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Abstract

Text summarization is a crucial task in Natural Language Processing
(NLP), enabling the automatic generation of concise and meaningful
summaries from large textual content. It has wide-ranging applications
in areas such as legal document analysis, news summarization, and
academic research. This paper proposes a hybrid approach that
combines both extractive and abstractive summarization techniques to
generate high-quality summaries. The extractive component selects the
most informative sentences based on statistical techniques, while the
abstractive component rephrases and restructures these sentences
using deep learning models like the T5 transformer from Hugging Face.
NLTK and

Hybrid Models Our implementation, developed using Python's
Transformers library, demonstrates improved summary coherence
and retention of key information. Evaluation metrics such as ROUGE
and BLEU scores validate the effectiveness of our approach, showing
superior results over standalone models like BART.

Introduction

sometimes lack fluency. In contrast, abstractive

The exponential growth of digital content has
created an urgent need for efficient
summarization tools that can condense large
volumes of text into concise and meaningful
summaries. Text summarization is a core task in
Natural Language Processing (NLP) with critical
applications in news aggregation, academic
research, legal document analysis, and
automated report generation. The goal is to
extract or generate a summary that preserves
the essential content of the original document
while enhancing readability and comprehension.
There are two main types of text
summarization: extractive and abstractive.
Extractive summarization selects key sentences
or phrases directly from the source text based
on statistical and linguistic features. This
approach maintains factual accuracy but can
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summarization involves paraphrasing the
source text and generating new sentences,
which improves coherence but may risk altering
factual content.

To overcome the limitations of individual
techniques, this study presents a hybrid
summarization approach that combines both
extractive and abstractive strategies. By
integrating Natural Language Toolkit (NLTK) for
extractive summarization and the Hugging Face
T5 model for abstractive summarization, the
system aims to produce summaries that are
both accurate and fluent. This research
highlights the importance of hybrid methods in

achieving balanced and high-quality
summarization outcomes across various
domains.

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Problem Statement:

Despite rapid advancements in Natural
Language Processing, current text
summarization models face critical challenges.
Extractive summarization often maintains
factual correctness but lacks fluency, while
abstractive methods can produce more natural
language at the cost of factual accuracy.
Additionally, many existing models are domain-
specific or fail to generalize across diverse text
types. This creates a significant gap in real-
world applications where summaries must be
both accurate and readable. Addressing this
problem requires a hybrid approach that
leverages the strengths of both methods.

Literature Review

Text summarization has been widely studied in
the field of Natural Language Processing (NLP),
with two major categories: extractive and
abstractive summarization. Several studies have
explored the strengths and limitations of both
approaches.

Early extractive methods relied heavily on
statistical features such as term frequency (TF)
and term  frequency-inverse  document
frequency (TF-IDF), where key sentences were
selected based on word importance and
sentence ranking. Mihalcea and Tarau
introduced TextRank, a graph-based ranking
model inspired by Google’s PageRank algorithm

Abstractive summarization advanced with the
development of deep learning models such as
Recurrent Neural Networks (RNNs) and Long
Short-Term Memory (LSTM) networks. These
models generated summaries by learning input-
output sequences. However, they often
struggled with long-range dependencies and
context understanding

The introduction of transformer-based models
revolutionized summarization tasks. BERT [3],
T5 [4], and BART [5] became widely used for
abstractive summarization due to their ability to
understand complex language patterns and
generate coherent summaries. Raffel et al.
presented T5 as a text-to-text transfer model
that unified all NLP tasks under a single
framework , while Lewis et al. introduced
BART, a denoising autoencoder for pretraining
sequence-to-sequence models [5].

Despite their fluency, abstractive models can

sometimes  "hallucinate” information —
generating text that is grammatically correct but
factually inaccurate Extractive

summarization, on the other hand, ensures
factual integrity but often lacks readability.

To overcome these challenges, recent research
has focused on hybrid approaches. These
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models integrate extractive and abstractive
methods, aiming to preserve factual accuracy
while improving linguistic coherence. A
systematic survey by Zhang et al. (2024)
explores this trend, concluding that hybrid
methods consistently outperform single-mode
models across various evaluation benchmarks

This review  highlights that  hybrid
summarization models offer a promising path
forward, especially for real-world applications
like academic summarization, legal document
simplification, and intelligent content
recommendation systems.

Methodology

The proposed hybrid text summarization system
integrates both extractive and abstractive
techniques to produce summaries that are
accurate, coherent, and informative. The
methodology includes five main stages: dataset
selection, preprocessing, extractive
summarization, abstractive summarization, and
hybrid integration.

Dataset:

For this study, a diverse collection of text
documents was used to evaluate the
summarization system. The dataset includes:

e News articles

e Research paper abstracts

e Wikipedia entries

o Technical blogs and reports

The dataset was sourced from publicly available
online repositories such as CNN/DailyMail and
scientific research collections. Text samples
ranged from 500 to 1500 words, ensuring a
variety of content structures and writing styles.
These documents were used to test the system'’s
ability to generate both domain-specific and
general-purpose summaries.

Preprocessing:

The text documents underwent a preprocessing

stage to improve the accuracy and efficiency of

the summarization process. The following steps

were applied using the Natural Language Toolkit

(NLTK):

e Tokenization - Breaking down text into
individual words and sentences.

e Stopword Removal - Removing commonly
used words that do not add semantic value.

e Sentence Segmentation - Identifying
sentence boundaries to isolate units for
ranking.

e Lowercasing & Lemmatization -

Standardizing words by converting them to
lowercase and base forms.
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Extractive Summarization:

The extractive summarization module identifies

and selects key sentences from the input text

based on statistical significance. It ensures the
inclusion of all important factual content from
the original document. This process involves:

o TF-IDF Scoring - Each sentence is evaluated
based on the frequency of significant terms,
adjusted by their rarity across the corpus.

e (Cosine Similarity — Optional step to compare
sentence similarity and avoid redundancy
by filtering out semantically overlapping
sentences.

e Sentence Ranking - Sentences are ranked in
descending order of relevance.

e Selection Heuristic - A threshold-based
approach is applied to limit the summary
length to a fixed percentage (e.g., 30%) of
the original content.

e Stopword Density Check - Ensures selected
sentences are information-rich and not
overly generic.

This method is robust in maintaining semantic

integrity as it pulls sentences directly from the

source. It is especially suitable for domains
requiring factual accuracy, such as legal or
technical documents.

Abstractive Summarization:

To improve readability and coherence, the

extractive summary is passed into a deep

learning model for abstraction. The T5

Transformer model from Hugging Face is used

here:

e Model Framework - T5 is a pre-trained
encoder-decoder  model that  treats
summarization as a text-to-text
transformation task.

e Fine-Tuned Checkpoint - A T5-small or T5-
base model fine-tuned on CNN/DailyMail is
used for optimal balance between speed and
quality.

e Attention Mechanism - Self-attention layers
help the model focus on key parts of the
input while generating summaries.

e Output Filtering - Beam search decoding is
used to select the most probable summary
among multiple generated outputs.

e Grammar and Fluency Control - The
generated text is automatically checked for
coherence using sentence fluency metrics.

This module improves the human-like quality of
the summary and removes redundancy or
awkward phrasing commonly present in
extractive summaries.

Hybrid Integration:
The final summary is obtained by intelligently
merging the extractive and abstractive
components. This hybrid approach is designed
to combine the factual robustness of extractive
summarization with the readability and
elegance of abstractive summarization.

e Pipeline Sequence - First, extractive
summarization = narrows down  the
important content; then, the abstractive
model refines it.

e Information Retention Check - Key terms
from the original text are compared with the
hybrid summary to ensure critical data is
retained.

e Redundancy Reduction -  Sentence
similarity metrics are applied to remove
duplicated ideas across the final output.

e Post-Processing - Optional grammar
correction and rephrasing through a
language model API or integrated tool.

e Evaluation Metrics Compatibility - The
hybrid output is optimized to score well on
ROUGE, BLEU, and potentially human
evaluation metrics.

Results And Evaluation

The proposed hybrid text summarization model
was  evaluated against a  benchmark
transformer-based model (BART) using
standard evaluation metrics. The results were
analyzed in terms of both quantitative
performance (ROUGE and BLEU scores) and
qualitative ~ output  quality  (readability,
informativeness, and coherence).

Evaluation Metrics:

The following metrics were used:

e ROUGE-1: Overlap of unigrams between the
system and reference summaries.

e ROUGE-2: Overlap of bigrams.

e ROUGE-L: Longest Common Subsequence-
based metric.

e BLEU Score: Measures how close the
machine-generated summary is to human-
written text.
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Quantitative Results:

Evaluation Metrics Comparison (Hybrid vs BART vs PEGASUS)
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Figure 1(Evaluation Metrics Comparison)

Showing Comparison Result:

Model Rouge-1 Rouge-2 Rouge-L BLUE Score
Hybrid Model 48.2 23.7 45.1 34.5

BART 44.8 21.5 42.3 321
Conclusion

This research presents a hybrid approach to text
summarization that integrates both extractive
and abstractive techniques to generate concise,
coherent, and informative summaries. The
extractive component  ensures factual
correctness by identifying and selecting key
sentences, while the abstractive component
enhances fluency and coherence using a deep
learning-based transformer model.

The proposed system was evaluated using
standard metrics such as ROUGE and BLEU, and
the results indicate that the hybrid model
outperforms standalone models like BART in
terms of both informativeness and linguistic
quality. Visual comparisons further
demonstrated the improved readability and
reduced redundancy achieved through the
hybrid method.

The developed approach can be applied across
various domains including academic research,
legal documents, and news summarization —
where maintaining both accuracy and
readability is essential. The hybrid model
balances these aspects effectively and serves as
a reliable solution for real-world text
summarization tasks.
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