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Abstract

Extractive question answering (QA) aims to locate precise answer spans within a text passage for a given question, which is
crucial for applications such as virtual assistants, information retrieval, and domain-specific tools. Transformer-based models
like BERT have achieved high accuracy on benchmark datasets, yet they often struggle with capturing fine-grained local
patterns, domain-specific terminology, and computational efficiency. To address these limitations, we propose a hybrid CNN-
BERT architecture that integrates convolutional neural networks with BERT’s contextual embeddings. The CNN layer enhances
local feature extraction while BERT captures global semantic context, resulting in richer token representations. Experiments
were conducted on the SQUAD 2.0 dataset and a custom banking QA dataset. The proposed model achieves an Exact Match
(EM) of 82.5% and F1 score of 85.2% on SQUAD 2.0, outperforming recent transformer-based baselines. On the domain-specific
dataset, it reaches 75.8% EM and 78.9% F1, demonstrating robustness in handling specialized vocabulary and unanswerable
questions. Ablation studies confirm the importance of multi-scale CNN filters in capturing local patterns. These results indicate
that the CNN-BERT hybrid model effectively balances global contextual understanding and local semantic precision, providing a
reliable solution for both general and domain-specific QA tasks.

Keywords: Extractive Question Answering, BERT, CNN-BERT Hybrid, SQUAD 2.0, Domain-Specific QA, Local Feature Extraction,
NLP

1. Introduction
Natural Language Processing (NLP) has become a cornerstone of modern artificial intelligence, enabling machines
to comprehend, interpret, and generate human language. Among the numerous NLP tasks, extractive question
answering (QA) has gained significant attention due to its wide range of applications, including virtual assistants,
search engines, automated customer support, and domain-specific information retrieval in healthcare, finance,
and legal sectors. Extractive QA differs from generative QA in that it identifies the exact span of text in a given
passage that answers a posed question, rather than generating text from scratch. Accurate span detection is
critical, as even minor errors can result in incorrect or incomplete information retrieval [1,2].
The advent of transformer-based models, particularly BERT (Bidirectional Encoder Representations from
Transformers), marked a turning point in NLP by providing deep contextualized embeddings and enabling
bidirectional understanding of text [1]. BERT has set state-of-the-art performance on standard QA benchmarks
such as SQUAD 1.1 and SQUAD 2.0 [2]. Despite its success, BERT and similar transformer architectures face
challenges in several areas: they may underrepresent local semantic patterns, struggle with domain-specific
vocabulary, and often require significant computational resources [3,4]. This has motivated researchers to explore
hybrid approaches that combine BERT’s global context understanding with mechanisms capable of capturing fine-
grained, local patterns.
Convolutional Neural Networks (CNNs) are widely recognized for their ability to extract local features from text
sequences, capturing n-gram and syntactic patterns that are sometimes overlooked by self-attention mechanisms
[5,6]. Integrating CNNs with transformers can improve the model’s sensitivity to local context while retaining
global semantic comprehension. Recent works have explored CNN-Transformer hybrids for QA and other NLP
tasks, showing improvements in span prediction accuracy, unanswerable question detection, and domain-specific
QA [7-10].
However, a gap remains: while these hybrid architectures demonstrate potential, few studies evaluate their
performance simultaneously on both open-domain datasets (like SQUAD 2.0) and domain-specific datasets, such as
those in banking or finance, especially using the most recent models (2022—-2025) [11-15]. Addressing this gap is
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crucial for practical deployment, where models must handle diverse Imgmstlc structures speaahzed termlnology,
and unanswerable questions.

In this study, we propose a CNN-BERT hybrid model for extractive QA that |ntegrates ‘convolutional layers with
BERT embeddings. The CNN component captures local lexical and syntactic features, while-BERT provides deep
contextualized representations. Our approach is evaluated on both the SQUAD 2.0 benchmark and a custom
domain-specific banking QA dataset. The main contributions of this work include:

1. Designing a CNN-BERT hybrid model tailored for extractive QA, improving both EM and F1 scores.

2. Conducting extensive evaluation on open-domain and domain-specific datasets.

3. Performing ablation studies to quantify the contribution of multi-scale CNN filters.

4. Comparing performance with recent QA models, demonstrating the effectiveness of hybrid architectures.

This work aims to provide a robust and practical solution for extractive QA, capable of balancing global semantic
understanding with precise local pattern recognition, making it suitable for both general-purpose and specialized
applications.

2. Literature Review

Extractive Question Answering (QA) has attracted significant research attention over the past decade due to its
practical applications in search engines, virtual assistants, and domain-specific information systems. The evolution
of QA systems can be broadly categorized into three phases: traditional machine learning methods, deep learning-
based models, and transformer-based approaches with hybrid enhancements.

2.1 Traditional and Early Deep Learning Approaches

Early QA systems relied on rule-based techniques and statistical machine learning methods. Approaches such as
TF-IDF and BM25 were commonly used for candidate answer retrieval from large text corpora [1,2]. These
methods were limited by their inability to capture contextual semantics, resulting in poor performance on complex
or ambiguous questions. With the advent of deep learning, recurrent neural networks (RNNs), especially LSTM and
GRU, were used to model sequences and capture long-range dependencies in text [3,4]. CNNs were also explored
for sentence-level classification and span detection, proving effective in capturing local n-gram features [5,6].

2.2 Transformer-Based Models for QA

The introduction of BERT [7] marked a turning point in QA research. BERT’s bidirectional transformers allowed
models to understand both left and right contexts simultaneously, achieving state-of-the-art results on
benchmarks like SQUAD 1.1 and SQuUAD 2.0 [8]. Variants like RoBERTa [9], ALBERT [10], and DistilBERT [11]
improved performance and computational efficiency. Despite their success, transformers often underrepresent
local patterns critical for precise answer span extraction, particularly in domain-specific contexts [12].

2.3 Hybrid Architectures

To address these limitations, hybrid models combining CNNs with transformers have been proposed. ConvBERT
[13] enhances BERT with span-based dynamic convolution, improving local context capture. Other studies, such as
Li et al. [14], Zhang et al. [15], and Khan et al. [16], explored CNN-transformer hybrids for financial and biomedical
QA, demonstrating improved Exact Match (EM) and F1 scores. These studies indicate that multi-scale CNN filters
effectively complement transformer embeddings by detecting n-gram patterns and syntactic features overlooked
by attention mechanisms alone.

2.4 Domain-Specific QA

QA in specialized domains, such as finance, law, and healthcare, requires models to understand technical
terminology and context-specific reasoning. Wang et al. [17] proposed local attention BERT for biomedical QA,
showing that domain-adaptive strategies are crucial for accurate span detection. Similarly, Lee and Kim [18]
applied CNN-transformer hybrids in legal QA, achieving higher performance on unanswerable questions. These
studies confirm the importance of combining global contextual representations with localized feature extraction to
improve domain-specific QA.
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2.5 Research Gap B
Despite notable progress, several challenges remain. First, while hybrid CNN-BERT models show improvements, -
few studies systematically evaluate their performance across both open-domain and domain-specific datasets,
particularly in banking and finance. Second, most prior works do not incorporate recent medels, which leverage
advanced pretraining and domain adaptation techniques. Third, existing studies often focus on EM or F1 alone,
neglecting unanswerable question detection, a key metric in real-world QA deployment. Addressing these gaps is
essential to develop robust QA systems capable of generalizing across diverse domains while maintaining high
accuracy.

2.6 Reference Table of Recent QA Studies

Table 1 presents a comparison of representative studies on extractive question answering published between 2019
and 2024, highlighting the progression of transformer-based and hybrid architectures across diverse application
domains. Devlin et al. (2019) introduced BERT-base as a strong open-domain baseline on the SQUAD 2.0 dataset,
achieving an Exact Match (EM) score of 73.2% and an F1 score of 76.8%. This work established the foundation for
transformer-based extractive QA systems and remains a widely adopted benchmark.

Table 1. Comparative Analysis of Recent Extractive Question Answering Models

‘Dataset HMethod HEM (%) ‘Fl (%) ‘Notes ‘
SQUAD 2.0 |[BERT-base |73.2 ||76.8 |lopen-domain QA baseline |
[Finance QA ||CNN-BERT |72.5 ||75.9 |[Domain-specific QA |
Biomedical

QA Local Attention BERT |[78.1 81.2 ||[Focus on unanswerable detection

‘Banking QA ”Multi—scale CNN—BERTH79.3 H82.1 HHybrid approach, domain adaptation ‘

‘Legal QA ”CNN-Transformer H77.5 H80.4 HDomain-specific, unanswerable questions‘

Subsequent research has focused on improving BERT’s effectiveness in domain-specific settings. Li et al. (2022)
applied a CNN-BERT hybrid model to financial question answering, reporting EM and F1 scores of 72.5% and
75.9%, respectively. Their results demonstrate the usefulness of convolutional layers in capturing local semantic
patterns, although performance was constrained by the complexity of financial terminology.

Wang et al. (2023) proposed a Local Attention BERT model for biomedical QA, achieving EM and F1 scores of 78.1%
and 81.2%. Their approach placed particular emphasis on handling unanswerable questions, showing that localized
attention mechanisms can improve robustness in specialized domains.

More recent hybrid models further advance this line of research. Khan et al. (2024) introduced a multi-scale CNN-
BERT architecture for banking QA, attaining EM and F1 scores of 79.3% and 82.1%, respectively. Their study
highlights the benefit of using multiple convolutional kernel sizes to capture fine-grained contextual features.
Similarly, Lee and Kim (2024) proposed a CNN-Transformer model for legal QA, achieving EM and F1 scores of
77.5% and 80.4%, and demonstrating improved performance in identifying unanswerable questions within legal
documents.

Overall, the studies summarized in Table 1 indicate a clear trend toward hybrid architectures that combine global
contextual modeling with local feature extraction. However, many existing approaches remain limited to specific
domains or rely on single mechanisms for local feature learning. These limitations motivate the proposed CNN-
BERT hybrid model, which aims to deliver improved generalizability and answer span accuracy across both open-
domain and domain-specific question answering tasks.

3. Methodology

This chapter presents the proposed CNN-BERT hybrid architecture for extractive question answering (QA). The
design integrates BERT’s global contextual understanding with CNN’s local feature extraction capabilities, aiming to
improve answer span detection in both open-domain and domain-specific datasets.
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3.1 Overview of the Proposed Model R . ey
The hybrid model consists of four main components: N T RS
1. Input Representation — Tokenized question and context sequences are concatenatédand fed into BERT.
2. BERT Encoder — Generates contextual embeddings for each token, capturing semantic a"hd,\syntactic
information.
3. CNN Layer — Applies one-dimensional convolution filters over BERT embeddings to extract local n-gram
patterns.
4. Output Layer — Predicts the start and end positions of the answer span using enhanced embeddings.

Figure 1 illustrates the overall architecture.

Input Layer BERT Encoder CNN Layer Output Layer

- Start Position
Question + Context Contextualized ko Comvoutton Prediction

[CLS] Question [SEF] »{ Token Embeddings * Local Fea.tulre : 3 End Position
Context [SEF] (H) Estraction Prediction
(Softmax)

3.2 Input Representation

Following standard practice in extractive QA, the input to the model consists of the concatenated question and
context passage, separated by special tokens [CLS] and [SEP]. The tokenization is performed using BERT’s
WordPiece tokenizer, ensuring consistency with pre-trained BERT embeddings.

Formally, the input sequence is:

[CLS] Question tokens [SEP] Context tokens [SEP]

Each token is mapped to an embedding vector, which serves as input to the BERT encoder.

3.3 BERT Encoder

We employ a pre-trained BERT-base or BERT-large model to generate contextualized embeddings for each token in
the input sequence. BERT’s transformer layers use self-attention mechanisms to capture bidirectional context,
resulting in rich semantic representations.

The output of the BERT encoder is a sequence of embedding vectors, as denoted as:

H={hhy,...,hn}

Where :

e His output of the final encode layer,

e hi€RYrepresents the contextualized embedding of the i-th token,

e nisthe number of token in the input sequence after tokenization, and

e dis the dimensionality of the hidden states ( typically d = 768 for BERT- base and d = 1024 for BERT — large).

3.4 CNN Layer for Local Feature Extraction

To complement BERT’s global context, we introduce a CNN layer that operates on the BERT embeddings denoted
as H. This layer consists of multiple one-dimensional convolutional filters with varying kernel sizes designed to
capture local patterns of different lengths (e.g., bi-grams, tri-grams).

Each filter performs convolution over the token embedding sequence:

ci= ReLU(W+hii-1+b)

where:

e ciis the output feature at position i,

o wer‘"? is the convolution filter with kernel size k,

o  hiik-1er" 9 is the slice of BERT embeddings covered by the filter,

®  peris the bias tern, and

e rew is the rectified liner unit activation function.
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Multiple filters with different kernel sizes operate in parallel, and their outputs are concatenated to form enriched
token representations that incorporate both global and local features. D =

3.5 Output Layer N

The enhanced token representations produced by the CNN layer are fed into two mdependent linear classifiers to
predict the probability distributions over the input tokens for the start and end positions of the answer span.
Formally, for each token iii, the start and end logits are computed as:

pistart = softmax(Wstart*Ci + bstart)

pie"d = softmax(Wend-Ci + bend)

where:

e G €RY isthe enriched embedding for token i,

o Watart, Wend€ R'"¢ are the learning weight vectors for the start and end classifiers, respectively,

®  bstart, bend € R are the corresponding bias terms, and

e softmax is applied over all tokens in the sequence to produce a valid probability distribution.

During training, the model minimizes the sum of the negative log-likelihood losses for the correct start and end
positions.

3.6 Training Setup

e Loss Function: Cross-entropy loss is used for both start and end position predictions.

e  Optimization: We employ the Adam optimizer with a learning rate schedule and warm-up steps to fine-tune
the model effectively.

e  Regularization: Dropout is applied after the CNN layer and before the output classifiers to prevent overfitting.

e Batch Size and Epochs: Experiments are conducted with batch sizes ranging from 16 to 32 and trained for up
to 10 epochs, balancing convergence and training time.

e Implementation: The model is implemented in PyTorch using the Hugging Face Transformers library, allowing
for easy integration of pre-trained BERT weights.

3.7 Model Variants and Ablation

Ablation studies evaluate the importance of the CNN layer:

e  Without CNN: Directly use BERT embeddings for start/end prediction

o Kernel Size Variation: Single vs. multi-scale filters

e  Filter Count: Number of convolution filters (16, 32, 64)

Results show multi-scale CNN filters improve EM and F1 by capturing diverse local patterns, especially in domain-
specific datasets like banking QA.

3.8 Summary

The proposed CNN-BERT hybrid model balances global context with local feature extraction. By combining BERT
embeddings with convolutional layers, the architecture improves span prediction accuracy, unanswerable question
detection, and adaptability to specialized domains.

4. Datasets and Preprocessing

This chapter describes the datasets used for evaluating the proposed CNN-BERT hybrid model, along with
preprocessing steps to ensure compatibility with transformer architectures and accurate training for extractive
qguestion answering (QA).

4.1 Datasets Overview

To comprehensively evaluate our approach, experiments were conducted on two datasets:

1. SQuAD 2.0 - A widely used open-domain QA benchmark.

2. Custom Banking QA Dataset — Designed to test the model’s adaptability to domain-specific language and
terminology.
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4.1.1 SQuUAD 2.0 Dataset

e Developed by Stanford University, SQUAD 2.0 extends the original SQuAD T by |nclud|ng ‘unanswerable -
questions, making the task more challenging. [

e  Statistics: Over 100,000 question-answer pairs; split into training, validation, and test sets

e Data Format: Each instance contains a context paragraph, a question, and either an answer span or a null
answer.

e Evaluation Metrics: Exact Match (EM), F1 score, and unanswerable question accuracy.

4.1.2 Custom Banking QA Dataset

To assess domain adaptation, we created a banking-focused QA dataset with 5,200 question-answer pairs,

including both answerable and unanswerable questions.

e Data Sources: Banking documents, product brochures, regulatory manuals, and customer support transcripts.

e Domain Complexity: Contains specialized terms such as interest rate spread, KYC compliance, and credit
scoring.

e Annotation: Expert-verified answer spans to ensure accuracy and consistency.

e Purpose: Evaluate CNN-BERT’s ability to capture local and domain-specific patterns.

4.1.3 Dataset Statistics Table

Table 2 presents a comparison between the widely used SQUAD 2.0 dataset and a Custom Banking QA dataset
across several key dimensions. The table highlights the total number of questions, the split between answerable
and unanswerable questions, the average context length measured in tokens, and the year of release. SQUAD 2.0 is
a large-scale, general-purpose benchmark introduced in 2019, designed to evaluate both answer extraction and
the ability to detect unanswerable questions. In contrast, the Custom Banking QA dataset is a smaller, domain-
specific dataset released in 2024, tailored for real-world banking applications, with shorter contexts and a strong
emphasis on practical unanswerable scenarios. Together, these datasets illustrate the trade-off between
benchmark scale and domain specialization in QA evaluation.

Table 2: Comparison of Question Answering Datasets

‘Dataset H#Questions HAnswerabIe HUnanswerable HAvg. Context Tokens ‘
SQUAD 2.0 200,000+ |l86,000+ |[14,000+ 1120 |

Custom Banking

QA 5,200 4,200 1,000 95

4.2 Data Preprocessing
Preprocessing ensures that both datasets are compatible with BERT input requirements.

4.2.1 Tokenization
o All text is tokenized using BERT WordPiece tokenizer.

4.2.2 Truncation and Padding

e  Maximum sequence length: 512 tokens.

e Longer sequences are truncated, retaining full question and as much context as possible.
e Shorter sequences are padded dynamically within the batch.

4.2.3 Answer Span Alignment
e Character-level answer positions are converted to token-level indices after tokenization.
e Unanswerable questions are labeled with start and end indices = 0.

4.2.4 Batch Preparation
e Dynamic batching is used to minimize padding and optimize GPU memory.
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4.3 Data Augmentation g .
To increase robustness, data augmentation techniques can be applied: :
e Back-translation: Paraphrasing questions via translation cycles.

e  Synonym Replacement: Introducing lexical variety.

e Random Masking: Encourages reliance on context.

4.4 Dataset Relevance to Proposed Model

The combination of open-domain (SQUAD 2.0) and domain-specific (banking) datasets allows:
e  Evaluating global contextual understanding (via BERT).

e Assessing local pattern extraction capabilities (via CNN layers).

e Testing unanswerable question detection in both general and specialized contexts.

Table 3: Dataset-Model Compatibility

NN-BERT
Dataset Supports C Notes
Features
‘SQuAD 2.0 HYes HOpen—domain, includes unanswerable questions|
‘Banking QA ”Yes HSpeciaIized vocabulary, local context critical |

5. Experiments and Results

This chapter presents the experimental setup, training configurations, evaluation metrics, and results of the
proposed CNN-BERT hybrid model. Comparisons with recent works (2022-2025) demonstrate the effectiveness of
the proposed approach on both SQUAD 2.0 and the custom banking QA dataset.

5.1 Experimental Setup

5.1.1 Baseline Models

To validate the proposed approach, we compare against:

BERT-base — Fine-tuned on QA without modifications.

BERT-large — Larger transformer baseline.

Recent CNN-BERT variants and hybrid QA models (2022-2025):

Huang et al., 2022 — Multi-scale CNN-BERT for domain QA.

Kumar et al., 2023 — Transformer-CNN hybrid with local feature extraction.
Lee and Kim, 2024 — Legal QA hybrid using CNN and BERT.

000 wNR

5.1.2 Training Details

e Hardware: NVIDIA Tesla V100 GPUs

e Batch Size: 16 (BERT-large), 32 (BERT-base & CNN-BERT)
e Learning Rate: 3e-5, linear decay, 10% warm-up

e Epochs: 10, with early stopping

e  Optimizer: Adam (B1=0.9, $2=0.999, e=1e-8)

e Dropout: 0.1 after CNN layer

5.1.3 Evaluation Metrics

e Exact Match (EM): Measures exact match with ground truth

o  F1 Score: Harmonic mean of token-level precision and recall

e Unanswerable Accuracy (UA): Correctly identifies unanswerable questions

5.2 Results on SQUAD 2.0
Table 4 compares the performance of several QA models in terms of Exact Match (EM), F1 score, and
Unanswerable Accuracy (UA). BERT-base achieves an EM of 74.8%, F1 of 77.5%, and UA of 70.2%, while BERT-large
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improves to 79.0%, 81.5%, and 75.5%, respectively, demonstrating the beﬁeﬁt, ofxlargerﬁ model capacity. Later
models, including Huang et al., and Kumar et al., show incremental improvemer{fs;\[_eaching EM of 81.2%, F1 of
83.4%, and UA of 77.8%, reflecting architectural enhancements and advanced training strategies. The proposed
CNN-BERT model outperforms all baselines with EM of 82.9%, F1 of 85.1%, and UA of 79.;%, highlighting the
effectiveness of combining convolutional layers with BERT for better contextual feature extraction and handling of
unanswerable questions. Overall, the results indicate steady performance improvements over time, with CNN-
BERT achieving the best balance between answer accuracy and robustness.

Table 4: Performance Comparison of QA Models

IModel |EM (%) ||F1 (%) |UA (%) |
[BERT-base 748 |[77.5 |70.2
[BERT-large |[79.0 |[81.5 |75.5

Huangetal, 2022 805 |j82.9 [77.0
[kumaretal, 2023 |81.2 834 [77.8

Proposed CNN-BERT |(82.9 85.1 ||79.2

The proposed model improves EM and F1 by over 1-2% compared to recent hybrid models. Its higher UA indicates
better detection of unanswerable questions, likely due to enhanced local pattern extraction through CNN layers.

5.3 Results on Custom Banking QA Dataset

Table 5 presents the performance of various QA models in terms of Exact Match (EM), F1 score, and Unanswerable
Accuracy (UA). BERT-base (2019) achieves EM of 74.8%, F1 of 77.5%, and UA of 70.2%, while BERT-large (2019)
improves to 79.0%, 81.5%, and 75.5%, reflecting the benefits of increased model capacity. Subsequent models,
including Huang et al., 2022 and Kumar et al., 2023, show further incremental gains, reaching EM of 81.2%, F1 of
83.4%, and UA of 77.8%, due to architectural refinements and advanced training strategies. The proposed CNN-
BERT model (2025) achieves the highest performance with EM of 82.9%, F1 of 85.1%, and UA of 79.2%,
demonstrating that integrating convolutional layers with BERT enhances contextual feature extraction and
improves handling of unanswerable questions. Overall, the results highlight a steady improvement in both
accuracy and robustness across models.

Table 5: Performance Comparison of QA Models

IModel [Em (%) |F1(%) |
[BERT-base les.a 701 |
[BERT-large 687 725 |
|Lee & Kim, 2024 705|740 |
Proposed CNN-BERT 74.2 77.8

In domain-specific QA, the CNN-BERT hybrid outperforms recent models by capturing local syntactic and semantic
features, improving EM and F1 by ~3-4%.

5.4 Ablation Study
Table 6: Ablation Study of CNN-BERT Variants

‘Variant HEM (%) ||F1 (%)
‘CNN-BERTw/o CNN layer H80.8 H83.0 HBERTembeddings only ‘

Notes ‘
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Notes k. ' -

\Variant |[EM (%) |[F1 (%)
ISingIe kernel (k=3) H81.5 “84.0 “Less multi-scale capture ‘

Multi-scale kernels

2. ! Best f t t
(k=2,3,4) 82.9 85 est performance across datasets

Table 6 summarizes the performance of different CNN-BERT variants in terms of Exact Match (EM) and F1 score.
Removing the CNN layer entirely results in EM of 80.8% and F1 of 83.0%, indicating that using only BERT
embeddings reduces contextual feature extraction. Introducing a single convolutional kernel of size 3 improves
performance to EM of 81.5% and F1 of 84.0%, but limits the model’s ability to capture multi-scale patterns. Using
multi-scale kernels of sizes 2, 3, and 4 achieves the best performance with EM of 82.9% and F1 of 85.1%,
demonstrating that multi-scale convolution effectively enhances feature representation across diverse contexts.
Multi-scale CNN filters improve QA by capturing n-gram patterns at varying lengths, essential for both general and
domain-specific contexts.

5.5 Efficiency Analysis

e Training time increased by ~10% due to CNN layers.

e Inference speed comparable to BERT-large.

e  Trade-off between accuracy improvement and computational cost is practical for real-world deployment.

5.6 Qualitative Analysis

Case studies on banking QA show:

e  CNN-BERT extracts precise answers from complex policy clauses.
e  Correctly predicts “no answer” for unanswerable questions.

e  Outperforms baselines when semantic distractors are present.

6. Discussion and Conclusion

The experimental results demonstrate that the proposed CNN-BERT hybrid model consistently outperforms
baseline BERT models as well as recent hybrid approaches from 2022-2024 across both SQUAD 2.0 and the custom
banking QA dataset. By integrating convolutional layers over BERT embeddings, the model effectively captures
local syntactic and semantic patterns while retaining BERT’s global contextual understanding, resulting in higher
Exact Match (EM), F1 scores, and improved unanswerable question detection.

The ablation studies confirm that multi-scale convolutional filters (kernel sizes 2, 3, and 4) are critical for capturing
diverse local patterns, while efficiency analysis shows that the hybrid model adds only a modest 10% to training
time without significantly affecting inference latency. Qualitative evaluation further highlights that the model
accurately extracts fine-grained answers from complex domain-specific text and avoids misleading semantic
distractors, which is especially valuable in banking and regulatory contexts where precision is crucial. While the
CNN-BERT approach demonstrates substantial improvements, it introduces additional model complexity, which
may be challenging in highly resource-constrained environments.

Future work will focus on exploring efficient convolutional architectures, unsupervised and few-shot domain
adaptation techniques, and extending the framework to generative QA and dialogue systems to further enhance
flexibility and performance. Overall, the study illustrates that combining CNNs with transformer embeddings
provides a promising and practical strategy for bridging the gap between global and local context modeling in
extractive question answering tasks, establishing a strong foundation for both open-domain and specialized QA
applications.
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