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Abstract

In this paper, we present StressSGCL, a novel approach
that produces stress-specific word embeddings to enhance
stress detection in social media posts. The proposed ap-
proach improves contextual representation by integrating the
skip-gram model with transformers-based Pre-trained Lan-
guage Models (PLMs). Subsequently, it refines these em-
beddings through supervised contrastive learning, which fo-
cuses on the differentiation of stress-related emotional con-
tent. The St ressSGCL is evaluated using two PLMs (BERT
and MentalBERT) on three benchmark datasets from Twit-
ter and Reddit. Empirical evaluation employing the 10-fold
cross-validation demonstrates that the stress-specific embed-
dings produced by StressSGCL consistently outperform
various ablation baselines and existing stress detection meth-
ods. The St ressSGCL advances mental health text analysis
by demonstrating how static embedding techniques can ef-
fectively supplement dynamic PLMs to improve performance
when dealing with domain-specific problems such as stress
detection.

1 Introduction

Stress is the body’s reaction to demanding or challenging sit-
uations, varying subjectively from person to person. These
events trigger hormonal changes, leading to diverse psy-
chological and physiological alterations in our body—the
body’s ability to adapt to stress aids in coping with short-
term challenges. Stress can be categorized as physical,
psychological, psychosocial, and psycho-spiritual'. Modern
life’s rapid pace, finances, work, and society are familiar
sources of increased daily stress. Today, people are more
concerned about their careers than health and are hardly in-
terested in visiting a psychiatrist. The COVID-19 pandemic
has affected the mental health of the population like any-
thing. According to the American Psychological Associa-
tion’s 2020 stress reportz, 67% of Americans agreed to in-
creased stress during the pandemic while the young gener-
ation, or Gen Z, was reported to be more stressed as they
faced the uncertain future, on average, 6.1 out of 10. In In-
dia, one in every third of Indians is struggling with stress
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and anxiety>. The advent of online social networks has pro-
vided individuals with platforms to express their feelings
and thoughts, including their experiences with stress. Social
networks help them meet people undergoing similar condi-
tions; for instance, the Reddit* social media platform hosts
communities dedicated to mental health discussions- r/-
MentalHealth, r/Depression, r/Anxiety, r/Suicide, and many
more. This shift towards online expression offers researchers
a rich source of time-series data for investigating stress and
mental health disorders. Prolonged exposure to stress leads
to chronic stress, causing various issues like mental health
problems, including depression and anxiety, a weakened im-
mune system, and potentially fatal outcomes if left unmiti-
gated. Hence, detecting symptoms and signs of stress before
it becomes a severe problem is important.

Researchers have applied different Machine Learning
(ML) and Deep Learning (DL) approaches to detect stress
from online social networks. Studies done by Wang et al.
(2023); Ilias, Mouzakitis, and Askounis (2023) highlight
that the stress detection field’s main focus has been uti-
lizing word embeddings, including Word2Vec and BERT,
to represent each user post. These embeddings can learn
the syntactic and semantic relationships among the words
of a sentence. On the contrary, for feature selection, one
has to identify the key factors that play a significant role
in stress detection, as mentioned earlier in studies done by
Lin et al. (2014b,a). Recently, transformers-based language
models, including BERT, RoBERTa, and GPT, have rev-
olutionized the Natural Language Processing (NLP) field,
providing dynamic embeddings that are more contextually
and semantically enriched, unlike the traditional language
models generating static embeddings, including Skip-Gram,
Continous-Bag-of-Words, Global Vectors for Word Rep-
resentation (GloVe) and FastText. Wang, Cui, and Zhang
(2021) studies that the transformers-based language models
fail to capture context more effectively despite their popu-
larity.

In contrast, static embeddings have demonstrated com-
mendable performance across various downstream NLP
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tasks. For instance, in mental health research, researchers
have explored diverse approaches, including utilizing BiL-
STM with Word2Vec or FastText embeddings, LSTM with
GloVe embeddings, or trainable embedding layers. Re-
searchers have undertaken significant efforts to bridge the
gap between static and dynamic embeddings. In this di-
rection, Wang, Cui, and Zhang (2021) proposed to gener-
ate static embeddings from BERT. Notably, Vashishth et al.
(2019) attempted to enhance Skip-Gram embeddings with
Graph Convolutional Networks (GCN) to integrate sentence
semantics into the output embeddings. These models have
demonstrated improved accuracy across various NLP tasks
like Parts-of-Speech tagging, Named Entity Recognition
(NER), and different word similarity tasks. This motivates
us to apply the combination of dynamic and static embed-
dings in the field of stress detection.

Contrastive learning is a self-supervised technique that
creates representations by comparing data points with the
primary aim of grouping similar samples closer together in a
shared embedding space while ensuring that dissimilar sam-
ples are placed further apart. Contrastive learning is a mas-
sive success in the field of NLP (Gao, Yao, and Chen 2021)
and computer vision (Chen et al. 2020). Its core objective
is to produce distinct and effective representations for dif-
ferent categories within a dataset. Khosla et al. (2020) pro-
posed Supervised Contrastive Learning (SCL) which makes
better use of label information, resulting in improved per-
formance on supervised tasks. According to psychological
theory, emotion, and stress move parallel (Du et al. 2018).
Stress can lead to negative emotions such as depression,
anxiety, anger, fear, and frustration. Detecting stress through
emotions is common because the higher the stress level, the
more intense the negative emotions experienced. We used
this strong connection to identify stressed posts and incorpo-
rated it into our model through contrastive learning to learn
stress-specific embedding.

In this paper, we propose StressSGCL, a stress de-
tection approach that learns stress-specific embeddings em-
ploying SCL over the Skip-Gram model from social media
posts. To the best of our knowledge, the St ressSGCL is a
novel work in stress detection, explicitly focusing on English
language social media posts learning stress-specific em-
beddings employing Skip-Gram and SCL. StressSGCL
contributes to incorporating additional knowledge into the
state-of-the-art deep learning models, enabling them to
detect stress more accurately. Besides, we evaluated the
StressSGCL on datasets from various social media plat-
forms, namely Twitter (X) and Reddit, ensuring the model’s
generalizability.

2 Related works

In recent years, the diagnosis of mental disorders has gained
significant importance, leading researchers to delve into the
analysis of social media data to enhance predictive accu-
racy. For instance, De Choudhury and De (2014) explored
the relationship between mental health issues and social me-
dia expressions, while Yates, Cohan, and Goharian (2017)
examined online forums to identify signs of depression and
assess the risk of self-harm. Notably, Lokala et al. (2022)

classified mental health symptoms specifically for heart pa-
tients, taking gender differences into account. In addition,
Wang et al. (2020) utilized visual-textual multimodal learn-
ing techniques to detect symptoms of depression effectively.

Moreover, the investigation of suicide risk through so-
cial media platforms has been extensive, employing various
methodologies (De Choudhury et al. 2016; Jashinsky et al.
2014; Poulin et al. 2014; Coppersmith et al. 2018). Recog-
nizing the complexity of stress detection, researchers have
also considered a wide range of factors in their diagnos-
tic approaches, which include both physiological data (Raij
et al. 2010; Lu et al. 2012) and social media interactions
(Wang et al. 2023; Thelwall 2017).

Research on stress can generally be categorized into two
main areas: tweet-level stress detection and user-level stress
detection.

2.1 User-level stress detection

At user-level stress detection, researchers typically analyze
the time series of user posts to discern patterns indicative of
stress. A high-level representation is learned for each social
media user, which is then fed into a classification model. Lin
et al. (2014b) focused on detecting Twitter (X) users’ user-
level psychological stress state by leveraging multimodal
user-defined features at both the tweet and user levels. They
employed a cross-media auto-encoder to merge cross-media
data and utilized a convolutional neural network to combine
tweet and user-level features. Lin et al. (2017) integrated the
textual, visual, and social attributes with the social interac-
tion features of Twitter (X) users to enhance stress detec-
tion. Wang et al. (2023) emphasized the significance of stres-
sors and stressful emotions in stress detection. They focused
on extracting posts from the Sina Weibo social media plat-
form containing stressful emotions and stressors. Employing
a contrastive objective, they fine-tuned the BERT embed-
dings to generate stress-specific representations, achieving
notable advancements in stress detection capabilities.

2.2 Tweet-level stress detection

At tweet-level stress detection, researchers analyze the infor-
mation within individual user posts to identify stress indica-
tors. Lin et al. (2014a) adopted a comprehensive approach
by utilizing user-defined multimodal attributes, including
linguistic, visual, and social aspects, to categorize users into
one of five stress categories. Ilias, Mouzakitis, and Ask-
ounis (2023) incorporated linguistic features of posts into
transformer-based models to detect stress and depression.
Lin et al. (2016) extracted user-defined features based on
stressor events and subjects and word-level vector represen-
tation, then fed them to a hybrid multi-task model to detect
stressor events and subjects. Turcan, Muresan, and McKe-
own (2021) proposed an emotion-infused BERT model to
detect stress. Turcan and McKeown (2019), authors explored
various machine learning and deep learning classifiers to de-
tect stress using linguistic features and word embeddings.
Thelwall (2017) constructed an extensive lexicon to quantify
users’ stress levels and relaxation states based on linguis-
tic cues, contributing to the development of stress detection
models.



Researchers have predominantly detected stress us-
ing user-defined features or word embeddings (mainly
transformers-based language models), with some studies ex-
ploring combinations of both approaches. Despite the ef-
ficacy of transformers-based language models, there have
been efforts to enhance their effectiveness, considering their
limitations. Bommasani, Davis, and Cardie (2020) took the
contextualized representation from BERT and built a static
embedding by averaging certain word representations. In an-
other approach, Wang, Cui, and Zhang (2021) infused BERT
embeddings into a Skip-Gram model to capitalize on both
techniques’ strengths, potentially enhancing the accuracy
and robustness of static embeddings. In this work, we fo-
cus on short-term stress where the focus is on a single post
of a user, and the state of a post defines the state of that par-
ticular user. However, the proposed approach can also be ex-
tended to chronic stress detection, which requires analyzing
user posts’ time series.

3 Proposed approach

This section introduces the proposed approach,
StressSGCL, designed for detecting stress in social
media texts. It utilizes a Skip-Gram model based on the
SCL framework in conjunction with transformers-based
Pre-trained Language Models (PLMs). Our goal is to
develop stress-specific embeddings by first integrating the
Skip-Gram model with the embeddings generated by the
transformers-based PLM. This integration improves the
estimation of context words within a specified window,
resulting in target words that are both semantically and
syntactically richer. We then incorporate stress-specific fea-
tures into these embeddings through the SCL process.The
complete architecture of the proposed model is illustrated in
Figure 1.

As a result, this approach enables the model to better un-
derstand stress-related emotions by employing an SCL task.
Section 3.1 explains how we extract dynamic embeddings
from transformers-based PLMs. After that, Section 3.2 ex-
plains the learning of better contextualized static embed-
dings by integrating dynamic embeddings with Skip-Gram.
Then, Section 3.3 explains how we apply SCL over the em-
beddings learned in Section 3.2 to learn stress-specific em-
beddings capturing the relation of words with stress or non-
stress category. Finally, Section 3.4 presents the classifier we
use to validate the effectiveness of the stress-specific embed-
dings learned.

3.1 Embeddings extraction from
transformers-based PLM

We validate StressSGCL using two transformers-based
PLMs, namely, (i) BERT — Bidirectional Encoder Rep-
resentations from Transformers (Devlin et al. 2019), and
(i) MentalBERT — Publicly Available Pretrained Language
Models for Mental Healthcare (Ji et al. 2022). BERT is
a transformers-based language model trained on a general
(non-specialized) corpus, namely BooksCorpus and English
Wikipedia. At the same time, MentalBERT is based on
BERT and pre-trained on the corpus from Reddit, which

constitutes discussions focused on the mental health domain.
Mental BERT is based on BERT and follows the same text
preprocessing as BERT. We used BERT base uncased and
Mental BERT base uncased models.

Given a sentence S with n words, S =

beddings based on the context using BERT for each word.
Towards this, firstly, we add tokens [CLS] and [SEP] at
the beginning and the end of S, respectively, as given by
Equation 1.

S = [CLS];wyg;wo;w3;:::;Wn; [SEP] (1)

We further tokenize S using WordPiece tokenizer’ and
transform it to a vector, a combination of positional, seg-
ment and token embedding. Hence, each word wj in S is
represented as ,;, sum of token (T Eyy, ), segment (SE,)
and positional embeddings (P E;), given by Equation 2.

w; = TEw, + PE,, + SEy, )

Further, Wis Was wsi-ii w, are fed to the
transformers-based PLM model (PLM) to generate
the output embeddings, Uj, such that u; 2 RY 1 where, d =
768.

Uw; = PLM( w;) 3)

When dealing with subwords generated by the WordPiece
tokenizer, we use a mean pooling operation to obtain the
final embedding for a word.

3.2 SKkip-Gram embeddings

Skip-Gram model (Mikolov et al. 2013) aims to learn the
co-occurrence between a target word and the words in the
context window to generate the word embeddings for each
word. To incorporate the embeddings from transformers-
based PLM into the Skip-Gram model in a sentence, we
replace target word embeddings with its respective embed-
dings learned using the PLM, which we refer to as SGppm

embeddings.
Given a sentence S = Twg;Wy;Wz;:::;Wnh0, let
wj be the target word, ¢ be window size, then
i criiiyWio1;Wia1) il Wij+cd are the context words.

Mathematically, the objective of the Skip-Gram model is to
maximize the probability of context words for a given target
word Wj, illustrated in Equation 4.

1 X X :
o log p(Wi+jjwi) “)
i=1 c j c;j&o0

We substitute the target word w; with its corresponding
transformers-based PLM embeddings U;. The primary pur-
pose of replacing the target word embeddings wj in the skip-
gram model with contextualized embeddings U; generated
by the PLM is to harness the rich contextual information
captured by u;. Unlike static embeddings, which treat words
in isolation, transformers-based PLM-derived embeddings

Shttps://keras.io/api/keras_nlp/tokenizers/word_piece_
tokenizer/
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Figure 1: Architecture of the proposed St ressSGCL framework integrating BERT (a transformers-based PLM) with
Skip-Gram and SCL to generate stress-specific embeddings. BERT shown here can be substituted with MentalBERT.

are dynamic and encapsulate the semantic and syntactic con-
text of a word within its sentence. This enables the skip-
gram model to utilize more nuanced, context-aware repre-
sentations of words, potentially enhancing its ability to ac-
curately predict context words. Let V be a matrix that de-
notes the embeddings of the output layer of the Skip-Gram
model and represents the final output static embeddings.

213
v=§7 )
Vo

In Equation 5, v; 2 RY ;d = 768 and n is vocabulary size.

To learn the value of vj for a context word, the revised
goal of Skip-Gram, as determined in Equation 6, is to re-
duce the noise contrastive loss function through negative
sampling where Kk defines the number of noise words con-
sidered for negative sampling.

X 3 . X
log (vj;u;)+ Ewm P(w)

j=1i=1 m=1 -
h i

log ( viiuj) (6

In the proposed approach, ¢ as well as K is set to 5. P (w)
defines the uniform noise distribution from which noise
words are sampled.

Lsg =

In Equation 7, the function Skip ~ Gram embodies the
Skip-Gram model, where both the context and target word
are provided as inputs, yielding the resultant learned embed-
dings as its output.

v°i = Skip Gram(vi; uj) @)

where, voi is the final output embeddings learnt against every
0

Vj. Equation 8 represents the learned embeddings matrix v .
2,3
\%

¥,
W=§?z ®)

0

Vn

3.3 Supervised Contrastive Learning (SCL)

Contrastive learning is an approach to learning embeddings
based on semantic similarity. The objective of contrastive
learning is to learn representation embeddings such that sim-
ilar samples (positive pairs) come close to each other. In con-
trast, dissimilar samples (negative pairs) are pushed far apart
in the embedding space. SCL is a type of contrastive learn-
ing that leverages ground truth labels to refine the selection
of positive and negative samples and allow for multiple posi-
tives in training. The overall objective can be given by Equa-
tion 9. Here, if C refers to a class of the dataset and X, is an
anchor point for which we need to learn an embedding, such
that (Xa 2 C); and there is an instance Xy of the dataset,



where (Xp 2 C and X & Xj) forms a positive pair with X5
while an instance X, of the dataset, where (X, 8 C) forms
a negative pair with X,.

Sim(Xa; Xp) == sim(Xa; Xn) C)]
where, sim() is a similarity function.

Our proposed approach frames the Stress-related Emotion
Distinction (SED) as a contrastive task. We utilize SCL to
integrate stress-specific features into the SGppy embedding.
To achieve the objectives of SCL, we employ the InfoNCE
loss function (Oord, Li, and Vinyals 2018). This SED task
enhances the SGpy embedding, making it more attuned to
stress-related emotions. We identify these emotions using
the TensiStrength lexicon. We discuss the process of iden-
tifying stressful lexicons and stressful lexicon-based con-
trastive learning as follows.

(a) Stressful emotion identification: In psychology, the

stressor is the cause of stress (Wang et al. 2023), and
stress-related emotion is generally the negative emotions
that arise from stress (Du et al. 2018). For example, “I
am stressed because of my exams”; here, “exam” is a
stressor, and “stressed” is a stress-related emotion. The
term “exam” will not be a stressor without the presence
of stress-related emotions in the document. Considering
this, our first task is to identify the presence of both the
stressor and stress-related emotions in the documents.
Given that our datasets comprise documents collected
based on hashtags or subreddits, it’s imperative to ensure
that each document contains a stress-related emotion. To
achieve this, we employed the TensiStrength lexicon pro-
posed by Thelwall (2017), which is a system to measure
the intensity of stress and relaxation conveyed in social
media posts, particularly in the transportation context.
This method utilizes a lexicon-based approach and a set
of rules to detect direct and indirect expressions of stress
or relaxation. Each term within the lexicon is assigned a
magnitude ranging from 1 (very weak) to 5 (very strong),
denoting its power in conveying stress or relaxation.
To employ the TensiStrength lexicon effectively, we ex-
clude the transportation and relaxation terms, resulting
in a lexicon size of 2,064 terms. This ensured a focused
analysis of stress-related emotions within our datasets.
Subsequently, based on the cosine similarity score, we
validate if the document contains stress-related emotions
akin to those in the lexicon. We set the similarity thresh-
old of 0.80 to guarantee a close match between the stress-
related emotions expressed in the document and those
recorded in the lexicon.

(b) Stressful lexicon-based contrastive learning: Let rep-
resent the set of words in the TensiStrength lexicon, set

represent the antonyms of words in set , and set Vg
and Vs represent the vocabulary of documents labeled
as stress and non-stress respectively. We define two sets
— (i) P with stress-related emotions given by Equation
10, and (ii) N with non-stress-related emotions given by
Equation 11. Here, P \ N = 2.

P="%',jwi2Vsandw; 2 g (10)

N =fvy, jwi 2 Vasandw; 2 g (11)

Based on our objective, we only update the embedding
of set P with SCL. Thus, each word in set P becomes an
anchor point. The objective of the SED task is computed
as per the Equation 12 where V(i] denotes the stress-related

emotion, Vopi denotes the positive sample from set P, Vi] i
denotes negative sample from set N, r is cardinality of
set N and is the temperature hyperparameter.

sep = log P, T (12)
oexp (VT V)

To implement SCL, we employ a two-layer neural net-
work with 768 neurons without any activation function.
We retrieve enhanced stress-specific embeddings based
on StressSGCL, which we further employ for stress
detection, discussed in the following section.

3.4 Classification model

StressSGCL performs stress detection employing the
TextCNN classifier (Chen 2015) with max pooling to eval-
uate the efficacy of stress-specific embeddings learned. To
this, TextCNN utilizes multiple filters to extract various fea-
tures from the input data. We input a 3-D matrix 2 R™ 9 1
corresponding to each document in the dataset where n is
the total number of words in the document selected for clas-
sification task which in our case is dataset dependent since
the TextCNN model accepts fixed size input and d = 768 is
the dimension of the stress-specific embeddings learned.

4 Experimental setup and results

In this section, we evaluate the effectiveness of our proposed
StressSGCL approach for stress detection in social media
text. We begin in Section 4.1 by introducing the three bench-
mark datasets collected from Twitter (X) and Reddit plat-
forms. Section 4.2 then describes the baseline methods and
ablation variants used to validate our model’s components.
In Section 4.3, we outline the experimental configurations,
hyperparameters, and evaluation metrics employed across
all experiments. Section 4.4 presents a thorough compara-
tive analysis using both quantitative metrics and qualitative
visualizations to demonstrate the superiority of our stress-
specific embeddings. All experiments were implemented in
Python and executed on a system with a 2.10 GHz Intel(R)
Silver(R) processor and 192 GB RAM.

4.1 Datasets

We evaluate StressSGCL on three publicly available
benchmark stress detection datasets proposed by Rastogi,
Liu, and Cambria (2022) namely, (a) Twitter Full (DS,), (b)
Reddit Title (DS;), and (¢) Reddit Combi (DS3). The Twit-
ter full dataset was crawled from Twitter (X) using stress-
related hashtags like #Stressed, #Fatigue, and #Tired, as
well as positive emotion hashtags like #Happy, #Joy, and



Table 1: Statistics of the datasets

Dataset #Stress  #Non-stress
Twitter Full (DS;) 4,534 4,366
Reddit Title (DS») 2,745 2,811
Reddit Combi (DS3) 2,745 859

#Blessed. It contains 4,534 stress tweets and 4,366 non-
stress tweets, making it a balanced dataset. The Reddit Ti-
tle dataset includes titles of posts from stress-related and
non-stress-related subreddits. It is a balanced dataset with
2,745 stress posts and 2,811 non-stress posts, similar to the
Twitter Full dataset in terms of post length. The Reddit
Combi dataset includes body text and post titles from stress
and non-stress subreddits. It is imbalanced with 2,745 stress
posts and 859 non-stress posts, as most bodies contain non-
text data like images and videos. Table 1 summarizes the
statistics of the three benchmark datasets undertaken in this
study.

4.2 Comparison approaches

This section discusses various comparison approaches un-
dertaken in this study to validate the effectiveness of the pro-
posed stress-detection approach.

We compared StressSGCL with the following two
stress detection approaches.

(i) Contrastive Learning of Stress-specific Word Embed-
dings for Social Media based Stress Detection (SSE):
Wang et al. (2023) proposed SSE, a BERT-based stress-
specific embeddings. For this, they defined three self-
supervised contrastive tasks: 1) stressor discrimination
task, 2) stressor cluster discrimination task, and 3) stress-
ful emotion discrimination task. With the stress-specific
embeddings, they analyzed the user’s time-series posts
to detect their stress state. We compared St ressSGCL
with both BERT and MentalBERT versions of SSE de-
fined as SSEBERT and SSEMentalBERT-

(ii) Stress and relaxation magnitude detection for social
media texts (TensiStrength): Thelwall (2017) proposed
TensiStrength, a lexicon-based approach to identify the
magnitude of stress and relaxation state for each post,
considering the intensity of individual words in the lex-
icon. To convert it to a classification problem, we con-
sidered the maximum value among two magnitudes to
identify its state. For instance, if a post has three as stress
magnitude and five as relax magnitude, we labeled it as
non-stress.

Additionally, we created four ablation-like baselines to
validate the effectiveness of the modules undertaken to
develop StressSGCL. The first two baselines are ob-
tained by removing SCL from StressSGCL, namely (i)
SGgerr and (ii) SGuMentaiBerr While the other two are
fine-tuned transformers-based PLMs, namely, (iii) BERT
and (iv) MentalBERT, to assess the individual effec-
tiveness of the two PLMs undertaken to validate the ef-
fectiveness of StressSGCL as stress-detection methods.
We disassociated SCL from StressSGCLggrr t0 come

up with SGpgrr with an aim to study the improvement
that SCL brings in the final output embeddings extracted
from the StressSGCLgrrr model. Similarly, we disso-
ciated SCL from the StressSGCLyentaisgrr Model to
develop SGuentaBerT to study the improvement that SCL
brings to the final output embeddings extracted from the
St ressSGCLyentaiserr Model. Towards BERT and Men-
talBERT, we fine-tuned the pre-trained BERT base model on
the datasets such that the dense vector learned corresponding
to [CLS] tokens corresponding to each document is passed
through softmax layer for the classification task.

4.3 Training details

In this section, we discuss the different training hyperpa-
rameters undertaken in this study. To learn embeddings us-
ing SGppym, we used Adam optimizer with a learning rate of
0.001 and batch size of 64. We implement the infoNCE loss
function in the SED task with a temperature hyperparameter
set to 0.07. With Adam optimizer, epoch set to 20, and learn-
ing rate set to 0.0001, we trained the stress-specific embed-
dings with the SCL model described in Section 3.3. We eval-
uated the proposed approach and the comparison approaches
using 10-fold cross-validation. Additionally, we split 20%
of the training set for validation and report the average per-
formance over the 10-fold. We trained the proposed stress-
detection model using the Adam optimizer with a learning
rate of 0.001 and binary cross-entropy as a loss function for
100 epochs and a batch size of 64. For TextCNN, We re-
stricted the length of each document to the average length
of documents in the dataset, which was 37 for Twitter Full,
17 for Reddit Title, and 80 for Reddit Combi. We eval-
uate the proposed StressSGCL and the comparison ap-
proaches, including ablation-like baselines, using four stan-
dard evaluation metrics, namely Accuracy, F; score of the
stress class (F1), Macro F; score (MacroF), and Receiver
Operating Characteristic Curve (ROC Curve)-based analy-
sis. These evaluation metrics are discussed as follows.

(a) Accuracy: It measures the total number of correct pre-
dictions made by the classifier, given by Equation 13.

TP +TN
TP+TN+FP +FN
Here, TP, TN, FP, and FN are true positives, true nega-
tives, false positives, and false negatives, respectively.

(b) F-Score: It measures the harmonic mean value of preci-
sion and recall, given by Equation 14.

Accuracy = (13)

Precision Recall
F, = — (14)
P recision + Recall
fei — _TP — _ TP
Here, Precision = 555, and Recall = w5

We calculate the F; score value of the stress class.

(c) Macro Fq-Score: It computes class averaged F;-Score
value and is given by Equation 15, where F1gtress gives
the F1 score of stress class and Fipon stress gives the
F1 score of the non-stress class.

F1 +F;
stress non _stress (15)

MacroF; = >




(d) ROC Curve: A ROC curve, or receiver operating char-
acteristic curve, serves as a graphical representation of
a classification model’s performance across all possible
thresholds. This visualization highlights two key metrics:
(i) the True Positive Rate (TPR), also known as recall,
and (ii) the False Positive Rate (FPR), which is calcu-
lated using the formula FPR = %. By plotting
these two parameters against one another, the ROC curve
effectively illustrates the model’s performance and pro-
vides an Area Under the ROC Curve (AUC), offering
a comprehensive evaluation of the model’s effectiveness
across various classification thresholds.

4.4 Comparative performance analysis

In this section, we present the comparative study of
the proposed models, namely, StressSGCLggrr and
StressSGCLyentalpert against comparison approaches
discussed in Section 4.2 over the three benchmark datasets
discussed in Section 4.1. Additionally, we report the
comparative results obtained in Table 2. We mention
StressSGCLpry, SGpLm, and SSEpr v when referring to
the case of both BERT and MentalBERT.

(a) Twitter Full: We observe from Table 2 that integration of
SCL with the baseline SGpggrr notably enhanced perfor-
mance as StressSGCLggrr achieved remarkable per-
formance, with the highest F; score of 91.03%. This
was followed by St ressSGCLyenta1rert, SSEpLM, and
SGuentaiBerT all of which achieved F; score above 90%.
Notably, the SED did not demonstrate the same ef-
fectiveness in enhancing the embeddings generated by
SGwMentaiBerT- Despite this, it exhibited comparable per-
formance against the SSEp); stress detection method.
Notably, the SGppp model outperformed the fine-tuned
MentalBERT and BERT. This underscores the efficacy
of integrating transformers-based models with static em-
beddings like Skip-Gram. Moreover, TensiStrength per-
formed poorly. Fine-tuned BERT attained the lowest per-
formance with a F; score of 77.31%, while fine-tuned
MentalBERT demonstrated superior performance com-
pared to fine-tuned BERT. This improvement can be at-
tributed to MentalBERT being initially pre-trained on
mental health-related datasets, highlighting the impor-
tance of domain-specific pre-training in achieving opti-
mal performance in mental health-related tasks. Overall,
StressSGCLpry outperformed the rest of the compari-
son approaches on the Twitter Full dataset in terms of all
Accuracy, F1, and MacroF.

(b) Reddit Title: From Table 2, we observed that in-
corporating SCL in SGppy significantly improved
its performance across the Reddit Title dataset. No-
tably, StressSGCLpLy achieved an impressive F
score of approximately 93%, preceded by SSEgggrr.
SSEMentaiserT demonstrated performance akin to SGpp w1,
underscoring the effectiveness of SGpry; in this con-
text. Comparative analysis revealed that SGppy outper-
formed fine-tuned versions of MentalBERT and BERT
by margins of approximately 2% and 9%, respectively,
in terms of F; score. Like in the case of the Twitter

Full dataset, fine-tuned MentalBERT showcased supe-
rior performance compared to fine-tuned BERT. Over-
all, TensiStrength demonstrated under-performance on
this dataset. One possible reason could be that Reddit
Titles often represent condensed versions of the orig-
inal posts, and the effectiveness of TensiStrength de-
pends upon the nature of documents, with documents
rich in stress-related terms being problematic. Instances
such as “School work”, “Can’t anymore” and simi-
lar documents in Reddit Title pose challenges for Ten-
siStrength in accurately detecting the correct class. Over-
all, St ressSGCLpry outperformed the rest of the com-
parison approaches on the Reddit Title dataset in terms
of all Accuracy, F1, and MacroF;.

(¢) Reddit Combi: The MacroF | score is a robust com-
parison metric in evaluating model performance on
the imbalanced Reddit Combi dataset. Table 2 shows
that StressSGCLyenta1serr performed the best of
all in terms of MacroF; score, achieving an im-
pressive value of 86.01%. which was followed by
StressSGCLgerr and SGpgprr exhibiting strong per-
formance with MacroF ; score of approximately 85%,
while SSEpim and SGyenasert  achieved scores of
84%. Notably, both SGggrr and SGyfentaierT SUrpassed
their base counterparts, fine-tuned BERT and fine-tuned
MentalBERT, by significant margins, achieving im-
provements of 14% and 8%, respectively, in terms of
MacroF ;. Once again, fine-tuned MentalBERT demon-
strated superior performance compared to fine-tuned
BERT. Conversely, the lowest MacroF ; was observed
with TensiStrength. Overall, StressSGCLpyy outper-
formed the rest of the comparison approaches on the
Reddit Combi dataset except in terms of F; score where
SGggrr performed the best.

ROC Curve-based comparative performance analysis
Figure 2 presents the average Area Under the receiver
operating characteristic Curve (AUC) value of the proposed
StressSGCL and the comparison approaches over the
three benchmark datasets from 10-fold cross-validation.
The proximity of these curves to the top-left corner of the
plot signifies the robustness and effectiveness of the models
under evaluation. The Reddit Title dataset showcased the
highest performance among the three datasets, followed by
the Twitter Full and Reddit Combi datasets with the highest
average AUC value, 0.963. StressSGCL occupies the
leftmost position on the ROC curves in Figure 2a and Figure
2b, indicating its superior performance across both Twitter
and Reddit Title datasets. St ressSGCLggrr achieved an
average AUC of 0.941 on the Twitter Full dataset, while on
the Reddit Title dataset St ressSGCLyentaiperr attained
an average AUC of 0.963. In contrast, Figure 2c illustrates
comparable performance among most models, except the
fine-tuned Mental BERT model. Over Reddit Combi dataset,
StressSGCLggrr, StressSGCLyentaisert, SSEBERT
and SSEpentaierT achieved an average AUC value of 0.903.



Visualization and analysis of embedding spaces To
evaluate the effectiveness of our St ressSGCLpyy in gener-

1.01 ating stress-specific embeddings, we employed t-distributed
Stochastic Neighbor Embedding (t-SNE) for dimensional-
0.81 ity reduction. This technique projects our high-dimensional
o embeddings into a 2D space while preserving relative dis-
& 061 tances between tokens, allowing us to visualize semantic re-
_:’;’ ' lationships that support our primary claim that contrastive
2 learning produces more discriminative stress-aware repre-
S 0.4 ol BERT(AUC = 0.905 ) tati As d trated in th dix in Fi 3
g - MentalBERT(AUC  0.905 ) sentations. As demonstrated in the appendix in Figure (p),
= ot —— SGaear(AUC = 0.912)) Figure 3(d), Figure 4(c), Figure 4(d), Figure 5(c) and Fig-
0.2 L e S oo1) ure 5(d), StressSGCLeyy generates a distinctive embed-
el — izgemfmg\f% ;401-9)12) ding space with clear separation between two major clus-
0ol o HAUC = 0,909 ) ters: one predominantly consisting of neutral or emotion-
00 o o4 e o8 o ally positive t(‘)‘ken§, ar}’d“anothef comprising striss-rel‘a}ted
False Positive Rate terms such as “anxiety,” “worry,” “overwhelmed,” and “ex-
Twitter Full hausted.” This separation directly validates our core contri-
(@) Twitter Fu bution—the creation of embeddings that specifically distin-
guish stress-related language patterns from general vocab-
ulary. The visualization results align with our quantitative
101 performance improvements, as classifiers utilizing these se-
mantically enriched embeddings can more effectively differ-
0.8 1 entiate between stress and non-stress content. For instance,
@ in Figure 3(c), we observe that tokens associated with neg-
2 o6l ative emotional states (which correlate with stress) form a
o v . .
z cohesive cluster separate from neutral language, supporting
8 . our hypothesis that SCL effectively incorporates psycholog-
204 JRe BERT(AUC = 0.931) . . . .
g - MentalBERT(AUC = 0.947 ) ical knowledge about the relationship between emotions and
F ot — SCaerr(AUC = 0.957 ) stress into the embeddings.
s SGentaigert(AUC = 0.959 ) . X . .
0.21 L7 —— SSEsear (AUC = 0.962) In contrast, Figure 3(a), Figure 3(b), Figure 4(a), Figure
ot - EZ‘ECTW(%&AE%‘: 602-9)37 ) 4(b), Figure 5(a) and Figure 5(b) shows that the baseline em-
004 ¥ —— SGCLuentaisenT(AUC = 0.963 ) beddings from SGppy without contrastive learning exhibit
00 02 04 06 08 10 more homogeneous distribution, forming a single large clus-
False Positive Rate ter with less discernible separation between stress and non-
(b) Reddit Title stress semantic content. This comparative visualization di-
rectly illustrates the value added by our SCL-based approach
in learning stress-specific features that mere integration of
Skip-Gram with PLMs cannot achieve alone. We observed
1.07 that some non-stress-related tokens appear within the stress-
related cluster and vice versa, particularly for polysemous
0.81 words that may appear in both stress and non-stress contexts.
g This finding suggests that while contrastive learning sub-
= 0.6 stantially enhances stress-specific representation learning,
2 the lexicon-based identification of stress-indicative terms
€ o4l Lo BERT(AUC = 0917) could ben§ﬁt from more ada}ptlve or data-driven strategies
S . MentalBERT(AUC = 0.867 ) O Turther improve classiication perrormance.
S ot to furth p lassification perf
= // T 13 ~ These visualizations provide qualitative evidence support-
021 L —— SSEpeer (AUC = 0.903 ) ing our quantitative results, showing that StressSGCL
// S puc ;003,9)03) succes'sfully embeds domaig—speciﬁc knowledge about
004 - —— SGCLuentaiser(AUC = 0.903 ) stress into the word representation space, enabling the model
0.0 0.2 0.4 0.6 0.8 10 to better distinguish stress-related content in social media
False Positive Rate posts across different platforms and contexts.
(c) Reddit Combi .
5 Conclusion and future work
Figure 2: ROC curve-based performance comparison of In this paper, we have introduced StressSGCL, a novel
g p p pap

StressSGCL across three datasets. stress detection approach that generates stress-specific em-
beddings capable of detecting stress in social media posts.
It enhances the performance of classifiers in stress detec-
tion tasks by integrating the existing techniques of skip-gram



Table 2: Comparative performance evaluation of St ressSGCL

Approaches Accuracy Fq MacroF,
pp DS, DS, DS; DS, DS, DS; DS, DS, DS,
StressSGClLpnnt 91.46 90343 9541 91.03 9342 9673 91.33 93.44 8514
StressSGCLuentaiserr  88.90 93.52 9492 9032 9351 9676 8834 9341 86.01
SSEgggt 89.54 9352 9508 9021 93.11 96.53 8873 92.63 84.75
SSEentalBERT 8036 9252 95.16 9021 92.54 9632 8843 9241 8438
TensiStrength 80.05 70.02 8732 8236 7534 9348 80.08 6821 66.85
SGgerT 87.61 92.14 9444 8948 9247 97.53 8750 92.11 85.10
SGMentalBERT 88.10 9227 9448 90.15 9242 9736 88.63 9221 84.63
BERT 7523 8430 89.02 7731 8358 9528 7461 8431 7121
MentalBERT 83.63 90.61 8543 8525 9134 9466 8348 90.67 76.40

with transformers-based PLM using SCL to learn stress-
specific embeddings. To capture stress-related emotions,
StressSGCL employs TensiStrength lexicons. The
TextCNN is used to classify whether the post belongs to
the stress category by passing the stress-specific embeddings
generated for the terms in the users’ post. StressSGCL
is evaluated on three publicly available benchmark datasets:
Twitter Full, Reddit Title, and Reddit Combi. It surpasses
the current methods and ablation-like baselines, thereby il-
lustrating the efficacy of the proposed embeddings in com-
prehending the stress-related context. We intend to enhance
St ressSGCL in the future to identify chronic stress by ex-
amining a sequence of user posts. Furthermore, we intend to
implement comparable methodologies to identify additional
mental health conditions, including anxiety and depression.

References

Bommasani, R.; Davis, K.; and Cardie, C. 2020. Interpret-
ing pretrained contextualized representations via reductions
to static embeddings. In Proceedings of the 58th Annual
Meeting of the Association for Computational Linguistics,
4758-4781.

Chen, T.; Kornblith, S.; Norouzi, M.; and Hinton, G. 2020.
A simple framework for contrastive learning of visual repre-
sentations. In International conference on machine learning,
1597-1607.

Chen, Y. 2015. Convolutional neural network for sentence
classification. Master’s thesis, University of Waterloo.

Coppersmith, G.; Leary, R.; Crutchley, P.; and Fine, A. 2018.
Natural language processing of social media as screening for
suicide risk. Biomedical informatics insights, 10.

De Choudhury, M.; and De, S. 2014. Mental health
discourse on reddit: Self-disclosure, social support, and
anonymity. In Proceedings of the international AAAI con-
ference on web and social media, volume 8, 71-80.

De Choudhury, M.; Kiciman, E.; Dredze, M.; Coppersmith,
G.; and Kumar, M. 2016. Discovering shifts to suicidal
ideation from mental health content in social media. In Pro-
ceedings of the 2016 CHI conference on human factors in
computing systems, 2098-2110.

Devlin, J.; Chang, M.-W.; Lee, K.; and Toutanova, K. 2019.
BERT: Pre-training of Deep Bidirectional Transformers for

Language Understanding. In Burstein, J.; Doran, C.; and
Solorio, T., eds., Proceedings of the 2019 Conference of the
North American Chapter of the Association for Computa-
tional Linguistics: Human Language Technologies, Volume
1 (Long and Short Papers), 4171-4186. Minneapolis, Min-
nesota: Association for Computational Linguistics.

Du, J.; Huang, J.; An, Y.; and Xu, W. 2018. The Relationship
between stress and negative emotion: The Mediating role of
rumination. Clinical Research and Trials, 4: 1-5.

Gao, T.; Yao, X.; and Chen, D. 2021. Simcse: Simple con-
trastive learning of sentence embeddings. arXiv preprint.

Ilias, L.; Mouzakitis, S.; and Askounis, D. 2023. Calibration
of Transformer-Based Models for Identifying Stress and De-
pression in Social Media. IEEE Transactions on Computa-
tional Social Systems, 1-12.

Jashinsky, J.; Burton, S. H.; Hanson, C. L.; West, J.; Giraud-
Carrier, C.; Barnes, M. D.; and Argyle, T. 2014. Tracking
suicide risk factors through Twitter in the US. Crisis.

Ji, S.; Zhang, T.; Ansari, L.; Fu, J.; Tiwari, P.; and Cambria,
E. 2022. MentalBERT: Publicly Available Pretrained Lan-
guage Models for Mental Healthcare. In Proceedings of the
Thirteenth Language Resources and Evaluation Conference,
7184-7190.

Khosla, P.; Teterwak, P.; Wang, C.; Sarna, A.; Tian, Y.; Isola,
P.; Maschinot, A.; Liu, C.; and Krishnan, D. 2020. Super-
vised contrastive learning. Advances in neural information
processing systems, 33: 18661-18673.

Lin, H.; Jia, J.; Guo, Q.; Xue, Y.; Huang, J.; Cai, L.; and
Feng, L. 2014a. Psychological stress detection from cross-
media microblog data using deep sparse neural network. In
2014 IEEE international conference on multimedia and expo
(ICME), 1-6. IEEE.

Lin, H.; Jia, J.; Guo, Q.; Xue, Y.; Li, Q.; Huang, J.; Cai,
L.; and Feng, L. 2014b. User-level psychological stress de-
tection from social media using deep neural network. In
Proceedings of the 22nd ACM international conference on
Multimedia, 507-516.

Lin, H.; Jia, J.; Nie, L.; Shen, G.; and Chua, T.-S. 2016.
What Does Social Media Say about Your Stress?. In 1JCAI,
3775-3781.

Lin, H.; Jia, J.; Qiu, J.; Zhang, Y.; Shen, G.; Xie, L.; Tang,
J.; Feng, L.; and Chua, T.-S. 2017. Detecting stress based on



social interactions in social networks. |IEEE Transactions on
Knowledge and Data Engineering, 29(9): 1820-1833.

Lokala, U.; Srivastava, A.; Dastidar, T. G.; Chakraborty, T.;
Akhtar, M. S.; Panahiazar, M.; and Sheth, A. 2022. A com-
putational approach to understand mental health from red-
dit: knowledge-aware multitask learning framework. In Pro-
ceedings of the International AAAI Conference on Web and
Social Media, volume 16, 640-650.

Lu, H.; Frauendorfer, D.; Rabbi, M.; Mast, M. S.; Chittaran-
jan, G. T.; Campbell, A. T.; Gatica-Perez, D.; and Choud-
hury, T. 2012. Stresssense: Detecting stress in unconstrained
acoustic environments using smartphones. In Proceedings
of the 2012 ACM conference on ubiquitous computing, 351—
360.

Mikolov, T.; Chen, K.; Corrado, G.; and Dean, J. 2013. Ef-
ficient estimation of word representations in vector space.
arXiv preprint.

Oord, A. v. d.; Li, Y.; and Vinyals, O. 2018. Representation
learning with contrastive predictive coding. arXiv preprint.

Poulin, C.; Shiner, B.; Thompson, P.; Vepstas, L.; Young-
Xu, Y.; Goertzel, B.; Watts, B.; Flashman, L.; and McAllis-
ter, T. 2014. Predicting the risk of suicide by analyzing the
text of clinical notes. PloS one, 9.

Raij, A.; Blitz, P.; Ali, A. A.; Fisk, S.; French, B.; Mitra,
S.; Nakajima, M.; Nguyen, M. H.; Plarre, K.; Rahman, M.;
et al. 2010. mstress: Supporting continuous collection of
objective and subjective measures of psychosocial stress on
mobile devices. ACM Wireless Health 2010 San Diego, Cal-
ifornia USA.

Rastogi, A.; Liu, Q.; and Cambria, E. 2022. Stress detec-
tion from social media articles: New dataset benchmark and
analytical study. In 2022 International Joint Conference on
Neural Networks (IJCNN), 1-8. IEEE.

Thelwall, M. 2017. TensiStrength: Stress and relaxation
magnitude detection for social media texts. Information Pro-
cessing & Management, 53(1): 106-121.

Turcan, E.; and McKeown, K. 2019. Dreaddit: A reddit
dataset for stress analysis in social media. arXiv preprint.

Turcan, E.; Muresan, S.; and McKeown, K. 2021. Emotion-
infused models for explainable psychological stress detec-
tion. In Proceedings of the 2021 conference of the North
American Chapter of the Association for Computational
Linguistics: human language technologies, 2895-29009.

Vashishth, S.; Bhandari, M.; Yadav, P.; Rai, P.; Bhat-
tacharyya, C.; and Talukdar, P. 2019. Incorporating Syn-
tactic and Semantic Information in Word Embeddings using
Graph Convolutional Networks. In Proceedings of the 57th
Annual Meeting of the Association for Computational Lin-
guistics, 3308-3318.

Wang, X.; Zhang, H.; Cao, L.; Zeng, K.; Li, Q.; Li, N.; and
Feng, L. 2023. Contrastive Learning of Stress-specific Word
Embedding for Social Media based Stress Detection. In Pro-
ceedings of the 29th ACM SIGKDD Conference on Knowl-
edge Discovery and Data Mining, 5137-5149. Association
for Computing Machinery.

Wang, Y.; Cui, L.; and Zhang, Y. 2021. Improving Skip-
Gram Embeddings Using BERT. IEEE/ACM Transactions
on Audio, Speech, and Language Processing, 29: 1318-
1328.

Wang, Y.; Wang, Z.; Li, C.; Zhang, Y.; and Wang, H. 2020.
A multitask deep learning approach for user depression de-
tection on sina weibo. arXiv preprint.

Yates, A.; Cohan, A.; and Goharian, N. 2017. Depres-
sion and self-harm risk assessment in online forums. arXiv
preprint.

Paper Checklist

1. For most authors...

(a) Would answering this research question advance sci-
ence without violating social contracts, such as violat-
ing privacy norms, perpetuating unfair profiling, exac-
erbating the socio-economic divide, or implying disre-
spect to societies or cultures? Yes

(b) Do your main claims in the abstract and introduction
accurately reflect the paper’s contributions and scope?
Yes

(c) Do you clarify how the proposed methodological ap-
proach is appropriate for the claims made? Yes

(d) Do you clarify what are possible artifacts in the data
used, given population-specific distributions? Yes

(e) Did you describe the limitations of your work? Yes

(f) Did you discuss any potential negative societal im-
pacts of your work? NA

(g) Did you discuss any potential misuse of your work?
NA

(h) Did you describe steps taken to prevent or mitigate po-
tential negative outcomes of the research, such as data
and model documentation, data anonymization, re-
sponsible release, access control, and the reproducibil-
ity of findings? NA

(i) Have you read the ethics review guidelines and en-
sured that your paper conforms to them? Yes

2. Additionally, if your study involves hypotheses testing...

(a) Did you clearly state the assumptions underlying all
theoretical results? NA

(b) Have you provided justifications for all theoretical re-
sults? NA

(c) Did you discuss competing hypotheses or theories that

might challenge or complement your theoretical re-
sults? NA

(d) Have you considered alternative mechanisms or expla-
nations that might account for the same outcomes ob-
served in your study? NA

(e) Did you address potential biases or limitations in your
theoretical framework? NA

(f) Have you related your theoretical results to the existing
literature in social science? NA

(g) Did you discuss the implications of your theoretical
results for policy, practice, or further research in the
social science domain? NA



3. Additionally, if you are including theoretical proofs...
(a) Did you state the full set of assumptions of all theoret-
ical results? NA

(b) Did you include complete proofs of all theoretical re-

sults? NA
4. Additionally, if you ran machine learning experiments...

(a) Did you include the code, data, and instructions
needed to reproduce the main experimental results (ei-
ther in the supplemental material or as a URL)? Avail-
able on request.

(b) Did you specity all the training details (e.g., data splits,
hyperparameters, how they were chosen)? Yes

(c) Did you report error bars (e.g., with respect to the ran-

dom seed after running experiments multiple times)?
No

(d) Did you include the total amount of compute and the
type of resources used (e.g., type of GPUs, internal
cluster, or cloud provider)? Yes

(e) Do you justify how the proposed evaluation is suffi-
cient and appropriate to the claims made? Yes
(f) Do you discuss what is “the cost* of misclassification
and fault (in)tolerance? NA
5. Additionally, if you are using existing assets (e.g., code,
data, models) or curating/releasing new assets, without
compromising anonymity...
(a) If your work uses existing assets, did you cite the cre-
ators? Yes
(b) Did you mention the license of the assets? NA

(c) Did you include any new assets in the supplemental
material or as a URL? NA

(d) Did you discuss whether and how consent was ob-
tained from people whose data you’re using/curating?
NA

(e) Did you discuss whether the data you are using/cu-
rating contains personally identifiable information or
offensive content? NA

(f) If you are curating or releasing new datasets, did you
discuss how you intend to make your datasets FAIR?
NA

(g) If you are curating or releasing new datasets, did you
create a Datasheet for the Dataset? NA

6. Additionally, if you used crowdsourcing or conducted
research with human subjects, without compromising
anonymity...

(a) Did you include the full text of instructions given to
participants and screenshots? NA

(b) Did you describe any potential participant risks, with
mentions of Institutional Review Board (IRB) ap-
provals? NA

(c) Did you include the estimated hourly wage paid to
participants and the total amount spent on participant
compensation? NA

(d) Did you discuss how data is stored, shared, and dei-
dentified? NA



Bl $Femic
o
. T
o g -
o
PR
sy & s O S S
L o e M oo
R @ m;d:k. ‘&r;“ ,‘.@g{" £ e w::&"w,mn
o o M a*?““““f‘"} f,wm wt;;,«[wgg:,‘:
B FtlGeogine < o p—
— i ﬁ”“‘mﬁ g \‘g’myq‘ L
 poice O R L & " e
e P T P ﬁw }i;’g#“ y,,.,.m“
€ geeans mw oo
" E.m i w%gm‘"& ———
Ry ﬂm ‘“ﬂ AR
:{% "““m.,‘.,m Dar T e MWW“‘,",‘L LT
gheeitl " e sasb “’E‘ brgnon e
r.mmwm*‘”m oo
n & G L i L foichayston e TP
- ’”"MW% Fra ms g
i o e
w Tt *‘Ww i "“-mv kol
R - x:m:"?",ﬁ‘n"““ .&wa‘ AL o
PN LI s g, o
G - e ,W% e
B P, i o ST 0
e g ﬁ:‘fk Anqs 1 e, ,ﬂ -
g e T ,ﬁgs»ww
m%sw::m'"%m o
gtn S e
(a) SGpgrr
O ot etinar
MnMW " gcon
o
o wﬁ“
ety b0y 7
B,
ek g e
o g ,ﬁ‘,,"rﬂgmw,,
P
“*Mw :
Lo gty s S
o
2 ol
&‘oe-ri"
,,A«vtjirwm
i
Ry,
Dy e
S
'W""‘:S'p"‘r kﬂﬁ@vﬂ
i CECS
e it A‘Eﬁ:ﬁ:‘%
L qu
ke gt m.wmmm“w
it gt et g
e ot i 4
ma’ e s
s mem
it B

(c) StressSGCLgggrr

F

P
- ;“M, - e
s P s mm; " . o
T g S R e
- -
P m,ﬁwwm W iy
i g N I
e | daanir ﬁa%aﬁ“ﬂw‘w et P B o R

e

R i S ﬁm.‘i«%ss R én

I g g Ty

" et o gome e
ol gt o B, ::r WM ‘w,m-w..m
aom PR - I fmm‘/_,,mv i

enog i '::“*’?l"’d o) praidsn
s o ﬂ;“ ff?“é; ) Se T ggﬁ;«‘ﬁ Wm!m’“ W e e
gt G, g ;m-mm S

f.m i gL “k) ot @ P
R B g,
L A e e S s ‘c"«“f —
aaed o e gonic
PR cop N I o M
g * T P e e
g W e £ T g R rw-v o “m"ﬁ e &
o gl o‘;ww S5 w "h!‘mmﬂwu”“ g g G
o g NW ‘,,Mg't“w g
. fetee M‘E&? sl e R e
ey v e m:ﬂ il a""‘"""’*"‘ »c";;";mi“ v
g DT VR o e S
P T o m e
i — o g
ssgaa e ‘.«‘m’“ﬁb,cw,m e
v SR ey e sponse
geesed g o ey
S el a0 g
e p———
Gibauns P
. P
#how @nronic.
e
¢ apocel
= ET = 7 3 W =

(b) SGMentalBERT

i
s €15 g

o ,.,,,,.,m

T e
s e ﬁ
it e maniedayhoughts
I
ind iy &Ww“ gmpact
= o
g 4w ool

“k .,;1 o

g & e pat’ Nm e m«n e
At St i o
B oyt

msa»“@‘”"emw i

= A R i a!"“"
ooyt d%ﬁ:‘i’w e

oy occ

el kel ,:‘:?w.;..-.ﬁmm"m
ashpﬁgwm
g i gieeping

et X s ionra

P w& G,
Ll g‘ndm«\ m:wﬁ esgoen oy ks
P TN .

e

(d) StressSGCLyentalBERT

Figure 3: t-SNE visualizations of token embeddings for Twitter Full dataset.
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Figure 4: t-SNE visualizations of token embeddings for Reddit Title dataset.
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