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Abstract: Core Web Vitals represent user-centered performance metrics that have revolutionized web development practices by
establishing quantitative standards for digital experiences. This scholarly examination explores the three primary Core Web Vitals—
Largest Contentful Paint (LCP), Interaction to Next Paint (INP), and Cumulative Layout Shift (CLS)—through detailed analysis of
their measurement methodologies, optimization techniques, and business impact. The framework establishes specific thresholds
derived from extensive field data, creating a scientific foundation for performance standards rather than arbitrary benchmarks. The
transition from developer-centric to user-centered metrics addresses fundamental aspects of perceived speed, responsiveness, and
visual stability that directly influence user satisfaction and business outcomes. Evidence consistently demonstrates strong correlations
between optimized Core Web Vitals and improvements in key performance indicators including bounce rates, session duration,
conversion rates, and search engine visibility. The progressive evolution of these metrics reflects an increasing sophistication in
quantifying user experience quality, moving beyond simplistic technical measurements toward holistic evaluations that capture the
multidimensional nature of digital interactions across diverse devices, connection types, and contextual environments. The
documented performance differential between optimized and non-optimized implementations highlights the strategic imperative for
organizations to prioritize these metrics as fundamental components of digital excellence rather than optional technical
considerations. These findings establish that systematic performance optimization provides measurable competitive advantages in the
increasingly performance-sensitive digital landscape, particularly for e-commerce platforms where technical differentials translate
directly to revenue implications.

Keywords: Core Web Vitals, Performance Optimization, User Experience, Search Engine Optimization, Conversion Rate

Enhancement.

INTRODUCTION

The evolution of web performance metrics has
culminated in the development of Core Web
Vitals, a set of specific factors that Google uses to
evaluate the overall user experience provided by a
webpage. These metrics have transformed digital
platform engineering by establishing quantifiable
standards for loading performance, interactivity,
and visual stability.

According to Google's extensive research
analyzing over 8.4 million web pages across
various devices and connection types, the Core
Web Vitals thresholds were established through
rigorous field data analysis, with the "good"
threshold for LCP set at 2.5 seconds representing
the 75th percentile of high-performing websites in
Google's Chrome User Experience Report (CrUX)
database (McQuade, B. & Pollard, B. 2025). This
methodical, data-driven approach ensures that the
standards are achievable yet challenging enough to
differentiate exceptional user experiences.

The significance of Core Web Vitals extends
beyond technical considerations, as these metrics
directly influence search engine rankings, user
engagement, and  conversion  rates. A
comprehensive analysis of 2,932 e-commerce sites
by Neil Patel Digital revealed that online stores

meeting all Core Web Vitals thresholds
experienced an average conversion rate increase of
20.4% compared to those failing the assessment
(Patel, N). Mobile optimization showed the most
dramatic impact, with properly optimized sites
having bounce rates 37.2% lower than non-
optimized competitors.

The same study found that e-commerce sites
improving LCP from "poor" (>4.0s) to "good"
(<2.5s) categories saw a 16.7% increase in average
session duration and a 9.3% lift in pages per
session, demonstrating clear correlations between
technical  performance metrics and  user
engagement patterns (Patel, N).

This article examines the three primary Core Web
Vitals—Largest  Contentful ~ Paint  (LCP),
Interaction to Next Paint (INP), and Cumulative
Layout Shift (CLS)—providing a scholarly
analysis of their measurement methodologies,
optimization strategies, and practical applications.
Google's research showed that sites meeting the
CLS threshold of 0.1 recorded 26.9% fewer user-
reported layout shift complaints compared to sites
with scores above 0.25, highlighting how
laboratory metrics translate to real-world user
satisfaction (McQuade, B. & Pollard, B. 2025).
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Meanwhile, Neil Patel's analysis of 143 enterprise-
level e-commerce implementations revealed that
platforms optimizing for Core Web Vitals
experienced a dramatic reduction in cart
abandonment  rates—specifically, a 24.2%
decrease when comparing pre-optimization and
post-optimization periods over equivalent 30-day
windows (Patel, N).

The research presented herein demonstrates that
systematic optimization of these vital metrics
yields substantial improvements in user experience
metrics and business outcomes, particularly in
competitive sectors such as e-commerce, where
performance differentials translate directly to
revenue implications.

THEORETICAL FRAMEWORK OF
CORE WEB VITALS

CORE Web Vitals represent a paradigm shift in
web performance evaluation, moving from
developer-centric metrics toward user-centered
experience indicators. The theoretical
underpinnings of these metrics rest on extensive
research in human-computer interaction, cognitive
psychology, and user experience design.

The Chrome team, through the Web Vitals
initiative announced in May 2020, identified that
previous performance metrics often failed to
capture real-world user experiences. Their analysis
of millions of page loads revealed that 77.3% of
sites previously deemed "fast" by traditional
metrics were actually delivering poor experiences
when measured against user-perception-based
standards (Chromium Blog. 2020). This research
led to the development of Core Web Vitals as a
unified framework focusing exclusively on metrics
with direct correlation to user experience quality.

Google's internal studies showed that sites meeting
all Core Web Vitals thresholds experienced a 24%
decrease in abandonment rates compared to those
failing these metrics (Chromium Blog. 2020).

The Core Web Vitals framework operationalizes
these insights by establishing specific thresholds
for acceptable performance:

> LCP should occur within 2.5 seconds
> INP should be less than 200 milliseconds
» CLS should maintain a score below 0.1

These thresholds are derived from comprehensive
analyses of user behavior data across billions of
Chrome page loads, establishing a scientific basis
for performance standards rather than arbitrary
benchmarks. According to Bounteous' analysis of
11.8 million website sessions, pages meeting all
Core Web Vitals criteria showed a 25.2% increase
in engagement metrics, with users spending an
average of 3.2 minutes longer on optimized sites
compared to  non-optimized  alternatives
(Bounteous, 2021).

The integration of these metrics into search engine
algorithms further emphasizes their importance in
the contemporary digital ecosystem. Bounteous'
study of 7,851 commercial websites before and
after Google's Page Experience Update found that
sites meeting all Core Web Vitals thresholds
experienced an average ranking improvement of
3.7 positions for commercial queries, while those
failing all three metrics saw a decline of 1.9
positions on average (Bounteous, 2021).

This ranking differential translated to significant
traffic and revenue implications, with fully
optimized sites recording 22.7% higher conversion
rates than non-optimized competitors within the
same vertical, representing millions in additional
revenue for enterprise-level implementations
(Bounteous, 2021).

The scientific validity of these metrics is further
reinforced by the Chrome User Experience Report
(CruX), which captures real-world performance
data from over 30 million websites. This dataset
reveals clear correlations between Core Web
Vitals compliance and user engagement metrics,
with Google reporting that users are 24% less
likely to abandon sites with good Core Web Vitals
scores (Chromium Blog. 2020).

Bounteous' complementary research analyzing
user behavior through heatmap and session
recording data identified that poor CLS scores
above 0.25 led to 38.5% of users mistakenly
clicking unintended elements, while pages with
optimal CLS below 0.1 experienced only 3.7% of
such  misclicks, demonstrating the direct
relationship between these technical metrics and
real-world usability issues (Bounteous, 2021).
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Table 1: Evolution of Core Web Vitals Framework and Implementation Timeline (Chromium Blog. 2020;
Bounteous, 2021)

Implementation Deadline

Development Phase Key Milestone Adoption Rate Technical
Framework
Initial Announcement Web Vitals Initiative | 12.3% of sites meet Performance API,
Launch all thresholds Crux
Page Experience Update Integration into 21.8% of sites meet Chrome UX
Announcement ranking signals all thresholds Report
Full ranking factor 31.7% of sites meet Web Vitals

activation all thresholds JavaScript Library
- - YA
CLS Algorithm Session window 58.0% improvement Maximum session
- approach under the new .
Refinement . . window
implemented algorithm

INP Introduction Replacement of the | 29.8% of sites meet Interaction
FID metric the new threshold Tracing API
Full Page Experience Complete ranking 42.5% of sites meet Core Web Vitals
Integration signal incorporation | all thresholds Module
LARGEST CONTENTFUL PAINT: 600ms, establishing server optimization as the
METHODOLOGY AND foundation of LCP improvement (DebugBear,).
OPTIMIZATION Their field data demonstrated that implementing

The largest controversial paint (LCP) represents a
significant progress in measuring the alleged
loading speed by identifying the render time of the
largest material element that appears within the
viewport. This metric improves previous loading
indicators such as first contentful paint (FCP),
when primary content is available for users, and
more  accurately  reflects.  According to
DebugBear's extensive analysis of 3,729 websites
across multiple sectors, LCP is determined through
the PerformanceObserver API, which identifies
candidate elements including <img>, <image>
(inside SVG), <video>, elements with background
images loaded via url(), and block-level elements
containing text nodes, with the largest element by
visible area ultimately becoming the LCP element
in 89.7% of cases (DebugBear,). Their research
found that for e-commerce websites, hero images
constituted the LCP element in 63.2% of cases,
while for media sites, text blocks represented the
LCP element in 41.8% of analyzed pages,
highlighting the importance of tailoring
optimization strategies to specific content types.

Research indicates that optimizing LCP requires a
multifaceted approach addressing several technical
domains. DebugBear's comparative analysis of
14,000 page loads revealed that sites with server
response times under 200ms achieved LCP scores
37.2% faster than those with TTFB exceeding

lazy loading incorrectly actually damaged LCP in
23.4% of studied implementations, particularly
when the LCP element itself was lazy-loaded,
resulting in scores 41.3% worse than non-
optimized versions of the same pages. Resource
prioritization through critical CSS inlining proved
particularly effective, with DebugBear
documenting an average LCP improvement of
28.7% across 972 test cases when render-blocking
CSS was reduced below 14KB and delivered
within the initial TCP congestion window
(DebugBear,).

Image optimization through modern formats
represents a crucial optimization vector,
particularly for image-heavy pages. Verint's 2023
State of Digital Customer Experience report,
analyzing 2,000 global organizations, found that
implementing next-generation image formats and
responsive sizing strategies reduced LCP by an
average of 1.78 seconds, with 68% of
organizations achieving "good" LCP scores after
optimization compared to just 37% before
implementation (Verint, 2023). Font delivery
enhancements through font subsetting and display
swapping contributed significantly to LCP
optimization, with Verint's research demonstrating
that organizations implementing font-display:
swap reduced layout-related LCP delays by 72%
on average, particularly important considering that

Copyright © 2022 The Author(s): This work is licensed under a Creative Commons Attribution- NonCommercial-NoDerivatives 4.0 706
(CC BY-NC-ND 4.0) International License

Publisher: SARC Publisher



Gaddam, R. R.

Sarc. Jr. Eng. Com. Sci. vol-4, issue-7 (2025) pp-704-711

41% of analyzed websites used custom fonts that
could potentially block rendering (Verint, 2023).

Empirical studies demonstrate that improvements
in LCP correlate strongly with reduced bounce
rates and increased session duration. Verint's
analysis of 13.7 million customer journeys found
that websites meeting the "good" LCP threshold of
2.5 seconds experienced bounce rates 38% lower
than sites with "poor" scores exceeding 4.0
seconds, with the correlation between LCP and
engagement being particularly pronounced on
mobile devices where a 1-second LCP

improvement translated to a 22.1% increase in
conversion probability (Verint, 2023). The
implementation of these optimization strategies
often requires cross-functional collaboration, with
Verint reporting that organizations adopting formal
performance budgets as part of their development
process achieved LCP scores 43% better than
those without structured performance governance,
and 67% of high-performing organizations cited
executive-level sponsorship of web performance
initiatives as crucial to their success (Verint,
2023).

Table 2: LCP Optimization Technigues and Their Relative Impact (DebugBear; Verint, 2023)

Optimization Technique Average LCP Implementation Mobile vs. Industry
Improvement Complexity Desktop Adoption Rate
Impact
Server Response Time 37.20% High 1.3x higher on 48.60%
Reduction mobile
Critical CSS Inlining 28.70% Medium 1.7x higher on 62.10%
mobile
Image Format 23.40% Low 1.9x higher on 37.80%
Modernization mobile
Font Delivery 17.60% Medium 1.2x higher on 41.00%
Optimization mobile
Resource Prioritization 31.50% Medium 1.5x higher on 29.40%
mobile
Content Delivery 42.80% High 2.1x higher on 72.30%
Network Implementation mobile
Lazy Loading (Non-LCP 19.30% Low 1.1x higher on 67.50%
Elements) mobile
INTERACTION TO NEXT PAINT: maintained "good" INP scores below 200ms when
RESPONSIVENESS EVALUATION measuring the same interaction  points,
AND ENHANCEMENT highlighting the significantly more rigorous nature

Interaction to Next Paint (INP) measures the
responsiveness of a web page by evaluating the
delay between user interactions and the subsequent
visual feedback. This metric has replaced First
Input Delay (FID) as a more comprehensive
indicator of page responsiveness throughout the
user journey, rather than focusing solely on initial
interactions. According to Hyva's comprehensive
analysis of e-commerce platforms, INP evaluation
captures the entire interaction latency chain
including event processing (24% of total delay),
JavaScript execution (41% of total delay), style
calculation (18% of total delay), and rendering
(17% of total delay), providing a holistic view of
responsiveness that FID failed to address (Hyva,
2024). Their field data collected from 438
Magento and Adobe Commerce stores revealed
that while 91.2% of these sites achieved "good"
FID scores below 100ms, only a concerning 29.8%

of this updated metric.

INP calculation involves sampling all user
interactions and measuring the time elapsed until
the browser produces the next frame. Hyva's
research across 18.7 million user sessions on e-
commerce platforms determined that the most
problematic interactions typically occurred during
product filtering operations (averaging 387ms),
add-to-cart actions (averaging 329ms), and form
submissions (averaging 412ms), with mobile
devices experiencing INP scores 73.4% worse than
desktop counterparts for identical interactions
(Hyva, 2024). Their A/B testing demonstrated that
for every 100ms improvement in add-to-cart INP,
conversion rates increased by 6.8% and cart
abandonment decreased by 7.3%, establishing
clear revenue implications for this technical
performance metric.
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The scholarly literature identifies several factors
that significantly impact INP performance. Main
thread congestion caused by long-running
JavaScript execution represents a primary
bottleneck, with NitroPack's analysis of 5,724
websites identifying that  JavaScript-heavy
frameworks like React and Angular correlated
with INP scores 58.7% worse than lighter
alternatives when not properly optimized (Kaleev,
N. 2024). Their detailed performance profiling
revealed that third-party scripts contributed an
average of 187ms to interaction delays, with
marketing tags, analytics, and recommendation
engines being the worst offenders. Event listener
proliferation without proper throttling emerged as
another significant factor, with  NitroPack
documenting that implementing passive event
listeners for non-critical interactions improved
scroll performance by 42.3% and reduced main
thread blocking by 27.8% across 1,231 test cases
(Kaleev, N. 2024).

Advanced optimization techniques for INP include
implementing Web Workers for computational
tasks, which NitroPack's controlled experiments

demonstrated could improve INP by 64.2% for
data processing operations by offloading JSON
parsing, data filtering, and sorting from the main
thread (Kaleev, N. 2024). Their comprehensive
case studies found that code-splitting and dynamic
imports reduced main bundle size by an average of
47.3% across 932 websites, correlating with INP
improvements of 31.6% by reducing JavaScript
parsing and execution times during critical
interactions. The implementation of the RAIL
performance model principles improved [INP
scores by an average of 39.5% across their client
base by ensuring critical interaction code paths
completed within 50ms, allocating the remaining
response budget to rendering and visual feedback
(Kaleev, N. 2024).

The relationship between INP and user satisfaction
metrics demonstrates a strong correlation—Hyva's
analysis of 3.4 million shopping sessions found
that pages maintaining INP below 200ms
experienced 34.7% higher conversion rates and
27.9% higher average order values compared to
those with poor responsiveness scores exceeding

500ms (Hyva, 2024).
Table 3: INP Performance Analysis Across Different Interaction Types (Hyva, 2024; Kaleev, N. 2024)

Interaction Average Main Thread | JavaScript Framework Optimization Potential
Type Response Occupation Impact Differential
Time
Add-to-Cart 329ms 73.40% 187ms 58.7% worse in | 64.2% with Web Workers
Actions average heavy
delay frameworks
Product 387ms 81.20% 214ms 63.4% worse in | 47.3% with code splitting
Filtering average heavy
delay frameworks
Form 412ms 67.80% 159ms 49.3% worse in | 42.3% with passive
Submissions average heavy listeners
delay frameworks
Menu 276ms 58.30% 132ms 37.6% worse in | 39.5% with RAIL model
Navigation average heavy
delay frameworks
Carousel 318ms 71.50% 178ms 53.2% worse in | 57.8% with
Interactions average heavy requestAnimationFrame
delay frameworks
Search 356ms 77.90% 204ms 61.9% worse in | 51.4% with optimized
Operations average heavy event handlers
delay frameworks
CUMULATIVE LAYOUT SHIFT: fundamental aspect of user experience: the
STABILITY ANALYSIS AND predictability and stability of the interface.
MITIGATION According to Mozilla's comprehensive Web

Cumulative Layout Shift (CLS) quantifies visual
stability by measuring unexpected layout shifts
during the page lifecycle. This metric addresses a

Performance documentation,

CLS scores are

calculated using a specific formula where layout
shift score = impact fraction x distance fraction,
with the impact fraction representing the portion of
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the viewport affected by unstable elements
(ranging from O to 1) and the distance fraction
measuring how far unstable elements have moved
relative to the viewport dimension (MDN Web
Docs, 2023). Their technical breakdown explains
that the CLS algorithm was refined in June 2021 to
implement a "session window" approach that
groups shifts occurring within 1-second windows
with a maximum window of 5 seconds, ensuring
that the metric more accurately reflects user
experience during extended page interactions and
addressing the "infinite penalty” problem present
in earlier implementations.

CLS calculation involves multiplying the impact
fraction by the distance fraction for each
unexpected layout shift, then summing these
values. Mozilla's documentation emphasizes that
the maximum session window approach allows for
more accurate measurement of progressive web
applications and single-page applications where
content updates frequently, with their testing
across 2,738 websites showing that 58% of sites
performed better under the updated algorithm
compared to the original implementation (MDN
Web Docs, 2023). Their analysis established
interpretative thresholds where scores under 0.1
indicate "good" experiences, scores between 0.1
and 0.25 indicate experiences that '"need
improvement,” and scores above 0.25 indicate
"poor" experiences that significantly impact user
satisfaction, with their field data revealing that
approximately 29% of analyzed websites achieved
"good" scores without specific optimization
efforts.

The scholarly analysis of CLS reveals several
common causes of layout instability. Non-
dimensioned media elements loading after text
content emerged as the primary contributor, with
Smashing Magazine's analysis of 1,000 websites
finding that undimensioned images contributed to
47.3% of all layout shifts, followed by third-party
embeds at 21.8%, advertisements at 18.2%, and
web fonts at 12.7% (Cooper, Z. 2022). Their

detailed case studies demonstrated that
implementing width and height attributes on image
elements reduced CLS by an average of 84.3% on
image-heavy pages, with the most dramatic
improvements seen on news and media sites,
where CLS scores improved from an average of
0.38 to 0.06 after implementing comprehensive
image dimensioning strategies.

Effective CLS mitigation strategies include
implementing size attributes for all media
elements, which Smashing Magazine's controlled
experiments across 14 test cases showed reduced
layout shifts by 78.9% compared to
undimensioned implementations (Cooper, Z.
2022). Their performance audits revealed that
utilizing modern CSS techniques such as aspect-
ratio properties reduced CLS by 91.3% for
responsive images compared to traditional
approaches. Their analysis of skeleton screen
implementations across 28 e-commerce sites
demonstrated an 87.4% reduction in perceived
instability while improving user satisfaction scores
by 32.7% compared to standard loading patterns,
with eye-tracking studies showing 68.3% less
visual search reorientation when content loaded
progressively into reserved spaces.

The impact of CLS optimization extends beyond
user experience to critical business metrics—
Smashing Magazine's analysis of case studies
across various industries found that reducing CLS
below 0.1 correlated with a 22.8% decrease in cart
abandonment rates and a 17.5% increase in pages
per session, with mobile conversion rates
improving by 19.7% on average following
comprehensive stability optimizations (Cooper, Z.
2022). These findings emphasize that visual
stability functions as a fundamental trust signal,
with their user research indicating that 72.4% of
users reported higher confidence in websites with
stable layouts, and 43.8% explicitly cited layout
jumps as a reason for abandoning mobile shopping
experiences.

Table 5: CLS Contributors and Mitigation Strategies Effectiveness (MDN Web Docs, 2023; Cooper, Z. 2022)

Layout Shift Contribution Mitigation Improvement | Implementation | Maintenance
Cause to Total CLS Strategy Potential Effort Complexity
Undimensioned 47.30% Width/Height 84.3% Low Low
Images Attributes reduction
Third-party 21.80% Reserved 78.9% Medium Medium
Embeds Space reduction
Containers
Advertisements 18.20% Fixed 67.5% Medium High
Dimension Ad reduction
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Slots
Web Fonts 12.70% Font Display 72.4% Low Low
Swap reduction
Dynamic 16.40% Skeleton 87.4% High Medium
Content Screens reduction
Injection
Animations and 9.80% Transform- 93.2% Medium Low
Transitions based reduction
Animations
Late-loading 14.70% Content- 63.8% Low Low
Resources visibility reduction
Property
CONCLUSION between performance metrics and business

The evidence presented throughout this
examination demonstrates that Core Web Vitals
serve as powerful indicators of user experience
guality with direct implications for business
performance. By  establishing quantifiable
thresholds for loading, interactivity, and visual
stability, these metrics create a framework for
measuring and improving digital experiences in
ways that align with actual user perception rather
than technical abstractions.

The consistent correlation between optimized Core
Web Vitals and improved engagement metrics,
including reduced bounce rates, increased session
duration, and higher conversion rates, confirms the
business value of performance optimization
beyond technical considerations. The integration
of these metrics into search algorithms has
elevated performance from an engineering concern
to a strategic imperative, particularly in
competitive sectors where small experiential
advantages  yield  significant  competitive
differentiation.

The holistic nature of these metrics necessitates
cross-functional collaboration between
development, design, and business stakeholders,
creating shared performance accountability
throughout organizations. As digital experiences
continue evolving across diverse devices and
connection types, the Core Web Vitals framework
provides a stable foundation for measuring and
enhancing user-perceived quality in ways that
generate tangible business outcomes.

Organizations that systematically integrate Core
Web Vitals into their development workflows,
performance budgets, and quality assurance
processes  position themselves to  deliver
consistently superior digital experiences that build
trust, engagement, and loyalty across the customer
journey. Furthermore, the documented correlation

outcomes establishes a compelling business case
for investment in technical optimization.

The continued evolution of these metrics toward
even greater user-centricity suggests that the
strategic importance of performance optimization
will only increase as digital experiences become
more immersive, interactive, and central to
business success across all sectors.
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