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SUMMARY

Background: Early recognition of autoaggressive tendencies in young people is essential for diagnostic screening and reducing
suicidality risks. This can be achieved through psycholinguistic approaches such as corpus analysis and eye-tracking studies. Corpus
research helps to develop generalized speech patterns of those at risk of suicide, while oculographic methods examine perceptual
cues linked to suicidal tendencies.

Methods: We formulated an algorithmic framework for constructing verbal, visual, and multimodal material to identify
autoaggressive tendencies among youth. The stimuli material was created following the idiolect paradigm of forensic authorship
attribution. The first stage involved analyzing corpus data including materials from social networks and social media, the
Rusentiment database, and a text collection from the Privolzhsky Research Medical University.

Python’s NLTK and SpaCy libraries for automated text processing were used to extract corpus statistics, n-grams, keywords, and
collocations for identifying linguistic markers of autoaggression. Keywords were statistically ranked using Log-likelihood, T-score,
and mutual information, while collocations were derived via T-score analysis. Sentiment analysis for the Dostoevsky Python library
and stylistic indices (lexical diversity, readability) were also applied. The total analyzed material comprised more than 100 million
tokens. We next integrated , stimulus and filler materials into an eye-tracking application (developed by LLC Lad IT Group) using
standard laptop video cameras. Oculographic data quantified gaze delay differences via a percentage excess formula to pinpoint the
most diagnostically relevant stimuli. In two iterations of the pilot experiment, 66 youths from the control group and 29 from the
target group participated in the oculographic experiments.

Results: In multimodal texts, most stimuli derived from corpus statistics were relevant, and all individuals in the target group
showed a prolonged gaze delay; visual stimuli (pseudo-self-portraits, anime/game characters) elicited 26-36% longer gaze delay in
the target group. Verbal stimuli analysis revealed prolonged gaze fixations on self-referential pronouns (12-25%) and metaphorical
death expressions, although direct terms, like “suicide” showed the gaze avoidance (-11.9 to -129% deviation). We then developed a
system of weighted coefficients for an automated diagnostic model. The algorithm showed 72 % accuracy in identifying
autoaggression, presenting a promising tool for early diagnostic screening of this phenomenon.

Conclusions: The present methodology focuses on creating and employing a novel selective dataset consisting of visual, linguistic,
and multimodal text stimuli integrated into the oculographic examination protocol. The oculographic detection of eye movement
perceptual cues in response to exposure to the stimuli dataset may identify objective markers for evidence-based diagnostics of mental
disorders (e.g., depression) and fundamental psychopathological phenomena (e.g., suicidality), including at-risk states (e.g.,
autoaggression). Furthermore, this approach may contribute to the enhancement of suicide prevention programs, particularly targeted
interventions for the vulnerable population of young people who experience autoaggressive tendencies (i.e., self-aggression).

Key words: anomic suicide - autoaggression - computational linguistics - diagnostic tool - eye-movement analysis - eye-tracking —
information processing - language corpus - oculography - self-aggression - suicidality - suicide screening - sociocultural context -
young people

Abbreviations: CL — computational linguistics; NLTK - the Natural Language Toolkit
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INTRODUCTION by suicide, there are likely to be more than 20 others who
attempt suicide”; suicide is fourth leading cause of death

According to the World Health Organization, “every among young people aged 15-29 (Baydili et al. 2025,
year more than 720,000 people die as a result of suicide,” WHO 2024). Suicidality is a complex phenomenon that
and “there are indications that for each person who dies includes “invisible to the eye” symptoms of (i) suicidal
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ideation (e.g., rumination, reflection, brooding, planning),
(i1) suicide-associated decline in volitional processes (i.e.,
intentions), and observable behavior, such as (iii)
language patterns (e.g., speech content about death,
increased use of personal pronouns), (iv) suicide attempts
(e.g., drug overdose), (v) completed suicides, as well as
(vi) parasuicidal self-harm patterns (e.g., cutting the skin
to create scars). Any prior pattern of suicidality that
appears over an individual’s lifetime - such as suicidal
thoughts, suicide attempts, or self-injurious actions -
increases the risk of suicide for that person in the future;
we call this the “learned suicidality phenomenon” (Hee-
sen et al. 2024, Le et al. 2025, Syunyakov et al. 2022).
Not only history of depression, suicidal, or self-harm
behavior, but also different socio-demographic factors
such as younger age are risk factors for suicide, especially
in the context of severe social distress, as demonstrated in
a global perspective by the recent COVID-19 pandemic
and its associated lockdown (bringing social isolation and
disconnection from the community) (Banerjee et al. 2021,
Fountoulakis et al. 2022a, 2022b, Vrublevska et al. 2021).
In Russia, suicidality increased to 21-29% among the
general population in response to the pandemic, with
young people representing one of the most vulnerable
groups (Syunyakov et al. 2022).

Sociocultural changes have led to the psychological
fragility of young people, i.e. millennials (Generation Y),
zoomers (Generation Z, digital natives), and Generation
Alpha, amidst high social pressure and the impact of
rapidly developing internet technologies. Today’s young
people are born and raised in an era of active social media
use, characterized by excessive integration along with
“too much regulation”, emotional disconnection as a
change in communication style, communication break-
down with reality, and disturbed identity (theories of “in-
equality, power, and suicide” and of destructive perfec-
tionism), disrupted belongingness and connectedness
(community patterns of rejection and aggression), facili-
tated “suicide diffusion,” and “suicide contagion” pheno-
mena (Abrutyn et al. 2019, Kholmogorova et al. 2019,
2022, Kholmogorova & Garanyan 2004, Niveau et al.
2019, Mueller et al. 2021, Tsatsulin & Kholmogorova
2024, Turner 2015). There has been an increase in anomic
types of suicides (according to Emile Durkheim’s theory)
among young people who currently fail to meet social
standards, resulting in the experience of “purposeless-
ness” and loss of direction in life (sense of “directedless-
ness”) (Kar & Singh 2023). This state of affairs calls for
sensitive and up-to-date diagnostic tools for the early
detection of suicidality, including self-harm patterns, and
for suicide prevention among young people (Sharma et
al. 2024, Syunyakov et al. 2024).

Suicidality manifests as a form of autoaggression, or
self-aggression, which is a fundamental underlying psy-
chopathological phenomenon that describes emotional
and behavioral disturbances of the self-preservation/
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survival instinct. Autoaggression harms the individual
“from within” at both mental (e.g., self-deprecating
thoughts, self-criticism, obsessive self-guilt ideation) and
physical/somatic levels. This could manifest as self-harm
behaviors such as obsessive/involuntary excoriations or
skin picking disorder, as described in the field of
psychodermatology, or volitional self-injury/skin cutting
in an impulsive or demonstrative manner, suicide attempts,
and completed suicides (Grant & Collins 2024, Jenssen et
al. 2025). The phenomenon of autoaggression is some-
what opposite to aggression, which is directed “outward”
and observed in interpersonal communication, as can
occur in cases of borderline personality disorder or
antisocial personality disorder (Barra et al. 2025, Martin
et al. 2025). The term “autoaggression” is used in the
Russian school of clinical psychopathology (particularly
in children and adolescent psychiatry), whereas “self-
aggression” or “self-injury” is favored in English-spea-
king schools of psychiatry (i.e., Anglo-Saxon), and in the
German psychiatry school (Hames et al. 2018, Krylova et
al. 2023, Malinina et al. 2023, McCloskey et al. 2012,
Otte et al. 2019). However, both terms are present in the
international professional literature; autoaggression (i.e.
self-destruction) is described as a basic defense mecha-
nism (i) in classical and modern psychoanalytic theory,
(i1) suicide research focusing on personality traits and
temperament factor, and (iii) relational theories of
trauma-based studies (Frankel 2001, Giegling et al. 2018,
Kernberg 2009, Kirsch et al. 2022, Pdldinger 1989). This
defense mechanism represents a variation on the death
drive versus life drive (Freud’s Thanatos versus Eros)
relating to broader representations in a person’s life such
as neglecting physical needs or self-care (Dal Molin et al.
2023, Kli 2018, Kirsch et al. 2022). This is not merely
psychologization, but rather constitutes evidence that
autoaggression manifests through various behavioral
decline patterns (e.g., skin-picking). These can start with
poor nutrition, substance use (alcohol or drugs) to ease
“psychache” or emotional pain, lack of sleep, or avoi-
dance of medical care for somatic illnesses, which in
some cases may culminate in full-blown suicidality. This
reflects the trajectory of suicidality development, where
the aggregation of suicidal behavioral patterns over time
leads to completed suicides at some later date. Among
people living with self-harm behaviors and suicide
attempts, only about 10% ultimately complete suicide,
according to epidemiological data (Bellman & Namdev
2022, Le et al. 2025). The keystone message arising from
those findings is that predicting behavioral patterns (re-
presenting autoaggression during person’s experience)
must be diagnosed promptly to prevent their potentially
fatal long-term consequences.

Autoaggression is a transdiagnostic phenomenon,
often observed in young people during the adolescent
period in relation to various mental disorders (e.g., de-
pression, anxiety, autism spectrum disorders) (Malinina et
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al. 2023, Posar & Visconti 2021). It has strong interre-
lationships with suicidality, despite the presence of psy-
chotic symptoms (e.g., schizophrenia spectrum disorders)
or somatic comorbidities (e.g., obsessive-compulsive
spectrum disorders / skin picking disorder) (Cooper et al.
2025, Krylova et al. 2023, Onat et al. 2025). Furthermore,
autoaggressive tendencies may serve as predictors of
suicide, and can thus be utilized for screening purposes to
evaluate suicidality risks in vulnerable populations
(Barsznica et al. 2024). The objective markers of
autoaggressive tendencies need to be clarified to create
novel or improve existing diagnostic screening tools. This
can be achieved, for example, through psycholinguistic
experiments (language patterns), oculographic appro-
aches (i.e., eye-tracking), and facial emotion recognition
studies (multimodal/convolutional neural network research
that includes comprehensive facial mimic analysis)
(Barsznica et al. 2021, Li et al. 2023, Niveau et al. 2019,
Zhu et al. 2024). Written speech patterns accurately pr d
edict depression and suicidality risks via analysis of
medical records, suicide notes, diary notes, linguistic
corpus-based and social media post studies (Eichstaedt et
al. 2018, Smith et al. 2017). Topics related to emotions
(e.g., cry), interpersonal relationships such as loneliness
(e.g., miss), and hostility (e.g., hate), as well as cognitive
issues like self-preoccupation (e.g., first person pronouns
use), figurative language use (e.g., metaphors), and
lexico-stylistic changes like repetitive content (e.g.,
ruminations) have been related to depression. On the
other hand, somatic complaints (e.g., headache, insomnia,
sick) and medical references (e.g., hospital, doctor,
blood), in addition to terms related low mood (e.g., sad,
hurt, tears) and negative content (e.g. don’t, can’t, ain’t,
verbal emoji “lol” use with sarcastic connotation) have
also been related to a history of suicide attempts or
increased risks of suicidality in English and Russian
language speakers (Mowery et al. 2017, Smirnova et al.
2018). Deep-learning algorithms demonstrated high
accuracy in identifying language markers of suicidal
tendencies in Turkish language (Baydili et al. 2025). In
particular, suicide attempters demonstrated keywords,
hashtags and pinned messages content distinctions
compared to non-suicidal Korean language social media
users (e.g., tokens “ want to die, don’t want to live,
~want to cut, like cutter knife, like suicide impulse,
_even attempt suicide, arm warmer, _do self-harm
terribly”) (Kim et al. 2022). A prior corpus study of
suicidal behavior in Russian-language material indicated
generalized speech profiles among individuals prone to
suicide (Litvinova et al. 2017).

Eye-tracking research reflects emotional and cogni-
tive processing, and is able to identify those with risk of
suicidal attempts as opposed to those experiencing non-
suicidal depression across vulnerable populations of
young and elder people (Barsznica et al. 2021, Carvalho
et al. 2015, Ferrari et al. 2016, Xu et al. 2023, Zhu et al.

2024). Depressed patients exhibiting suicidal behavior
spent more time gazing at emotional face parts (eyes and
mouth) associated with negative emotions such as disgust
and fear, and neutral emotions, compared to their non-
suicidal counterparts, whereas fixation time did not differ
for negative emotions such as anger and sadness or for
happy emotions between the suicidal/ non-suicidal groups
(Barsznica et al. 2021). Another line of research identified
differences in emotional vs. cognitive information proces-
sing in depression and related suicidality, particularly in
suicide attempters vs. non-suicidal depressive participants
(Cramer et al. 2019, Li et al. 2023). Need for affect
(emotional) avoidance acted as a strong predictor of
suicide or elevated suicidal risk, but the need for
cognitive insight (intellectual explanation) was related to
a decreased risk of suicide among young adults (Cramer
et al. 2019).

Taken into account the findings presented above, we
suggest that objective markers, i.e. language and eye-
tracking patterns, should contribute to the accuracy of
screening autoaggressive tendencies as suicide predic-
tors, rather than direct complaints expressing suicidal
ideation obtained via clinical interview. We proposed to
develop a diagnostic tool using psycholinguistic methods
based on indirect observation and experiments focusing
on linguistic corpus research and eye-tracking (oculo-
graphic) measurements of verbal and visual stimuli
perception in a vulnerable population. The aim of our
present study was thus to create an algorithm for
constructing verbal, visual, and multimodal material
suitable for diagnosing autoaggressive tendencies among
young people as a part of future promising Al-driven
suicidality risk assessment tool.

MATERIAL AND METHODS

To create materials that could serve as stimuli in
oculographic studies, we first developed a linguistic cor-
pus of Russian speakers. The subcorpus of individuals
exhibiting autoaggression was derived from the Twitter
Presuicidal Signals dataset, Rusentiment, and the Pri-
volzhsky Research Medical University dataset. This com-
piled database includes digitized and electronic texts
across the following categories: (i) Written, audio, and
video content, as well as graphic material (i.e., pictures
and symbols) produced by individuals known to exhibit
autoaggression; (ii) Content that elicits reactions from
individuals with autoaggression, such as reposts of texts
on social media, text comments, emoticons (or other forms
of ideography), and "like/dislike" reactions (dataset 1).

At this stage, we analyzed approximately 100
million tokens. This analysis was necessary to identify
key elements such as verbal, pictorial, iconic, syntactic
structures, clauses, patterns, and text structures that
appear in the communications of these social groups and
elicit emotional responses. By extracting these elements,
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we constructed generalized speech profiles of indivi-
duals prone to autoaggression based on their idiolect,
and created stimulus materials that mimic the speech of
the target groups, specifically those exhibiting auto-
aggression. To create filler material, we also conducted
analysis of texts provided by individuals from a normal
control group. Datasets here included texts from open
sources (Dataset 1) consisting of more than one million
tokens, broadly representing the speech of contem-
porary young Russian speakers. We studied this speech
as a normative control for comparison with the target
group, aiming to identify fundamental group differences
in the frequency of verbal, pictorial, iconic, and syn-
tactic elements.

The texts were automatically processed using
Python programming libraries (NLTK — Dataset 2, - and
SpaCy ru core news sm model — Dataset 3) for
extraction of N-grams, keywords, and collocations. An
N-gram is a contiguous sequence of N tokens extracted
from a text or speech corpus, where a token represents
the smallest meaningful unit of analysis, being as a rule
a set of symbols, sounds, syllables, or letters. In clinical
and psychological research, N-grams can help to
identify linguistic markers of mental states by analyzing
recurrent word patterns. We highlighted keywords using
various metrics such as Log-likelihood, T-score, Mutual
Information (MI), Dice-Serensen coefficient, and
frequency ratio. These metrics identified the most
significant and frequently occurring words in the texts
of each group. Collocations — statistically stable phrases
— were identified for the top 20 extracted keywords
according to the T-score metric, which served to identify
collocations making it possible to find the most frequent
and significant combinations of words that are central to
the speech structure of both groups. These elements are
characteristics of the idiolect of the control and target
groups (Litvinova, 2019), and are used in forensic
authorship attribution as the parameters of social iden-
tification (Rubtsova et al. 2007:105; Coulthard 2004;
McMenamin 2002). This set of characteristics is
considered as the least controlled by the speaker during
the production of any form of speech. There datasets
have been used for managing our language corpus, i.e.:

= Dataset 1. Social network chat VKontakte (In Rus).

(Accessed:  05.07.2025) URL: https://vk.com/

blog 27325, Mel podcasts and blogs (In Rus).

(Accessed: 05.07.2025) URL: https://mel.fm/, Social

network Tumblr / Trending topics on Tumblr (In Rus).

(Accessed: 05.07.2025). URL:https://www.tumblr.com/

explore/trending?source=homepage explore

= Dataset 2. NLTK (the Natural Language Toolkit

/open source Python modules, datasets, and tutorials

supporting research and development in Natural

Language Processing (In Rus). NLTK requires Python

version 3.8, 3.9, 3.10, 3.11 or 3.12. (Accessed:

05.07.2025). URL: https://github.com/ nltk/nltk
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= Dataset 3. Russian — spaCY Models Documentation
/ free open-source library for Natural Language
Processing in Python. (Accessed: 05.07.2025). URL:
https://spacy.io/models/ru#ru_core_news_sm

To create filler material, we also analyzed texts
provided by individuals from a normal control group.
The datasets included texts from open sources, consi-
sting of more than one million tokens, broadly represen-
ting the speech of contemporary young Russian
speakers. We studied this speech as a normative control
for comparison with the target group, aiming to identify
fundamental group differences in the frequency of
verbal, pictorial, iconic, and syntactic elements.

We also performed a sentiment analysis with neutral,
positive, and negative categories using the Dostoevsky
Python library. This analysis employed the type-token
ratio (an index of lexical diversity), as well as the
Flesch-Kincaid readability test and Gunning Fog index
(indices of readability). These indices are traditional in
forensic authorship examination. In most cases, the
results confirmed previous studies (i.e., Litvinova &
Litvinova 2017), but we also discovered new speech
characteristics of individuals prone to autoaggression:
autoaggressively-minded young people avoided directly
naming death and paid greater attention to words related
to tactile contact.

Based on corpus statistics, we created stimulus and
filler material. This material was implemented in an
application with an eye-tracking function to capture
the perceptual responses of both the control and target
groups. We utilized oculographic technology produced
by LLC Lad, involving a standard laptop camera
(video adapter: integrated Intel Iris Xe Graphics,
Nvidia GeForce RTX 3070 Ti Laptop GPU; Camera:
720p, 30 Hz), aiming for ease of use. The data
collected through the eye tracker were presented as
key-value pairs, where the keys are stimulus and filler
elements, and the values are the time of gaze delay in
seconds. In the first iteration, 40 people were
examined, and in the second iteration, 50. To include a
person into control or target group, we made a
comprehensive assessment based on a clinical inter-
view, an analysis of the patient’s history report (if
any), as well as a tests battery application consisting of
the Beck Depression Inventory (the BDI-IA version
validated in Russia), Suicide Behaviors Questionnaire-
Revised (SBQ-R), and Buss-Perry Aggression Ques-
tionnaire — 24 (BPAQ-24). Upon psychiatric exami-
nation, 66 people (females: n=35, males: n=31;
average age of 21.5 years; n=29 in the first iteration,
and n=37 in the second iteration) were assigned to the
control group and 24 (females: n=14, males: n=10;
average age of 19.2 years; n=11 in the first iteration:
n=11, and n=13 in the second iteration) to the target
group (Figure 1).
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Figure 1. The study design and procedure demonstrating the application of language corpus and eye-tracking technology

to target the autoaggression assessment in young people

To visualize the differences in gaze delay time
between the control and target groups as a percentage
excess during the first iteration, we used the following
formula:

ATTG - ATCG

= 0
Percentage excess ATCG x 100%

Note: ATTG - average time in target group;
ATCG - average time in control group

We used interpretive and statistical approaches to
analyze the results. Statistical analysis starred from deter-
mining the gaze delay data from control and target groups
followed a non-normal distribution. Subsequently, the
Mann-Whitney U test (p < 0.05) was applied to evaluate
statistical significance for each stimulus element. To
address multiple comparisons, the Benjamini-Hochberg
(FDR) corrections were employed (p (FDR) < 0.05).
The obtained statistical data were interpreted by the
research team. This approach allowed us to determine
which stimulus material was most relevant for analyzing
written speech perception.

RESULTS

The results from the eye trackers were data matrices
containing information about gaze delay on elements of
the stimulus material and the avoidance of those ele-
ments. To interpret the data, we developed vocabularies
with the weights of each element of the diagnostic
material. For this purpose, the experimental material
was placed in the oculograph to test the system. The

materials included verbal stimuli, visual stimuli, and
multimodal texts. The target group — the group with
autoaggression — showed a longer gaze delay (Table 1).

Visual stimuli included pseudo-self-portraits and ima-
ges of characters from computer games and anime. The
statistical analysis of visual components showed that the
gaze delay time for each stimulus was significantly
higher in the target group. For example, the average gaze
delay on the pseudo-self-portrait in the target group was
26% longer than in the control group (6.47 sec vs. 4.77
sec; p=10.001, p (FDR) = 0.003), and the delay for anime
character images was 36% longer (Image 1: 3.16 sec vs.
2.01 sec, p = 0.002, p (FDR) = 0.004; Image 2: 1.68 sec
vs. 1.07 sec, p = 0.005, p (FDR) = 0.008).

The analysis of respondents’ reactions to verbal
stimuli showed that the average gaze delay for self-
identification vocabulary, I-group pronouns, and words
with figurative meanings in the target group exceeded
the average gaze delay of the control group for all
instances (Table 2). The percentage deviation for I-
group pronouns in the target group surpassed that of the
control group by 12.5 to 24.6% (for example, in my / ¢
moeti p-value = 0.015, p (FDR) = 0.03). Words and
expressions presented in the semantic field of death,
such as to get rid of the shackles of this world /
usbasumocsa om oxog smoeo mupa with a mean gaze
delay of 1.66 sec in the target group versus 1.42 sec in
the control group (p-value = 0.025, p (FDR) = 0.05),
and thoughts about death / mobicau o ecmepmu with 1.08
sec versus 0.92 sec (p-value = 0.03, p (FDR) = 0.05),
also demonstrated longer attention time in the target

S217



Anna Khomenko, Lala Kasimova, Evgeniy Sychugov, Marina Svyatogor, Anastasiya Komratova, Polina Domozhirova, Alina Aisina, Danil Trofimov,
Kseniya Bikbaeva, Elena Sloeva & Daria Smirnova: EMPLOYING COMPUTATIONAL LINGUISTIC TECHNOLOGIES AND OCULOGRAPHY
TO DEVELOP DIAGNOSTIC TOOL FOR DETECTING AUTOAGGRESSIVE TENDENCIES IN YOUNG PEOPLE: A RIVETED GAZE INTO

“GET RID OF THE SHACKLES OF THIS WORLD””

Psychiatria Danubina, 2025; Vol. 37, Suppl. 1, pp 213-223

group. The stimuli suicide / cyuyuo showed a gaze delay
of 0.63 sec in the control group compared to 0.71 sec in
the target group (p-value = 0.05, p (FDR) = 0.05), and
death / cmepms had a delay of 0.44 sec in the control
group versus 0.19 sec in the target group, resulting in
negative percentage deviations (-11.9% and -129%,
respectively; p-value = 0.001, p (FDR) = 0.01). This
demonstrates that individuals in the target group
distinctly tended to avoid directly naming death and
suicide. Some elements exhibit insignificant differences
in gaze delay between the control and target groups: the
word deliverance / uz6aenenue attracted the attention of
the control group more than that of the target group
(1.26 sec vs. 1.18 sec; p-value = 0.32, p (FDR) = 0.36).
Thus, some stimuli elements were excluded from the
materials, and a relevance scale was created for the
remaining elements. The weights for the stimulus

vocabulary were distributed from one to three, where
three points signifies a high weighting; these elements
provided the greatest information gain for classifying
the respondent as belonging to the target group when the
gaze was fixed on them for an extended period. For
example, such a weight is assigned to lexemes and
their combinations related to eating disorders and
tactile contact. A score of two points represents a
medium degree of information gain, attributed to
lexemes such as fatigue / ycmanocms, life | ocusno,
and beauty / kpacoma. A score of one point indicates a
low degree, assigned to such terms like child / pe6enox
and teenager / noopocmox. A zero score is given to
neutral elements, which would be perceived equally by
both the target and control groups; this constitutes the
filler material (Table 3).

Table 1. The ratio of gaze delay-related multimodal elements to total element count in oculographic examination of
verbal, visual, and vultimodal stimuli (Target Group vs. Healthy Controls)

Stimulus type Ratio
e Emoji 3/4
e Posts imitating people with autoaggressive behavior on social media “‘Relationships™ *“Death” “Diseases”
14/18 8/8 7/7
e Images of computer game characters chosen due to their connection
. . ) . . 1/1
with certain fandoms recognizable in the self-harm community
e Images of anime characters chosen due to their connection with 11

certain fandoms recognizable in the self-harm community

e Isolated verbal stimuli statistically relevant to the discourse of people “‘Relationships™ “‘Death” ““Diseases™

with autoaggressive behavior

7/10 6/14 1/5

Table 2. The ratio of gaze delay-related verbal elements to total element count in oculographic examination (Target

Group vs. Healthy Controls)

Stimulus type Ratio
e Self-identification vocabulary 11/11
e I-group pronouns 6/6
e Words describing the semes of certain semantics “Relationships” “Death”  “Diseases”
12/12 5/6 10/11
e Lexemes expressing a negative emotional state 22/25
e Vocabulary with a positive connotation 11/12
e  Words with a figurative meaning 14/14

Table 3. The relevance scale based on designation of stimuli and fillers elements with information weight degree: a

scoring example

Word Gaze Stimulus /  Average gaze  Designation =~ Comparison  Weight
Rus / Eng delay time Filler delay time rule sign scoring
o S/ 0.06 filler 1.48 If the gaze delay - 0
e nonmmaro / ‘understand’ 3.52 stimulus time for a > 2
e 5710/ ‘this’ 2.45 stimulus part'CUIa_‘r > 2
e . element is
e cocTosiHue / ‘State 3.07 stimulus longer than the > 2
e mHe /‘Me’ 0.92 filler average gaze - 0
e ToXxe / ‘also’ 0.89 filler delay, then the - 0
e e Hpassarcs / ‘don’t like’ 2.42 stimulus _element is > 3
e Jiroqu / “‘people’ 0.03 filler assigned a score - 0
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Some elements were assigned a negative score
ranging from -3 to -1, indicating the degree of the target
group's tendency to deliberately avoid certain stimuli,
where -3 represents a high degree of avoidance, -2
indicates an average degree, and -1 signifies a low
degree. For example, individuals prone to autoaggression
tend to avoid the word death / cmepmsb - the direct
naming of what they are concerned about. This lexeme
would receive a weight of -3. All visual stimuli have been
assessed using the same scoring system (Table 3).

Final Stimulus Material Testing

The design of the experiment was as follows:
participants perceive a series of stimuli (verbal and
visual) displayed on the computer screen; eye-tracking
technology collected information about the gaze delay
on each particular object. To validate the effectiveness
of the automatic algorithm, the obtained data were
analyzed independently by an expert group (including
psychiatrists and psycholinguists) as well as auto-
matically by the computer algorithm. The automatic
algorithm is based on a mathematical model that incur-
porates the weight characteristics of each element and
determines whether a person falls into the risk zone for
autoaggression or not.

In the second analytical stream, we found that
among the 50 participants (27 females, 23 males;
average age = 19.9), the automatic classifier provided
the correct answer in 36 cases (25 females, 11 males).
Of the 14 cases where an error was detected, three
situations were considered borderline by both the
psychiatric experts and the automatic classifier.
Therefore, the automatic classifier yielded the correct
result in 72% of cases, while in another 6%, the result
was incorrect, but close to the expert conclusion. In
22% of cases, the automatic classifier was in error,
resulting in either a false positive (16%) or a false
negative (6%) decision.

DISCUSSION

The study presented a novel approach to identify
autoaggressive tendencies among young people through
a combination of psycholinguistic analysis and eye-
tracking technology, which, being separate from each
other, previously demonstrated promising evidence to
disentangle suicidal attempters and cases of non-suicidal
depression among young and older populations
(Barsznica et al. 2021, Cramer et al. 2019, Carvalho et
al. 2015, Ferrari et al. 2016, Li et al. 2023, Niveau et al.
2019, Xu et al. 2023, Zhu et al. 2024). Our intermediate
data analysis based on the experimental small-sized
population reveals that individuals exhibiting these
tendencies display distinct gaze patterns when confron-
ted with verbal, visual, and multimodal stimuli. This

suggests a complex interplay between cognitive (suici-
dal thoughts) and emotional (depression) processes,
highlighting the potential for gaze patterns related to
linguistic stimuli to serve as diagnostic markers of
invisible autoaggression and related non-verbalized
risks of suicides.

The methodology employed is particularly note-
worthy, as far as analyzing over 100 million tokens from
various datasets, the study identified linguistic markers
associated with autoaggression. The use of Python
libraries for automated text processing allowed for a
robust statistical analysis, revealing that self-referential
pronouns and metaphorical expressions related to death
elicited prolonged gaze durations in the target group vs.
normal controls. The prolonged gaze durations on self-
referential pronouns and metaphorical expressions
related to death indicate an internal (hidden) struggle
(suicidal ideation, suicidal intentions) that may be a
characteristic of individuals at risk for autoaggression.
Increased use of the first-person pronouns has been
found in people with depression speaking different
languages, in the context of suicidality risks or history
of suicidal attempts, highlighting the self-focusing
language style, self-preoccupation state, and self-
identity issues of disintegration between the individual’s
ongoing life or presence and intention to die or
disappearance (Eichstaedt et al. 2018, Mowery et al.
2017, Smirnova et al. 2018, Smith et al. 2017). Sticking
the gaze on the “I/Me” pattern, or a fixation on self-
/autoaggression, is also consistent with data on young
people being disconnected in communication despite
active use of social media and during pandemic
lockdown, losing a sense of direction in life or
experiencing a sense of purposelessness because of high
standards of destructive perfectionism and lack of
emotional face-to-face relationships during the
industrial era with Al-driven values rejecting the need
for personality (i.e., human values related to social
emotions - feelings, - and emotional intelligence) and
the need for affect (vs. need for cognition) avoidance as
a strong predictor of suicides (Abrutyn et al. 2019,
Banerjee et al. 2021, Cramer et al. 2019, Fountoulakis et
al. 2022ab, Kholmogorova et al. 2019, 2022,
Kholmogorova & Garanyan 2004, Kar & Singh 2023,
Mueller et al. 2021, Niveau et al. 2019, Syunyakov et al.
2022, Tsatsulin & Kholmogorova 2024, Turner 2015,
Vrublevska et al. 2021). Our present finding of longer
gaze time spent on metaphorical statements rather than
direct references to the language expression using the
word “death” follows upon our earlier findings on the
increased use of figurative language (e.g., metaphors,
comparisons, phraseologisms) in mild depression,
whereby the risk of suicide may be higher than in severe
depression patients with diminished motor activities and
capacity to complete actions (i.e., suicidal acts)
(Smirnova et al. 2018). Metaphorical language (e.g., “to
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get rid of the shackles of this world”) also switches from
and hides the direct message (i.e., “death”, intention to
die) which is related to fear, and, moreover, it reminds
recent research findings on suicidal attempters rather
focusing their gaze on some sort of negative (e.g.,
disgust, fear) and neutral emotions, compared to another
negative (e.g., anger, sadness) or positive emotions
stimuli (Barsznica et al. 2021). This finding also may
reflect an internalized stigma or fear associated with
suicide-related sociocultural concepts, including the
orthodox religion-related notion on the sin of suicide,
and basic unconscious fear of death associated with the
decline of the self-preservation instinct in people with
autoaggressive tendencies (Frankel 2001, Giegling et al.
2018, Kernberg 2009, Kirsch et al. 2022, Poldinger
1989). Clinicians would note that those people who
have already decided to commit suicide compared to
those who just think about death or hesitate to act
usually do not discover their planning or do not directly
verbalize their plans for suicide. Based on our findings,
we might speculate that figurative language is a stronger
predictor of suicidal risk than direct complaints. The
behavioral patterns mentioned above underscore the
importance of understanding the current psychological
landscape of at-risk youth, as it may reflect deeper
emotional conflicts and cognitive dissonance in people
experiencing autoaggressive tendencies. This also
highlights the need for developing sensitive diagnostic
tools that can navigate these evident complexities.

Our CL-algorithm created for automated analysis-
based diagnostics of autoaggressive tendencies among
young people (using objective markers, i.e., the gaze
delay time patterns in a psycholinguistic context)
demonstrated a commendable accuracy of 72%, indi-
cating its potential utility in clinical settings. However,
the study also acknowledges the limitations inherent in
the classification process, particularly the occurrence
of false positive and negative indications. This calls
for further refinement of the algorithm and additional
validation through larger sample sizes and diverse
populations.

CONCLUSIONS

To sum up, the study demonstrates the feasibility of
using a multimodal approach to detect autoaggressive
tendencies in young people. The integration of
psycholinguistic methods and eye-tracking technology
offers a promising avenue for enhancing suicide
prevention strategies. The findings advocate for the
implementation of these diagnostic tools in clinical
practice, emphasizing the need for timely intervention in
vulnerable populations of young people. Future research
should focus on refining the diagnostic algorithm,
expanding the dataset to include a broader demographic,
and exploring the underlying psychological mechanisms

S220

that drive the observed gaze delay behaviors. By
advancing our understanding of the autoaggression
phenomenon and its indicators, we can equip mental
health professionals with a linguistic corpus of
autoaggression (i.e., increased suicidality risk) and a
CL-driven screening tool based on the eye-tracking of
the dataset of visual linguistic stimuli, to address the
pressing issue of youth suicidality more effectively.

Limitations

The main limitation of the study is the oculography
technology itself, which uses a standard laptop camera.
This technology was validated using a hardware oculo-
graphy (registration accuracy: 0.5—1 deg; sampling rate:
60 Hz (150 Hz in GP3 HD model); 5- or 9-point cali-
bration; head movement freedom area during calibra-
tion: horizontal — at least 25 cm; vertical — at least 11
cm; forward/backward — at least 15 c¢cm; dimensions:
320 x 45 x 40 mm), showing its reliability under certain
limitations. Thus, a non-hardware oculograph is not able
to accurately capture the fixation of the gaze on a verbal
element of two or fewer symbols. The overall share of
element recognition by a non-hardware oculograph is
always lower than by hardware: 68% versus 100%. It is
precisely the inaccuracies in defining objects that mainly
lead to the distortion of data in the analytical block of the
automatic algorithm for detecting the presence/absence of
tendencies towards autoaggression. Current data analysis
is based on a small sample size and represents preli-
minary findings. A larger sample population is needed to
increase the reliability of the results, based on the study
design that combines language corpus selection and eye-
tracking algorithms. Moreover, recent sociocultural chan-
ges, as well as psychosocial pathmorphosis of depression
(e.g., alexithymia, difficulties in verbalizing emotions and
feelings, excessive anxiety, prevalence of somatic over
mental health-related complaints) should be taken into
account to design the study protocol generating language
corpus and stimuli dataset (Krasnov et al. 2023, Tsatsulin
& Kholmogorova 2024). Changes in language of young
people due to the excessive presence of technologies in
daily life, and the increased use of social networks
/media also contribute to this line of research disco-
vering the language patterns / markers of depression,
suicidality, autoaggression, and variety of affective
states and symptoms (Abrutyn et al. 2019, Kar & Singh
2023, Kholmogorova et al. 2019, 2022, Kholmogorova
& Garanyan 2004, Niveau et al. 2019, Mueller et al.
2021, Turner 2015).
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