Statistically significant differences between time
periods were observed for the majority of linguistic
markers after Bonferroni correction (Table 2). Sub-
sequent post-hoc Tukey tests identified these differ-
ences to reside mainly in the third period. Specifi-
cally, markers related to lexical richness, concrete-

ness, imageability, neologism frequency, 1st and
2nd order coherence, and phonological similarity
exhibited large effect sizes. Other markers such
as syntactic complexity displayed moderate effect
sizes. Coherence-10 and the frequency of personal
pronouns did not show significant differences. Cor-
relation analysis (table and hierarchically-clustered
heatmap in the Appendix21) unveiled generally
moderate to weak correlations among linguistic
markers across different domains. For instance,
coherence-5 and coherence-10 demonstrated high
mutual correlation but exhibited weak associa-
tions with measures of lexical diversity, syntac-
tic complexity, or phonological similarity. Within
our analysis involving 20 linguistic markers, the
Naïve Bayes classifier demonstrated superior per-
formance in distinguishing texts written in the third
period from those in earlier periods (Table 3). In
the context of a personalized approach, this clas-
sification algorithm can only be applied to the lin-
guistic output of the person on whose corpus it was
trained.

4.1 Figures and tables

In this section, we present scattered boxplots an-
notated for significance using the Tukey test (p >
0.0025 not significant, p < 0.0025 ’*’, p < 0.001
’**’, p < 0.0001 ’***’) for MLTD, neologisms, con-
creteness, phonological similarity (20-token win-
dow), and coherence-5 (Fig 1-5). Plots for the
remaining markers can be found in the Appendix
A. In Table 2, we present the descriptive results and
outcomes from the ANOVA comparisons. In Table
3, we summarize the results from the classification.
In Table 5, we provide examples of text exhibiting
high phonological similarity.

Figure 1: MLTD
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1903-1907 1915-1919 1928-1929 ANOVA η2

(n=70) (n=79) (n=40)
1.Coherence-5 0.465 (0.044) 0.456 (0.034) 0.426 (0.041) F=12.351 0.117
2.Coherence-10 0.59 (0.041) 0.593 (0.038) 0.569 (0.042) F=5.224 0.053
3.1st order coherence 0.622 (0.034) 0.647 (0.029) 0.653 (0.036) F=15.603 0.143
4.2dn order coherence 0.604 (0.033) 0.63 (0.032) 0.637 (0.037) F=16.091 0.147
5.TTR 0.561 (0.091) 0.527 (0.09) 0.593 (0.057) F=8.468 0.083
6.MTLD 138.665 (42.5) 146.376 (61.9) 201.478 (48.9) F=19.942 0.298
7.MATTR 25 0.907 (0.022) 0.901 (0.027) 0.931 (0.012) F=24.047 0.205
8.MATTR 50 0.847 (0.028) 0.838 (0.037) 0.88 (0.018) F=26.196 0.219
9.Mean token length 7.392 (0.457) 7.554 (0.479) 8.389 (0.548) F=57.264 0.381
10.Out of scope tokens 0.081 (0.033) 0.084 (0.026) 0.143 (0.032) F=63.81 0.406
11.Concreteness 2.053 (1.057) 1.51 (0.809) 0.447 (0.823) F=39.541 0.298
12.Imageability 1.702 (0.874) 1.185 (0.77) 0.219 (0.745) F=43.193 0.317
13.Yngve score 4.669 (1.056) 5.418 (1.206) 5.442 (1.075) F=9.996 0.097
14.Mean sentence
length

15.945 (6.92) 20.023 (6.349) 19.982 (7.013) F=8.093 0.080

15.Clauses 1.959 (1.021) 2.413 (0.735) 2.556 (0.764) F=7.911 0.078
16.1st person singular
pronouns

0.02 (0.023) 0.03 (0.022) 0.032 (0.022) F=5.619 0.0569

17.2nd person singular
pronouns

0.003 (0.012) 0.005 (0.012) 0.004 (0.007) F=0.53 0.005

18.1st person plural
pronouns

0.006 (0.009) 0.003 (0.005) 0.002 (0.002) F=4.715 0.0482

19.Phonological simi-
larity 20

0.29 (0.013) 0.285 (0.015) 0.305 (0.013) F=28.961 0.237

20.Phonological simi-
larity 10

0.289 (0.014) 0.285 (0.015) 0.305 (0.013) F=28.459 0.234

Table 2: Desriptive statistics and results from the ANOVA: means and standard deviations (in brackets) are listed for
each group and category. Bold font indicates significant results after Bonferroni correction for multiple testing.

Figure 2: Out of scope tokens Figure 3: Concreteness
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Figure 4: Phonological similarity (20-token window)

Figure 5: Coherence-5

5 Discussion

In this study, we analyzed the linguistic produc-
tion of the German-speaking author Robert Walser,
who probably suffered from schizophrenia, using
NLP. Walser’s case is particularly intriguing, given
that he produced a substantial body of literary texts
over a period of more than 30 years, and towards
its end he was hospitalized in a psychiatric clinic
with a diagnosis of schizophrenia. To construct our
corpus, we compiled short prose from three dis-
tinct timeframes: 1903 – 1907, 1915 – 1919, and
1928 – 1929, the latter coinciding with Walser’s
hospitalization for schizophrenia in January 1929.
Biographical notes suggest his experience of psy-
chotic symptoms before hospitalization, indicating
that the texts from the third period were likely com-
posed during a psychotic state. Examining several
established NLP features, we investigate their tem-
poral association with Walser’s psychosis. Addi-
tionally, we introduce two novel markers which aim
at capturing phonological similarity and imagiabil-

Model Acc. Prec. Rec. F1
Logistic re-
gression

0.85 0.76 0.60 0.60

Random For-
est

0.90 0.81 0.69 0.71

SVM 0.87 0.79 0.70 0.67
Naïve Bayes 0.90 0.72 0.88 0.75

Table 3: Results from the classification

ity. Our analysis delineates a significant linguistic
shift temporally linked to the onset of schizophre-
nia.

Walser’s texts from 1928 – 1929 showcase a sig-
nificant lexical expansion, characterized by height-
ened lexical diversity, increased usage of out of
scope words, and generally longer words. Metrics
including MLTD, MATTR 25, MATTR 50, and out
of scope token frequency demonstrate substantial
effect sizes. Notably, Ziv et al. (2021) align with
our findings on lexical diversity, diverging from
Voleti et al. (2023), Schneider et al. (2023), and
Lundin et al. (2023). Bambini et al. (2022) suggests
an association between lexical diversity and psy-
chopathological symptoms, demonstrating higher
TTR in patients with pronounced symptoms. Addi-
tionally, our study replicates Just et al. (2020) ob-
servation of increased neologism use. Remarkably,
a significant moderate correlation between overall
lexical diversity and the usage of out of scope to-
kens is evident in Walser’s case, potentially linked
to schizophrenic symptomatology. While yielding
significant results, our algorithm for the detection
of lexical innovation and neologisms requires fur-
ther refinement. It currently captures not only true
neologisms (e.g. "Unbewusstheitsabwesenheit",
"humorentfremden", "Shakespearehaftigkeit" and
"Shakespearesch", "Schwalbenessay")4 but also to-
kens written in Swiss German or tokens with de-
viant orthography.

Furthermore, Walser’s later texts feature a no-
table decrease in both concreteness and imageabil-
ity, resulting in a more abstract and ambiguous
tone. The high correlation between imageabil-
ity and concreteness suggests a shared underly-
ing phenomenon. Minor et al. (2023) demonstrate
sufficient test-retest reliability for word concrete-
ness over a 6-month period, indicating its stability
within that timeframe. Our analysis spans a much

4e.g. "unconsciousness absence", "humor alienation",
"Shakespeareanism" and "Shakespearean", "Swallow essay"
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longer period (1903 to 1929), allowing for a com-
prehensive comparison. To date, only Minor et al.
(2019). reported a null association between social
cognition or metacognition and concreteness so
that the relationship between these markers and
psychopathological symptoms remains to be stud-
ied. Overall, concreteness and imageability emerge
as promising markers warranting further investiga-
tion.

In our analysis, we introduced a novel measure
of phonological similarity, utilizing Jaro-Winkler
similarity for the first time in schizophrenia-related
NLP research. Specifically, we assessed similar-
ity between a token (as phoneme) and a subse-
quent window of 10 or 20 tokens, yielding two
highly correlated values likely measuring the same
phenomenon. In Table 5, we provide some exam-
ples of text exhibiting high phonological similarity.
ANOVA results indicated significant differences
among the three samples, with post-hoc Tukey tests
pinpointing distinctions in the third time period.
Notably, this finding exhibited a high effect size
and demonstrated moderate correlation with mea-
sures of lexical diversity. We believe this marker
holds promise and warrants further investigation.
As for its correlation with clanging or other psy-
chopathological symptoms, this remains an open
question that requires additional exploration.

The analysis of semantic coherence yielded
contrasting outcomes. With pretrained word2vec
embeddings, a significant reduction in seman-
tic similarity for 5-token chunks emerged in the
third period, showcasing a moderate effect size.
These results align with previous findings (Corona-
Hernández et al., 2023; Voleti et al., 2023; Iter et al.,
2018; Morgan et al., 2021; Voppel et al., 2021).
However, semantic similarity for 10-word chunks
did not attain significance post-Bonferroni correc-
tion. Notably, these markers exhibited high correla-
tions solely among themselves, distinct from other
dataset markers. Conversely, utilizing pretrained
BERT embeddings revealed increased cosine sim-
ilarity between consecutive sentences in the third
period compared to the first period. Additionally,
1st and 2nd order coherence exhibited significant
positive correlations with measures of syntactic
complexity. It seems that in the case of Walser
the cosine similarity measured from the pretrained
BERT model could be associated with syntax. Inter-
estingly, the correlation between semantic similar-
ity values from word2vec and BERT embeddings

did not demonstrate significance, suggesting that
they capture of distinct underlying phenomena.

There were also significant differences in the
syntactic features although their effect was much
less pronounced compared to the linguistic mark-
ers already described. Notably we could not find
the reduction of syntactic complexity which has
been described by Bedi et al. (2015) and Corcoran
et al. (2018). Since this reduction of complexity
has been associated with depression and negative
symptoms, we can speculate that Walser was not
showing these symptoms at the time before his
schizophrenia diagnosis.

The observation regarding the lack of signifi-
cant differences in the use of pronouns in Walser’s
texts is intriguing. This finding seemingly contra-
dicts prior research (Ziv et al., 2021; Tang et al.,
2021; Lundin et al., 2023). However, it’s impor-
tant to note that the increased use of 1st person
pronouns, associated with schizophrenia, might
not exclusively indicate this condition but might
be observed across various mental health condi-
tions (Lyons et al., 2018). Therefore, this particu-
lar marker might not hold substantial promise for
schizophrenia detection.

Our findings offer an intriguing perspective on
the concept of biomarkers or biosocial markers in
schizophrenia. Unlike traditional biomarkers in so-
matic medicine, we observe an individual constella-
tion that may not always align with the typical pro-
file for the disease in the population. For instance,
an increase in the usage of personal pronouns, a lin-
guistic feature typically found in schizophrenia,
does not manifest in Walser’s later texts. Con-
versely, we observe a decrease in concreteness and
imageability, along with an increase in phonologi-
cal similarity. Considering the pressing demand for
markers for schizophrenia in clinical practice, an
NLP-driven approach shows promise. Its strength
lies in its capacity for personalized analysis, identi-
fying individual markers with significant predictive
power. Utilizing these markers holds potential for
predicting relapses and enhancing tailored interven-
tions.

Limitations

Our study delineates several limitations that shape
the scope and interpretation of our findings. Fore-
most, the exclusive focus on a singular individ-
ual restrains the generalizability of our outcomes.
It’s imperative to acknowledge that Walser was
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diagnosed with schizophrenia in 1929, almost a
century preceding our study. This historical con-
text bears significance, as diagnostic criteria and
the conceptualization of psychiatric disorders have
substantially evolved since that period. The di-
agnostic classifications prevalent during Walser’s
era might not seamlessly align with contemporary
diagnostic manuals, potentially impacting the in-
terpretation and contextualization of clinical data
within modern psychiatric frameworks. As pre-
viously mentioned, the diagnosis itself has also
faced challenges from scholars posthumously. Fur-
thermore, the absence of standardized ratings for
psychopathology in Walser’s case introduces a piv-
otal gap. Relying solely on clinical records de-
void of standardized assessments markedly curtails
the depth of psychopathological insights. In ad-
dition, we recognize that alternative explanations
may exist for the observed changes in linguistic
style across the third time period. There are sev-
eral alternative explanations of the observed results
which cannot be easily addressed in the current
single case design. Considering Walser’s vocation
as a writer, linguistic shifts in his work may reflect
deliberate adaptations and conscious development
in his literary style or changes in the topics he
addressed. Additionally, linguistic changes asso-
ciated with aging are less probable, as at the time
of his hospitalization at around 50 years old, typ-
ical cognitive changes related to older age do not
seem likely. The current corpus is limited to liter-
ary prose texts, posing a potential limitation. Fu-
ture research should consider including additional
sources of text, such as Walser’s personal letters,
to enhance the breadth and depth of analysis.
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A Appendix

Figure 6: TTR

Figure 7: MATTR (25-token window)

Figure 8: MATTR (50-token window)

Figure 9: Mean token length

Figure 10: Imageability

Figure 11: Phonological similarity (10-token window)
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Figure 12: Coherence-10

Figure 13: First order coherence

Figure 14: Second order coherence

Figure 15: Yngve score

Figure 16: Mean sentence length

Figure 17: Clauses per sentence
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Figure 18: First person singular pronouns

Figure 19: Second person singular pronouns

Figure 20: First person plural pronouns
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Figure 21: Hierarchically-clustered heatmap of the 20 linguistic markers.
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Source Example in German and English translation

Phonological
similarity

Mondschein-
geschichte,
1928

Noch nie, solange ich dichte, dichtete ich eine schlichtere
Geschichte, wie die, worin ich berichte,...

Never, as long as I have been writing poetry, have I written a
simpler story than the one in which I report...

Freiheits-
aufsatz, 1928

Sie ist eine Freie und infolgedessen eine Feine, die jede Unfeinheit
aufs feinste empfindet, mit anderen Worten, die jede Freiheit, die
man sich ihr gegenüber herausnimmt, als etwas Unfeines betra-
chtet...
She is a free woman and, as a result, a fine woman who feels
every impurity in the finest way, in other words, who regards every
freedom taken towards her as something impure...

Ein dummer
Junge, 1928

Auffallend viele Menschen, die einen Namen haben, einen Wert
auf den Achseln tragen, feiern in diesen Tagen ihren sechzigsten
Geburtstag.
A conspicuous number of people who have a name, a value on
their armpits, are celebrating their sixtieth birthday these days.

Table 5: Examples of text exhibiting high phonological similarity
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