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Abstract. Artificial intelligence (Al) and machine learning (ML) technologies
present transformative opportunities in the identification and prediction of suicidal
tendencies among adolescents. This study focuses on the development of an Al-driven
system for assessing suicide risk through the integration of advanced ML algorithms
and multi-source data. We employed neural networks, transformer-based language
models (such as BERT), and decision trees to analyze behavioral, psychological, and
social indicators. The system synthesizes inputs from social media activity, medical
histories, and psychometric evaluations to enhance predictive accuracy. Ethical
considerations regarding data privacy, informed consent, and algorithmic transparency
are addressed to ensure responsible Al deployment. Our findings demonstrate that
Al-based predictive models significantly improve early detection and intervention
strategies, enabling a proactive and scalable approach to adolescent mental health
support.
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Annotanus. Kacanael unremwiekt (JKW) sxone mammHansik okpity (MO)
TEXHOJIOTUSIAPhI JKAaCOCIipiMIEp apachblHAAFbl CYMIMATIK OCHIMAUIIKTI aHBIKTAY
XoHe Ooypkay yIIiH TyOereisi »aHa MYMKIHAIKTep amajsl. byn 3eprrey oprypii
JIepEKKO3/IepCH allbIHFaH aKnapaTThl koHe 3amaHayn MO anroputMiepin OipikTipy
apKbUIbl CyHUuA KaymiH Oaranayra apHanraH JKM-HeriziHzeri skyieHi o3ipieyre
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OarpITTaNFaH. MiHE3-KYIBIKTHIK, TICUXOJOTUSIIBIK KOHE QJICYMETTIK KOPCETKIIITEeP/Ii
TaJay YIIiH HEHPOHIBIK JKeJiaep, TpaHchopMepiepre HeTi3AeITeH TIIAIK MOICTbIED
(mbrcanmbl, BERT) okone mremriM aramTapbl KOJJAHBULABL. Y CBHIHBUIFAH JKYHe
QJNICYMETTIK JKeNIepAeri OeICeHAUTIK, MEAUITUHAIBIK TAPUX KOHE TICUXOMETPHSIITBIK
Oaranay HOTHXKENepl CHSAKTBI MOJIMETTepAl OIpIKTIpe OTBIPHIN, OOHKaM JTANIITiH
aptreipaabl. KM TexHOJOTHsANApBIH JKayalThl TNaiganaHy MakKcaTbiHAa aepOec
MOJIIMETTEPAIH  KYMUSUTBLIBIFBI,  aKMapaTTaHIBIPBUIFAH — KENiciM — ally  JKOHe
ANTOPUTM/IIK AIIBIKTBIK CHUSKTBI ATHKAJIBIK aCIEKTUIECp € KapacThIPbUIALL. 3epTTey
Hotwkenepi JKM-re HerizmenreH OoJDKaMIIbl MOJEIBACP/IIH €pTe aHBIKTAy JKOHE
aJJIBIH ATy CTpaTETHsUIAPBIH €10Yip ’KaKCcapTaThIHBIH, COHIAN-aK KacecCmipiMaepIiH
TICUXUKAJIBIK JIEHCAYJIBIFbIHA OAaFBITTAJIFAH IPOAKTHBTI 9pi ayKbIMIBI KOJIaY JKYHEeCiH
KamMTaMachl3 €TETiHIH KOPCETTI.

Tyiiin ce3aep: )kacaHabl HHTEIUICKT, MAIIMHAJIBIK OKBITY, )KacoCIpiMACPIiH
CYMITUI1, TICUXUKAJIBIK JICHCAYIIBIK, TOYEKEI Il Oarasay, O0JpKaMIbl MOJICIIbIED
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AHHoTanus. TexHonoruu uckycctseHHoro unremekra (M) u mammaHOrO
o0Oyudenust (MO) OTKpBIBaIOT IPUHIUITMATHHO HOBBIE BO3MOXXHOCTH JUISI BBISBIICHUS
¥ TIPOTHOZUPOBAHMS CYUIIUAATBHBIX HAKIIOHHOCTEH cpeiu MOApOCTKOB. B manHOM
UCCJIEIOBAaHUM pacCMaTpUBaeTCs pa3paboTKa CUCTEMBbl OIEHKHM PHUCKa CYHUIUA,
ocHoBanHOM Ha U, myTéM MHTErpanuu COBpeMEeHHbIX alnropuTMoB MO U TaHHBIX
U3 Pa3IMYHBIX MCTOYHHUKOB. B KauecTBE MHCTPYMEHTOB aHalW3a MOBEIECHYECKUX,
MICUXOJIOTHYECKUX U COLIMAJIbHBIX MHIUKATOPOB ObLIM HCIOIb30BaHbl HEHPOHHBIE
CETH, S3BIKOBbIE MOJIENM Ha OCHOBe TpaHchopmepoB (Takue kak BERT) u nepeBns
pemenuii. Pa3pabaTpiBaeMas cucteMa o0benuHSAET MH(DOPMALMIO U3 aKTUBHOCTH
B COIMANIBHBIX CETAX, MEIUIIMHCKOW HCTOPUU U TICUXOMETPUYECKUX OIEHOK st
MOBBIIICHUS] TOYHOCTH NPOTHO3UpoBaHMs. B paboTe Takke paccMaTpUBaIOTCs
STHUYECKHE AacCHeKThl, BKIOYas 3allUTy T[EPCOHATbHBIX JIAHHBIX, MOJyYeHHE
MHGOPMHUPOBAHHOTO cOrjlacusi U oOecredyeHrue MPO3PauHOCTH AITOPUTMOB, YTO
HEOOXOoaUMO Il oTBeTcTBeHHOro BHeApeHus WMU. [lomydeHHble pe3ynabTaThl
MOKa3bIBAIOT, YTO MPEAUKTUBHBIE MOJAETU Ha ocHOBe M 3HAUMTENHHO yIIydYIIAIOT
BO3MOXXHOCTH paHHEro BBISBJICHHS PHUCKOB M BMeEIATENbCTBA, OOecreynBas
MPOAKTHUBHBIN M MacITaOUpyeMbIil MOAXO0M K MOAJEPKKE MCUXHUUYECKOTO 30POBBS
MOJIPOCTKOB.

KiioueBble ci10Ba: MCKYCCTBEHHBIM HHTEIIEKT, MAIIMHHOE OOy4YeHUeE,
MOJIPOCTKOBBIN CYUIIU, TICUXUYECKOE 3/I0pOBbE, OIIEHKA PUCKA, MPOTHOCTUYECKUE
MOJIEH

Jas uutupoBanus: O. bekmypar, B. Cepoun, M. AnumanoBa, Y. bazap-
OaeBa. IIpornozupoBaHue CyHUIUJAIBHBIX HAKJIOHHOCTEW MOJPOCTKOB HAa OCHOBE
UCKYCCTBEHHOTO HHTeJIEeKTa//MexayHapoaHbId KypHan HHPOPMAIMOHHBIX U
KOMMYHUKAIMOHHBIX TexHojorui. 2025. T. 6. No. 23. Crp. 100-114. (Ha aHr.).
https://doi.org/10.54309/1J1CT.2025.23.3.006.

Kondaukr uHTepecoB: aBTOpHI 3asABIAIOT 00 OTCYTCTBUU KOH(QIMKTA
UHTEPECOB.
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Introduction

Teen suicide remains a serious public health issue. Existing early detection
methods—such as tests and surveys — are often insufficient, as adolescents may feel
ashamed or reluctant to express their emotional distress openly. Recent research high-
lights the potential of ML in identifying suicide risk by analyzing behavioral, social,
and psychological factors (Bernert et al., 2020; Cliffe et al., 2023). This aligns with
the goal of our objective, which is to expand these approaches by incorporating be-
havioral signals from social media and clinical data specific to adolescents in Kazakh-
stan. Furthermore, the growing availability of digital footprints among youth presents
a unique opportunity for real-time mental health monitoring through Al.

This study focuses on the development of an Al-based suicide risk prediction
system using real-world data. According to the World Health Organization (WHO),
suicide is the fourth leading cause of death among individuals aged 15-19 worldwide,
resulting in more than 700,000 deaths annually. Adolescents are particularly vulner-
able due to complex emotional and social transitions. In Kazakhstan, the adolescent
suicide rate remains alarmingly high — among the top five globally — which indicates
an urgent need for innovative, data-driven solutions in mental health care (Saduakass-
ova et al., 2025).

To address this challenge, we compiled and analyzed a dataset including so-
cial media activity, sentiment analysis results, and clinical records. Data processing
followed the CRISP-DM methodology. Unlike the work of Kim H. et al. (2024),
which was based on cross-national cohorts, our study focuses on social and cultural
predictors specific to Kazakhstani adolescents. We tested several ML models, includ-
ing Random Forest and Support Vector Machines, to identify potential indicators of
suicidal behavior, such as depressive language, daily routine changes, and prior men-
tal health diagnoses (Lee et al., 2022).

To enhance predictive accuracy, we applied modern deep learning methods.
In particular, we utilized BERT (Bidirectional Encoder Representations from Trans-
formers), a state-of-the-art transformer model trained to understand context in human
language. By carefully analyzing teenagers’ social media posts, BERT detected subtle
indicators of their struggles. Additionally, Recurrent Neural Networks (RNNs) were
employed to detect temporal dynamics in behavior. Similar voice-based LLM inte-
gration was proposed by (Cui et al., 2024), using Whisper for suicide risk detection.
For feature optimization, Recursive Feature Elimination (RFE) was used to systemat-
ically remove weak predictors and enhance model performance.

RNN and transformer-based models allowed for analysis of both content and
temporal dynamics of online behavior. These approaches proved highly sensitive to
linguistic and behavioral markers associated with psychological difficulties.

Previous studies support the effectiveness of transformer-based models like
BERT in identifying suicidal ideation in adolescents (Su et al., 2020). In line with
these findings, our model applies BERT to analyze nuanced linguistic features in ex-
pressions of Kazakhstani adolescents, expanding earlier work to modern social and
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etymological spaces.

Deep learning models outperformed traditional ML methods in recognizing
suicide warning signs. As demonstrated in earlier work (Saduakassova et al., 2024),
transformer models show promising results in predicting auto-aggressive behavior
among youth. Unlike conventional models that require manual feature engineering,
deep learning models autonomously extract meaningful patterns, making them valu-
able tools in automated suicide prevention systems. Furthermore, our approach im-
proves model interpretability by integrating transformer architectures with psychoso-
cial variables and class-balancing techniques.

The experiment aimed to identify and analyze key behavioral indicators as-
sociated with suicidal ideation. A dataset of over 50,000 anonymized records, in-
cluding online interactions, sentiment polarity scores, and clinical assessments, was
processed using ML-based techniques. Real-time data storage and analysis were con-
ducted using a cloud-based infrastructure for continuous monitoring and risk assess-
ment (Hawton et al., 2020).

We examined behavioral signs and emotional indicators that may point to sui-
cidal ideation. The use of ML allowed us to uncover patterns and risk factors that may
otherwise go unnoticed, thereby enabling the development of more effective suicide
prevention strategies (Kim et al., 2024).

Cloud computing foundation encouraged versatile information preparing and
real-time demonstrate sending, guaranteeing proficient hazard appraisal. The results
and conclusions presented above are derived from our own experimental analysis
based on the dataset described. Al-driven arrangements in suicide avoidance give
critical focal points by empowering convenient intercessions and lessening suicide
rates through computerized checking.

The study incorporated diverse digital and clinical data sources, enhancing
model generalizability. Demographic, cultural, and psychological variations were
also considered.

In summary, this research highlights the critical role of Al and ML in recogniz-
ing and mitigating suicide risk among adolescents. It explores data-driven approach-
es, predictive modeling techniques, and ethical considerations in digital psychiatry.
Additionally, the study emphasizes the potential of Al to support early intervention
efforts and reduce adolescent suicide rates.

Materials and Methods

This study employed a data-driven approach integrating machine learning
techniques to predict suicide risk among young individuals. Data preprocessing in-
cluded handling missing values, feature extraction, and normalization (Méndez-Bus-
tos et al., 2022). Key indicators were identified using Principal Component Analysis
(PCA) and Recursive Feature Elimination (Parsapoor et al., 2023). PCA was selected
for its ability to reduce dimensionality while preserving maximum variance, which is
critical when working with noisy behavioral datasets.

Machine learning models, including logistic regression and random forest,
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were trained and evaluated using accuracy, precision, and recall metrics (Bohatere-
wicz et al., 2021). This approach highlights the potential of Al in suicide prevention,
while also emphasizing ethical considerations and data security in mental health re-
search.

All models were implemented using Python libraries such as Scikit-learn and
TensorFlow, ensuring reproducibility and facilitating application in both clinical set-
tings and academic research.

Data Understanding and Visualization

In this step, we examine and visualize the dataset, which encompasses key
indicators of adolescent mental health and suicide risk factors. The dataset includes
demographic information, psychological assessments, psychiatric history, social
variables, and clinical records. Prior to applying machine learning models, data pre-
processing was conducted to address missing values, eliminate inconsistencies, and
normalize feature scales. Figure 1 illustrates the distribution of risk factors, highlight-
ing correlations between the severity of depression, history of suicide attempts, and
environmental stressors. This structured methodology ensures more accurate insights
for predictive modeling.

Temporal patterns of suicidal ideation were monitored weekly over a three-
month period. Although not shown here, the data revealed periodic spikes in expres-
sions of suicidal thoughts following school examination periods and social stressors.
These findings underscore the time-sensitive dynamics of adolescent mental health
and highlight the influence of external stressors on psychological well-being.

Figure 1a. Anxiety Level Distribution Figure 1b. Severity of Social Isolation
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Figure 1c. Depressive Symptoms by Severity Level Figure 1d. Correlation of Risk Factors
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Feature Selection and Data Preprocessing

To predict suicide risk effectively, feature selection and data cleaning are cru-
cial for building a reliable model. Choosing the right features improves model accu-
racy and reduces confusion from irrelevant data, making the model easier to interpret
and apply to other contexts. A basic method for feature selection is examining correla-
tions between variables to eliminate redundancy.

Mutual information analysis is also a useful approach for feature selection,
as it measures how much each feature relates to the target variable. This method was
chosen to capture non-linear relationships between features and labels. To address the
issue of class imbalance, where suicidal cases were underrepresented, the Destroyed
technique was applied. Due to a significant imbalance (28 suicidal vs. 170 non-suicid-
al instances), Destroyed was used to synthesize additional samples for the minority
class, improving fairness in model training. While detailed visuals are omitted, this
technique resulted in balanced class distributions used in model evaluation.

In addition to feature selection, proper data preparation is essential. Missing
values were handled by imputation. MinMax scaling and Z-score normalization were
applied to ensure consistent numerical ranges. To eliminate extreme outliers, methods
such as the IQR filter were used. Furthermore, addressing data imbalance is key — oth-
erwise, models may become biased toward the majority class. We applied SMOTE
(see Figure 2) to generate synthetic samples for the minority class, enhancing fairness
and reducing model bias.

By combining correlation analysis, mutual information-based feature selec-
tion, and SMOTE-based class balancing, machine learning models can achieve high-
er accuracy, better generalization, and greater reliability in predicting suicide risk
among adolescents.

Results and Discussion

Selecting the appropriate features is essential for improving the predictive
performance of suicide risk models. Removing irrelevant or low-informative vari-
ables allows models to focus on the most significant predictors.

In this study, we applied correlation analysis to identify variables associated
with suicidal ideation (see Fig. 2).

The results revealed strong correlations between suicidal thoughts and factors
such as depression severity, anxiety levels, social isolation, and environmental stress.

These findings are consistent with those of Bohaterewicz B. et al. (2021),
who identified similar associations in a neuroimaging study of suicide risk among
individuals with schizophrenia. Additionally, Rodway C. et al. (2020) emphasized the
influence of childhood experiences and gender on suicidal behavior, supporting the
notion that loneliness and anxiety are key risk indicators.

Figure 2 presents the Pearson correlation coefficients between primary psy-
chological and environmental variables. Notably, there was a strong positive correla-
tion between depression and anxiety (r = 0.68), as well as between social isolation
and suicidal ideation (r = 0.62). These results highlight the comorbidity of mental
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health conditions and their cumulative effect on suicide risk in adolescents.

Correlation Heatmap of Risk Factors
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Fig. 2. Correlation Heatmap

A further refinement using mutual information analysis revealed that anxiety
level and social isolation were the most significant predictors of suicide risk (Fig.
2). This observation aligns with findings from Parsapoor M. et al. (2023), who em-
phasized the role of Al in creating benchmark datasets for suicide risk detection.
By prioritizing these features, machine learning models can more accurately identify
high-risk individuals and enable timely, targeted interventions.

Mutual information analysis confirmed the diagnostic relevance of anxiety
and social isolation. Recent developments in deep learning, such as the NSSI-Net
architecture, also underscore the potential of high-dimensional data integration for
mental health prediction (Liang et al., 2024), further supporting the findings of Par-
sapoor et al. (2023).

One major challenge in suicide risk prediction is the issue of class imbalance,
as real-world datasets often contain significantly fewer samples of at-risk individuals.
To address this, we applied SMOTE (Synthetic Minority Over-sampling Technique)
to balance the data. This technique ensured that the model did not disproportionately
favor the majority class, improving fairness and reducing false negatives.

The adjusted dataset significantly enhanced both model fairness and sensi-
tivity. Similar results have been reported in other studies, such as those by Khosravi
H. et al. (2024) and Bazrafshan M. & Sayehmiri K. (2024), which demonstrated that
synthetic data generation can improve model performance in mental health prediction
tasks.

Figure 3 illustrates the distribution of suicidal and non-suicidal cases be-
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fore and after applying SMOTE. Initially, the dataset consisted of 170 non-suicid-
al and only 28 suicidal cases, indicating a significant class imbalance. After apply-
ing SMOTE, the number of suicidal cases was increased to 130, while all original
non-suicidal cases were retained. This adjustment led to more balanced training and
improved sensitivity in detecting at-risk individuals.

Notably, Figure 3 also reveals temporal patterns in suicidal expression fre-
quency over a 12-week period. Significant spikes were observed during examination
weeks (weeks 5 and 10), suggesting that academic stress acts as a recurring external
trigger. This pattern affirms the episodic and time-sensitive nature of adolescent sui-
cidal ideation, reinforcing the need for continuous, Al-powered digital surveillance in
mental health monitoring systems.

45}
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Fig. 3. Time Series of Suicidal Expression Frequency. The chart illustrates fluctuations in weekly
suicidal expressions, peaking during exam periods (weeks 5 and 10), indicating academic stress as a possible
external trigger. This pattern confirms the episodic and time-sensitive nature of suicidal ideation, reinforcing the
importance of continuous digital surveillance.

The final model was 87.5 % accurate, which is better than older ways of doing
things like logistic regression and decision trees (see Fig. 4). In addition to overall
accuracy, we evaluated the BERT-based model using multiple performance metrics
to ensure robustness and clinical relevance. These results are summarized in Table 1,
which demonstrates strong predictive capability across all evaluation criteria.

Table 1. Evaluation Metrics for Suicide Risk Prediction Model

Metric Value (%)
Accuracy 87.5
Precision 85.2

Recall (Sensitivity) 84.7
F1-score 84.9
ROC-AUC 89.3
Specificity 82.5

Note: These metrics were derived using 5-fold stratified cross-validation on
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the final model implementation.

These results are comparable to previous transformer-based architectures pre-
sented by Su et al. (2020), (Pokrywka et al., 2024; Saduakassova et al., 2024), demon-
strating robust performance in similar suicide risk contexts.

These findings are consistent with those reported by (Bernert et al., 2020),
who highlighted the potential of ML in suicide detection based on linguistic markers.
Similarly, (Su et al., 2020) demonstrated the superiority of deep learning over logistic
regression in clinical suicide datasets. In line with our observations, (Parsapoor et al.,
2023) emphasized the need for benchmark datasets and advanced models like BERT.
Moreover, (Khosravi et al., 2024) found that social isolation and anxiety were the
strongest predictors among U.S. adolescents — mirroring our results.

These comes about are comparable to past transformer-based models dis-
played by Su et al. (2020: Pokrywka et al., 2024: Saduakassova et al., 2024), illus-
trating vigorous execution in comparative suicide chance settings. These discoveries
are reliable with those detailed by (Bernert et al., 2020), who highlighted the potential
of ML in suicide discovery based on etymological markers. So also, (Su et al., 2020)
illustrated the predominance of profound learning over calculated relapse in clinical
suicide datasets. In line with our perceptions, (Parsapoor et al., 2023) emphasized the
require for benchmark datasets and progressed models like BERT. Besides, (Khosra-
vi et al., 2024) found that social separation and uneasiness were the most grounded
indicators among U.S. youths reflecting our comes about.

Our machine learning setup was better at remembering and being precise, es-
pecially when it came to serious cases. This matches the findings of (Ehtemam et al.,
2024), who explored different machine learning methods for predicting suicide risk.
They saw that Al does outdo the regular models. Moreover, (Hughes et al., 2023) said
it’s important to get Al screening into clinics; it could really help with mental health
stuff.

Comparative Analysis of ML Approaches

To evaluate the effectiveness of different machine learning techniques, we
conducted a comparative analysis of traditional and advanced models, including Lo-
gistic Regression (LR), Random Forest (RF), Support Vector Machines (SVM), and
deep learning models such as BERT and RNN. Table 2 summarizes their performance
across key metrics.

Table 2. Performance Comparison of Machine Learning Models for Suicide
Risk Prediction

Model Accuracy Precision Recall F1-score
Logistic 782 % 76.1 % 74.8 % 75.4 %
Regression
Random 84.7 % 82.5% 80.1 % 81.3 %
Forest
SVM 83.0 % 80.4 % 78.9 % 79.6 %
RNN 86.1 % 84.0 % 83.2 % 83.6 %
BERT 87.5 % 85.2 % 84.7 % 84.9 %
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BERT accomplished the most elevated exactness and F1-score, affirming its
predominant capability in understanding relevant and phonetic subtleties. Not at all
as if conventional models like LR or SVM that depend on manual include extraction,
transformer-based models give strong semantic induction. These comes about ad-
just with (Su et al., 2020) and (Saduakassova et al., 2024), as well as (Pokrywka et
al., 2024), who assessed transformer-based suicide discovery over social media sub-
stance.

Model Performance Comparison

Neural Network 87.5%

SVM
Random Forest 85.3%

Decision Tree

Logistic Regression

76 78 80 82 84 86 88 90
Accuracy (%)

Fig. 4. Model Performance Comparison

Recent studies have explored a variety of approaches to suicide risk predic-
tion, with a focus on clinical assessments, behavioral indicators, and social media
analytics. Bernert R.A. et al. (2020) conducted a comprehensive review of Al appli-
cations in suicide prevention, highlighting the potential of machine learning to detect
suicidal ideation through linguistic patterns and psychological signals. Su C. et al.
(2020) demonstrated that deep learning models outperform traditional methods in
identifying suicidal thoughts within electronic health records.

Despite these advancements, several challenges remain. Many predictive
models are trained on outdated datasets, limiting their adaptability to emerging risk
factors. Furthermore, relatively few studies integrate diverse modalities—such as ge-
netic data, physiological markers, and behavioral observations — into a unified pre-
dictive framework. Such multimodal integration has the potential to significantly en-
hance predictive accuracy.

Our study addresses these gaps by emphasizing optimal feature selection,
class balancing, and rigorous model validation. These methodological improvements
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aim to foster the development of more interpretable, generalizable, and scalable Al-
based solutions for mental health monitoring and suicide prevention.

Conclusion

This study integrates feature selection, class balancing, and machine learning
techniques to enhance the prediction of adolescent suicide risk. Key contributions
include:

o Identification of the most significant predictors of suicide risk, such as anxiety
levels and social isolation.

e Application of SMOTE to address class imbalance, resulting in more equita-
ble and reliable risk assessments.

e Achievement of a high prediction accuracy of 87.5 %, which surpasses con-
ventional methods typically used in suicide risk detection for adolescents.

To further improve predictive performance, future research should explore
the integration of multimodal data, including physiological and genetic information.
Moreover, the practical deployment of Al-based mental health tools must account for
ethical considerations, including data privacy, algorithmic fairness, and real-world
effectiveness.

Our findings support the development of automated systems capable of con-
tinuous suicide risk monitoring. These tools can be implemented in clinical environ-
ments, crisis centers, and mental health applications to enable early intervention and
reduce suicide rates.

In Kazakhstan, such Al-powered monitoring systems could be embedded
within school IT infrastructures to screen at-risk students through written tasks or
digital communication channels. Mobile applications employing natural language
processing can serve as anonymous, first-contact platforms for distressed youth, and
may be integrated with regional crisis centers and mental health services to facilitate
timely response.

Furthermore, embedding Al into school counseling protocols and public
health initiatives can offer scalable, proactive mechanisms for identifying and sup-
porting vulnerable adolescents. These findings underscore the urgent need for inter-
disciplinary collaboration in developing robust and ethical predictive technologies for
mental health.

Notably, the observed episodic spikes in suicidal ideation — coinciding with
academic and social stressors — highlight the time-sensitive nature of such crises.
These results validate the importance of continuous, Al-powered digital surveillance
in mental health systems and align with findings by Su et al. (2020) regarding the
advantages of transformer-based architectures for suicide prediction using electronic
health records.
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