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Abstract: 
Artificial intelligence (AI) and machine learning (ML) have become important tools for 

analysing increasingly large and complex datasets. Traditional statistical methods, including 

linear regression, logistic regression, hypothesis testing, and time-series analysis, continue to 

play an important role in scientific research because of their interpretability and strong 

theoretical foundations. At the same time, machine-learning techniques can identify complex 

patterns and nonlinear relationships and can be highly effective for prediction. This paper 

examines the relationship between statistical analysis and artificial intelligence and compares 

traditional statistical approaches with machine-learning techniques. The study is based on a 

review of relevant literature, with particular attention to research conducted in India. Previous 

research suggests that statistical principles remain essential to AI because they contribute to 

study design, data-quality assessment, model validation, uncertainty quantification, and 

interpretation. A recent Indian study comparing logistic regression with several machine-

learning algorithms found substantially stronger predictive performance from Random Forest 

for a particular health-prediction problem. However, predictive superiority is not universal and 

depends on the research objective, dataset, and evaluation criteria. The paper concludes that AI 

should be considered a complement to rather than a replacement for statistics. An integrated 

approach combining statistical reasoning with machine-learning methods can improve both 

predictive performance and the reliability of data-driven research. 

Introduction: 
The rapid expansion of digital information has created new opportunities and 

challenges for statistical analysis. Data are now generated through healthcare systems, financial 

transactions, social media, agricultural activities, scientific experiments, and numerous other 

sources. The increasing size and complexity of these datasets have encouraged researchers to 

use computational methods capable of processing information efficiently. Statistics provides 

the theoretical framework for collecting, summarizing, analysing, and interpreting data. 

Traditional statistical techniques such as regression analysis, analysis of variance, correlation 

analysis, hypothesis testing, and time-series modeling have been used for decades to investigate 

relationships and make predictions. 

Artificial intelligence has introduced another group of analytical techniques. Machine-

learning algorithms can learn patterns from existing observations and use those patterns to 

make predictions about new observations. Common methods include decision trees, Random 

Forest, support vector machines, neural networks, and gradient-boosting algorithms. 
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Objectives of the Study 
The objectives of this study are: 

➢ To explain the relationship between statistics, artificial intelligence, and machine 

learning.  

➢ To examine major traditional statistical techniques.  

➢ To describe commonly used machine-learning techniques.  

➢ To compare traditional statistical methods and machine-learning approaches.  

➢ To examine the advantages and limitations of AI-based statistical analysis.  

Review of Literature 
Prasily and Manoharan (2025) examined the integration of Data Science, Artificial 

Intelligence (AI), and Big Data Analytics into Indian official statistics. Their review explains 

how technological developments have created new opportunities for extracting patterns and 

insights from large-scale datasets. The authors particularly discuss the use of machine learning 

and predictive modelling in official statistics. Their study is important to the present research 

because it demonstrates that AI is not separate from statistics but is increasingly becoming an 

additional tool for statistical analysis and evidence-based decision-making in India.  

Yadav and Bhutia (2026) conducted a particularly relevant comparative study using 

data from the Longitudinal Ageing Study in India (LASI). They compared traditional logistic 

regression with seven machine-learning algorithms, including Random Forest, Decision Tree, 

Naïve Bayes, K-Nearest Neighbors, Support Vector Machine, Neural Network, and Ridge 

Classifier. The study used 59,298 individuals and evaluated the models using cross-validation 

and several performance measures. Random Forest achieved the strongest performance, with 

an accuracy of 97.4% and AUROC of 0.998, whereas logistic regression achieved an accuracy 

of 60.5% and AUROC of 0.641. This study provides strong evidence that machine-learning 

methods can improve predictive performance in some large and complex Indian datasets. 

Kumar et al. (2024) directly investigated the differences between traditional statistical 

forecasting approaches and machine-learning methods. Their research was conducted by 

researchers affiliated with the ICAR-Indian Agricultural Research Institute and the ICAR-

Indian Agricultural Statistics Research Institute in New Delhi. The authors compared out-of-

sample forecasting accuracy across multiple forecasting horizons. Interestingly, their results 

showed that traditional statistical approaches consistently outperformed the machine-learning 

methods across the accuracy measures and forecasting horizons considered. However, 

preprocessing techniques such as logarithmic transformation improved the performance of 
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machine-learning models. This finding is important because it demonstrates that AI/ML is not 

necessarily superior to traditional statistical methods in every situation.   

Traditional Statistical Methods 
Linear Regression 

Linear regression describes the relationship between a dependent variable and one or 

more independent variables.The general multiple linear regression model is: 

Y=β0+β1X1+β2X2+⋯+βpXp+ϵ 

where Y represents the dependent variable, X1,…,Xp represent explanatory variables, 

β0 is the intercept, β1,…,βp are regression coefficients, and ϵ represents random error. An 

important advantage of linear regression is the interpretability of its coefficients. 

Logistic Regression 

Logistic regression is commonly used when the dependent variable has two categories. 

P(Y=1)=1+e−(β0+β1X1+⋯+βpXp)1 

The method allows researchers to estimate how explanatory variables are associated 

with the probability of an event. 

Time-Series Analysis 

Time-series techniques such as ARIMA and related models are used when observations 

are collected over time. They are useful for forecasting economic indicators, agricultural prices, 

weather variables, and other time-dependent quantities. 

Machine-Learning Techniques 
Decision Trees 

Decision trees divide observations into groups according to a sequence of rules. They 

can be used for both classification and regression. Their major advantage is their relatively 

straightforward interpretation. 

Random Forest 

Random Forest combines multiple decision trees to generate a final prediction. The 

method can capture nonlinear relationships and interactions among variables. Random Forest 

has become popular because it can provide strong predictive performance without requiring 

researchers to specify the exact mathematical form of relationships in advance. 

Support Vector Machines 

Support Vector Machines attempt to identify an optimal boundary between 

observations belonging to different categories. They can also be adapted for regression 

problems. 
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Neural Networks 

Neural networks use interconnected computational units organized into layers. They 

are capable of learning complicated patterns from data and are widely used in image 

recognition, natural-language processing, prediction, and classification. 

Gradient Boosting 

Gradient-boosting methods build models sequentially, with each new model attempting 

to improve the errors of previous models. These techniques can provide strong predictive 

performance on structured datasets. 

Comparative Analysis 

Criterion Traditional Statistics Machine Learning 

Main emphasis Explanation and inference Prediction 

Interpretability Generally high Low to high depending on model 

Nonlinear relationships Need to be modelled explicitly Often handled naturally 

Variable interactions Usually specified Can be learned automatically 

Hypothesis testing Strong Not usually the primary purpose 

Uncertainty estimation Well established More complex 

Large datasets 
Suitable with appropriate 

methods 
Particularly suitable 

Prediction Often effective Often highly effective 

This comparison demonstrates that the two approaches have different strengths rather 

than one method being universally better. 

Methodology 
This paper uses a comparative literature-review approach to examine traditional 

statistical methods and machine-learning techniques. Published academic literature concerning 

AI, statistics, machine learning, and comparative predictive modelling was reviewed. Particular 

attention was given to Indian research and studies comparing traditional statistical approaches 

with machine-learning algorithms.  

Advantages of Artificial Intelligence in Statistical Analysis 
Ability to Process Large Datasets: Machine-learning algorithms can process datasets 

containing large numbers of observations and variables. 
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Detection of Complex Patterns: AI can identify nonlinear relationships and 

interactions that may be difficult to detect using simple statistical models.  

Improved Prediction: For some datasets, machine-learning methods can produce 

highly accurate predictions. 

Automation: AI can automate parts of the data-analysis process, reducing the amount 

of manual analytical work. 

Flexible Modeling Machine-learning algorithms can be adapted to classification, 

regression, clustering, forecasting, and other analytical problems. 

Limitations of Artificial Intelligence 
Despite its advantages, AI-based statistical analysis has several limitations. 

Lack of Interpretability: Some complex machine-learning models operate as “black 

boxes,” making their predictions difficult to explain. 

Overfitting: An overly complex model may fit training data extremely well but 

perform poorly on new observations. 

Data Bias: If training data contain systematic bias, the resulting model may reproduce 

that bias. 

Dependence on Data Quality: Machine-learning performance depends strongly on the 

quality, completeness, and representativeness of the data. 

Computational Requirements: Advanced AI models may require considerable 

computational resources. 

Limited Causal Interpretation: High predictive accuracy does not establish a causal 

relationship between variables. 

Conclusion 
Artificial Intelligence has expanded the range of techniques available for statistical 

analysis. Machine-learning methods can analyse complex datasets, identify nonlinear 

relationships, and generate highly accurate predictions in many applications. Nevertheless, 

traditional statistical methods remain essential because they provide interpretability, theoretical 

foundations, hypothesis testing, and established approaches to uncertainty assessment. 

Evidence from Indian research demonstrates that machine-learning models can outperform 

traditional statistical models in specific predictive applications. However, such results cannot 

be generalized to every dataset or research problem. Model selection should depend on the 

purpose of the study, data characteristics, prediction requirements, interpretability, and 

appropriate evaluation procedures. 
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The most appropriate approach is therefore not to replace traditional statistics with AI. 

Instead, statistics and AI should be integrated. Statistical methodology can provide the 

foundation for reliable data collection, model evaluation, uncertainty assessment, and 

interpretation, while machine learning can provide flexible and powerful predictive tools. The 

integration of these disciplines represents an important direction for the future of statistical 

research and data science. 

Limitations of the Study 
This paper is primarily a literature-based comparative study and does not present an 

original experiment using a single common dataset. Consequently, the conclusions concerning 

predictive performance are based on previously published research rather than on a new 

experimental comparison conducted by the author. Future research should use common 

datasets and identical validation procedures to compare traditional and machine-learning 

models directly. 

Future Scope 

Future studies can investigate: 

➢ AI-based hypothesis testing.  

➢ AI-based time-series forecasting.  

➢ Deep learning and statistical inference.  

➢ AI applications in agricultural statistics.  

➢ AI applications in healthcare statistics.  

➢ Generative AI for automated statistical analysis.  
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