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ABSTRACT:

This research aims to predict the extroversion personality trait through the application of deep learning
techniques on social media text data. Leveraging modern NLP techniques and sentence embeddings, the model
analyzes large data sets of text to discern intricate patterns of user behavior. Performance is evaluated with
various algorithms, and Bi-LSTM is confirmed to have the highest accuracy. In this study, Bi-LSTM is applied
to the MBTI dataset, where text is converted to embeddings with models like MiniLM. The results show deep
learning’s potential in personality evaluation, which can be used in marketing, recruitment, and even mental

health evaluation. This study showcases AI’s strides in accurately and meaningfully understanding human traits.
Keywords: Deep Learning, CNN2D, Al

INTRODUCTION individuals craft their thoughts in a much
Though
personal attributes can be useful for NLP
instruments and Bi-LSTM and CNN2D

models, analysis distinguishing them

more introspective  manner.
In today’s world, social media is a treasure

trove of information that can be exploited

to get a glimpse into a person’s thoughts
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and character. Every comment, tweet, and
message pulls together the essence of a
personality. It opens doors to a unique
dimension where machines can analyze a
person’s character. This project aims to
evaluate the extroversion trait by
predicting through text data whether a
person is an extrovert or introvert. Step
into the shoes of an extrovert: they will
typically engage in expressive, interactive

forms of language. In contrast, introverted

individually is not very useful. A MiniLM
and TF-IDF embedding methods were
applied to the MBTI dataset in the study.
This study, along with tailored advertising
and early intervention in mental health, has
applications in career advice. It s
essential, however, to address issues of
ambiguous language, imbalanced data, and
ethics to ensure accuracy and responsible

application.
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RELATED WORK

Research in past has focused on predicting
personality traits with the help of classical
ML techniques and analyzing text data.
User-generated content has shown the
application of deep learning personality
traits models by Yang et al. (2023), who
demonstrated the importance of context-
aware embeddings in comparison to
simple keyword models. Zim et al. (2024)
proposed a hybrid deep learning model to
detect mental health indicators from social
data, using a combination of CNN and
LSTM. Sanchez-Fernandez et al. (2023)
analyzed the performance of classical ML
methods and sophisticated deep learning
techniques in the task of personality
prediction. They asserted that deep
models,

learning particularly  those

employing  transformer  embeddings,
provided higher accuracy in the
predictions. Bowden-Green et al. (2020)
reviewed the literature on social media and
extroversion, proposing descriptive
standards for social behavior that were
relevant to the digital world. Naqvi et al.
(2023) showed that sentence transformers
can be used to build chatbots with some
level domain understanding, proving that
sentence embeddings such as MiniLM are
capable of adequately capturing user
intent. Khan et al. (2020) analyzed
sentiment breakdown with a focus on
feature-driven sentiment analysis,
describing how psychological traits can be
inferred from an abstract emotional tone as

well as a particular style of language.

TABLELl. Summary of Key Literature
Contributions and Their Impact on Current

Research
o Impact on
Author Contribution
Research
) Inspired use of
Deep learning for )
Yang et al. ] ] Bi-LSTM for
personality trait )
(2023) ; improved
extraction
accuracy
Hybrid CNN + Motivated
Zim et al. LSTM for mental | integration of

(2024) health personality | CNN2D in our

analysis extension
Validated
| Compared ML o
Sanchez- ) superiority of
. and DL for social
Fernandez ) DL models
personality .
et al. (2023) | over traditional
prediction
ones
Behavioral .
Guided data
Bowden- benchmarks )
o labeling and
Green et al. linking )
) feature design
(2020) extroversion to _ .
) In our project
social posts
Sentence -
) Justified use of
Nagqvi et al. transformer for o
. MiniLM
(2023) encoding text |
. embeddings
semantics
PROPOSED APPROACH

The approach proposed in this research
aims to predict the extroversion trait by
scrutinizing social media texts through
sophisticated deep learning techniques.
The process starts with data cleansing and
normalization, from which the MiniLM
model of the Sentence Transformers
library is utilized to create sentence
embeddings. These embeddings are
capable of compressing dense vectors that

encase complex meanings. A combination
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of models is utilized for classification.
Initially, classical machine learning
models such as Logistic Regression, KNN,
and SVM are used to establish baseline
metrics. To enhance precision, deep
learning models including LSTM and Bi-
LSTM are used. Bi-LSTM is the best
model because it captures both forward
and backward dependencies in a language.
In order to refine feature extraction, a 2D
CNN extension is used to reshape the two
dimensional embeddings spatially. The
dataset was obtained from Kaggle
containing data on a person’s MBTI type
which consists of social media posts with
labels. These posts are labeled extroverted
and introverted for the purpose of binary
classification. Model evaluation can be
done using precision, recall, F1-score and
ROC-AUC. With this method, predictions
can be made accurately and efficiently in

real-time scale.
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Figure 1: Predicting the extroversion trait

from text data

METHODOLOGIES

This study uses a layered methodology,
starting with data acquisition and ending
with comparative model evaluation. The
MBT]I-labeled dataset is sourced from
Kaggle, which contains thousands of user
posts tagged with their corresponding
personality type. These posts are
preprocessed by removing  special
characters, stop words, and irrelevant
tokens using NLTK tools and

lemmatization/stemming methods.

Next, semantic features are generated
using MiniLM, a transformer-based
sentence embedding model. The result is a
fixed-length  numerical  vector that
encapsulates contextual meaning. These
embeddings are then normalized using
MinMaxScaler and shuffled to avoid

model bias from sequence patterns.

The data is divided into training and test
sets (80/20 split). Multiple models are
applied:

o KNN: Serves as a baseline classifier.

e Logistic Regression and SVM: Used
for comparison against more complex
models.

e LSTM and Bi-LSTM: Capture long-
range dependencies in sequential text
data.

e CNN2D: An extension using 2D

convolutional layers, allowing the
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model to extract spatial features from

reshaped embeddings.

Models are trained using categorical cross-
entropy loss and optimized with the Adam
optimizer. Each model is evaluated on key
metrics: accuracy, precision, recall, F1-
score, and ROC-AUC. The BIi-LSTM
model achieved the highest performance,
while CNN2D further refined
classification boundaries. This
methodology ensures a rigorous and
comprehensive evaluation of personality

prediction models.

RESULTS

The results of this study demonstrate the
superiority of deep learning models over
traditional ML approaches in predicting
the extroversion trait. Bi-LSTM achieved
the highest accuracy, surpassing classical
models like SVM and Logistic Regression.
Evaluation  metrics  confirmed  this
improvement, with Bi-LSTM scoring
above 90% in accuracy, precision, recall,

and Fl-score.

The integration of CNN2D further
enhanced performance by allowing spatial
analysis of reshaped sentence embeddings.
This extension led to finer classification
and reduced misclassification of borderline
traits. The confusion matrix of CNN2D
showed lower false positives and false

negatives compared to earlier models.

ROC-AUC curves for Bi-LSTM and
CNN2D

generalization, with  AUC  values

indicated  strong model

exceeding 0.95. These findings confirm
that sentence-level semantics, when
modeled with deep learning, can capture
nuanced

personality expressions

effectively.

This success highlights the feasibility of
real-time personality detection using social
media data and supports  future
applications in behavioral analytics, career

services, and personalized marketing.

Algorithm Name Accuracy Precision Recall  FSCORE

(1] KNN SO780S08 58782280 582123% 58099644
1 Logitic Regresson 69953052 69953540 BHA00465 68549280
2 SVM 68701095 MA87S042 66862162 66901461
3 LSTM 73865415 73560483 73078491 732 0
N Bi-LSTM G3.114241 52904289 53357224 093055034
S Extermion CNN2D 96713815 96619718 96722599 0596663942

Showing all algorithms result in tabular
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Predicted personality as Extroversion and

Introversion form test data

DISCUSSION

This study illustrates the growing potential
of Al in understanding human personality
through
performance of Bi-LSTM and CNN2D
highlights how sequential and spatial

language. The superior

models can complement each other in
detecting  personality  traits  from
unstructured text. Unlike traditional
assessments that rely on questionnaires,
this approach provides a passive, scalable,

and real-time solution.

The study also shows that sentence
embeddings like MiniLM outperform
basic feature extraction methods like TF-
IDF or Word2Vec. Embeddings retain
contextual semantics, allowing models to
better understand variations in language
that may signify extroversion or

introversion.

Challenges encountered included class
imbalance and ethical considerations.
Techniques like dataset shuffling and
normalization helped address imbalance,
while ethical safeguards such as
anonymization and informed consent are

recommended for real-world applications.

Moreover, model interpretability remains
an area for future enhancement.
Explainable Al techniques like SHAP or
LIME could be integrated to improve
transparency in predictions. Finally, the

use of multimodal data — including voice,

images, and biometric signals — could
further ~ strengthen  the  predictive

capabilities of such systems.

CONCLUSION

Deep learning models, specifically Bi-
LSTM and CNN2D, have confirmed
within this research to be very accurate
when predicting extroversion from text
data. High precision and generalization
were achieved as the system was
implemented with semantic embeddings
and strong model architectures. The use of
transformer-based embeddings was crucial
in accurately representing the language's
use. The mention of marketing,
recruitment, and psychological profiling
serves as a practical marketing tool that
replaces the manual approach while
providing a scalable solution. The success
of this study motivates further research on
explainable Al and personality analysis
using multiple data types. The significant
leap in Al-powered behavioral analytics is
made with this methodology, which is now
enhanced by real-time functionality

combined with accuracy.
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