Felletar et al. Borderline Personality Disorder
Borderline Personality Disorder and Emotion Dysregulation (2025) 12:49

https://doi.org/10.1186/540479-025-00324-0 and Emotion Dysregulation

Check for
updates

Increased self-focus and diminished
informativity: referential and structural
properties of narrative speech production
in borderline personality disorder

Fanni Felletar', Veronika Vincze®, Gabor Gosztolya®*, lldiké Hoffmann'~, Anna Babarczy' and
Zsolt Szabolcs Unoka?®”

Abstract

Background Narrative speech production (NSP), i.e, the conceptualization, linguistic formulation, and articulation
of a story, is a multifaceted process underpinned by cognitive functions and mentalization ability, often impaired
in individuals with borderline personality disorder (BPD). This study examines differences in linguistic formulation
between individuals with BPD and healthy controls (HCs), and explores how task type influences linguistic
formulation, as well as how linguistic formulation relates to temporal parameters of speech uniquely in BPD.

Methods Speech of 33 BPD and 31 HC individuals was recorded in three task types: telling their previous day,
retelling a story, and picture sequences. Features of linguistic formulation were extracted with natural language
processing methods, while temporal parameters were extracted using automatic speech recognition. Hypothesis-
driven generalized linear mixed-effects models (GLMMs) were applied to test predefined group differences in

four linguistic features (content words, first- and third-person singular verbs, and syntactic complexity). Additional
exploratory GLMMs examined other linguistic features and task effects. Within-group Spearman correlations assessed
associations between linguistic and temporal measures, controlling for task.

Results Hypothesis testing showed that the NSP in BPD is characterized by fewer content words, more first-person
singular verbs, and lower syntactic complexity than that of HCs. Exploratory analyses revealed that individuals with
BPD used pronouns more frequently than HCs, particularly demonstrative pronouns (e.g., this) and first-person
singular pronouns (e.g., ). In BPD, higher first-person singular reference (pronouns and verbs) correlated with fewer
silent pauses, while greater syntactic complexity correlated with more filled pauses. Task modulated verbosity and the
use of other pronoun types.

Conclusions Findings suggest that NSP in BPD is characterized by dominant self-referential thought content,
reflected in elevated first-person singular reference, and by qualitatively impoverished language use, marked by
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reduced content word production, increased pronoun use, and lower syntactic complexity. Heightened self-focus
may hinder the efficient allocation of cognitive resources required for cohesive, listener-oriented NSP.

Keywords Borderline personality disorder, Narrative speech production, Content words, Pronouns, First-person

singular, Syntactic complexity, Pauses

Introduction

Narrative speech production as a complex behavior
Narrative speech production (NSP) involves the concep-
tualization, linguistic formulation, and articulation of a
monologue that presents a temporal-causal sequence of
events from one’s viewpoint [1-3]. After constructing the
intended message during conceptualization, the speaker
assigns lexical items and grammatical structure to the
message in the linguistic formulation phase.

First, conceptual elements of the message — such as
events (e.g., actions, states), entities (e.g., people, objects,
ideas), attributes, and circumstances (e.g., manner, time)
— activate lemmas (i.e., the dictionary form of words) in
the mental lexicon that contain conceptual (i.e., contex-
tual usage), semantic (e.g., meaning, synonyms), and syn-
tactic (i.e., syntactic category, e.g., noun; and grammatical
function, e.g., subject) properties [2]. This rapid, associa-
tion-based process is driven by the speaker’s declarative
memory [4]. Lexical access requires an intact semantic
memory to successfully retrieve appropriate lemmas [2,
5] and intact executive control to inhibit additionally
activated inappropriate lemmas in the semantic memory
[5, 6]. Lexical selection is mediated by the speaker’s per-
spective-taking [7], mutual semantic knowledge with the
listener [8, 9], and the discourse context [8].

Conceptual elements can be denoted either by content
words (i.e., nouns, verbs, adjectives, adverbs), which have
an inherent meaning, or by pronouns, a type of function
word [10]. Definite pronouns (e.g., she) replace content
words (e.g., girl) to maintain communication efficiency.
They either refer to entities in the physical context by
the speaker’s gesture (e.g., pointing, gaze) or to previ-
ously introduced content words in the discourse context
by grammatical dependencies [11, 12]. Definite pronouns
are less informative and so require less cognitive effort
from the speaker to produce them [13]. Their process-
ing, however, is much more cognitively demanding for
listeners, as they have to infer the intended referent [14].
The speaker thus has to make assumptions about the lis-
tener’s attentional focus and inferential capacity, which
requires mentalization ability [15]. In contrast to definite
pronouns, indefinite pronouns quantify a set of entities
or circumstances (e.g., nothing, somehow, everybody) irre-
spective of the context [16].

Then, sentence structure is formed by combining lem-
mas based on their syntactic properties [2]. This is a
slower, rule-based process driven by the speaker’s pro-
cedural memory [4, 17]. Most function words (e.g.,

articles, conjunctions, adpositions) are accessed at this
stage to create grammatical relationships between con-
tent words as well as between larger syntactic units such
as phrases and clauses [18]. The more clauses a sentence
contains, the more it is syntactically complex [19, 20].
The construction of complex sentences requires a higher
processing speed and a greater working-memory capac-
ity [21-24]. These enable speakers to build complicated
syntactic trees and maintain their constituents in their
working memory. When deciding about the complexity
of sentences, the speaker must also estimate the listener’s
information need [8] as the more complex a sentence
is, the more information it conveys. Words receive their
final forms (i.e., lexemes) during morphophonological
encoding, where their inflected forms are transferred into
a sequence of phonemes [2]. During the whole process of
NSP, the speaker must simultaneously monitor their own
speech and the listener’s reactions [25-27].

NSP is, therefore, a complex, goal-directed task requir-
ing domain-general cognitive functions and mentaliza-
tion ability [3, 5, 25, 26, 28]. In its articulation phase,
speech pauses — divided into silent (i.e., the absence of
speech) and filled (e.g., uh, um, er) pauses — indicate the
cognitive load of conceptualization, linguistic formula-
tion [29, 30], and the monitoring of speech output [27].
While silent pauses occur relatively more frequently
before content words signaling lexical search, filled
pauses occur relatively more frequently before function
words and at syntactic boundaries, implying grammatical
planning [31]. The articulation rate, i.e., the speed of pro-
ducing consecutive syllables, is another temporal aspect
of speech that has been found to be affected by the speak-
er’s arousal [32], processing speed [33], and working
memory capacity [34]. Speech pauses and articulation
rate together constitute the speech rate. These three fea-
tures are collectively referred to as temporal parameters.

Borderline personality disorder, cognitive functioning, and
mentalization

Individuals with borderline personality disorder (BPD)
experience rapid shifts between affective states due to
a marked reactivity of mood; their self and other repre-
sentations alternate between extremes of idealization
and devaluation; their self-image and sense of self are
unstable [35-38]. Self-referential thinking is frequently
observed in BPD. These individuals tend to overattrib-
ute mental states to others, often interpreting ambigu-
ous interpersonal cues as rejection [39, 40]. Negative



Felletar et al. Borderline Personality Disorder and Emotion Dysregulation

affectivity (i.e., frequent, intense feelings of sadness, anxi-
ety, and anger) and emotion dysregulation (i.e., deficient
top-down control of affective states) are core factors of
BPD [38, 41], underpinned by the hyperreactivity of the
amygdala and the hypoactivity of the prefrontal cortex
[39, 42]. In response to overwhelming emotional states,
individuals with BPD frequently experience dissocia-
tive symptoms, such as depersonalization (i.e., the sense
of detachment from the self) and derealization (i.e., the
sense of detachment from the environment) [35, 43].

Besides the symptoms of BPD, many individuals also
exhibit subtle cognitive impairments and difficulties in
mentalization, possibly due to prefrontal hypoactiva-
tion. Studies investigating cognitive functioning in BPD
[44—49] consistently found a slower processing speed as
well as poor attention, short- and long-term verbal mem-
ory, inhibition, and planning in individuals with BPD
compared to healthy controls (HCs). Attention, working
memory, and long-term memory deficits are associated
with dissociative states in BPD [43, 49, 50]. Individuals
with BPD are also known to have difficulties in under-
standing the mental states of others, especially when they
are exposed to complex stimuli (e.g., pictures about inter-
personal interactions) requiring cognitive as opposed to
affective mentalization [40, 51, 52].

Given the symptoms and neuropsychological impair-
ment mentioned above, it seems probable that NSP is
compromised in people living with BPD.

Narrative speech production and psychopathology
Having a complex nature, NSP can be viewed as a gate-
way to one’s mind and personality [1, 30, 53-55], making
it a valuable biomarker of psychopathology [56—61]. Dur-
ing psychiatric interviews, patients share their personal
history (anamnesis) in a narrative, which serves as a plat-
form for clinicians to assess the content, structural orga-
nization, and fluency of speech [62, 63]. In self-referential
thinking, thought content predominantly centers on the
self, either as a result of the hyperactivation of internally
generated, often ruminative thoughts about the self’s past
or anticipated future combined with the hypoactivation
of externally derived sensory information [63, 64], or
due to a tendency to associate neutral stimuli with the
self [56, 63]. Negative formal thought disorder (NTD) is
a transdiagnostic construct, characterized by the reduc-
tion or impoverishment of thought, language, and com-
munication in their quality or quantity [65]. The NSP of
individuals with NTD often displays “poverty of content”
(i.e., speech that is adequate in amount but conveys lit-
tle information) [56], lower syntactic complexity, and a
slower speech rate [66].

In the BPD population, several studies have focused
on word usage. According to the review of Mocnik et al.
[67], BPD narratives are characterized by an impersonal
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tone lacking personal attribution and presented from an
external viewpoint. They contain an elevated number
of function words, such as conjunctions, negations, and
pronouns [68, 69]. Supporting this, others found that
autobiographical narratives of individuals with BPD are
less specific compared to HCs [70-75]. Furthermore,
individuals with BPD use more first-person singular [74,
76] and third-person singular pronouns [68, 77] relative
to HCs. The elevated use of first-person singular pro-
nouns is also a characteristic of depression [78—80] and
has been associated with self-referential thinking [55, 78].

Only Carter and Grenyer [77, 81] studied the structural
properties of speech in BPD and found that individuals
with BPD produce less complex sentences compared to
HCs. However, lower syntactic complexity is well docu-
mented in schizophrenia [82—85] and is also detectable
in depression [80, 86]. In a few studies, researchers also
examined temporal parameters of speech in BPD during
psychotherapy sessions [87] and interviews [81, 88, 89],
and it transpired that both the number and duration of
silent pauses are distinguishing aspects of speech pro-
duction in BPD. In our previous study [90], we found
that the speech of individuals with BPD is characterized
by significantly lower articulation and speech rate, a sig-
nificantly higher number of silent and filled pauses, and
a significantly higher frequency and duration of filled
pauses relative to HCs. Lower syntactic complexity and
frequent pausing have been associated with NTD [56,
66].

Purpose and novelty of the present study

This study aims to investigate differences between indi-
viduals with BPD and HCs in terms of linguistic formula-
tion (i.e., lexical, syntactic, and morphological features of
NSP) and to explore how task type influences linguistic
formulation, as well as how linguistic formulation relates
to temporal parameters of speech uniquely in BPD. Based
on previous research, we hypothesize that the narratives
of individuals with BPD (1) contain fewer content words,
(2) more first-person singular verbs, (3) more third-per-
son singular verbs, and (4) are characterized by lower
syntactic complexity relative to those of HCs. In Hungar-
ian, the first-person singular pronoun is often omitted, as
verbal suffixes mark first-person singular reference. Thus,
first-person singular verbs offer a more accurate measure
of self-reference than pronouns. Also, we explore (1) the
difference between BPD and HC groups in terms of other
features of linguistic formulation, (2) the effect of speech
elicitation tasks (recalling the previous day, recalling a
read story, picture sequencing tasks) on between-group
differences, and (3) unique associations between linguis-
tic formulation and temporal parameters within the BPD

group.
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To address these questions, we recorded the NSP of 33
BPD and 31 HC individuals across three speech elicita-
tion tasks (recounting the previous day, retelling a story,
and describing picture sequences). Linguistic formula-
tion was measured in terms of lexical, syntactic, and
morphological features using magyarlanc linguistic pro-
cessing toolkit [91], while temporal parameters were
measured via automatic speech recognition (ASR) using
the Speech-GAP Test® [92]. The novelty of this study lies
in its cognitive approach to NSP in BPD, using various
speech elicitation tasks to assess different cognitive func-
tions, and its multi-level approach, which examines the
interaction between linguistic formulation and articula-
tion phases of NSP.

Materials and methods

Participants

Participants were recruited by convenience sampling, on
the one hand, i.e., from social media groups for individu-
als with BPD and other groups keen on advertising exper-
iments, and by snowball sampling, on the other hand, i.e.,
by advertising the experiment for potential participants
with the help of existing participants. For both groups,
the inclusion criteria were to be a native Hungarian
speaker and to have intact hearing and speech abilities.
For individuals with BPD, a further inclusion criterion
was to present clinical documentation confirming the
BPD diagnosis (F60.3 Emotionally unstable personality
disorder) [93]. Comorbid disorders were not considered

Table 1 Descriptive statistics of demographic data of the BPD
and HC groups

Variable BPD HC Test p

N 33 31 - -

Sex, f:m 285 26:5 X2 (1)=0012 0914

Age, M (SD) 27.18 2668 W=571.000 0436
(6.92) (8.08)

Years of education, M (SD) 14.64 1529 W=453500 0435
(2.56) (2.74)

Individuals with comorbid 23 - - -

disorders, N (%) (69.70)

- bipolar disorders 8(37.78) - - -

- depressive disorders 7(3043) - - -

- anxiety disorders 6 (

- substance use disorders 41739 - - -

- other personality disorders ~ 3(13.04) - - -

- eating disorders 2(870) - - -

- attention deficit hyperactiv- 2 (8.70) - - -

ity disorder

- sleep disorders 2(870) - - -

- schizophrenia spectrum 1 (4.35) - - -

disorders

Note. BPD - borderline personality disorder, HC - healthy controls, Test - type
and value of statistical tests applied, p - significance value of statistical tests,
f:m - female: male ratio, M - mean, SD - standard deviation, N - number of
subjects
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exclusion criteria, as they are also common in the BPD
population. For HC individuals, the exclusion criteria
were to have any psychiatric or neurological disorders.
They self-reported any diagnoses of language or speech
disorders (e.g., aphasia, stuttering), endocrinological dis-
orders (e.g., PCOS, insulin resistance), neurological dis-
orders or injuries (e.g., epilepsy, brain injury), or mental
disorders (e.g., panic disorder, ADHD). As a result, 33
individuals with BPD and 31 HC individuals took part in
the experiment. The two groups were matched based on
the participants’ gender, age, and years of education they
had completed. Table 1 lists the demographic data of the
BPD and HC groups.

Materials and procedure

Data collection was conducted in the following steps:
(1) participants were asked to read a story about the ori-
gin of dishwashing without explicit information on the
purpose of reading; (2) as a distractor task, they evalu-
ated the story on three 5-point Likert scales assessing
comprehensibility, interest, and modernity [94]; (3) they
were asked to recall their previous day; (4) participants
were asked to recall the story about the origin of dish-
washing [94]; (5) participants had to arrange three inter-
related pictures showing a family (“family pictures”) in
chronological order, then construct a story based on the
arranged sequence; (6) the previous task was repeated
with three interrelated pictures showing peer relations
(“peers pictures”); (7) the previous task was repeated with
three interrelated pictures showing a romantic relation-
ship (“romance pictures”). Figure 1 shows the picture
sequences used.

Picture orders of the participants were documented,
and their speech was recorded with their written con-
sent. The recording was done in a noise-free environ-
ment, using a Sony ICD-PX470 dictaphone and a RODE
Lavalier Go clip microphone. The procedure was con-
ducted in accordance with the Declaration of Helsinki,
and resulted in five speech recordings for each subject:
“previous day,” “read story,” “family pictures,” “peers pic-
tures,” and “romance pictures”

.

Feature extraction

Extracting temporal parameters of speech

Audio recordings were first manually split into different
recordings by tasks. This step resulted in five speech sam-
ples for each participant, in accordance with the record-
ing procedure.

To automatically estimate temporal parameters, a stan-
dard ASR system was utilized [92]. We used the HTK
tool [95], modified to allow the use of a Hidden Markov
Model/Deep Neural Network (DNN) hybrid set-up [96].
As acoustic features, we used 40 raw Mel-frequency fil-
ter bank energy values along with log-energy and the
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Peer
relations

Romantic
relationship

Fig. 1 Picture sequences used for the story construction. Note. Each sequence contains three pictures. A unique identifier is assigned to each picture
with a letter representing the sequence (F — family, A — peers/age group, R — romance) and a number between 1 and 3 in a randomized order, written on

the back of the pictures

first and second order derivatives (FBANK + A + AA’).
The DNN acoustic model was trained on a subset of 60
h of recordings from the BEA corpus [97]; to better suit
noisy acoustic conditions, it was extended to 240 h by
adding noise, background speech, and reverberation to
the recordings of the BEA corpus. Recognition was per-
formed at the level of phones, consisting of Hungarian
phonemes, silent and filled pauses, breath intakes, and
sighs [98]. The output of the ASR system for a speech
recording is a list of phones along with the starting and
ending time points of each phone.

The acoustic temporal parameters investigated were
divided into three categories:

+ Utterance length: the duration between the beginning
and end of the response of the subject (the initial and
final silent pauses excluded).

« Speech rate and Articulation rate: the number of
phones uttered over the whole duration of the
utterance or over the duration excluding pauses.

« Duration of pauses, Number of pauses, Average length
of pauses, and Frequency of pauses: describing the
amount of pauses in some way. These were calculated
in two different ways: for silent pauses only, and for
filled pauses only.

Table 2 Temporal parameters

Parameter Metric Description

Utterance length S the duration of the whole narrative

Articulation rate phone/s the number of phones per second
excluding pauses

Speech rate phone/s the number of phones per second

including pauses
Duration of pauses ratio the aggregated duration of pauses
relative to the duration of the

whole narrative

Number of pauses ratio the number of pauses relative to
the number of speech sounds

Average length of S the aggregated duration of pauses

pauses relative to the number of pauses

Frequency of pauses the number of pauses per second

Note. s - second

phone/s

These temporal parameters can all be derived from the
output of the ASR system (i.e., from the time-aligned
phone sequence) by simple calculations. This process
led to 11 Speech-GAP temporal parameters overall (see
Table 2).

Extracting features of linguistic formulation

Automatic transcriptions were generated from the
speech samples using Alrite (Alrite®; https://alrite.io/ai/
hu/). The accuracy of the transcripts was verified by the
first author, who manually reviewed each transcript while
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listening to the corresponding audio recordings. This
process involved correcting misspellings and other rec-
ognition errors produced by the ASR system. Addition-
ally, disfluencies such as repetitions and self-corrections
were removed to ensure consistency in linguistic analysis.
The transcripts were then automatically analysed with
magyarlanc, a linguistic preprocessing toolkit for Hun-
garian [91]. The pipeline included sentence segmenta-
tion, from which the number of sentences was extracted,
followed by tokenization, allowing for the extraction of
word counts. Lemmatization permitted the calculation
of the type/token ratio. Part-of-speech tagging was then
applied, from which variables such as the ratio of nouns
were derived. Next, dependency- and constituency-based
syntactic and morphological analyses were conducted,
allowing for the extraction of features like the ratio of
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first-person singular verbs and the proportion of complex
sentences. The full list of variables is given in Table 3.

Statistical analyses
Statistical analyses were conducted using JASP statistical
software [99].

For hypothesis testing, a series of generalized lin-
ear mixed-effects models were applied in a 2x5 design,
with each model testing a single hypothesis. Each model
included only one dependent variable — the ratio of con-
tent words, the ratio of first-person singular verbs, the
ratio of third-person singular verbs, or the ratio of com-
plex sentences — depending on the linguistic feature
targeted by the given hypothesis. The fixed effects were
Group (BPD, HC) and Task (previous day, story recall,
family pictures, peers pictures, romance pictures), and

Table 3 Descriptive statistics of the BPD and HC groups, the main effects of group and task factors, and group X task interactions

Dependent variable BPD HC Group Task Group x Task

M (SD) M (SD) X2 p X2 P X2 p
Lexical features df=1 df=4 df=4
Number of words 235.006 (351.527) 249.703 (226.822) 2555 0.110 22329.031 <0.001 1027.813 <0.001
Type/token ratio 0.490 (0.100) 0.486 (0.093) 0.098 0.755 116.694 <0.001 5216 0.266
(lexical diversity)
Ratio of content words 0479 (0.039) 0.501 (0.037) 15.970 <0.001 59.349 <0.001 3.305 0.508
(lexical density)
Syntactic features
Ratio of nouns 0.116 (0.033) 30 (0.040) 6.331 0012 156.289 <0.001 5.535 0.237
Ratio of verbs 0.168 (0.030) 72 (0.026) 0.403 0.526 59.937 <0.001 2.842 0.585
Ratio of adjectives 0.041 (0.023) 0.047 (0.025) 2.106 0.147 76419 <0.001 1.336 0.855
Ratio of numerals 0.010(0.010) 0.013(0.010) 3.398 0.065 63.197 <0.001 8408 0.078
Ratio of adverbs 0.140 (0.0471) 6 (0.039) 0453 0.501 56.660 <0.001 9.617 0.047
Ratio of pronouns 0.096 (0.029) 0.083 (O 027) 10710 0.001 64.555 <0.001 3435 0488
Ratio of conjunctions 0.132(0.033) 24 (0.029) 1.164 0.281 77.629 <0.001 5.702 0223
Ratio of adpositions 0.005 (0.006) 0.006 (0.006) 0374 0.541 18457 0.001 2.980 0.561
Ratio of negations 0.021 (0.014) 0.018(0.012) 2336 0.126 26.194 <0.001 5.488 0.241
Number of sentences 5.285 (8.290) 03 (7.487) 0.000 0.976 403.567 <0.001 41.806 <0.001
Mean length of sentences 70.612 (60.033) 82469 (61.579) 1.071 0.301 4873 0.301 3.228 0.520
Ratio of complex sentences 0.823 (0.220) 0.902 (0.146) 4.183 0.041 17.555 0.002 3218 0.522
Ratio of coordinations 0.096 (0.027) 0.095 (0.025) 0.090 0.764 61.752 <0.001 1.920 0.750
Ratio of subordinations 0.051(0.018) 0.054 (0.018) 0473 0.492 35.399 <0.001 4526 0.340
Morphological features
Ratio of plural nouns 0.068 (0.072) 0.067 (0.063) 0.027 0.870 15.510 0.004 1.736 0.784
Ratio of sg1 verbs 0.172 (0.201) 29(0.179) 9.062 0.003 129.965 <0.001 2.834 0.586
Ratio of sg2 verbs 0.006 (0.015) 0.011 (0.026) 1222 0.269 113.083 <0.001 9.073 0.059
Ratio of sg3 verbs 0.572(0.210) 0.575 (0.183) 0.030 0.863 231428 <0.001 3.676 0452
Ratio of pl1 verbs 0.030 (0.059) 0.042 (0.076) 2342 0.126 83.860 <0.001 5.920 0.205
Ratio of pl2 verbs 0.001 (0.007) 0.000 (0.0071) 0.862 0.353 18.212 0.001 3.666 0453
Ratio of plI3 verbs 0.105 (0.121) 32(0.110) 0.114 0.735 89.815 <0.001 3782 0436
Ratio of past tense verbs 0.344 (0.276) 0.398 (0.272) 2397 0.122 193.353 <0.001 8.852 0.065
Ratio of present tense verbs 0.533 (0.270) 0483 (0.276) 2.030 0.154 180.867 <0.001 6.760 0.149
Ratio of comparative adjectives 0.057 (0.121) 0.059 (0.141) 1.788 0.181 146.681 <0.001 7.200 0.126
Ratio of superlative adjectives 0.002 (0.017) 0.006 (0.026) 1.670 0.196 31.257 <0.001 4.151 0.386

Note. BPD - borderline personality disorder, HC — healthy controls, sg1 - first-person singular, sg2 - second-person singular, sg3 - third-person singular, pl1 - first-
person plural, pl2 - second-person plural, pl3 - third-person plural, M - mean, SD - standard deviation, X2 - statistical score of the likelihood-ratio test, df — degrees

of freedom, p - significance value of the X?-score
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the random effect was the participant ID. To identify the
differences between the BPD and HC groups, the main
effect of the Group was calculated. To explore the effect
of tasks, the interaction of Group and Task was calcu-
lated. Post-hoc pairwise group comparisons were con-
ducted within each task in variables showing a significant
Group x Task interaction. The same model structure was
used to explore between-group differences in additional
features of linguistic formulation.

To explore the patterns of NSP in BPD, a Spearman
correlation analysis was carried out between the variables
of linguistic formulation and temporal parameters of
speech in the BPD and HC groups separately, controlled
for tasks. Only those variables were examined that previ-
ously showed significant between-group differences.

Results

Hypothesis-based between-group differences

The main effect of the Group was significant in models
with the following dependent variables: the ratio of con-
tent words, with the narratives of the BPD group con-
taining fewer content words (X*(1) = 15.970, p <.001), the
ratio of first-person singular verbs, with the narratives
of the BPD group containing more first-person singular
verbs (X*(1)=9.062, p=.001), and the ratio of complex
sentences, with the narratives of the BPD group contain-
ing less complex sentences (X*(1) =4.183, p=.041), rela-
tive to HCs’ (see Table 3). We have not found a significant
between-group difference regarding third-person singu-
lar verbs.
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Exploratory analyses

Between-group differences

The main effect of the Group was significant in models
with the following dependent variables: the ratio of pro-
nouns, with the narratives of the BPD group containing
more pronouns (X%(1) =10.710, p=.001), and the ratio of
nouns, with the narratives of the BPD group containing
fewer nouns (X*(1) =6.331, p=.012) relative to HCs’ (see
Table 3).

We conducted a post-hoc analysis to explore between-
group differences in terms of distinct pronoun types. The
main effect of the Group was significant in models with
the following dependent variables: the ratio of demon-
strative pronouns (e.g., this, those), with the narratives of
the BPD group containing more demonstrative pronouns
(X*(1) =5.820, p=.016), and the ratio of first-person sin-
gular pronouns (e.g., I, me), the narratives of the BPD
group containing more first-person singular pronouns
(X?(1) = 3.886, p=.049) relative to HCs’ (see Table 4).

The effect of speech elicitation task

In the exploratory analyses, Group x Task interaction was
significant in models with the following dependent vari-
ables: the number of words (X*(4)=1027.813, p<.001),
the number of sentences (X*(4)=41.806, p<.001), and
the ratio of adverbs (X?(4) =9.617, p=.047) (see Table 3).
Post-hoc pairwise group comparisons revealed a pat-
tern of BPD individuals producing the highest number
of words (z=1.252, p=.242) and sentences (z=2.216,
p=.134), and the highest ratio of adverbs (z=2.084,
p=.186) in the “previous day” task, and the lowest num-
ber of words (z = -2.644, p=.041) and sentences (z =

Table 4 Descriptive statistics of pronoun types in the BPD and HC groups, the main effects of group and task factors, and group x task

interactions

Dependent variable BPD HC Group Task Group x Task

M (SD) M (SD) X2 p X2 p X2 P
Definite pronouns df=1 df=4 df=4
Ratio of sg1 pronouns 0.080 (0.110) 0.045 (0.063) 3.886 0.049 3.404 0.493 5392 0.249
Ratio of sg2 pronouns 0.013(0.052) 0.010 (0.029) 0.000 0.976 271.145 <0.001 6.340 0.175
Ratio of sg3 pronouns 0.225(0.182) 0.220 (0.134) 0.013 0.908 2967 0.563 1.715 0.788
Ratio of pl1 pronouns 0.005 (0.019) 0.006 (0.030) 0319 0.572 38.083 <0.001 13.386 0.010
Ratio of pl2 pronouns 0.001 (0.010) 0.000 (0.002) 0.767 0.381 12.266 0.015 10.250 0.036
Ratio of pI3 pronouns 0.033 (0.067) 0.033(0.077) 0.114 0.735 89.815 <0.001 3.782 0.436
Ratio of reciprocal pronouns 0.001 (0.004) 0.002 (0.006) 2623 0.105 98.638 <0.001 5117 0.275
Ratio of demonstrative pronouns 0.038 (0.020) 0.032 (0.015) 5.820 0.016 17.139 0.002 3.274 0.513
Ratio of relative pronouns 0.008 (0.009) 0.008 (0.009) 0.027 0.868 18.254 0.001 1.667 0.797
Ratio of interrogative pronouns 0.003 (0.005) 0.004 (0.005) 1.650 0.199 11.166 0.025 3613 0461
Indefinite pronouns
Ratio of universal pronouns 0.003 (0.005) 0.003 (0.004) 0421 0517 31.228 <0.001 7.261 0.123
Ratio of existential pronouns 0.006 (0.009) 0.006 (0.009) 0.067 0.796 66.383 <0.001 11.720 0.020
Ratio of negative pronouns 0.001 (0.003) 0.001 (0.002) 0.003 0.955 28011 <0.001 5.622 0.229

Note. BPD - borderline personality disorder, HC — healthy controls, sg1 - first-person singular, sg2 - second-person singular, sg3 - third-person singular, pl1 - first-
person plural, pl2 - second-person plural, pl3 - third-person plural, M - mean, SD - standard deviation, X2 - statistical score of the likelihood-ratio test, df — degrees

of freedom, p - significance value of the X?-score
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-1.773, p=.305), and the lowest ratio of adverbs (z =
-1.060, p=.867) in the “peers pictures” task compared to
HCs (see Table 5).

In the post-hoc analysis of pronouns, Group x Task
interaction was significant in models with the following
dependent variables: the ratio of first-person plural pro-
nouns (e.g., we, us; X*(4)=13.386, p=.010), the ratio of
second-person plural pronouns (e.g., you; X*(4) = 10.250,
p=.036), and the ratio of existential pronouns (e.g., some-
where, anything; X*(4)=11.720, p=.020) (see Table 4).
Regarding plural personal pronouns, BPD individuals
produced the highest ratio of first-person plural pro-
nouns in the “family pictures” task (z=1.843, p=.326),
and the lowest in the “peers pictures” task (z = —1.489,
p=.546) relative to HCs. In contrast, BPD individu-
als produced the highest ratio of second-person plural
pronouns in the “peers pictures” task compared to HCs
(z=1.942, p=.261). Task had a significant effect on the
use of existential pronouns in the two groups. Individu-
als with BPD produced a significantly higher ratio of exis-
tential pronouns in the “read story” (z=23.993, p<.001),
“family pictures” (z=39.537, p<.001), and “peers pic-
tures” task (z=6.072, p<.001), and a significantly lower
ratio of existential pronouns in the “previous day” (z
= —28.825, p<.001) and “romance pictures” tasks (z =
-18.242, p<.001) relative to HCs (see Table 5).

Associations between linguistic formulation and temporal
parameters

Table 6 summarizes the Spearman correlation coef-
ficients between features of linguistic formulation and
temporal parameters within the BPD and HC groups.
In both groups, first-person singular pronouns and first-
person singular verbs were significantly positively corre-
lated with articulation rate.

Within the BPD group, the ratio of first-person sin-
gular pronouns (r = —.22, p=.005), first-person singular
verbs (r = —.20, p=.011), and demonstrative pronouns
(r = =19, p=.014) were significantly negatively corre-
lated with the number of silent pauses. Also, there was
a significant positive association between the ratio of
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demonstrative pronouns and articulation rate (r=.22,
p=.004), between the ratio of first-person singular verbs
and speech rate (r=.18, p=.023), as well as a significant
negative association between the ratio of first-person sin-
gular pronouns and the number of filled pauses (r = —.17,
p=.028). The ratio of complex sentences was significantly
positively correlated with the number (r=.19, p=.015),
frequency (r=.22, p=.005), and duration of filled pauses
(r=.25, p=.001).

Within the HC group, no associations were found
regarding the aforementioned feature pairs. However,
significant associations were found between the ratio of
content words and the number (r = —.27, p<.001), fre-
quency (r = —.27, p<.001), and duration of filled pauses
(r = —.24, p=.003), and between first-person singular
pronouns and the duration of filled pauses (r = -.20,
p=.015).

Discussion

This study aimed to examine differences between indi-
viduals with BPD and HCs in terms of linguistic formula-
tion. It also explored how task type influences linguistic
formulation and how linguistic formulation relates to the
temporal parameters of speech uniquely in BPD. To our
best knowledge, this is the first study to examine NSP in
BPD across tasks differing systematically in emotional
and attentional demands, and the first to explore asso-
ciations between linguistic formulation and temporal
parameters of NSP.

Our first hypothesis posited that narratives produced
by individuals with BPD should contain fewer con-
tent words compared to those of HCs. Consistent with
findings reported by Moc¢nik et al. [67], narratives by
participants with BPD contained a significantly lower
proportion of content words. These results indicate that
BPD narratives are less informative as they contain fewer
words that carry concrete meaning. More specifically,
individuals with BPD used significantly fewer nouns,
suggesting that these individuals refer to fewer specific
entities or entity groups. The reduced number of con-
tent words might be a symptom of “poverty of content of

Table 5 Main effects of group, for those variables where group X task interaction was significant

Dependent variable Previous Read Family Peers Romance

day story pictures pictures pictures

z p z p z p z p z p
Number of words 1.252 0.242 -1.550 0.242 -2429 0.060 -2644 0041 -2.390 0.060
Number of sentences 2216 0.134 -0.707 1.000 0.710 1.000 -1.773 0305 -0.326 1.000
Ratio of adverbs 2.084 0.186 0.256 1.000 -0.464 1.000 -1.060  0.867 1.378 0673
Ratio of pl1 pronouns 0.520 1.000 0.602 1.000 1.843 0326 -1.489 0.546 0.543 1.000
Ratio of pl2 pronouns 0.107 1.000 0.233 1.000 0.187 1.000 1.942 0.261 0.234 1.000
Ratio of existential pronouns -28.825 <0.001 23.993 <0.001 39.537 <0.001 6.072 <0.001 -18.242 <0.001

z - score of the z-test, p - significance value of the z-score

Holm correction was applied to p values
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speech’; a form of NTD, in BPD. Poverty of content has
also been reported in schizophrenia, bipolar disorder,
and depression [65, 100, 101], disorders genetically linked
to BPD [102]. NTD was found to be related to compro-
mised attention, verbal memory, and planning [103]. In
BPD, poverty of content may be triggered by dissocia-
tive states. Feeling detached from themselves or their
surroundings, they may fail to recall specific episodic
memories or focus on details in the presented pictures,
resulting in less informative narratives. This mechanism
is a hypothesis and should be directly tested in future
work.

In addition, the present study found that individuals
with BPD produced a significantly higher ratio of pro-
nouns relative to HCs. Our post-hoc analysis revealed
that BPD narratives contain a significantly higher ratio
of first-person singular (e.g., I, me) and demonstrative
pronouns (e.g., this, those) compared to HCs. The usage
of these types of pronouns anchors the narratives to the
speaker’s deictic center — the subjective point of reference
from which spatial, temporal, and interpersonal rela-
tions are organized [104]. First-person singular pronouns
directly locate the speaker at the center of the narrative,
while demonstrative pronouns position other entities and
circumstances (e.g., time and place) in relation to that
center. We also found that both pronoun types are sig-
nificantly negatively correlated with the number of silent
pauses. The increased and fluent use of both pronoun
types suggests a strong egocentric anchoring of narra-
tives, where the speaker orients the narrative heavily
around their own subjective perspective. This narrative
style may reflect reduced consideration of the listener’s
perspective, potentially stemming from impaired men-
talization abilities commonly associated with BPD [40,
51, 52]. Because we did not directly measure mentaliza-
tion, this link should be treated as a hypothesis for future
research.

Besides their deictic use, demonstrative pronouns can
also serve anaphoric functions, referring back to previ-
ously mentioned entities (e.g., I put that on.) or events
(e.g., I did that.) in the discourse. Another explanation for
the frequent use of demonstrative pronouns is that indi-
viduals with BPD prefer using demonstrative pronouns
to content words or larger language units when referring
back to specific entities or entire events. Pronouns — sim-
ilar to other function words — are much more predictable
based on preceding words and therefore are accessed
faster than content words [105—-107]. The increased reli-
ance on demonstrative pronouns may reflect a compen-
satory lexical selection or grammatical encoding strategy
in BPD, demanding less lexical retrieval and planning.
The observed negative association between demonstra-
tive pronoun use and the number of silent pauses sup-
ports this interpretation, suggesting that such expressions
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are accessed more fluently. We frame this compensa-
tory-strategy account as a hypothesis, not a confirmed
mechanism. This strategy is potentially driven by verbal
memory deficits and impaired planning, both of which
have been documented in individuals with BPD [44, 46,
48, 49]. However, the excessive use of demonstrative pro-
nouns may lead to referential ambiguity at the expense of
the listener’s elevated cognitive load. If the speaker uses
the same referential expression (e.g., that) to refer back to
multiple distinct entities or events, the burden of disam-
biguation shifts to the listener. In these cases, the lexical
choice is not informative enough for them to determine
the intended meaning. Ambiguous pronoun use — found
in autism spectrum disorder [108] and schizophrenia [83,
109] — may reflect deficient mentalization in BPD. Again,
we did not assess mentalization directly; this pathway
should be tested in future studies.

Our second hypothesis stated that individuals with
BPD use more first-person singular verbs than HCs. This
was confirmed by the data. In addition, BPD individuals
produced a significantly higher ratio of first-person sin-
gular pronouns relative to HCs. Results aligned with prior
findings [74, 76]. The frequent use of first-person singular
pronouns is associated with self-referential thinking [55,
78], which in turn is linked to activation of the default
mode network [110, 111]. In BPD, self-referential think-
ing can be manifested in rejection sensitivity [39] and
rumination [112]. We also found that first-person sin-
gular reference (verbs and pronouns) significantly nega-
tively correlated with the number of silent pauses in BPD
but not in HCs. One interpretation is that self-referential
information is salient in BPD individuals’ memory due to
frequent retrieval, so they are easily accessible without
the need for pausing during NSP. Supporting this, experi-
mental studies have demonstrated that BPD individuals
exhibit a stronger interference effect [50] and enhanced
recall [113] for self-relevant words relative to HCs. On
the one hand, the salience of self-referential thoughts may
hinder shifting from an internal, self-focused mode to an
external, task-related focus, likely reflecting attentional
deficits in BPD [44—49]. On the other hand, the same bias
may increase the tendency to associate external stimuli
(e.g., read story, picture sequences) with the self, possibly
due to poor inhibition in BPD [45, 48, 49]. This interpre-
tation is a hypothesis and should be tested in future work
through direct assessment of cognitive functions.

Our third hypothesis anticipated the greater use of
third-person singular verbs in BPD narratives compared
to those for HCs, but this was not supported by the data.

Our fourth hypothesis said that narratives of individu-
als with BPD would be characterized by lower syntactic
complexity relative to those of HCs. In line with Carter
and Grenyer [77, 81], the narratives of individuals with
BPD consisted of fewer complex sentences compared
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to those of HCs. Lower syntactic complexity — also
found in schizophrenia [83] and depression [101] — is
associated with NTD, processing speed, attention, and
executive functioning [82, 84]. Furthermore, our cor-
relation analysis revealed a significant positive associa-
tion between syntactic complexity and various measures
of filled pauses among individuals with BPD but not in
HCs. Similarly, Goldman-Eisler [30] found no associa-
tion between syntactic complexity and hesitation pauses
in the general population. Due to their lower process-
ing speed and reduced verbal working memory capacity
[44—46], individuals with BPD may struggle to construct
syntactically complex sentences. This can yield simpler,
isolated sentences, making narratives fragmented and
less cohesive. Increased filled pauses indicate elevated
cognitive load during the production of more complex
sentences. Alternatively, speakers may compensate for
processing demands by simplifying syntax to reduce the
likelihood of breakdowns in fluency and cohesion, or by
pausing more frequently to allow for greater planning
time. From the listener’s perspective, syntactically less
complex sentences may convey less information. This
may reflect underlying mentalization deficits in individu-
als with BPD, limiting their ability to model the listener’s
background knowledge. These proposed links to cog-
nitive functions and mentalization are hypotheses and
should be directly tested in future research.

We also examined whether the type of speech elicita-
tion task moderated the between-group differences.
In the “previous day” task, the BPD group produced
the highest number of words and sentences, the high-
est ratio of adverbs, and the lowest ratio of existential
pronouns compared to HCs relative to other tasks. The
elevated word and sentence counts reflect greater verbos-
ity. This suggests that for individuals with BPD, accessing
and elaborating on self-referential content is both more
rewarding and cognitively less demanding than recall-
ing or constructing stories based on external stimuli. The
higher proportion of adverbs and lower use of existential
pronouns indicate that individuals with BPD produced
not only longer but also more detailed narratives in the
“previous day” task. Adverbs (e.g., yesterday, outside) and
existential pronouns (e.g., anytime, somewhere) can func-
tion as conceptual opposites in language use. Adverbs
define the circumstances of narrated events — such as
time, place, and manner — thereby enhancing narrative
specificity. In contrast, existential pronouns introduce
vagueness or uncertainty by referring to non-specific cir-
cumstances. Our finding differs from prior research on
narrative specificity in BPD, which has reported overgen-
eral memory during autobiographical recall [70-75] and
reduced adverb use when recounting early attachment
experiences [77]. Speaking about the previous day may
have been less triggering than recalling more significant
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autobiographical memories. Integrating our findings with
prior work, we hypothesize that individuals with BPD
produce longer, more specific narratives when recalling
endogenous material (vs. exogenous attentional focus),
potentially reflecting self-referential thinking, and when
describing less triggering (vs. triggering) events, possi-
bly due to emotion dysregulation [39, 42]. Future stud-
ies should test this hypothesis using concurrent affective
measures across tasks varying in emotional and atten-
tional demands.

The BPD group produced the highest ratio of first-per-
son plural pronouns and existential pronouns in the “fam-
ily pictures” task, and the highest ratio of second-person
plural pronouns, along with the lowest use of first-person
plural pronouns, adverbs, and overall narrative output
(i.e., words and sentences) in the “peers pictures” task,
compared to HCs relative to other tasks. The increased
use of first- and second-person plural pronouns suggests
that individuals with BPD may be more inclined to speak
from a character’s point of view by adopting a “field per-
spective” [114]. In the “family pictures” task, the elevated
use of first-person plural pronouns (e.g., we, us) may indi-
cate a stronger identification with familial roles (e.g., the
child) and a tendency to reconstruct the family unit as
a cohesive group. However, this apparent sense of unity
is accompanied by a simultaneously high use of existen-
tial pronouns (e.g., somewhere, anything), which reflect
uncertainty [115]. This duality is consistent with features
of insecure attachment in BPD, wherein proximity seek-
ing coexists with low epistemic trust in caregivers’ inten-
tions [116]. In the “peers pictures” task, the increased use
of second-person plural pronouns (e.g., you all) alongside
a decrease in first-person plural pronouns may indicate
feelings of social exclusion, possibly arising from the
identification with the bullied character. Perceived social
exclusion has been associated with the hyperactivation
of the anterior cingulate cortex [117, 118], which reflects
rejection sensitivity in BPD [39]. The lower verbosity and
adverb use — along with the elevated number of silent
pauses reported in our previous study [90] — suggest that
NSP about social exclusion is emotionally overwhelming,
potentially disrupting linguistic formulation in individu-
als with BPD. Lower adverb use aligns with prior stud-
ies reporting reduced specificity in rejection-related
recall among BPD individuals [74] and fewer adverbs
when recounting early attachment experiences [77]. Our
findings suggest a dual pattern in BPD in the aforemen-
tioned picture sequences: individuals embody characters
through a field perspective yet simultaneously disconnect
from the narrative setting, as indicated by less specific
narratives. This pattern is coupled with reduced global
coherence found in our previous study [90]. Picture
sequences depicting family and peer relations may be
emotionally salient for individuals with BPD, prompting
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identification with vulnerable characters. This identifi-
cation, in turn, may elicit a stress response, which may
subsequently disrupt cognitive functions required for
constructing original narratives, resulting in shorter, less
specific, and less coherent speech output. This interpre-
tation is a hypothesis and should be tested in future work
using concurrent measures of affect.

Limitations
Despite the insights gained from this study, several limi-
tations should be mentioned.

Most importantly, the study was not preregistered,
which limits transparency and increases the number of
possible analyses. The cross-sectional design of the study
prevents us from capturing stable characteristics of NSP
in BPD. Additionally, the sample size was relatively small,
making the findings more susceptible to the influence of
outliers and reducing statistical power. The gender imbal-
ance in the sample may have influenced NSP and limited
the generalizability of the results across genders. Another
important limitation is the absence of neuropsychologi-
cal testing. Without measures of executive functioning
and attention, we cannot rule out that general cognitive
factors affected NSP.

Moreover, HCs did not undergo psychological screen-
ing, which raises the possibility that undiagnosed psy-
chiatric conditions may have confounded the group
comparisons. The diagnostic procedure for BPD was
based on clinical documentation rather than standard-
ized interviews conducted within the study, which intro-
duces a risk of diagnostic variability. As expected in
clinical populations, the majority of participants in the
BPD group had comorbid psychiatric conditions. While
this reflects real-world complexity, it complicates inter-
pretation: observed group differences may reflect gen-
eral psychopathology rather than mechanisms specific
to BPD. Another limitation is the lack of detailed data
on pharmacotherapy. Given that medications can influ-
ence cognitive and linguistic functioning, their unmea-
sured effects may have contributed to variation in speech
patterns.

Finally, the study was conducted exclusively in a Hun-
garian-speaking sample. Owing to its Uralic origin and
distinct grammatical structure, Hungarian may limit
cross-linguistic generalizability. Replication in other lan-
guages and cultural contexts is needed to validate these
findings more broadly. Nevertheless, the NSP patterns
observed in BPD (e.g., heightened first-person singu-
lar reference) closely resemble those reported in Indo-
European languages, suggesting that these findings may
reflect universal features of BPD.
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Conclusions

Overall, the NSP of individuals with BPD — marked by
the reduced use of content words, increased reliance on
pronouns, heightened frequency of first-person singular
verbs, and lower syntactic complexity — reveals a pattern
of reduced informativity in both referential and struc-
tural domains, alongside an intensified self-focus. The
observed negative correlation between first-person sin-
gular reference and the number of silent pauses further
supports increased self-focus, which may arise from the
overactivation of self-referential thoughts and a height-
ened tendency to attribute external events to the self.
This tendency can direct attention away from the listen-
er’s needs and linguistic formulation in general, result-
ing in reduced informativity of NSP. Lower syntactic
complexity — reflecting reduced structural informativ-
ity — was associated with an elevated number of filled
pauses, possibly indicating an increased cognitive effort
when constructing complex sentences. While lower
structural informativity appears to be a stable feature of
BPD, lower referential informativity (e.g., pronoun use)
seems more context-dependent, varying with the emo-
tional (i.e., triggering or non-triggering) and attentional
(i.e., endogenous or exogenous) demands of the task.
Lower informativity suggests that individuals with BPD
may have difficulty mobilizing cognitive resources neces-
sary for cohesive, listener-oriented linguistic formulation,
possibly due to heightened self-focus.

Clinically, the observed linguistic patterns provide
practical targets for evaluation and intervention in BPD.
Our findings indicate that NSP in BPD is marked by
heightened self-referential focus (elevated first-person
singular reference) and reduced informativity (fewer
content words, more pronouns, lower syntactic com-
plexity), with task-dependent fluctuations under socially
triggering, exogenous-attention demands. These linguis-
tic signatures can help clinicians (i) recognize moments
of self-focus and potential dissociation when narratives
become pronoun-heavy and less specific, (i) tailor inter-
view prompts toward listener-oriented reformulation
(e.g., asking for concrete nouns, agents, places) to scaf-
fold coherence, and (iii) monitor therapy progress using
brief narrative probes across tasks that differentially tax
social cognition (e.g., peer-exclusion images vs. neutral
daily recall). Because increased first-person reference
was produced with fewer silent pauses, readily accessible
self-related content may compete with mentalization for
the listener, suggesting utility for treatments that train
perspective-taking and structural elaboration (e.g., MBT,
skills for syntactic expansion). These speech features
are feasibly extractable with automated tools and could
complement standard assessments as digital markers
for emotion dysregulation and mentalization difficulties
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in BPD, pending replication across languages and larger,
clinically diverse samples.

We are conducting a follow-up study with a larger
sample that includes HC prescreening, standardized BPD
diagnostics, detailed pharmacotherapy documentation,
and a battery of neuropsychological, affective, and men-
talization measures alongside narrative tasks systemati-
cally varying in attentional and emotional demands. This
design will directly test the proposed links between self-
referential bias, affectivity, cognitive control, and NSP.

Abbreviations

NSP  Narrative speech production

BPD Borderline personality disorder
HC  Healthy control

NTD Negative formal thought disorder
ASR  Automatic speech recognition
DNN Deep Neural Network

Glossary

Anaphore A pronoun that refers back to a
previously mentioned element in
the discourse, relying on gram-
matical and/or semantic cues for
interpretation.

Articulation The physical production of speech
sounds by the movement of
speech organs.

Clause A syntactic unit that contains a
subject and a predicate.

Cohesion The use of linguistic devices (e.g.,

anaphores, conjunctions) that link
sentences and clauses, creating
formal connectedness in a text.

A sentence that includes more
than one clause.

Complex Sentence

The first stage of speech produc-
tion, where the speaker constructs
the intended message based on
events, entities, attributes, and
circumstances.

Conceptualization

Constituency-based A type of syntactic analysis that

Syntax breaks sentences into hierar-
chically nested constituents or
phrases.

Content Words Words with inherent meaning

(nouns, verbs, adjectives, adverbs)
that denote conceptual elements
of a message.

Definite Pronoun A pronoun (e.g., she, it) that refers

to a specific entity.
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Deixis

Dependency-based
Syntax

Discourse Context

Disfluency

Disfluency

Function Words

Global coherence

Grammatical
Encoding

Indefinite Pronoun

Lemma

Lemmatization

Lexeme

The use of expressions (e.g., this,
that, here, now) whose meaning
depends on the speaker’s spa-
tial, temporal, or interpersonal
context. Deictic expressions are
anchored in the deictic center,
typically the speaker’s point of
view.

A syntactic analysis method that
represents grammatical relation-
ships as directed links (dependen-
cies) between words.

The linguistic context formed

by prior discourse, which helps
determine the referent of an
anaphore.

Interruptions in the normal flow
of speech, including repetitions,
false starts, and self-corrections.
Interruptions in the normal flow
of speech, including repetitions,
false starts, and self-corrections.
Words that primarily serve gram-
matical purposes (e.g., articles,
conjunctions, adpositions, pro-
nouns) and carry little semantic
content on their own.

The degree to which all parts of a
narrative relate to the main topic.
The stage in speech production
where retrieved lexical items
(lemmas) are organized into
syntactic structures and assigned
grammatical functions (e.g.,
subject, tense, agreement) to form
well-structured sentences.

A pronoun that quantifies an
unspecified or unknown set of
entities (e.g., nothing, somehow,
everybody), independent of dis-
course context.

The base or dictionary form of a
word.

The process of reducing a word
to its lemma, enabling consistent
linguistic analysis across inflected
forms.

The fully inflected, phonologically
encoded form of a word ready for
articulation.
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Lexical Access

Lexical Selection

Linguistic
Formulation

Mental Lexicon

Morphophonologi-
cal Encoding

Part-of-Speech
Tagging

Phone

Phoneme

Phrase

Pronoun

Syntax

Syntactic Category

Syntactic
Complexity
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The process of retrieving the
appropriate lemmas from the
mental lexicon.

Choosing the most contextually
appropriate lemma among com-
peting activated candidates.

A stage in speech production that
involves the grammatical and
morphological encoding of the
intended message.

The mental repository of words,
including their meanings, syntac-
tic properties, and usage contexts.
The stage in speech production
where lemmas are transformed
into lexemes.

A computational method that as-
signs word categories (e.g., noun,
verb, adjective) to each word

in a text based on context and
grammar.

A unit of speech sound, including
all perceptible vocal events such
as phonemes, pauses, breaths, and
sighs.

The smallest unit of language that
can differentiate words (e.g., /p/
vs. /b/).

A syntactic unit consisting of

a word (e.g., walk) or group of
words (e.g., the dog) that func-
tions as a constituent within a
sentence.

A type of function word (e.g., this)
used to replace a noun or noun
phrase (e.g., the pen), either to
refer to something in the physical
context or previously mentioned
in discourse.

The set of rules governing how
words and phrases are combined
to form grammatically correct
sentences.

The grammatical classification of
a word (e.g., noun, verb, adjec-
tive), which determines its func-
tion in a sentence.

The degree to which a sentence
contains multiple or nested
clauses.
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A hierarchical diagram represent-
ing the grammatical relation-
ships between different parts of a
sentence.

Syntactic Tree

An individual occurrence of a
word in a given text. Repeated
uses of the same word count as
multiple tokens.

Token

Tokenization The process of segmenting text
into its tokens.

A unique word form in a given
text. Repeated uses of the same
word count as one type.

A measure of lexical diversity
calculated by dividing the number
of types by the total number of
tokens.

Type

Type/Token Ratio
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