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Abstract: Suicide remains a critical public health concern worldwide, with many
cases preceded by identifiable warning signs. Social media platforms, particularly
Reddit, serve as valuable resources for detecting suicidal ideation through user-
generated text. This study proposes a machine learning model utilizing Bidirectional
Long Short-Term Memory (BiLSTM) networks with an attention mechanism to
automate the detection of suicidal tendencies in Reddit posts.

A dataset comprising posts from the “SuicideWatch” and “depression” subreddits
was collected via the Pushshift API and labeled as either suicide-related or non-
suicidal. The preprocessing pipeline included case folding, HTML tag stripping,
tokenization, stopword removal, and sequence padding. The dataset was balanced
to ensure an equal distribution of suicide and non-suicide posts and was split into
training (60%), validation (20%), and test (20%) sets.

The model architecture integrated an embedding layer, BiILSTM units, an
attention mechanism, and fully connected layers. Training was conducted using
the Adam optimizer and binary cross-entropy loss, with early stopping applied.
Evaluation metrics indicated strong model performance, achieving an F1 score of
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0.91 on the validation set and 0.95 on the test set, with an AUC-ROC of 0.98 and
0.989, respectively.

The findings demonstrate the effectiveness of BiLSTM with attention for
suicidal ideation detection, outperforming many existing models. Early detection
of suicidal tendencies in online communications can significantly improve mental
health outcomes and save lives.

Key words: machine learning, natural language processing, bidirectional
LSTM, attention mechanism, suicidal ideation detection
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AnnoTtanus: Cynuua OyKii anemae MaHbI3Ibl KOFaMJIBIK JCHCAYJIBIK Maceseci
0okl Kana Oepyze oHe KOITereH KaFAainap ajiblH ajla aHbIKTalaThlH ECKEPTY
OenrinepiMeH Kypeai. OneyMeTTik Menua mardopmainapsl, ocipece Reddit,
naiganaHymbuiap a3faH MOTIHIEP apKbUIbl CYHMIMITIK OMJIApIbl aHBIKTAYIIbIH
KYHJIBI pecypcbl 0obIn Tabbuansl. by 3eprrey Reddit skaz0anapeinga cyuuuaTik
OeHiMALTIKTI aBTOMATTHl TYPAE aHbIKTAy YLIIH Ha3ap MeXaHU3Mi 0ap eKiOarbITThI
y3aK Kpicka Mep3iMai kanel (BiLSTM) xkeninepin naiianaHaThlH MallMHAIBIK
OKBITY MOJIEJIIH YCBHIHAIBI.

«SuicideWatch» xone «depression» cyOpeaauTTepiHeH ajbIHFaH Ka3z0amapaaH
TypatelH Aepekrep XUbIHTBIFBl Pushshift APl apkpuiel skuHanbin, cyunuanexH
OalimaHbICTB HeMece OallIaHBICTBI eMec J1el TaHOa aH bl. AJIJIBIH aJla OHACY Ke3eH1
MOTIHJI Kilmi apinke aybicTeipy, HTML TertepiH k010, TOKEHU3AIHsI, MaFbIHAJIBIK
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KYK KOTEPMEHUTIH CO3MIep/Ii ajblll TacTay JKOHE Ti30CKTEepAl TONBIKTHIPY CHSKTHI
KaJaMaapAbl KamTbiabl. JlepekTep >KUBIHTBIFBI TEHECTIPLIiN, CYHIUATIK KOHE
CYUIIUATIK eMec ka30ajap TeH MPOIOpIUsIa CaKTalIbl )oHe oap okyTy (60%),
Banmaanus (20%) xone Tecriney (20%) JKUBIHTHIKTAPbIHA OOIIHII.

Monens apxutekTypacsl eHaipy (embedding) xabarerH, BiLSTM OmokTapsiH,
Ha3ap MEXaHM3MIH JXOHE TOJBIK OaiyaHbICKaH KabaTTtapabl KaMTHIBL. OKBITY
npoueci Adam onTUMH3aTOPHl MEH OHMHAPIBIK KPOCCOHTPOIMSIIBIK IIBIFBIH
(GYHKUMSICBIH KOJIZJAHA OTBIPBIN JKYPTi3iidi, epTe TOKTaTy oici KOJJaHBUIIBI.
Baramay meTpukangapbl MOJCNBIIH JKOFapbl OHIMIUIITIH KOPCETTI: BaJUaalus
*ubIHTBIFBIHAA F1 kepcetkimn 0.91, tect kubHThFbIHAA 0.95, an AUC-ROC
cotikeciamre 0.98 xone 0.989 MoHIEpiH KOPCETTI.

3eprTey HoTHXesepi Hazap MexaHu3Mi O0ap BiLSTM-HiH cyunuaTik onmapabt
aHBIKTAyAaFbl THIMALTITIH ASJIEN/IC ] )KOHE KOIITeTeH KOJIIaHBICTAaFbl MOJISITbICPACH
aceln  TycTi. VHTepHeTTeri KOMMYyHUKaUMslapAa CYHIMATIK —OeHiMAUTIKTI
epTe aHbIKTay ICUXUKAIBIK JCHCAYIbIK KOPCETKIITEepiH enoyip >KaKCapThlll,
ajlaMJIap/IbIH OMIpiH CaKTall KajJyFa KOMEKTECe aaibl.

TyiiiH ce3mep: ManmTMHAIBIK OKBITY, TAOWFH TUIII OHIEY, eKi 0aFbITTeI LSTM,
Ha3ap ayaapy MEXaHU3Mi, CyHIH/IT] aHBIKTay.
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AnHoramus. CyuIua ocCTaeTcsl Cephe3HOM mpoOieMoil 0O0IIecTBEHHOTO
3[IpaBOOXPaHEHHs BO BCEM MHUpE, PUYEM BO MHOTHX CITydasX €My IPeAlIeCTBYIOT
UACHTU(OUIIUPYEMbIE TPeayIlpeauTeNbHble  curHanbl. ComnuanabHblE Meaua-
atopmel, B yacTHOCTH Reddit, SBISIFOTCS IEHHBIM PECYPCOM AJISL BBISBICHUS
CYWIIUJAIBHBIX MBICIIEH Ha OCHOBE IIOJBh30BATEIBCKUX TEKCTOB. B  maHHOM
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WCCIIEZIOBAaHUU TIPEJIaraeTcs MOJENbh MAIIUHHOTO OOYYEeHHS, WCIOIb3YOIas
JIBYHAIPaBJICHHBIE CETH JI0NITOM KparkocpouHoi maMatu (BiLSTM) ¢ mexannzmom
BHUMAaHUS JIJII aBTOMAaTUYECKOTO OOHAPYKEHUsSI CYUIIUAAIBHBIX HAKIOHHOCTEH B
coobmenmsx Reddit.

Beut coOpaH HaOoOp JaHHBIX, BKJIFOUAIONIMA TYOIUKAIMK U3 CyOpEIIUTOB
«SuicideWatch» u «depression», ¢ ucrnonb3oBanuem Pushshift API. Coobmenus
OBLIHM MIOMEUEHBI KaK CBSI3aHHBIC C CAMOYOMHCTBOM MJIM HE OTHOCSIIUECS K HEMY.
[IpenBapurenpHas 00pabOTKa BKJIFOYANIA TMPUBEICHUE K HIDKHEMY pETHCTDY,
ynanenne HTML-TeroB, TOKEHM3AllMIO, YAAJIEHHE CTOI-CIOB W JIOTIOJHEHHE
nociiefoBarenbHoCcTed. JlaHHbIe ObUTH COAJIAaHCUPOBAHBI TAKUM 00pa3oM, YTOOBI
B HUX OBUIO paBHOE KOJIMYECTBO CYHIIUIAIBHBIX U HECYUITUAAIBHBIX COOOIICHHH,
[OCJIC Yero OHU ObUIH pa3ieieHbl Ha o0yudarornyto (60%), Banunanuonnyo (20%)
u TectoByI0 (20%) BBIOOPKH.

ApXUTEKTypa MOAENW BKIOYaja ciioi  BcTpamBaHus (embedding),
BiLSTM-siueiikn, MeXaHM3M BHHUMAHHUS M IIOJHOCTBIO CBSI3aHHBIE CIIOH.
OO0ydeHre TPOBOIMUIIOCH C WCIOJNB30BaHUEM onTHMH3aropa Adam u OWHapHOU
KPOCCOHTPOIIMHHONW (YHKIIMU TOTEPh C NPUMEHCHHEM MeXaHW3Ma paHHEH
OCTaHOBKH. METpUKH OIIEHKH TIOKa3alld BBICOKYIO 3 (eKTUBHOCTh Moxenu: F1-
orerka coctasmia 0.91 na BanmumanmorsoM Habope u 0.95 Ha TecToBOM Habope, a
AUC-ROC poctur 3nauennii 0.98 u 0.989 cooTBETCTBEHHO.

Pesynbrarel uccnenoBaHus JEMOHCTPHUPYIOT 3PPEKTHBHOCTH HMCIIOIB30BAHU
BiLSTM ¢ MexaHW3MOM BHHMAaHUS JUISl BBISBICHHS CYUIUIATbHBIX MBICIICH,
MPEBOCXO/II MHOTHE CYIIECTBYIOIIME Mojenu. PaHHIS uAeHTH(UKAINSA
CYMIIMJIATHHBIX HAKJIOHHOCTEH B OHJIAMH-KOMMYHHKAITUSX MOXKET 3HAYUTEIHHO
YIAYUYIIATh TICUXUYECKOE 3/I0POBBE M CITACTH KU3HU.

KiroueBpie cioBa: mammHHOE 0OydeHue, oOpaboTKa eCTECTBEHHOTO S3BIKa,
nByHarnpaieHHbld LSTM, Mexanu3M BHUMAaHUsI, pACIIO3HABAaHUE CYULIU/A.

Introduction. Suicide remains one of the leading causes of death globally and
is a significant public health challenge. Suicidal ideation, within the framework of
social media, refers to thoughts about ending one’s life, encompassing a spectrum
that ranges from passive reflections to active planning (Su, 2020). The global burden
of suicide is particularly concerning given that many instances of suicidal behavior
are preceded by warning signs that could be detected and addressed on time.

Social media platforms like Reddit serve as powerful tools for individuals to share
their personal experiences, struggles, and emotions. These platforms offer a unique
opportunity for real-time monitoring of mental health conditions, including suicidal
ideation. Users often disclose sensitive information in online communities, making
social media a fertile ground for identifying individuals at risk. Early detection of
suicidal tendencies can facilitate timely interventions, potentially saving lives.

Reddit, in particular, hosts numerous subreddits dedicated to mental health
discussions, such as “SuicideWatch” and “depression.” These communities provide
a space for individuals to seek support and share their experiences. By analyzing
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the content of these posts, researchers can identify patterns and linguistic markers
associated with suicidal ideation. This approach not only aids in the development
of automated detection systems but also enhances the capacity of mental health
professionals to respond effectively.

This research aims to develop a robust machine learning model capable
of accurately detecting Reddit posts that indicate a serious risk of suicide. By
leveraging Bidirectional Long-Short-Term Memory (BiLSTM) networks and
attention mechanisms, we seek to enhance the accuracy and reliability of detection
systems and automate the detection of suicidal tendencies in online posts.

Related Work. The utilization of social media data for mental health monitoring
has gained considerable attention in recent years. Studies have primarily focused
on platforms like Twitter and Reddit to predict suicidal ideation and related mental
health issues.

One notable study by (Sakib, et al., 2021) analyzed suicidal tweets using ensemble
classifiers, achieving an F1 score of 0.90. However, the study also highlighted
challenges in verifying the accuracy and effectiveness of such models due to
limitations in publicly available datasets, raising concerns about the reliability of
social media data for predictive analysis. In a similar vein, researchers conducted a
comprehensive study (Satya, et al., 2022) which examined various machine learning
approaches for identifying suicidal tendencies on social media platforms such as
Facebook, Twitter, and Reddit. They utlized various ML models using features,
like TF-IDF and N-gram level TF-IDF, and LSTM. However they didn’t calculate
important metrics like F1 and AUC-ROC.

Expanding on the challenges of dataset reliability, researchers (Fodeh, et al., 2019)
proposed a comprehensive machine learning framework aimed at identifying suicide
risk factors on Twitter. The study utilized 12,066 public tweets from 3,873 users,
categorizing them into “HighRisk™ or “AtRisk” labels based on the usage of suicidal
ideation terms and used algorithms such as Decision Trees and K-means Clustering.
Notably, the topic discovery approach successfully identified seven out of twelve
proposed suicide risk factors. The Decision Tree classification model achieved a
precision of 0.844, sensitivity of 0.912, and specificity of 0.829 in distinguishing
between “HighRisk™ and “AtRisk” users (Fodeh, et al., 2019).

Addressing the issue of dataset size and quality, researchers (Liu, et al., 2022)
developed a framework for annotating a mental-health-related textual dataset from
Reddit. The focus was on identifying posts and comments that indicated suicide
attempts and ideations. Various classifiers achieved commendable performance, with
the Suicide Ideation classification reaching an accuracy of 0.86, sensitivity of 0.93,
and specificity of 0.77, while Suicide Attempt classification achieved an accuracy of
0.87, sensitivity of 0.68, and specificity of 0.91. Despite the promising results, the
relatively small dataset size poses challenges for developing highly effective machine
learning models. Additionally, the reliance on expert input for annotating ambiguous
samples introduces potential subjective biases, necessitating careful evaluation of its
impact on model performance (Liu, et al., 2022).
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Another study (Lin, et al., 2024) proposed a ROBERTa-CNN model, achieving
98% accuracy on the Suicide and Depression Detection dataset, emphasizing the
critical role of data quality in model training. Reddit communities like r/depression
were analyzed for depression and suicide signals, achieving F1 score of 77%. Another
study (Oliveira, et al., 2022) explored model interpretability using ELIS, revealing
the influence of terms like “suicide” and “sadness” on predictions.

Researchers (Squires, et al., 2024) introduced a semi-supervised deep label
smoothing method to improve classification accuracy in suicide risk detection,
achieving 52% accuracy on the Reddit C-SSRS dataset, with lower precision than
accuracy.

A recent study introduced a hybrid text representation approach designed for
explainable suicide risk identification on social media (Naseem, et al., 2024). In this
work, they proposed a hybrid text representation approach, achieving an F1 score of
0.79 on a public suicide dataset.

Additionally, another research explored the use of machine learning and natural
language processing for depression and suicide analysis (Jain, et al., 2022). In this
study, researchers applied ML and NLP techniques to predict posts indicative of
depression, specifically analyzing data from Reddit. Their work identified that
communities such as r/depression and r/SuicideWatch are pivotal in tracking
depressive and suicidal ideation signals. The researchers achieved F1 scores of
around 77%. Another study (Yao, et al., 2020) focused on opioid users, achieving an
F1 score of 96.6% using CNN to detect suicidality, highlighting the effectiveness of
neural networks in specific subgroups.

Another study (Ao, et al., 2021) trained various models, including LSTM, GRU,
bidirectional LSTM and GRU, logistic classifier, SVM, XGBoost, and LGBM on
a dataset of 232,074 Reddit posts labeled as suicide or non-suicide. Their results
demonstrated that one-way LSTM achieved the highest accuracy rate, however
lacking F1 and AUC-ROC scores. In a related study (Mirtaheri, et al., 2024),
the researchers proposed an ensemble LSTM-TCN model with a self-attention
mechanism for detecting suicidal ideation on Twitter and Reddit. Their model, AL-
BTCN, achieved 95% F1-score on Reddit dataset of 200,000 posts.

These investigations—ranging from ensemble methods on Twitter posts, to active
learning frameworks on Reddit data, and interpretability studies—demonstrate the
broad scope of current research in suicidal ideation detection. Given the proven efficacy
of LSTM models in capturing temporal dependencies in text data, as highlighted in
prior studies, we opted for a Bidirectional LSTM with attention mechanism. Despite
methodological differences, all underscore the immense potential and complexity of
applying NLP and ML/DL models to user-generated text.

Methodology

Dataset Description. The datasetis a collection of posts from the “Suicide Watch”
and “depression” subreddits of the Reddit platform. The posts are collected using
Pushshift APIL. All posts that were made to “SuicideWatch” from Dec 16, 2008
(creation) till Jan 2, 2021, were collected while “depression” posts were collected
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from Jan 1, 2009, to Jan 2, 2021. All posts collected from Suicide Watch are labeled
as suicide, while posts collected from the depression subreddit are labeled as
depression. Non-suicide posts are collected from r/teenagers. It has suicide & non-
suicide labels.

Data Preprocessing. Before preprocessing, we checked the class distribution,
which was balanced at 50% for suicide and 50% for non-suicidal classes. This
ensured that our dataset did not suffer from class imbalance issues.

Class Distribution

120000 -

100000 -

80000 -

60000 -

count

40000 -

20000 4

class
Figure 1. Class distribution

Effective preprocessing is crucial for enhancing the quality of textual data and
improving model performance. The preprocessing pipeline implemented in this
study included the following steps:

1. Case Folding: All text was converted to lowercase to ensure consistency and
reduce variability due to casing differences.

2. HTML Tag Stripping: HTML tags, including iframes and scripts, were
removed using BeautifulSoup’s strip_html tags() function to eliminate irrelevant
markup content.

3. Accent Removal: Accented characters were normalized to their ASCII
equivalents using the remove accented chars() function, facilitating uniform text
representation.

4. Contraction Expansion: Common contractions were expanded (e.g., “you’re”
to “you are”) using the contractions.fix() method to maintain consistency in word
forms.
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5. Special Character Removal: Special characters and excess whitespace were
removed using regular expressions and the doc.translate() method, simplifying the
text.

6. Tokenization: Text was tokenized into individual words using NLTK’s word
tokenize(), enabling granular analysis of word usage.

7. Stopwords Removal: Common stopwords were filtered out using the
stopwords_removal() function based on NLTK’s stopwords list, reducing noise in
the data.

8. Normalization: Extra whitespace was trimmed, and leading/trailing spaces
were removed to standardize text formatting.

The final normalized posts were recombined into strings and stored as
preprocessed text. This preprocessing pipeline ensured that only the most relevant
linguistic features were retained, improving the quality of input data for the models.

After preprocessing, the dataset was split into training, validation, and test sets
as follows:

The final distribution of samples was:

- Train Samples: 139,244 (60%)

- Validation Samples: 46,415 (20%)

- Test Samples: 46,415 (20%)

These splits ensured a balanced and representative dataset for training, validating,
and testing the models.

Tokenization and Vocabulary Building:

Following data splitting, tokenization was performed using Keras’ Tokenizer. This
step transformed textual data into numerical sequences suitable for model ingestion:

- Tokenizer Configuration: The Tokenizer was instantiated with an out-of-
vocabulary token (SUNK>) to handle words not present in the training vocabulary.

- Vocabulary Construction: The tokenizer was fitted on the validation set (X
val), building a vocabulary of 81,536 unique words derived from 46,415 validation
documents.

- Sequence Padding: All sequences were padded to a maximum length of 150
words using Keras’ pad_sequences(), ensuring uniform input lengths across all
samples.

This tokenization process facilitated the conversion of textual data into a format
amenable to deep learning models, capturing the essential linguistic features while
maintaining computational efficiency.

Padding and Label Encoding:

After tokenization, the sequences were padded to ensure consistent input lengths:

* Padding Sequences: We set a maximum sequence length of 150 words to
capture the most significant parts of each post while maintaining manageable input
size. Padding was applied to make all sequences uniform in length.

* Label Encoding: The target labels were encoded into numeric form using
‘LabelEncoder:
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This process ensures that the labels are represented as integers (e.g., 0 and 1),
which is required for classification models.

Model Development. The model architecture used for this research is a deep
learning model that leverages LSTM and attention mechanisms to capture the
temporal dependencies and emphasize key features in the text data:

Model Architecture:

1. Embedding Layer: Transforms input sequences of tokens into dense vector
representations. Embedding dimension set to 300, capturing rich semantic
information from the 81,536-word vocabulary.

2. Bidirectional LSTM Layer: LSTM units set to 32, allowing the model to learn
complex temporal dependencies.

3. Attention Mechanism: Custom attention layer integrated with the BiLSTM
outputs.

4. Dense Layers:

- First Dense Layer: 64 units with ReLU activation, facilitating learning of
deeper representations.

- Dropout Layer: Applied with a dropout rate of 0.5 to mitigate overfitting.

- Second Dense Layer: 32 units with ReLU activation, further refining feature
representations.

5. Output Layer: Produces a probability score indicating the likelihood of
suicidal tendencies. Single neuron with sigmoid activation, outputting values
between 0 and 1.

Attention Layer. The attention layer was employed to help the model focus on
the most important parts of each post. By learning to assign different importance
weights to different words in the sequence, the attention mechanism allows the
model to focus on the most relevant parts of the input. This layer essentially helps
to emphasize the key parts of each Reddit post that are relevant to the prediction
task.

Key Features of the Attention Mechanism:

1. Dynamic Weighting: Unlike static attention mechanisms, this implementation
allows the model to learn the importance of each word in the context of the entire
sequence during training.

2. Masking Support: The layer can handle masked inputs, ensuring that padding
tokens do not influence the attention weights, which is crucial for processing
sequences of varying lengths.

3. Trainable Parameters: The weight vector W and optional bias b are trainable,
enabling the model to adapt the attention scores based on the data during the learning
process.

4. Non-linearity: The use of the tanh activation introduces non-linearity, allowing
the model to capture more complex relationships between words in the sequence.
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Output shape: (Mone, 150)

Embedding

Input shape: (Mone, 150) Output shape: (None, 150, 300)

Bidirectional

Input shape: (None, 150, 300) Output shape: (None, 150, 64)

AttentionLayer

Input shape: (None, 150, 64) Cutput shape: (None, 64)

Input shape: (None, 64) Output shape: (None, 64)

Input shape: (None, 64) Output shape: (None, 64)

Input shape: (None, 64) Output shape: (Mone, 32)

Input shape: (None, 32) Output shape: (None, 1)

Figure 2. Model structure
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Figure 3. Model accuracy

Training Configuration:

* Loss Function: Binary Cross-Entropy, suitable for binary classification tasks.

* Optimizer: Adam optimizer with a learning rate of 0.001, balancing convergence
speed and stability.

* Batch Size: 128 samples per batch, facilitating efficient training without
overloading computational resources.

* Epochs: 10, with early stopping based on validation loss to prevent overfitting.
The best model was saved at epoch 2 based on the highest accuracy on the evaluation
set.

Results. The models were rigorously evaluated using a variety of metrics
to assess their performance in detecting suicidal ideation in Reddit posts. The
evaluation was conducted on both the validation and test sets to ensure the results’
robustness and generalizability. Below are the detailed results for both sets:

Table 2. Long Short-Term Memory (LSTM) Model

Metric Validation set Test set
Precision 0.92 0.95
Recall 0.92 0.95
F1 Score 0.91 0.95
AUC-ROC 0.928 0.989

The model achieved an F1 score of 0.91 on the validation set and 0.95 on the
test set, reflecting a high degree of accuracy and reliability in detecting suicidal
ideation. AUC-ROC provides a measure of the model’s ability to distinguish
between classes. An AUC-ROC value of 0.98 on the validation set and 0.989 on
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the test set indicates that the model has excellent discriminative power, with a near-
perfect ability to differentiate between suicidal and non-suicidal posts.

Discussion. Our study demonstrates that integrating a BiLSTM with an
attention mechanism is an effective strategy for detecting suicidal ideation in
posts from Reddit. Compared to prior research, our model achieved an F1 score
that is comparable to or even exceeds previously reported results. In addition, our
system’s AUC-ROC performance stands out—a key performance indicator that
several earlier studies did not consistently include.

Data quality and availability remain crucial. Although our dataset was
balanced—50% suicidal posts and 50% non-suicidal posts—this is often not the case
in many real-world situations. Researchers frequently rely on balancing techniques,
such as oversampling minority classes or undersampling majority classes, which can
introduce biases in model performance.

Variations in user-generated text across different platforms introduce additional
complexities. Each social media site has its own communication style, vocabulary,
and community norms. Twitter users may express ideas in short bursts of text limited
by character counts, whereas Reddit posts often contain longer, more detailed
narratives.

Conclusion. The high AUC-ROC score achieved by our model underscores its
robust discriminative capability, and when considered alongside the strong F1 score,
it demonstrates that the combination of BiLSTM and attention mechanisms yields
high precision and recall. These outcomes affirm the promise of our approach as a
valuable tool for the early detection of suicidal ideation in social media.

For future work, efforts should focus on developing a generic model capable of
handling data from multiple social media platforms such as Reddit, Twitter, and others.
Leveraging large language models (LLMs) or other methods for deep contextual
understanding could enable the creation of a unified system that accommodates the
diverse communication styles, vocabulary, and narrative lengths across different
platforms. This advancement will enhance the model’s generalizability and real-
world applicability to improve early detection capabilities for suicidal ideation in a
broader online context.
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