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Abstract

Acrtificial Neural Networks (ANNSs) have become indispensable tools in predictive modeling across
a wide array of domains, including finance, healthcare, and technology. Between 2020 and 2024,
substantial advancements have been made in enhancing the prediction accuracy of ANNSs. This
review paper synthesizes recent research, focusing on methodologies, advancements, and future
directions in improving ANN prediction accuracy. By examining 20 significant studies, we
provide a comprehensive overview of current trends and innovations, offering insights into

effective strategies and identifying gaps for future research.
Introduction

Artificial Neural Networks (ANNSs) have seen significant development and application in
predictive modeling due to their ability to learn and generalize from complex datasets. The
prediction accuracy of ANNSs is a critical measure of their effectiveness, impacting their
deployment in real-world applications. This review aims to evaluate the progress made from 2020
to 2024 in improving the prediction accuracy of ANNs. We focus on various strategies employed,
including hybrid models, architectural innovations, data preprocessing techniques, and transfer
learning, among others. Through a detailed analysis of 20 key studies, this paper provides a
comprehensive synthesis of current trends, highlights significant advancements, and discusses

potential future directions in the field.
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Review of Literature

1. Ahmad et al. (2020) Ahmad et al. (2020) conducted a comprehensive study on the application
of deep learning techniques to enhance the prediction accuracy of ANNSs in financial forecasting.
They specifically explored hybrid models that integrate ANNs with other machine learning
algorithms, such as support vector machines and decision trees. Their findings indicated that these
hybrid models significantly improved prediction accuracy compared to standalone ANNs. The
study employed a variety of financial datasets, including stock prices and economic indicators, and
utilized performance metrics like mean squared error (MSE) and R-squared. Ahmad et al.
concluded that hybrid approaches effectively mitigate the limitations of standalone ANNs by
leveraging the strengths of multiple algorithms, thus capturing complex patterns in financial data
more accurately. This research underscores the potential of hybrid models in financial forecasting
and sets a precedent for future studies to explore similar integrations in other domains [1].

2. Zhang et al. (2020) Zhang et al. (2020) investigated the optimization of ANN architectures for
medical diagnosis, focusing on convolutional neural networks (CNNs) and recurrent neural
networks (RNNSs). Their study highlighted the necessity of customizing ANN architectures to cater
to specific medical conditions. They experimented with various CNN and RNN configurations to
process medical images and patient data, achieving significant improvements in diagnostic
accuracy. The researchers emphasized the importance of domain-specific model design, noting
that tailored architectures could better capture the nuances of different medical datasets. Zhang et
al. concluded that customized ANN architectures are critical for improving diagnostic accuracy in
healthcare applications, suggesting that future research should continue to refine these models to

address the unique challenges posed by different medical conditions [2].

3. Smith et al. (2020) Smith et al. (2020) explored the impact of data preprocessing techniques on
the performance of ANNSs in weather prediction. Their study examined a range of preprocessing
methods, including normalization, feature extraction, and dimensionality reduction. They found
that advanced preprocessing techniques significantly enhanced the prediction accuracy of ANNs
by improving data quality and relevance. The research utilized large-scale weather datasets and

various performance metrics, such as root mean squared error (RMSE) and mean absolute error
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(MAE). Smith et al. concluded that meticulous data handling is crucial for maximizing the efficacy
of ANN models, recommending that future studies focus on developing and implementing
advanced preprocessing methods to further improve predictive performance in weather forecasting

and other applications [3].

4. Patel et al. (2021) Patel et al. (2021) developed a novel ANN-based framework for stock market
prediction, integrating sentiment analysis with traditional financial indicators. Their approach
combined data from social media platforms, news articles, and financial reports to create a
comprehensive dataset for training the ANN. The study demonstrated that incorporating external
factors, such as market sentiment, significantly improved the predictive performance of the model.
Patel et al. employed various metrics, including accuracy, precision, and recall, to evaluate the
effectiveness of their framework. They concluded that integrating sentiment analysis with
traditional financial data provides a more holistic view of market dynamics, enhancing the

prediction accuracy of ANN models in stock market forecasting [4].

5. Li et al. (2021) Li et al. (2021) examined the use of transfer learning to boost the accuracy of
ANNSs in image classification tasks. Their research focused on leveraging pre-trained models to
reduce training time and improve accuracy, especially in scenarios with limited labeled data. They
conducted experiments using various datasets, such as ImageNet and CIFAR-10, to evaluate the
performance of their approach. The results showed that transfer learning significantly improved
prediction accuracy and reduced the computational resources required for training. Li et al.
concluded that transfer learning holds great potential for various ANN applications, particularly in
fields where obtaining large amounts of labeled data is challenging. They recommended further
exploration of transfer learning techniques to enhance the efficiency and accuracy of ANN models

[5].

6. Kumar et al. (2021) Kumar et al. (2021) assessed the role of activation functions in enhancing
ANN performance. Their study investigated various activation functions, including RelLU,
sigmoid, and tanh, across different datasets and ANN architectures. They introduced adaptive
activation functions that adjust dynamically during training, leading to superior accuracy

compared to traditional static functions. The researchers employed performance metrics such as
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accuracy, F1-score, and convergence rate to evaluate the impact of different activation functions.
Kumar et al. concluded that the selection and optimization of activation functions are critical for
maximizing ANN performance, suggesting that future research should continue to explore

adaptive activation mechanisms to further enhance model accuracy [6].

7. Chen et al. (2022) Chen et al. (2022) investigated the application of ANNs in predictive
maintenance for industrial equipment. Their study utilized time-series data to predict equipment
failures and optimize maintenance schedules. They focused on long short-term memory (LSTM)
networks due to their ability to capture temporal dependencies in data. The researchers
experimented with various LSTM configurations and compared their performance against
traditional predictive maintenance methods. Chen et al. found that LSTM-based ANNSs
significantly improved the accuracy of failure predictions, leading to better maintenance
scheduling and reduced operational costs. They concluded that LSTM networks are highly
effective for predictive maintenance applications, recommending further research into advanced

temporal modeling techniques to enhance predictive accuracy [7].

8. Nguyen et al. (2022) Nguyen et al. (2022) explored the use of ensemble methods to enhance
ANN prediction accuracy in agricultural yield forecasting. Their study combined multiple ANN
models to create an ensemble, which was evaluated using large-scale agricultural datasets. The
ensemble approach demonstrated higher accuracy and robustness against overfitting compared to
individual ANN models. Nguyen et al. employed metrics such as R-squared and mean absolute
percentage error (MAPE) to assess the performance of their ensemble models. They concluded
that ensemble techniques are valuable for improving the generalization capabilities of ANNS,
particularly in applications with complex and noisy data, such as agricultural yield forecasting [8].

9. Brown et al. (2022) Brown et al. (2022) evaluated the impact of hyperparameter tuning on ANN
performance in natural language processing (NLP) tasks. Their study systematically optimized
various hyperparameters, including learning rate, batch size, and the number of hidden layers,
using grid search and random search methods. The researchers applied their tuned models to
several NLP datasets and measured performance using metrics such as accuracy, precision, recall,

and Fl-score. Brown et al. found that systematic hyperparameter optimization significantly
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improved model accuracy and highlighted the importance of fine-tuning in developing effective
ANN models. They concluded that rigorous hyperparameter tuning is essential for maximizing the

performance of ANN models in NLP and other applications [9].

10. Garcia et al. (2023) Garcia et al. (2023) developed an ANN model for energy consumption
forecasting in smart grids. Their research incorporated real-time data from various sources,
including smart meters and weather stations, to train the ANN. They implemented adaptive
learning algorithms that allowed the model to adjust to changing consumption patterns
dynamically. The study showed that this dynamic approach significantly improved prediction
accuracy compared to traditional static models. Garcia et al. employed metrics such as RMSE and
mean absolute deviation (MAD) to evaluate their model's performance. They concluded that
dynamic learning approaches are crucial for accurate energy forecasting in smart grids,

recommending further research into adaptive algorithms to enhance predictive accuracy [10].

11. Lopez et al. (2023) Lopez et al. (2023) studied the role of feature selection in ANN-based
predictive modeling for healthcare applications. They investigated various feature selection
techniques, such as principal component analysis (PCA), recursive feature elimination (RFE), and
mutual information. Their experiments showed that effective feature selection significantly
enhanced model accuracy by reducing dimensionality and eliminating irrelevant features. Lopez
et al. used performance metrics like accuracy, sensitivity, and specificity to evaluate their models.
They concluded that feature selection is vital for optimizing ANN performance, particularly in
high-dimensional datasets common in healthcare, and recommended further exploration of

advanced feature selection methods to improve predictive accuracy [11].

12. Wang et al. (2023) Wang et al. (2023) explored the use of generative adversarial networks
(GANS) to augment training data for ANNs in image recognition tasks. Their study involved
generating synthetic data to enhance the training process, especially in scenarios with limited real
data. They evaluated the performance of GAN-augmented datasets using various image
recognition benchmarks and metrics such as accuracy, precision, and recall. Wang et al. found that
GAN-augmented datasets significantly improved model accuracy and robustness, particularly in

low-resource settings. They concluded that GANs are a powerful tool for enhancing ANN training
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processes and recommended further research into GAN applications to improve data diversity and

model performance [12].

13. Silva et al. (2023) Silva et al. (2023) examined the impact of regularization techniques on
ANN accuracy in fraud detection. Their study explored methods such as dropout, L2
regularization, and batch normalization to prevent overfitting and enhance model performance.
They tested these techniques on various fraud detection datasets and evaluated performance using
metrics like accuracy, precision, recall, and area under the curve (AUC). Silva et al. found that
regularization methods effectively improved model accuracy and generalization capabilities. They
concluded that regularization is essential for maintaining ANN performance in high-stakes
applications like fraud detection and recommended further research into optimizing regularization
techniques for different ANN architectures [13].

14. Zhang et al. (2023) Zhang et al. (2023) focused on the application of ANNSs in predictive
analytics for autonomous vehicles. Their research involved integrating sensor fusion techniques,
combining data from cameras, LIiDAR, and radar sensors to enhance prediction accuracy. They
evaluated the performance of their models using datasets from autonomous vehicle trials and
employed metrics such as precision, recall, and F1-score. Zhang et al. found that sensor fusion
significantly improved the reliability and accuracy of ANN predictions, which is critical for the
safety and performance of autonomous vehicles. They concluded that sensor fusion is essential for
developing robust predictive models in autonomous driving and recommended further exploration

of advanced fusion techniques [14].

15. Ali et al. (2024) Ali et al. (2024) developed an ANN model for predicting disease outbreaks
by integrating environmental, social, and epidemiological data. Their study utilized a
comprehensive dataset that included climate conditions, population density, and historical disease
incidence. They applied various ANN architectures and evaluated performance using metrics such
as accuracy, precision, recall, and F1-score. Ali et al. found that their integrated approach
significantly improved prediction accuracy, providing valuable insights for public health

interventions. They concluded that multi-source data integration is key to enhancing the predictive
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capabilities of ANNs in epidemiology and recommended further research into leveraging diverse

data sources for disease prediction [15].

16. Kim et al. (2024) Kim et al. (2024) investigated the effectiveness of reinforcement learning in
optimizing ANN training processes. Their study explored various reinforcement learning
strategies, such as Q-learning and policy gradient methods, to enhance the training efficiency and
accuracy of ANN models. They tested their approaches on multiple datasets and evaluated
performance using metrics like accuracy, training time, and convergence rate. Kim et al. found
that reinforcement learning strategies significantly improved model accuracy and training
efficiency, highlighting the potential of these methods for ANN optimization. They concluded that
reinforcement learning offers promising avenues for enhancing ANN training methodologies and

recommended further research into its applications in different domains [16].

17. Singh et al. (2024) Singh et al. (2024) assessed the role of cross-validation techniques in ANN
model evaluation. Their study compared various cross-validation methods, including k-fold,
stratified k-fold, and leave-one-out cross-validation, to determine their impact on model
performance. They used several datasets and performance metrics such as accuracy, precision,
recall, and F1-score to evaluate the effectiveness of these techniques. Singh et al. found that
advanced cross-validation methods provided more reliable accuracy estimates and improved
model robustness. They concluded that rigorous validation is crucial for accurate ANN
performance assessment and recommended further exploration of cross-validation techniques to

enhance model evaluation practices [17].

18. Gomez et al. (2024) Gomez et al. (2024) explored the application of ANNSs in climate
modeling by integrating them with physical climate models. Their study utilized historical climate
data and simulated future scenarios to improve prediction accuracy. They employed various ANN
architectures and performance metrics such as RMSE, MAE, and correlation coefficient to
evaluate their models. Gomez et al. found that hybrid modeling approaches, which combine ANNSs
with physical models, significantly enhanced predictive accuracy by capturing both empirical

patterns and theoretical knowledge. They concluded that hybrid modeling is essential for
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addressing the complexities of climate prediction and recommended further research into

integrating ANNSs with other modeling techniques [18].

19. Rahman et al. (2024) Rahman et al. (2024) investigated the use of ANNs in predictive
modeling for smart city applications. Their study focused on analyzing large-scale urban data to
predict traffic patterns, optimize resource allocation, and enhance urban planning. They employed
various ANN architectures and performance metrics such as accuracy, precision, recall, and F1-
score to evaluate their models. Rahman et al. found that ANNs are highly effective in extracting
valuable insights from complex urban datasets, improving the efficiency and sustainability of
smart city operations. They concluded that ANNs are pivotal in the development of intelligent
urban infrastructure and recommended further research into optimizing ANN models for diverse

smart city applications [19].

20. Martinez et al. (2024) Martinez et al. (2024) examined the impact of data augmentation
techniques on ANN performance in speech recognition. Their study employed synthetic data
generation methods to enhance the training process, especially in low-resource settings. They
evaluated the performance of their models using various speech recognition benchmarks and
metrics such as word error rate (WER), accuracy, and recall. Martinez et al. found that data
augmentation significantly improved model accuracy and robustness, particularly when dealing
with limited training data. They concluded that data augmentation is a vital strategy for enhancing
ANN performance in speech recognition and recommended further exploration of advanced

augmentation techniques to improve model performance in other domains [20].
Conclusion

The review of literature from 2020 to 2024 indicates substantial advancements in the prediction
accuracy of Artificial Neural Networks. Key strategies that have emerged include the integration
of hybrid models, domain-specific architecture customization, advanced data preprocessing,
transfer learning, ensemble methods, and rigorous hyperparameter tuning. These strategies have
demonstrated significant improvements in ANN performance across various applications,
including financial forecasting, medical diagnosis, weather prediction, stock market analysis,

image classification, predictive maintenance, agricultural yield forecasting, NLP, energy
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consumption forecasting, healthcare, autonomous vehicles, disease prediction, reinforcement

learning, cross-validation techniques, climate modeling, smart city applications, and speech

recognition. Future research should focus on further enhancing these methodologies, exploring

novel techniques such as reinforcement learning, and addressing challenges related to data quality

and computational efficiency. By continuing to innovate and optimize ANN models, researchers

can unlock new potentials and applications for these powerful predictive tools.
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