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Abstract

Artificial Intelligence (Al) has significantly transformed search engine optimization (SEO) by enabling data-
driven, adaptive, and predictive optimization strategies. Traditional SEO methods rely heavily on static rules
and manual interventions, limiting their effectiveness in dynamic search environments. This study evaluates the
efficacy of an Al-driven SEO model compared to traditional SEO techniques in enhancing search engine
visibility and website performance. Experiments were conducted on 120 websites across multiple domains over
a six-month period. Performance metrics such as organic traffic growth, SERP ranking, click-through rate,
bounce rate, and page load time were analyzed. Statistical validation using hypothesis testing confirms that Al -
based optimization delivers significant improvements (p < 0.05) across all metrics. The results demonstrate that
Al-driven models provide scalable, adaptive, and statistically superior performance, establishing their suitability
for modern digital ecosystems.
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1. Introduction

Search engines serve as the primary gateway for information discovery in the digital ecosystem, making search
engine visibility a critical factor for website success. Traditional SEO techniques focus on rule-based
optimization strategies such as keyword density, backlink creation, and manual performance tuning. While
effective in earlier search engine environments, these approaches struggle to adapt to frequent algorithm updates
and evolving user behavior.

Recent advancements in artificial intelligence and machine learning have enabled the development of intelligent
SEO models capable of analyzing large-scale data, predicting ranking trends, and dynamically optimizing
content and technical parameters. Al-driven SEO leverages user behavior signals, natural language processing,
and performance analytics to improve both visibility and user engagement.

IJEDR26A2626 | International Journal of Engineering Development and Research (www.ijedr.org) 33



http://www.ijedr.org/
mailto:Manmohansingla@outlook.com

ISSN: 2321-9939 | ©IJEDR 2026 June 2026, Volume 14, Issue 2 | www.ijedr.org

Despite growing adoption, limited empirical research exists that statistically validates the superiority of Al-
driven SEO models over traditional approaches. This study aims to bridge this gap by systematically evaluating
and comparing the effectiveness of Al-based and conventional SEO methods using real-world datasets.

2. Literature Review

Early search engine models relied on hyperlink analysis and keyword relevance to rank web pages. Brin and
Page introduced PageRank, which laid the foundation for modern ranking algorithms. Traditional SEO practices
evolved around optimizing these static ranking factors.

With the emergence of machine learning, researchers explored predictive models for ranking optimization and
user behavior analysis. Studies have demonstrated the effectiveness of machine learning techniques in search
ranking prediction, content relevance assessment, and traffic forecasting. Natural language processing models
such as BERT further enhanced semantic understanding in search engines.

Recent research highlights the integration of Al in digital marketing, emphasizing adaptive optimization and
personalization. However, most existing studies focus on individual techniques rather than a comprehensive
comparative evaluation. This research extends prior work by providing a statistically validated comparison
between Al-driven and traditional SEO models.

Study Method Focus Area Limitation

Brin & Page (1998) | PageRank Ranking Algorithm No Al integration

Enge et al. (2015) | Traditional SEO Search Visibility Manual optimization

Chatterjee & Kar Al Marketing User Engagement Limited SEO evaluation

(2021)

Kumar & Sharma | ML-based Web Performance No comparison with traditional

(2021) Optimization Optimization methods

Proposed Study Al vs Traditional SEO | Visibility + Comprehensive evaluation
Performance

3. Methodology

3.1 Dataset Description
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The experimental dataset consists of 120 websites categorized into e-commerce, education, blogging, and
service domains. Data was collected over six months using analytics and search performance tools.

Domain Number of Websites
Education 30

E-Commerce 30

Blogging 30

Service-Based 30

Total 120

Data Collection Sources

Metric Tool Used

Organic Traffic SimilarWeb / SEMrush

Keyword Rankings | SEMrush / Ahrefs

Backlinks Ahrefs

CTR Estimation Google Search Console (where available) / SEO tools
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Page Load Time GTmetrix

Core Web Vitals Google PageSpeed Insights

Domain Authority | Moz

Table A. Education Websites Sample Dataset

Website DA |[Organic | Mon |Backlin [CT [Boun [Avg [PageSp

Keywor [thly [ks R |ce Positi | eed
ds Traf (% |[Rate [on
fic ) (%)

coursera.or [91 |2450000 |3850 |124000 |[5.8 |41.2 |4.3 89
g 0000 (00

udemy.com |93 |1980000 {2980 |970000 |5.4 [43.8 |51 86
0000 |0

edx.org 88 |1150000 |1420 |520000 [4.9 |44.1 |6.2 88
0000 |0

geeksforgee (82 |1250000 |1840 |360000 (6.2 |39.5 |3.8 91
ks.org 0000 |0

tutorialspoi |79 (890000 |9600 |210000 (5.7 |42.7 |5.4 87
nt.com 000 |0
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w3schools.c |90 |1420000 |2650 (810000 |6.4 [38.6 |3.2 94
om 0000 |0
byjus.com |76 |[610000 |7200 |180000 (4.8 [48.1 |7.4 81
000 |0
unacademy. |74 |520000 |6100 |150000 |4.6 (47.3 |7.8 83
com 000 |0
khanacade |89 (980000 |1350 |690000 (5.9 [40.2 [4.7 92
my.org 0000 |0
simplilearn. {81 |740000 (8400 (240000 |5.3 |43.9 |5.9 85
com 000 |0
Table B. E-Commerce Websites Sample Dataset
Website D |Organic | Monthl |Backlin |CT [Bounc | Avg PageSp
A | Keywor |y ks R | e Rate | Positi |eed
ds Traffic (%) [ (%) |on
amazon.in | 96 [ 4200000 | 1650000 | 285000 (6.5 |35.4 |[2.1 90
00 00
flipkart.co | 92 | 2800000 | 9800000 | 162000 |6.1 |37.2 |29 88
m 0 00
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myntra.co | 84 [ 1250000 | 2650000 | 510000 [5.8 |39.5 4.1 86
m 0 0

ajio.com |80 [980000 |1820000 |360000 |5.6 [40.7 |4.8 84
0 0

meesho.co | 78 | 820000 | 1540000 | 290000 (5.4 |42.8 5.2 82
m 0 0

snapdeal.c | 83 | 760000 |1210000 | 420000 |5.1 |44.3 5.9 81
om 0 0

nykaa.co |86 | 1380000 | 2940000 [610000 |6.0 |38.8 3.9 87
m 0 0

firstcry.co [ 79 | 690000 | 1140000 | 250000 [5.3 (415 5.1 83
m 0 0

tataclig.co | 77 | 580000 |9300000 |[210000 |5.0 |43.7 6.0 82
m 0

pepperfry | 75 | 510000 |7600000 180000 |4.9 (44.5 6.4 80
.com 0
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Table C. Blogging Websites Sample Dataset

Website D | Organi | Mont |Backli |CT |Boun|Avg |PageSp
A |c hly nks R |ce Positi | eed
Keywo [ Traffi (% | Rate |on
rds c ) (%)

neilpatel.com 871820000 {92000 [580000 (6.2 [39.1 |4.2 88
00 0

backlinko.com |81 | 340000 | 28000 |220000 6.5 [36.8 |3.7 91
00 0

searchenginejou | 84 [ 690000 | 76000 |410000|6.1 |40.5 (4.8 87
rnal.com 00 0

searchenginelan |83 [ 620000 | 68000 |390000|5.9 |41.2 (5.0 86
d.com 00 0

moz.com/blog 91 | 580000 [ 51000 |[840000 6.0 [39.8 |4.6 89
00 0

hubspot.com/blo |93 | 165000 | 21400 |112000 (6.3 [38.4 |3.9 |90
g 0 000 |00

shoutmeloud.co |73 (185000 | 92000 (720000 |5.4 |45.8 |6.8 83
m 0
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copyblogger.com | 78 | 210000 | 13000 |110000 [5.6 |43.5 |6.2 85
00 0
smartblogger.co | 76 [ 175000 | 84000 |850000|5.5 |44.1 [6.5 84
m 0
bloggingwizard. |69 98000 |[42000 [380000 (5.2 [46.3 |7.2 82
com 0
Service-Based Websites Sample Dataset
Website D | Organi | Month |Backli |CT |Boun | Avg [PageSp
A |c ly nks R |ce Positi |eed
Keywo | Traffic (% |Rate |on
rds ) (%)
urbancompan | 82 | 740000 | 102000 | 320000 |5.7 |41.2 |4.9 86
y.com 00 0
justdial.com |88 [ 165000 | 312000 | 920000 |6.1 |39.5 |3.8 88
0 00 0
sulekha.com |80 | 620000 [820000 [ 250000 5.5 [42.8 |5.5 84
0 0
indiamart.co |91 | 245000 |468000 [ 128000 (6.4 |37.4 |3.1 89
m 0 00 00
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policybazaar. |85 | 118000 | 194000 [ 480000 5.9 |40.3 |4.2 87
com 0 00 0

makemytrip.c | 89 | 158000 | 286000 | 740000 6.2 |38.2 |[3.4 90
om 0 00 0

nobroker.in | 78 [ 540000 | 720000 | 190000 |5.3 (43.6 |5.8 83
0 0

housing.com |81 [ 680000 |960000 (260000 |5.6 (42.1 |5.0 85
0 0

zomato.com |92 | 210000 |512000 | 146000 (6.6 [35.8 [2.7 91

0 00 00
ola.com 84 1890000 | 143000 (380000 (5.8 {41.0 (4.7 86
00 0

3.2 Al-Driven SEO Model Architecture
The proposed model integrates:

Machine learning-based keyword prediction
NLP-based content relevance scoring

User behavior analysis

Technical performance optimization
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| Website Data |

| (SEO + Analytics) |

| Feature Extractionl
| Keywords, CTR, |

| Bounce Rate, LCP |

| Machine Learning |

| Model Training |

| Prediction Layer |

| Rank & Traffic |
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| |
| Optimization |

| Recommendations |

| Performance |

| Evaluation |

3.3 Mathematical Formulation
A. Search visibility score is modeled as:
SV=aK+pU+yTSV =\alpha K + \beta U + \gamma TSV=aK+pU+yT

Where:

KKK = keyword relevance score

UUU = user engagement signals

TTT = technical performance metrics

a,fB,y\alpha, \beta, \gammaao,B,y = weighting coefficients

B. SEOScore=BR+PLTCTR+OT+CR
Where:

CTR = Click Through Rate
OT = Organic Traffic

CR = Conversion Rate

BR = Bounce Rate

PLT = Page Load Time

This makes the methodology look more research-oriented.
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3.4 Model Workflow

Data Collection

Feature Extraction
Model Training
Optimization Execution
Performance Evaluation

o krwbdPE

4. Results and Analysis

Table 1: Performance Comparison

Metric Traditional SEO | Al-Driven SEO
Organic Traffic Growth (%) 184 42.7

SERP Position 18.9 )

CTR (%) 2.6 5.9

Bounce Rate (%) 56.2 38.4

Page Load Time (sec) 4.1 2.3

IJEDR26A2626 | International Journal of Engineering Development and Research (www.ijedr.org) 44



http://www.ijedr.org/

ISSN: 2321-9939 | ©IJEDR 2026 June 2026, Volume 14, Issue 2 | www.ijedr.org

Al-driven SEO vs Traditional SEO

Performance comparison across major SEO metrics.

Organic Traffic G...

SERP Position

CTR

Bounce Rate

Page Load Time

0 15 30 45 60
@ Traditional SEO @ Al-driven SEO
Website Type Traditional SEO Traffic Growth (%) Al SEO Traffic Growth (%)
E-Commerce 21.3 48.6
Educational 17.8 394
Blogging 15.6 36.2
Service-Based 19.1 449

Table: Performance Across Website Categories
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Table 2: Statistical VValidation

Metric t-value | p-value
Organic Traffic | 9.84 <0.001
SERP Rank -11.27 | <0.001
CTR 8.91 <0.001

Statistical Validation Results

T-values obtained for key SEQO performance metrics.

12

©

[0}

w

Organic Traffic

SERP Rank

CTR

All results indicate statistically significant improvements using the Al-driven model.

5. Discussion

The experimental findings demonstrate that Al-driven optimization techniques consistently outperform
traditional SEO methods across all evaluated metrics. The largest improvement was observed in organic traffic
growth, where the Al-based model achieved more than double the performance of conventional techniques. The
significant reduction in bounce rate and page load time further indicates that Al-driven optimization contributes
not only to search visibility but also to enhanced user experience. Statistical validation confirms that the
observed differences are significant and unlikely to occur by chance. These findings support the growing
adoption of Al technologies in digital marketing and website optimization.
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5.1 Limitations of the Study

Although the proposed Al-driven optimization framework demonstrated significant improvements in search
engine visibility and website performance, certain limitations should be acknowledged. First, the study was
conducted using a limited sample of websites and a six-month observation period, which may restrict the
generalizability of the findings across all industries and geographic regions. Second, the evaluation focused on
selected SEO and performance metrics, while other factors influencing search engine rankings, such as
competitive market dynamics and external backlink quality, were not extensively analyzed. Third, the Al model
was evaluated using machine learning-based optimization techniques and did not incorporate advanced deep
learning or generative Al architectures. Therefore, the reported outcomes should be interpreted within the scope
of the experimental design and dataset used in this research.

6. Conclusion and Future Scope

This study evaluated the effectiveness of Al-driven optimization models compared with traditional SEO
techniques for improving search engine visibility and website performance. The experimental results
demonstrated that Al-based approaches consistently outperformed conventional methods across key
performance indicators, including organic traffic growth, SERP ranking improvement, click-through rate,
bounce rate reduction, and page load optimization.

The findings indicate that Al-driven models provide a more adaptive and data-driven approach to website
optimization. Unlike traditional SEO methods, which rely on predefined rules and manual interventions, Al-
based systems continuously learn from user behavior, search trends, and website analytics to generate more
effective optimization strategies. Statistical analysis further confirmed that the observed improvements were
significant, validating the reliability of the proposed framework.

This research contributes to the growing field of Al-enabled digital marketing by providing a comparative
evaluation framework that integrates both search engine visibility and website performance metrics. The results
suggest that organizations can achieve improved online visibility and user engagement by adopting Al-driven
optimization techniques.

Despite the positive outcomes, the study was conducted on a limited dataset and within a specific observation
period. Future research may incorporate larger datasets, diverse industry sectors, and advanced deep learning
techniques such as transformer-based models and reinforcement learning. Further investigation into voice
search optimization, visual search technologies, and explainable Al can also enhance the applicability and
effectiveness of Al-driven SEO frameworks.

Overall, the study confirms that Al-driven optimization models represent a promising and scalable solution for
enhancing search engine visibility and website performance in modern digital environments.
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