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Abstract

Deep learning models, such as Convolutional Neural Networks (CNNs) and Vision Transformers (ViTs), have
achieved state-of-the-art performance in the classification of brain lesions on MRI images. However, the complexity
of this type of images requires CNNs to use deeper architectures with more parameters to effectively capture
their high-dimensional features and subtle variations. On one side, ViTs provide a different approach to tackle
this challenge, but they require larger datasets and more computational costs. On the other side, ensemble deep
learning techniques, such as Bagging, Stacking, and Boosting, can help mitigate these limitations by combining
multiple CNN models. This study explores these methods and compares them to evaluate their accuracy and
efficiency using three approaches: CNN-based transfer learning, ViT-based transfer learning, and ensemble
deep learning techniques, such as Bagging, Stacking, and Boosting based on XGBoost, AdaBoost methods. The
experiments, carried out on four MRI image datasets with different levels of complexity and types of brain lesions,
show that the combination of CNNs with ensemble techniques offers very competitive performances to those of
individual CNNs and ViTs, with interesting improvements compared to already existing approaches.
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1. Introduction

Brain lesions, including those caused by strokes, tumors, and ischemic injuries, pose significant diag-
nostic challenges due to their complex nature. These complexities involve including varying shapes,
sizes, locations, textures and appearances, as well as variability in presentation in medical imaging.
Traditional imaging methods often require specialized expertise, advanced techniques, and a deep
understanding of subtle patterns within images, which can lead to variability in interpretation and be
limited by the available data. Deep learning has significantly improved the detection, classification, and
segmentation of complex medical conditions, including brain lesions. Convolutional Neural Networks
(CNNs) and Vision Transformers (ViTs) have emerged as leading solutions in medical imaging tasks
due to their ability to automatically extract and learn from complex features.

Transfer learning involves adapting models that are pre-trained on large datasets, such as ImageNet,
for use in medical imaging, however, its effectiveness depends on model’s architecture and the size of
the dataset. For example, when comparing CNNs to ViTs, CNNs often face challenges in generalizing
across specific datasets, particularly when dealing with the deep features of brain lesions or the limited
availability of labeled medical data.

To address the performance gap between CNNs and ViTs in classification tasks, this study proposes
a comprehensive approach to enhance the performance of CNN models (in feature extraction mode)
to match that of ViTs. This is achieved by utilizing transfer learning to extract features from CNNs
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and employing ensemble methods such as Bagging, Stacking, and Boosting (e.g., XGBoost, AdaBoost).
These techniques allow CNNs to generalize better by detecting more global features and capturing
complex relationships from diverse extracted features. As a result, this approach achieves performance
comparable to ViTs and significantly improves generalization for brain lesions classification, such
as tumor and stroke predictions, thereby closing the gap between CNNs and ViTs in both feature
extraction. The rest of the paper is organized as follows: Section 2 reviews the related work in brain
lesion classification using machine and deep learning methods, Section 3 describes the proposed
approaches, Section 4 covers the experimental results with the different datasets used. A discussion of
the results and a comparison with existing work have been provided at the end of this section.

2. Related work

In recent years, several machine learning and deep learning approaches have been explored to improve
accuracy in predictive tasks on Brain Stroke CT Image dataset. Sailasya et al. [1] conducted a comparative
study using Logistic Regression (LR), Decision Trees (DR), and Random Forest (RF), achieving accuracies
of 78%, 66%, and 73%, respectively. Similarly, Aniwat et al. [2] employed a Deep Neural Network
(DNN), achieving a significant improvement with an accuracy of 96.21%. Devet et al. [3] extended
this line of research by experimenting with Support Vector Machines (SVM), RF, and CNN, obtaining
accuracies of 68%, 74%, and 74%, respectively. Further advancements were observed by Santwana et al.
[4] who achieved 87.22% accuracy with RF, and Akter et al. [5], whose RF model yielded an accuracy of
95.30%. Tursynova et al. [6] employed CNN with an accuracy of 81%, while Yeo et al. [7] combined RNN
and CNN architectures, achieving 93%. Gupta et al. [8] demonstrated the effectiveness of DenseNet-121,
reporting an accuracy of 96%. Luis et al. [9] also reported high performance using a DNN, with
92.70% accuracy. Moreover, a hybrid approach combining Genetic Algorithm (GA) with Long Short-
Term Memory (LSTM) and Bidirectional LSTM (BiLSTM) achieved accuracies of 95.35% and 96.45%,
respectively [10]. The proposed method, combining XGBoost with VGG16, outperforms the previous
approaches with an accuracy of 98.6%, indicating a significant improvement over traditional and deep
learning methods. Another study [11] utilized a CNN-based transfer learning approach for automated
stroke lesion classification, achieving 95.06% precision. Additionally, a recent integrated approach [12]
combining ResNet50, Vision Transformer, and AutoML, enhancing both slice-level and patient-wise
predictions on CT volume for real brain Stroke Dataset, with 87% and 92% accuracy, respectively,
outperforming standalone models like VGG-16, VGG-19, ResNet50, and ViT by 9%, highlighting the
advantage of leveraging transformers within hybrid architectures.

For Acute Ischemic Stroke (AIS) lesions, classification is less common compared to segmentation tasks,
due to the complexity of these images and the need for large, diverse datasets with labeled outcomes.
However, classification remains relevant for tasks such as stroke detection, subtype identification
(ischemic vs. hemorrhagic), severity grading, and patient recovery prediction. Recent studies have
explored the use of advanced models for AIS classification. One study [13] utilized ResNet101 and
DenseNet201 models on an MRI dataset [14], achieving an impressive accuracy of 97.5% using a 10-fold
cross-validation approach. Another study [15] evaluated the performance of transfer learning-based
CNN models (Inception-v3, EfficientNet-b0, and a modified LeNet), finding that Inception-v3 had the
best overall accuracy (86.3%) and performance metrics. Additionally, another study [16] highlighted
the benefits of combining clinical and imaging data to predict 3-month functional outcomes in AIS
patients. This study used a multi-center dataset of 4,147 patients and developed three models: Model
A (clinical data), Model B (imaging data), and Model C (integrated model). Model C, which combined
clinical and imaging data, demonstrated the highest performance with an AUC of 78.6%, outperforming
both Model A (AUC: 75.7%) and Model B (AUC: 72.5%).

Building on advancements in Vision Transformers (ViTs), recent studies have investigated their
application in brain imaging to address challenges in prediction accuracy and data efficiency. One
study [17] leveraged a transformer architecture instead of traditional CNNs, where the proposed
ViT model achieved 80.03% accuracy on training and 81.20% on testing. Other approaches [18,



19] improved the prediction of brain stroke lesions on CT imaging data by combining non-contrast
CT images with patient reports through a multi-modal fusion framework based on the Transformer
architecture. These approaches leveraged complementary information from both sources, demonstrating
the potential of Transformer-based models in multi-modal medical applications, achieving state-of-the-
art performance. Additionally, to address the challenge of data imbalance in stroke diagnosis, a recent
study [20] introduced a ViT model designed to improve stroke classification accuracy by employing
data augmentation. The model’s performance significantly increased from 97.25% accuracy to 98.75%,
demonstrating how data augmentation effectively enhances predictive accuracy.

For brain lesions, various studies used MRI images from patients with Glioma, Meningioma, and
Pituitary tumors on the Brain Tumor Dataset [21] based on ensemble learning approaches. Research [22]
utilized ensemble deep learning models to improve diagnostic prediction for brain tumors, integrating
CNNs. The stacked ensemble of three models, VGG19, Inception v3, and ResNet10, achieved a high
accuracy of 96.6% for binary classification. A novel brain tumor classification model [23], using the
XGBoost algorithm to address the challenge of limited data, employed image augmentation through a
conditional Generative Adversarial Network (cGAN). It introduced a hybrid feature fusion approach,
combining deep features, 2D Fractional Fourier Transform (2D-FrFT) features, and geometric features
to capture both global and local information from MRI scans. The model achieved a high classification
accuracy of 98.79% and sensitivity of 98.77%, outperforming state-of-the-art algorithms on the Brain
Tumor Dataset. Another paper [24] introduced bagging to improve CNN predictions, where Efficient-
NetB0’s accuracy increased from 97.71% to 99.64% when features extracted from it were fed into a
bagging tree classifier, leading to a significant improvement in overall performance on the Brain Tumor
Dataset. Another research [25] highlighted that AdaBoost, which uses a boosting technique to convert
weak models into stronger ones, achieved a higher accuracy of 95% compared to 89% for Random
Forest on the Brain Tumor Dataset.

Another area of research in brain tumors focuses on detecting tumors and predicting the presence
of MGMT promoter methylation, a crucial biomarker for determining glioma treatment response
using MRI scans. The MICCAI initiative has introduced a comprehensive and complex dataset in
this field, known as the RSNA MICCAI-MICCALI dataset [26], which is widely used for advancing
research in brain tumor detection and MGMT status prediction. In recent years, the application of
ensemble learning methods has significantly impacted the analysis of the RSNA MICCALI Brain Tumor
Radio Genomic Classification Challenge dataset. Researchers have utilized ensemble deep learning
frameworks to enhance classification accuracy, especially for predicting MGMT promoter methylation
status, a key biomarker in glioma treatment. One study [27] compared three different deep learning
approaches—whole-brain, slice-wise, and voxel-wise—for predicting MGMT promoter methylation
status using fivefold cross-validation, leveraging YOLOv5x, pre-trained on the COCO dataset, and
a 3D-DenseNet169 model from the MONAI models package with transferred weights. Among the
approaches, the whole-brain method consistently outperformed the others, achieving the highest
accuracy (55.26% to 66.37%) and AUC-ROC values (up to 0.6597), likely due to its ability to capture
the 3D spatial relationships in the brain. The voxel-wise approach followed, with better performance
(accuracy: 59.23% to 63.71%, AUC-ROC: up to 0.6608), while the slice-wise approach had the lowest
accuracy (50.00% to 60.34%) and AUC-ROC values (0.5023 to 0.6236), indicating it missed important
spatial information. This demonstrates the advantage of 3D models in predicting MGMT methylation
status from MRI data. Another study [28] highlighted the significant challenges in using current deep
learning models, which struggle with MGMT promoter methylation status prediction from MRI data.
Specifically, the results showed low accuracy, with performance close to random guessing, in which the
ResNet10 models achieved AUC values between 0.54 and 0.59, indicating the need for optimization.

This paper introduces an ensemble approach that leverages advanced deep learning techniques,
incorporating transfer learning and ensemble methods combining the strengths of CNNs, to improve
brain lesion classification.
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Figure 1: Proposed approaches for brain lesion classification: combining transfer learning of CNNs, ViTs and
ensemble deep learning techniques.

3. Proposed approaches

In this section, the proposed approaches are presented, aimed at enhancing the accuracy of brain lesion
classification. Building on the strengths of various CNN and ViT architectures with advanced deep
learning techniques, including transfer learning and ensemble learning methods (see Figure 1). The
study tested these approaches using four distinct public datasets, each with its own complexities: The
Brain Stroke CT Image Dataset [21], Brain Tumor MRI Database [21], Acute Ischemic Stroke MRI [14],
and RSNA MICCAI Dataset [26] (see more details in Section ??). The goal was to explore and compare
the performance and convergence of the approaches based on the varying complexities of both models
and medical datasets.

3.1. Approach 1: Transfer Learning of CNNs

This approach allows us to compare different CNNs for extracting features of brain lesions using
pre-trained architectures with varying computational complexities and parameter counts, including
lightweight models like EfficientNetB0 and NASNetMobile, medium models like InceptionV3, and
heavyweight models like VGG16. It uses two Transfer Learning modes: feature extractor and fine-
tuning, with different levels of fine-tuning (see Figure 2, right).

3.2. Approach 2: Transfer Learning of ViTs

This approach allows us to explore the effectiveness of ViTs for brain lesion classification through transfer
learning (see Figure 2, left). By leveraging pre-trained ViTs [29] on ImageNet, the research evaluates
their capability as feature extractors across different datasets. Various ViT architectures of different
complexities are tested, including SwinTransformerV2Tiny [30] (28.3M parameters), MobileViT_V2_100
[31] (4.9M parameters), and larger models like ViT L/32 and ViT L/16, with 307M parameters. Smaller
ViT models, such as ViT B/32 and ViT B/16 (86M parameters), are also evaluated, as these models have
demonstrated high accuracy for brain tumor detection tasks.

3.3. Approach 3: Ensemble Deep Learning

The approach aims to enhance the accuracy and generalization of CNN-based models in medical imaging
tasks by implementing three key ensemble deep learning strategies: parallel methods (Bagging and
Stacking) and sequential methods (Boosting: XGBoost and AdaBoost). Bagging employs bootstrapping
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Figure 2: An example of deep learning architectures for classification: VGG-based CNN (right) and ViT (left).
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Figure 3: General diagram of ensemble deep learning approaches, proposed for brain lesion classification:
Parallel (Bagging, Stacking) and sequential (XGBoost, and AdaBoost).

to generate diverse subsets from the original training data, enabling multiple CNN models to train
independently, each focusing on different aspects of feature extraction.

Stacking aims to increase model diversity and maximizing classification accuracy in CNN-based
medical imaging applications. For this, regression techniques will be used to improve models’ general-
ization across complex datasets by refining predictions and capturing continuous relationships that
are not fully detected in Brain Lesions classification tasks, enabling them to match the performance of
ViTs. Finally, Boosting, with both XGBoost and AdaBoost, sequentially integrates CNN feature outputs,
progressively refining the learning process and further enhancing classification accuracy. AdaBoost,
in particular, adjusts model weights to focus on misclassified instances, complementing XGBoost’s
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Figure 4: Image examples from the Brain Tumor MRI Dataset [21].
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Figure 5: Image examples from stroke datasets (Left: Brain Stroke CT Images [32], Right: Acute Stroke MRI
Dataset [14]).

gradient-based approach to improve model performance.

4. Experimentation and results

In our experiments, a focus is on retraining various CNN architectures, originally trained on ImageNet,
to evaluate their performance on brain lesion classification using two transfer learning modes: feature
extraction and fine-tuning. Models of different complexities are tested, including VGG16 (138M parame-
ters), EfficientNetB0 (5.3M parameters), NASNetMobile (5.3M parameters), Xception (22.9M parameters),
and InceptionV3 (23.9M parameters). By comparing their performance across these transfer learning
modes, we gained valuable insights into how model complexity affects results in medical imaging tasks.
In parallel, ViTs of different complexities were also retrained in feature extraction mode, including the
86M-parameter ViT-B32, the 28 M-parameter Swin TransformerV2, and the 5.6M-parameter Mobile-
ViTV2. Additionally, ensemble learning techniques are applied on CNNs and compared to ViT models.
The goal was to evaluate the trade-off between leveraging model complexity and enhancing prediction
diversity through ensemble methods for CNNs to match Vision Transformers’ generalization.

To conduct our experiments, various brain lesion datasets are used: Brain Tumor MRI dataset [21]
(see Figure 4), Brain Stroke CT dataset [32] (see Figure 5, left), Acute Ischemic Stroke MRI dataset [14]
(see Figure 5, right), and RSNA MICCAI dataset [26] (see Figure 6).

In Figures 4, 5, and 6, sample images from the datasets are presented to showcase the types of lesions
and the data quality used for training and evaluation, followed by a table summarizing the size of each
dataset and the number of classes (see Table ??). Each dataset is divided into 80% for training and 20%
for testing. For the Brain Tumor MRI dataset, a multi-class classification approach is employed, where
the model is trained to classify the data into four distinct tumor types: Glioma, Meningioma, No Tumor,
and Pituitary. In contrast, for the remaining datasets—Brain Stroke CT, Acute Ischemic Stroke MRI, and
the RSNA MICCALI dataset—a binary classification approach is applied, categorizing instances into two
classes: lesion present or lesion absent. For the RSNA MICCAI dataset, only the public training dataset
is used to perform binary classification tasks (presence or absence of MGMT value), as the public test
dataset was initially used for a regression task.
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Figure 6: Image examples from the RSNA MICCAI Dataset: FLAIR, T1w, TIwCE, and T2w modalities [26].

Table 1
Overview of Dataset used for Brain Lesion Classification

Datasets Size Number of Classes

Acute Ischemic Stroke MRI Dataset 2,000 2 (Acute Ischemic Stroke, Non-Stroke)

Brain Stroke CT Images Dataset 2,501 2 (Stroke, Non-Stroke)
Brain Tumor MRI Dataset 7,023 4 (Glioma, Meningioma, No Tumor, Pituitary)
RSNA MICCAI Dataset 290,923 2 (MGMT Presence, No MGMT Presence)
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Figure 7: Performance comparison of different CNN models across multiple brain lesion datasets using Transfer
Learning in feature extraction mode.

4.1. Results of approach 01: Transfer Learning of CNNs

This approach is based on comparing the performance of several CNN models (VGG16, EfficientNetB0,
InceptionV3, NASNetMobile, and Xception) using two fine-tuning modes: feature extraction (see
Figure 7) and fine-tuning (see Figure 8). These models are evaluated on different datasets, aiming to
identify challenges related to the complexity of both the datasets and the CNN models.

In feature extraction mode, VGG16 consistently performs well, achieving a high accuracy of 96.4% on
the Brain Tumor MRI dataset without extensive fine-tuning. EfficientNetB0 also demonstrates strong
performance, achieving 94.81% accuracy on the Brain Stroke CT dataset and 94.9% accuracy on the
Brain Tumor MRI dataset, though it performs lower on the Acute Ischemic Stroke MRI dataset with
86.57% accuracy. InceptionV3 shows unstable results, performing well on the Brain Tumor MRI dataset
(92.8% accuracy) but struggling on the RSNA MICCALI dataset (52.50% accuracy), which is more complex.
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Figure 8: Performance comparison of different CNN models across multiple brain lesion datasets using Transfer
Learning in fine-tuning mode.

NASNetMobile performs decently on the Brain Tumor MRI dataset but exhibits weaker results on
the Brain Stroke CT dataset. Xception also faces difficulties, particularly on the RSNA MICCAI dataset,
where it achieves only 68.19% accuracy. These results indicate that the feature extractor mode faces
limitations on datasets like Acute Ischemic Stroke MRI and RSNA MICCAI, where robust models such
as InceptionV3, VGG16, and Xception struggle, necessitating deeper fine-tuning. In fine-tuning mode,
EfficientNetB0 and InceptionV3 consistently outperform the others, especially on datasets like Acute
Ischemic Stroke MRI. Xception also shows improvement for this dataset, achieving 94.78% accuracy
and a 95% F-score. VGG16 performs well, reaching 97.80% accuracy and a 97% F-measure on the Brain
Stroke CT dataset. However, its performance decreases with more complex datasets like RSNA MICCAL,
where it achieves 90.95% accuracy and a 90.69% F-measure. Even with fine-tuning, Xception reaches
94.44% accuracy and a 94.28% F-measure on the RSNA MICCAI dataset. By contrast, NASNetMobile
struggles with fine-tuning, as demonstrated on the Brain Stroke CT dataset, where it only achieves 83%
across all metrics.

The study highlights the importance of considering dataset complexity when choosing feature
extraction models. While InceptionV3 performs poorly on complex datasets initially, fine-tuning
improves its performance to 94.67%. EfficientNetB0 and InceptionV3 show potential for medical imaging
tasks but face challenges with larger datasets.

Building on these observations, the next section explores the results of our second approach: Ap-
plication of Transfer Learning on ViTs to compare their performance to that of the previously used
CNN models on brain lesion imaging datasets, highlighting their effectiveness and adaptability across
diverse dataset complexities.

4.2. Results of approach 2: Transfer Learning on ViTs

In this approach, we analyze the effectiveness of ViTs on the previously mentioned datasets in feature
extractor mode. For this, we employed various configurations of ViTs (B/16, L/16, B/32, and L/32) with
different patch sizes, each pre-trained on large-scale datasets such as ImageNet-21k and ImageNet-1k.
These models were then adapted for the brain lesion classification task, with images resized to 224 x 224
pixels to ensure optimal input size for the transformers.

ViTs have demonstrated high accuracy in feature extractor mode, consistently outperforming CNNs
across various datasets. For instance, ViT L/16 achieved 97.9% accuracy on the Brain Tumor MRI dataset
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Figure 9: Performance comparison of different ViTs models across multiple brain lesion datasets using transfer
learning in feature extractor mode

and 92.23% on complex datasets like RSNA MICCAI However, on the Brain Stroke CT dataset, ViT
models often fail to outperform, with performance typically ranging between 75% and 80% accuracy.
Notably, smaller ViT models, such as ViT B/16, achieve higher performance at 80% across all metrics.

In contrast, Swin Transformers V2 and MobileViT V2 have shown difficulties converging on complex
datasets like RSNA MICCALI. On the Brain Stroke CT dataset, Swin Transformers achieved a strong
accuracy of 96.4%, whereas MobileViT V2 exhibited lower performance, with an accuracy of 80.84%.

To further enhance classification robustness and accuracy across brain lesions datasets, the following
sub-section investigates ensemble deep learning with CNNs as an alternative strategy to address the
performance limitations observed with individual CNNs and ViTs.

4.3. Results of approach 03: Ensemble Deep learning

The study aims to enhance the performance of CNNs through an ensemble approach and compare them
with powerful models like ViTs. The ensemble method leverages model diversity to address CNNs’
limitations in extracting local features, thereby improving their ability to capture global dependencies
and enabling them to match the performance of ViTs. The experiment begins by implementing parallel
ensemble methods, such as Bagging and Stacking. Subsequently, a sequential boosting ensemble
approach is applied using both AdaBoost and XGBoost. The objective is to evaluate the performance of
these ensemble models and understand how they handle feature diversity across various datasets, with
a focus on matching the feature extraction capabilities of ViTs.

4.3.1. Bagging

In this experiment, different bootstrap samples (bags) are created, and a model in feature extraction
mode is retrained on each of these bags. The models are then combined by aggregating their outputs
using either voting or averaging their predictions. During experimentation, the size of the bags is varied
between 40% and 60% to optimize the performance of each model. The sub-models are retrained without
data augmentation, using the Adam optimizer with a learning rate of 0.01, except for the RSNA MICCAI
dataset, where a learning rate of 0.001 is used. The loss function is set to cross-entropy (categorical for
the Brain MRI dataset and binary for the other datasets), with performance metrics including accuracy,
precision, recall, and F-score.

Bagging enhances the performance of models that underperform in feature extraction mode, particu-
larly for InceptionV3 and NASNetMobile. On the Acute Ischemic Stroke MRI dataset, Bagging improves
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Figure 10: Performance comparison of different CNNs across multiple brain lesion datasets using ensemble
deep learning based on the bagging approach.

InceptionV3’s accuracy from 82.84% to 89.1%, and NASNetMobile’s from 77.11% to 79.4%. On the RSNA
MICCAI dataset, InceptionV3’s accuracy increases significantly, jumping from 52% to 97.71%, and on the
Brain Tumor MRI dataset, it improves from 92% to 99%. Similarly, NASNetMobile shows improvement
on the Brain Stroke CT dataset, with accuracy rising from 77% to 81%.

For well-performing models like VGG16, Bagging slightly improves accuracy, increasing it from
88.56% to 89.3%. However, for EfficientNetB0 and Xception, Bagging decreases performance, with
EfficientNetB0 dropping from 86.57% to 80.3%. These results indicate that Bagging improves feature
extraction performance in models such as InceptionV3 and NASNetMobile but can introduce noise
and reduce performance in well-optimized models like EfficientNetB0 and Xception, likely due to the
homogeneity of models.

To address this issue, we introduce more heterogeneity in model performance. The next sub-section
explores a stacking approach, combining multiple model types to leverage their diversity and create a
more balanced, adaptable ensemble.

4.3.2. Stacking

In this experiment, the effectiveness of regression techniques is explored to derive continuous predictions
from data that was originally structured for classification tasks, for this end, stacking is applied on two
types of lesions (tumors and strokes) using MRI datasets: The Brain Tumor MRI dataset and the Acute
Ischemic Stroke MRI dataset. We aimed to uncover latent relationships between outputs predictions
that might be hidden in classification, moving beyond simple class labels to capture more complex
patterns within the data.

The experiment demonstrates that stacking CNN models significantly improves performance in both
classification and regression tasks. On the Brain Tumor MRI dataset, for classification, the stacked CNN
achieved the highest accuracy (96.9%) compared to individual models like VGG16 and EfficientNetB0.
When applied to regression, the stacking approach outperformed all other models, achieving near-
perfect 99% accuracy, precision, recall, and F1-score. This suggests that stacking, particularly when using
regression, enhances model generalization and predictive capability by uncovering latent relationships
that single models may miss.
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Figure 11: Performance comparison of stacking approach on Brain tumor MRI dataset and Acute Ischemic
Stroke dataset.

On the Acute Ischemic Stroke MRI dataset, the performance of different models highlights the
effectiveness of both classification and regression approaches. These results indicate that stacking
CNNs with regression techniques offers superior capabilities in capturing complex, continuous patterns
in both datasets. While ViTs and Swin Transformers perform well, especially on the Brain Tumor MRI
dataset, they fall short compared to the stacking CNN with regression, which consistently delivers
near-perfect results across both datasets. This suggests that stacking CNNs using regression techniques
may offer superior capabilities for capturing complex, continuous relationships in medical imaging
datasets, achieving the highest predictive performance compared to vision transformers.

Up to now, we evaluated parallel approaches, such as bagging and stacking, and demonstrated their
effectiveness across brain lesion datasets. In the next sub-section, we will explore sequential approaches
(Boosting: AdaBoost and XGBoost), focusing on how they leverage a sequence of models ‘instances to
iteratively correct predictions and adapt to data variations for improved accuracy.

4.3.3. Boosting
« AdaBoost

VGG16 and Xception are the top-performing models, achieving high accuracy and F-score values (up to
99%) across both datasets, particularly excelling on the Brain Stroke CT Image dataset. EfficientNetB0
also performs well, especially on the Acute Ischemic Stroke MRI dataset, where it achieves 98%, though
it shows a slight decline in performance on CT images. InceptionV3 maintains consistent and high
performance, ranging between 95.8% and 98.26%. In contrast, NASNetMobile underperforms compared
to the other models, with metrics around 83-84%, indicating that it may not be well-suited for these
tasks.

o XGBoosT

To enhance model diversity for smaller datasets and improve overall performance of the ensemble
model, alternatives like XGBoost are explored with low learning rate, particularly for Acute stroke MRI,
Brain Stroke CT, and Brain Tumor MRI datasets.

4.3.4. Performance of top-models using our ensemble approaches

The results presented in Table ?? demonstrate that ensemble deep learning techniques consistently
achieve top performance across all brain lesion datasets, particularly when using VGG16 and InceptionV3
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Figure 12: Performance comparison of different CNNs across multiple brain lesion datasets utilizing ensemble

deep learning with AdaBoost approach.
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Figure 13: Performance comparison of different CNNs across multiple brain lesion datasets utilizing ensemble

deep learning with XGBoost approach.

models. VGG16, when combined with methods such as AdaBoost, Bagging, and XGBoost, excels on
the Brain Stroke CT dataset, achieving accuracy scores of 99%, 95%, and 98%, respectively. Similarly,
InceptionV3 shows significant results with different ensemble methods: it achieves 98.26% accuracy
with AdaBoost on the Acute Stroke MRI dataset, a near-perfect 99.9% accuracy with Bagging on the
Brain Tumor MRI dataset, and a strong 98% accuracy on the RSNA MICCAI dataset. These findings
highlight that the combination of ensemble techniques with VGG16 and InceptionV3 is particularly

effective for various brain lesion classification tasks.



Table 2
Performance Comparison of Top Models Using Ensemble Approaches

Approach Model Accuracy F-Score Dataset
Bagging InceptionV3 98% 97.69% RSNA MICCAI
InceptionV3 99.9% 99.61% Brain Tumor MRI
VGG16 95% 95% Brain Stroke CT
Stacking CNN (Reg) 94.20% 95% Acute Stroke MRI
CNN (Reg) 96.9% 96.8%  Brain Tumor MRI
AdaBoost  EfficientNetBO  98.01% 98% Acute Stroke MRI
InceptionV3 98.26% 98% Acute Stroke MRI
VGG16 99% 99% Brain Stroke CT
XGBoost VGG16 98.6% 98.6%  Brain Stroke CT
InceptionV3 98% 97.83%  Acute Stroke MRI

4.4. Comparison and discussion

The study demonstrates that while ViTs consistently outperform traditional CNNs in feature extraction
tasks across multiple brain lesion datasets, CNNs can significantly close this performance gap through
the use of ensemble deep learning techniques such as Bagging, Stacking, and regression-based ensemble
learning. ViTs excel at capturing global features in an image, whereas CNNs traditionally focus on local
features. However, by incorporating ensemble learning—specifically Stacking and Bagging—CNN5s can
diversify their feature extraction capabilities, effectively introducing global feature understanding that
is more characteristic of ViTs.

Stacking CNN models, enhanced with regression techniques, improves their ability to generalize
across complex datasets. Regression helps by refining predictions and capturing continuous relationships
in the data that are not fully exploited in classification tasks. As a result, stacked CNNs with regression
achieved near-perfect performance, surpassing ViTs, with accuracies of 99% on the Brain Tumor MRI
dataset and 99.5% on the Acute Ischemic Stroke MRI dataset. This level of performance exceeds the best
results from ViTs, such as ViT L/16, which achieved 97.9% accuracy on the Brain Tumor MRI dataset
and 93% on the Stroke dataset.

Moreover, the study shows that Bagging boosts the performance of underperforming models like
InceptionV3 and NASNetMobile, allowing them to match or even surpass the performance of ViTs on
certain datasets, such as the Brain Stroke CT dataset. For instance, Bagging helped InceptionV3 improve
from 82.84% to 89.1% on the Acute Ischemic Stroke MRI dataset and from 52% to 97.71% on the RSNA
MICCAI dataset, matching the performance of ViT models. However, while Bagging benefits these
underperforming models, it may introduce noise in highly optimized models such as EfficientNetB0
and Xception, leading to a performance drop.

Further enhancements with AdaBoost have been particularly effective for CNN models such as
VGG16 and InceptionV3, enabling them to outperform ViTs in some brain lesion classification tasks.
For example, VGG16 achieves 99% accuracy on the Brain Stroke CT dataset, while InceptionV3 reaches
98.26% accuracy on the Acute Ischemic Stroke MRI dataset, both surpassing the top-performing ViTs.
However, even with AdaBoost, models like NASNetMobile continue to fall short compared to ViTs.

Furthermore, the study reveals that boosting techniques like AdaBoost and XGBoost outperform ViTs
on brain stroke lesion datasets such as Acute Ischemic Stroke MRI and Brain Stroke CT. Specifically,
AdaBoost with VGG16 achieves the highest performance on Brain Stroke CT with 99% accuracy and F-
score, while XGBoost with VGG16 performs strongly with 98.6% accuracy on the same dataset. Similarly,
on the Acute Stroke MRI dataset, XGBoost with InceptionV3 (98% accuracy) and AdaBoost with VGG16
(96% accuracy) outperform vision transformers, which achieve only 93% accuracy with ViT L/16 on
Acute Stroke MRI and 96.4% accuracy with SwinV2 on Brain Stroke CT.

In addition, Bagging with InceptionV3 outperforms other approaches for brain tumor lesion classifi-



Table 3
Performance Comparison of Our Top-Model Approaches on Different Datasets

Dataset Top-Model Accuracy Approach
Acute Ischemic Stroke MRI ViT L/16 93.00% TL of ViTs
InceptionV3 /VGG16 89.00% Bagging CNNs
Meta Model 99.50% Stacking CNNs
InceptionV3 98.00% XGBoost CNN
VGG16 96.00% AdaBoost CNN
Brain Stroke CT SwinV2 96.40% TL of ViTs
InceptionV3 95.00% Bagging CNNs
VGG16 98.60% XGBoost CNN
VGG16 99.00% AdaBoost CNN
Brain Tumor MRI ViT L/16 97.90% TL of ViTs
InceptionV3 99.90% Bagging CNNs
EfficientNetB0 92.00% XGBoost CNN

Classification Meta Model ~ 99.00% Stacking CNNs
Regression Meta Model 97.00% Stacking CNNs

RSNA MICCAI ViT B/16 92.23% TL of ViTs
InceptionV3 98.00% Bagging CNNs

cation, demonstrating strong generalization compared to ViTs. Specifically, Bagging with InceptionV3
achieves a remarkable 99.9% accuracy and F-score on the Brain Tumor MRI dataset and 98% accuracy
with a 97.69% F-score on the RSNA MICCAI dataset, indicating near-perfect predictive performance.
In contrast, ViT L/16 achieves 97.9% accuracy and a 98% F-score on the Brain Tumor MRI dataset and
92.23% accuracy with a 92.24% F-score on RSNA MICCAI, suggesting that while ViTs are reliable, they
do not reach the high generalization and stability levels observed with Bagging.

This highlights Bagging’s capability to stabilize and enhance model accuracy, making it highly
effective for complex medical imaging tasks where Transformers fall short in achieving comparable
accuracy and robustness.

Moreover, our experiments demonstrate that the proposed approaches outperform previous state-of-
the-art methods across multiple datasets (see Table ??). For the Brain Tumor MRI dataset, the XGBoost
+ VGG16 model achieved an accuracy of 98.6%, surpassing the performance of DNN (96.21%), Random
Forest (95.30%), and GA + BiLSTM (96.45%). Similarly, for the Acute Ischemic Stroke MRI dataset, our
XGBoost + InceptionV3 model achieved 98% accuracy, exceeding the performance of ResNet101 and
DenseNet201 (97.5%).

In conclusion, while ViTs set a high benchmark for performance in medical imaging, combining
CNNs with ensemble techniques such as stacking-based regression, bagging, or boosting allows CNNs
to match or even exceed the performance of ViTs. This finding is particularly significant as these
techniques improve the generalization and feature extraction capabilities of CNNs, enabling them to
compete effectively with state-of-the-art ViTs on challenging datasets.

5. Conclusion

This study highlights the effectiveness of ensemble deep learning techniques in enhancing the perfor-
mance of CNNs to match or even surpass ViTs in medical imaging tasks. By employing methods such
as stacking, bagging, and boosting, CNNss significantly improved their feature extraction capabilities,
achieving near-perfect accuracy across various brain lesion datasets. These findings demonstrate
that, when ensemble approaches are carefully applied, CNNs can serve as a powerful and competitive
alternative to state-of-the-art ViTs in complex medical imaging classification challenges. However, ViTs
maintain an advantage on more complex datasets, such as RSNA MICCALI where their ability to capture



Table 4
Performance Comparison of Our Approaches Against State-of-the-Art Classification Techniques Across Multiple

Datasets

Ref  Year Method Accuracy Dataset

[2] 2021 DNN 96.21% Brain Tumor MRI

[5] 2021 RF 95.30% Brain Tumor MRI

[10] 2023 GA + BiLSTM 96.45% Brain Tumor MRI
Ours 2024 XGBoost + VGG16 98.60% Brain Tumor MRI
Ours 2024 ViT L/16 97.90% Brain Tumor MRI

[13] 2022 ResNet101, DenseNet201 97.50%  Acute Ischemic Stroke MRI
Ours 2024 XGBoost + InceptionV3 98.00%  Acute Ischemic Stroke MRI
Ours 2024 AdaBoost + Fine-Tuning VGG16  99.00%  Acute Ischemic Stroke MRI
Ours 2024 ViT L/16 93.00%  Acute Ischemic Stroke MRI
[33] 2023 Stacking CNN 92.00% RSNA MICCAI
Ours 2024 Bagging (InceptionV3) 98.00% RSNA MICCAI
Ours 2024 ViT B/16 92.23% RSNA MICCAI

intricate features demonstrates their superior performance.

6. Declaration on Generative Al

This paper is written entirely by the authors without any use of GenAlI tools and services.
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