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Abstract

Technical Debt (TD) is considered one of the key challenges in modern software development, aris-
ing from suboptimal or rapid design and implementation decisions that may reduce development ef-
fort or accelerate release time, but later impose additional maintenance and quality degradation costs.
This thesis aims to improve the detection of Self-Admitted Technical Debt (SATD) by employing
Natural Language Processing (NLP) techniques and Deep Learning models based on Transformer
architectures, in order to automatically identify source-code comments that explicitly or implicitly
indicate the presence of technical debt within the codebase.

The research begins with a Systematic Literature Review (SLR) covering the period from 2015
to 2025. The review highlights that most prior work relies solely on textual analysis without incor-
porating code context, and that limited benefit has been taken from recent deep contextual models
such as BERT and CodeBERT. To address this gap, a large-scale dataset was constructed by com-
bining the Maldonado SATD dataset with additional data collected from 4,995 Java repositories,
where each instance links a source-code comment with its surrounding code context. After filtering
and alignment, the final dataset consists of 26,000 instances.

A series of experiments were conducted using BERT, Fine-Tuned BERT, and CodeBERT, to-
gether with data balancing strategies such as Under-Sampling, SMOTE, Focal Loss, and Clustering.
The best results were obtained using BERT with SMOTE, achieving an accuracy of 0.99 and recall
0f 0.96, while CodeBERT achieved an accuracy of 0.81 and recall of 0.74. Based on these findings,
the thesis proposes a unified multi-source model that integrates textual comment representations
with deep source-code embeddings through Fusion & Integration Layers, leading to enhanced con-
textual understanding and improved SATD classification performance.

The main contributions of this thesis are:

» A comprehensive systematic review of SATD detection research covering the period 2015—

2025, prepared for publication in IEEE Access.

* The construction of a context-aware SATD dataset that links comments with their surrounding

source code, supporting future research in this domain.

* The development of a deep learning model that fuses textual and code representations for

improved technical debt detection.
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