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In the conditions of the modern social and academic environment, pressure,
stress and anxiety have become common phenomena that can lead to the
development of depression. This is especially relevant in conditions of an intensive
educational process, high demands and limited time for rest and self-regulation.
Detecting depressive conditions in the early stages can significantly affect timely
support and prevention of more serious mental disorders. With digitalization and
widespread use of communication platforms, NLP becomes a powerful tool for
monitoring the psychological state of students during the educational process. The
development and implementation of modern methods for automated detection of
depressive symptoms will help to timely identify people who need help and provide
them with the necessary support to improve their mental health [1].

The task of diagnosing depression is a complex process and may differ from
case to case. Depression has manifestations that are often expressed in writing.
Taking into account the increase in the duration of online communication, the
intelligent detection of a depressive state in text data is an actual direction of IT, and
the early diagnosis and treatment of depression contribute to the improvement of the
quality of life and prevent further complications.

Today, there are various methods of artificial intelligence that can be used to
detect a depressive state in textual data [2]. The task of detecting a depressive state
belongs to the tasks of classification [3, 4].

Among the NLP tools for the task of detecting a depressive state in textual data,
there are two main approaches - an approach based on machine learning models and
an approach using neural networks [5]. As for the approach based on machine
learning models, this includes logistic regression, SVM, Naive Bayes, etc. [6, 7, 8].

For processing textual data, recurrent neural networks are most widely used, and
a more modern approach is based on transformer models [9, 10]. This makes it
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possible to better find hidden contextual dependencies, which is important for the
task of detecting a depressive state [11].

The purpose of the work is the development of neural network dual architecture
for depression detection using cloud services. Neural network dual architecture is
based on the use of two parallel neural networks, each of which specializes in the
analysis of different aspects of the text: syntactic and semantic.

The method of detecting a depressive state by means of NLP is designed to
transform input data in the form of text and a trained neural network model into output
data in the form of a numerical assessment of the presence of a depressive state.

The input data is a neural network model of a dual transformer architecture,
consisting of a combination of BERT and GPT2 models, which are designed to
analyze the syntactic and semantic context of user text [12]. The BERT model is used
as a model for syntactic analysis of user text, and GPT2 is used for semantic analysis.

The first step is to tokenize the user text with the appropriate tokenizers of the
BERT and GPT2 models.

The next step is the analysis of the tokenized text by neural networks BERT and
GPT2, which takes place in parallel. The BERT model analyzes the text from the
point of view of syntactic dependencies, and GPT2 - semantic ones.

The third step is to combine the results of both streams using a specialized
fusion layer. As a result, a numerical assessment of the manifestation of a depressive
state will be obtained.

The output data is a numerical assessment of the manifestation of a depressive
state in the user text.

To identify the depressive state associated with learning in educational
institutions, it was proposed to use a neural network of dual architecture, which
combines the simultaneous possibility of syntactic and semantic content.

The input data is a dataset containing 2 classes - texts containing manifestations
of depression associated with studying in educational institutions, and texts without
manifestations of depression.

First, all the texts of the dataset are tokenized. Tokenization is done by BERT
and GPT2 models. Further, the tokenized texts are transformed into a training sample,
divided into 10% validation data and 90% training data.

Tokenized texts are submitted to the input of previously trained BERT and GPT2
models for the purpose of their retraining [13, 14]. These models work in parallel, and
after receiving outputs in the form of vectors, they are combined in a fully connected
layer [15]. This layer processes the concatenated vector, producing a final vector of
logits, which is then used to calculate the loss function and predict the results.

According to the results of the loss function, the weights of the neural networks
are updated by performing a reverse pass in the direction of reducing the error [16].

To investigate the effectiveness of the proposed method, a software complex
was developed, consisting of a laptop implemented in the cloud environment "Google
Colab" [17] for learning a neural network and a web interface that uses a trained
neural network model of dual architecture [18, 19]. The web interface is implemented
using the "PyCharm" programming environment and the use of the "Flask"
microframework [20].
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The neural network was trained for 2 epochs due to the lack of computing power
(more than 40 GB of RAM is required). However, the results of the study indicate the
sufficiency of the epochs spent. The result of the value of the loss function by epoch

Is shown in Figure 1.
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Epoch 1/2

Train loss: ©.13837029555184222

Validation loss: ©.88074259667835654

Epoch 2/2

Train loss: ©.041924327216498254
Validation loss: ©.89639060898049873 %

Figure 1. Dual architecture neural network learning metrics.

To conduct experiments with the trained model, a web interface was created, an
example of its use is shown in Figure 2.

Depression Detection System Related to Education

Text for Analysis

Scembinug, 1 ight of sadndss hangs Dheavy oo sy chesl, msking it herd Lo beesthe. Every diy fouls like &n wndless syile of Fatigun and espliness.

fael like ['m trapped in & dark room with meowiy cub, e
struggle to find joy in things 1 ance lowed, and the world seems muted and distert. It's a constant battle to get out of bed, and 1 often wonder if it would be easier to just fade oway.

Analyze Text for Depression

Result:

Depression Scone in the Tex: 0 304407 3587042807

Figure 2. A web interface for detecting a depressive state.

Therefore, a neural network dual architecture was designed to detect a
depressive state. Neural network dual architecture is based on the use of two parallel
neural networks, each of which specializes in the analysis of different aspects of the
text: syntactic and semantic.

The scheme of formation and training of a neural network model of dual
architecture, which combines the simultaneous possibility of syntactic and semantic
content, is presented. A method of detecting a depressive state by means of NLP was
developed, which is designed to transform input data in the form of text and a trained
neural network model of dual architecture into output data in the form of a numerical
assessment of the presence of a depressive state. The proposed method differs from
analogues in that it combines a two-stream architecture, which is based on the use of
two parallel neural networks, each of which specializes in the analysis of different
aspects of the text - syntactic and semantic. The stream of syntactic analysis is aimed
at identifying the syntactic structure of the text, and the stream of semantic analysis is
aimed at understanding the content and context of the text. After processing the text
by each stream, the results are combined at the level of a higher layer, which allows
taking into account both the details of the language structure and the general content
of the text for a more accurate definition of the depressive state.

Experiments were conducted using the developed software, which testify to the
correctness of the proposed approach.
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