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Ad Fraud, As the digital ad business grows, constant issues such as click fraud rate manipulation and the even
AdTech, more engrained opaque supply chains undermine transparency and fraud prevention that must be
Blockchain, solved in the growing world of Audiences. In this study we have tried to analyze how smart
Digital contracts and blockchain technology framework to overcome these inefficiencies could be a
Advertising, verifiable decentralized automated. With secondary data, combined with case studies and industry
Decentralized analysis we explored the promise of distributed ledgers and automated transactions as a way to
Systems, Smart increase trust by removing middlemen to reduce advertising fraud. This paper is a comprehensive
Contracts, review of the literature, defines research gaps and offers a conceptual design based on smart contract
Transparency. logic blockchain architecture using oracles for data verification. Ad fraud trends and Blockchain

Market Prognoses R statistical modeling with forecasts based on time series (ARIMA, ETS).
Analysis of relative metrics based on comparisons in table format clearly reveal the vast
improvements with ROI and cost-efficiency click-through rates and reduction in fraud for
blockchain-based advertising systems on a system Image optimization inches Adex & Brave as
studied real-world use cases Nevertheless the secondary database of this paper’s findings are limited
in generalizability, but the results do demonstrate how blockchain can change digital advertising to
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a more transparent approach to doing business. The paper contributes to the literature of digital
marketing performance analytics, trust modeling and blockchain adoption growth.

Practical Implications

This study highlights practical takeaways for advertising professionals, Ad-Tech builders, and
marketing teams who are looking to build more transparent, trustworthy, and high-performing
digital ad systems. Here’s what blockchain and smart contracts can mean for your campaigns:

e Drastically Lower Ad Fraud (by up to 95%): Platforms like Brave and AdEx show how
blockchain can cut fraud down to just 2%. That means fewer fake clicks and better
assurance that your ads are reaching real people, not bots.

o Higher Returns on Ad Spend (200-300% ROI gains): By automating payments and
removing unnecessary middlemen, smart contracts can reduce costs by 30-35%, helping
you stretch your budget further and drive stronger campaign results.

e Real-Time, Verifiable Reporting: With blockchain’s transparent and tamper-proof
records, you can track impressions, clicks, and conversions with confidence, no more
second-guessing data from opaque sources.

e Faster Campaign Execution: Smart contracts take care of payments and verifications
automatically, cutting down execution time by around 40%. That means quicker launches,
faster optimizations, and smoother workflows.

e Ready for Data Privacy Rules: With built-in privacy safeguards like zero-knowledge
proofs and permissioned access, blockchain systems help you stay ahead of strict data laws
like GDPR and CCPA, especially important in global or regulated markets.

These insights show that blockchain isn’t just a tech buzzword, it’s a practical tool for solving some
of digital advertising’s biggest headaches. If you’re running high-budget or fraud-prone campaigns,
now it is a good time to start experimenting with blockchain-based models to build more efficient,
ethical, and future-ready ad strategies.

1. INTRODUCTION

Digital advertising has emerged as one of the most important forms of marketing in the world because of increased use of
the internet, mobile devices, and targeted marketing technologies. Businesses are now spending over USD 600 billion on
tailored advertising, which confirms its importance in the economy as cited by Statista in the year 2023. However, even with
great advancements, issues related to data accuracy, integrity, and advertising transparency are a few emerging hurdles.

Even today, advertisements may be untrustworthy in nature despite existing technologies. Among the oldest issues is
advertisement fraud, which encompasses click fraud, phony impressions, and domain spoofing. As per a Juniper Research
report (2022), ad fraud cost marketers over USD 81 billion in 2022, and this figure is expected to increase; violating the
threshold of USD 100 billion by 2025. The core of the issue stems from the unclear structure of the advertising ecosystem
that contains middlemen including ad exchanges, demand-side platforms, and data aggregators with no central monitoring
or responsibility.

With the growing autonomy of ad serving systems, ad verification; ensuring that advertisements are shown where, when,
and to whom they are supposed to be shown; has become increasingly complicated. Most ad verification methodologies are
based on the presence of a connected and comprehensive solution and are, therefore, very expensive, biased and easily
manipulated. The result is a situation that reinforces the lack of transparency which engenders weakness and distrust amongst
the publishers, advertisers and consumers (Madhwal and Panfilov, 2017). This lack of transparency and traceability creates
vulnerabilities and fosters distrust between advertisers, publishers, and consumers.

In this research we have investigated the potential of blockchain technology and smart contracts as strategic solutions to the
challenges created in digital advertising. In this study we have employed literature review, analyzed the available existing
data alongside real-life examples and the role of smart contracts and their ability to automate ad verification, reduce manual
steps, and curtail fraudulent activities in order to answer the fundamental question that ‘how Blockchain’s properties,
including decentralization, immutability, and transparency, could be used to improve trust and security within advertising
systems’.

2. OBJECTIVES OF THE STUDY
The main objectives of this study are as follows:

®,

¢ To find out the current challenges related to ad verification and fraud in advertising (digital).
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¢ To analyze the potential applications of blockchain technology in addressing these challenges.
« To investigate how smart contracts can automate and enforce advertising agreements.
« To identify key benefits and limitations of blockchain adoption in the digital advertising ecosystem.

s To propose a conceptual framework to strategic insights for industry stakeholders based on existing
implementations and research.

3. LITERATURE REVIEW
In order to make a comprehensive Literature review the entire topic was sliced and categorical analysis was done-

3.1. The evolution of digital advertising and common frauds:

The digital advertising has come a long way from static banner ads in 2000s to the complex automated (RTB), audience
segmentation and cross-device targeting systems that power most advertising today. Programmatic advertising has improved
targeting capabilities but also opacity and confusion in the ad tech supply chain (IAB, 2021). This intricacy now opens the
door to all sorts of ad fraud, click-fraud, domain spoofing, ad stacking, bot traffic etc. For example Juniper Research has
reported that the total estimated losses from frauds in digital ad spend will grow to $81 billion globally in 2022 and could
top $100 billion within three years. Click fraud, where bots or paid humans are clicking more than intended, and impression
fraud whereby ads are served on invisible/low quality pages are the major harmful practices (Ghosh, Viswanathan and
Chintagunta, 2015). All of the above basically means intermediates are not transparent which causes pocketing in nature
directly or indirectly hitting the ROI for advertisers.

3.2. Overview of Blockchain Technology:

Decentralized and Distributed Digital Ledger Technology (Blockchain) makes the process secure, transparent & Immutable.
Blockchain ensures that each transaction on decentralized records is time-stamped and cryptographically secured, so they
are impossible to change, manipulate or reverse (Nakamoto, 2008). Separating the network into the decentralized structure
eliminates central authorities or intermediates, and its trustable reliability of shared information (consensus mechanisms,
e.g., Proof-of-Work, Proof-of-Stake) Blockchain really stands out in the realm of advertising due to these attributes. Data is
written and  validated on different nodes that are then verifiable by everyone concerned
(Advertisers/Publishers/Regulators/Auditors). Decentralization solves intrinsic problem of non-symmetric information and
transacting chains for digital advertising.

3.3. Role of Smart Contracts in Automating Verification:

Smart contracts are self-executing contractual agreements that are embedded with automated enforcement of individual
contract terms as soon as the pre-defined conditions are satisfied (Szabo, 1997). Smart contracts in layers of blockchain
network such as Ethereum, can also automate payment settlements (and more) when event occurs, trigger campaign actions
(e.g. pay-per-click only when a legitimate user clicks) & decrease the human intervention. Via smart contracts, ad verification
workflows could be automated in advertising to settle payments only for real impressions or clicks that are validly verified
on a blockchain. Smart contracts lower the need for third-party verification services and foster trust through code-based
governance instead of top-down management (Werbach and Cornell, 2017). The system of ad agreement encoded into the
smart contracts allows advertisers to reach a trustless scenario in which obligations are fulfilled openly and auto confine.

3.4. Existing Studies, Models, and Applications of Blockchain in Digital Advertising:
Several academic authors and practitioners have looked at how blockchain can be implemented into the industry-

e (Madhwal and Panfilov, 2017), Proposed a conceptual model where blockchain increasing the transparency of media
buying as every transaction is recorded into this chain.

e (Ting, Lim and Loh, 2021), Argued that AdEx, Brave and Ubex aim to battle fraud and privacy by giving advertisers
real time insight to how many ads have been delivered.

e (Chainlink, 2020), Proposed the idea of oracles that can sync smart contracts with off-chain ad data to make
performance-based ad models more reliable.

e Tran and Scholten (2020), Investigated a case study on the Brave browser, a crypto-currency-advertising-funded
browser that incentivizes users to view ads as proxies to reward advertisers-consumers.

Blockchain solutions essentially for trust, performance measures and misuse of data are doable at the application level, above
these illustrative applications. However, most of these projects are still at an early or experimental stage and still to be
adopted by large scale.
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¢

4. RESEARCH GAP

Despite growing academic interest in digital advertising fraud and blockchain-based technologies, several important gaps
remain unaddressed. A range of scholarly contributions have shed light on the detection and classification of advertising
fraud, blockchain frameworks, and the implications of smart contracts; however, these studies tend to be either highly
conceptual, platform-specific, or legally oriented, limiting their generalizability and empirical applicability in the advertising
ecosystem.

For instance, Ghosh, Viswanathan and Chintagunta (2015) examined various forms of ad fraud and proposed detection
mechanisms. However, their study lacked exploration of blockchain as a potential preventative infrastructure. Similarly,
Madhwal and Panfilov (2017) introduced a conceptual model advocating for blockchain in advertising transparency, but
their work remained theoretical, without empirical validation or real-world testing.

The legal and contractual dimension was explored by Werbach and Cornell (2017), who studied smart contracts primarily
from a legal-tech perspective. Their work, while foundational, was not tailored to the advertising sector. Ting, Lim and Loh
(2021) provided a comparative review of blockchain-based advertising platforms like AdEx, Brave, and Ubex; however,
their analysis was limited to a few case studies and lacked broad empirical coverage. Tran and Scholten (2020) focused on
Brave browser’s user-controlled advertising model and its effect on privacy and revenue but acknowledged that their single-
platform analysis limits generalization across the industry.

On the technical side, Chainlink (2020) highlighted how decentralized oracles facilitate smart contract functionality by
integrating real-time off-chain data. Yet, the study also noted adoption and interoperability issues that still hinder scalability.
Zheng et al. (2018) addressed blockchain’s throughput limitations in high-performance environments but did not apply these
insights to advertising contexts. Moreover, Finck (2019) underscored the legal tensions between blockchain implementations
and data protection regulations such as GDPR, signaling the need for compliance-focused studies in advertising domains.

Table-1 Key Studies, Contributions & Limitations/Gaps

2017)

blockchain model

transparent ad supply chains

Study Focus Area Key Contributions Limitations/Gaps

(Ghosh, Viswanathan and | Ad fraud detection Identified types of fraud in | Does not explore blockchain-
Chintagunta, 2015) digital advertising based solutions

(Madhwal and Panfilov, | Conceptual Proposed  blockchain  for | Conceptual only; lacks

empirical testing

(Werbach and Cornell,
2017)

Smart contracts

Legal and technical role of
smart contracts

Focused on legal tech, not
specific to advertising

(Ting, Lim and Loh, Blockchain in | Reviewed applications like | Few large-scale case studies;

2021) advertising AdEX, Brave, and Ubex mostly exploratory

Tran & Scholten (2020) Brave browser case | Showed blockchain's impact | One platform only; not
study on ad revenue and privacy generalizable

(Chainlink, 2020) Oracles and smart | Enabled real-time off-chain | Still limited in adoption;
contracts data for smart contracts integration challenges

Zheng et al. (2018)

Blockchain scalability

Analyzed blockchain
limitations in high-throughput
environments

Not ad-specific; focuses on
technical bottlenecks

(Finck, 2019)

Blockchain
GDPR

and

Explored legal  tensions
between blockchain and data
privacy laws

Raises concerns on compliance
and legal frameworks

Source: Compiled by the author based on a synthesis of key scholarly works including Ghosh, Viswanathan and Chintagunta
(2015); Madhwal and Panfilov (2017); Werbach and Cornell (2017); Ting, Lim and Loh (2021); Tran and Scholten (2020);
Chainlink (2020); Zheng et al. (2018); and Finck (2019).

Thus, while there is substantial theoretical and technical discourse around blockchain and advertising, there remains a
significant empirical and interdisciplinary research gap; particularly in evaluating the performance, cost efficiency, and
fraud-prevention capabilities of blockchain-enabled advertising systems in real-world contexts.
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5. THEORETICAL FRAMEWORK

In this study we have drawn upon multiple intersecting theoretical foundations to examine how blockchain and smart
contracts can transform digital advertising by enhancing transparency, reducing fraud, and enabling automated verification.
The framework integrates three core dimensions: Trust and Transparency Theories, Technology Acceptance Models, and
Blockchain-Specific Frameworks.

5.1 Trust Theory and Transparency Models

Trust is considered as a foundational element in entire digital advertising ecosystems, where advertisers, publishers, and
users interact through multiple intermediaries. Traditional advertising suffers from asymmetric information and lack of
verifiable accountability, which results in ad fraud, inflated metrics, and opaque reporting.

According to Mayer, Davis, and Schoorman’s Trust Model (1995), trust is built through three factors: ability, benevolence,
and integrity- all of which are often missing in current digital advertising systems.

Blockchain technology addresses these issues through:
e Immutable ledgers that ensure data integrity (trust in information).
o Shared visibility across stakeholders, reducing information asymmetry.
e Smart contracts that automate performance obligations without requiring trust in intermediaries.

In line with Transparency Theory, blockchain creates an open environment where all ad-related data (e.g., impressions,
clicks, payments) can be verified, audited, and validated, enhancing procedural fairness and distributive justice in advertising
exchanges.

5.2 Technology Acceptance Model (TAM) and Diffusion of Innovation (DOI)
To explain the adoption behavior of stakeholders (advertisers, publishers, tech vendors), this research incorporates:
Technology Acceptance Model (TAM) (Davis, 1989)
TAM posits that technology adoption is influenced by:
e Perceived Usefulness (PU) — Blockchain enhances ROI, improves targeting, and eliminates fraud.

e Perceived Ease of Use (PEOU) — Complexities of blockchain integration (e.g., wallet setup, protocol management)
can be a barrier.

e Behavioral Intention (BI) — Influenced by both PU and PEOU.
In this context:
o PU is demonstrated by case studies (e.g., Brave, AdEx) where transparency and ROI are improved.
e PEOU varies based on technical maturity and user interface design.
Diffusion of Innovation (Rogers, 2003)
Blockchain adoption in digital advertising follows the innovation diffusion curve:
e Innovators — Early adopters like Brave, AdEx, IBM Mediaocean.
o Early Adopters — Privacy-focused marketers and crypto-native platforms.
e Early Majority — Await proven ROI and regulatory clarity.
Adoption is influenced by:
e Relative advantage (ROI, cost-efficiency),
o  Compatibility (with existing AdTech stacks),
e  Complexity, and
e Observability (visible results in fraud reduction and performance).
5.3 Blockchain-Specific Technological Frameworks
The implementation of blockchain in advertising is underpinned by several key architectural and protocol-level frameworks:
(i). Decentralized Ledger Technology (DLT)
e Ensures immutability, traceability, and tamper-evidence.

o Eliminates single points of failure and centralized control, addressing trust concerns.
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(ii). Smart Contracts
e Automate conditional logic such as pay-per-click/pay-per-conversion.
e Reduce manual auditing and payment disputes.
e Enable trustless collaboration across ecosystem actors.
(iii). Oracles
e Bridge on-chain smart contracts with off-chain real-world data (e.g., ad impressions, bot detection).
e Essential for performance-based campaigns and verification workflows.
(iv). Privacy-Preserving Protocols

e  Zero-Knowledge Proofs (ZKPs), hashed identifiers, and permissioned chains are used to maintain user privacy
while preserving auditability.

(v). Blockchain Scalability and Throughput Frameworks
e Adoption is shaped by the transaction throughput (TPS) and latency of platforms (e.g., AdEx vs. Ethereum).
e Layer 2 solutions, sidechains, and sharding are being explored to enhance real-time applicability in advertising.

Thus this theoretical framework holistically integrates behavioral, strategic, and technological dimensions to analyze
blockchain’s transformative role in digital advertising. By grounding the study in trust and transparency theories, technology
adoption models, and blockchain-specific frameworks, the research provides a comprehensive lens for assessing both the
motivations behind blockchain adoption and the mechanisms that enable its effectiveness.

6. CONCEPTUAL FRAMEWORK: BLOCKCHAIN AND SMART CONTRACTS FOR TRANSPARENT
DIGITAL ADVERTISING:

In the evolving landscape of digital advertising, persistent issues such as ad fraud, lack of transparency, delayed payments,
and data asymmetry continue to undermine trust among stakeholders. To address these challenges, this study proposes a
conceptual framework that leverages blockchain technology and smart contracts to establish an automated, tamper-proof,
and verifiable advertising ecosystem. This model outlines the end-to-end flow of campaign creation, validation, execution,
and reward distribution, anchored in decentralized logic and immutable ledgers. Drawing from both academic theory and
industry use cases, the framework serves as a blueprint for implementing fraud-resistant, performance-driven, and trust-
enhanced advertising systems.

The following figure and its detailed explanation aim to operationalize how decentralized technologies can reconfigure the
ad verification process. Each component—from campaign initiation to payout—is designed to ensure accountability, real-
time transparency, and resilience against common forms of digital ad manipulation.

Figure-1

Conceptual Framework: Blockchain and Smart Contracts for Transparent Digital Advertising
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Initiates Ad
: Campaign Smart Contract (SC)
Advertiser | 3| Defines Campaign Terms,
Budgets, Target Audience

Oracle
(Off chain
data)

Sends
Payment & Verifies Ad Engagement
Campaign to
SC

Blockchain Ledger
Stores Ad Events:
» Impressions, <

Validates Data > Engagements Receives Payment (if SC conditions met)
» Clicks

S —— + l

Transparent Reporting
to
Advertiser &

v

Source: Author’s own conceptual framework compiled from Blockchain Secure Tech (2023), Werbach and Cornell (2017),
Chainlink (2020), AdsDax (2020), and Brave Software (2023).

Explanation of the Blockchain-based Ad Verification System is given below:
6.1 Advertiser: Campaign Creation and Fund Allocation- The advertiser initiates a campaign by defining:
o Target audience (demographics, geography, interests)
e Ad type (display, video, native)
e Budget and cost metrics (e.g., CPM, CPC, CPA)
e Duration of campaign
e Validity rules (e.g., only human clicks count)
Mechanism:

a) The advertiser deposits campaign funds into a smart contract.
b) The smart contract is pre-programmed with performance thresholds and rules.

6.2 Smart Contract Deployment (On-Chain Logic)- A smart contract is a self-executing program deployed on a blockchain
(e.g., Ethereum, Polygon). It encodes:

e (Campaign terms and verification logic.
o Conditions for payment (e.g., validated impressions or clicks).
e Timeframes, dispute resolution rules.

Mechanism:

a) The smart contract acts as the neutral middle layer.

b) It removes the need for trust in third-party intermediaries (e.g., ad networks, DSPs).
c) All parties agree to its terms before campaign initiation.

6.3 Blockchain Ledger (Immutable Campaign Logging)- As the campaign runs, all ad-related events are logged onto the
blockchain:

e Ad impressions
e Clicks

e (Conversions
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e Publisher IDs and metadata

Mechanism:

a) Each ad event is turned into a transaction on the blockchain.

b) These transactions are cryptographically hashed and linked to previous blocks.
c) This guarantees immutability; data cannot be retroactively edited or deleted.
d) Events are times-tamped and visible to both advertiser and publisher.

Security Advantage:

a) Fraudulent behavior like impression inflation or domain spoofing can be easily detected and disproved using the
verifiable blockchain ledger.

6.4 Oracles: Bridging On-Chain and Off-Chain Data- Blockchains are closed systems and cannot access real-world (oft-
chain) data directly. Oracles are used to feed trusted off-chain data (e.g., from ad servers, anti-fraud tools) into the blockchain.

Mechanism:

a) Oracle providers like Chainlink fetch data from third-party verification tools (e.g., IAS, Moat, White Ops).
b) They push validated events (like whether a click came from a human) to the smart contract.

¢) Some oracles use consensus or cryptographic proofs to ensure data authenticity.

Why Important?

1. Prevents tampered data or false reports from being fed to the blockchain.

2. Enables real-world ad performance to trigger trustless logic execution.

6.5 Verified Publisher: Conditional Eligibility for Rewards- Publishers that serve ads are evaluated automatically by the
smart contract. Only if:

e The ad was seen by a human user
o It was displayed in a valid placement
e The engagement occurred within the valid time window.

Mechanism:
a) The smart contract checks for compliance with rules encoded at the beginning.
b) Data from blockchain and oracles ensures that bad actors (e.g., bot farms) are automatically excluded from payouts.

6.6 Automated Payout Mechanism- Smart contract releases the payment directly to the publisher's digital wallet when all
ad verification conditions are satisfied. For payments the crypto (e.g., ETH stablecoins) usually is used, but can be connected
with fiat gateways.

Mechanism:
a) Payment is non-discretionary and cannot be delayed or altered, since it’s triggered by on-chain logic.
b) No need for manual invoicing, reconciliation, or approval; reducing cost and delay.

6.7. Transparent Reporting and Analytics- Advertiser and publisher both have read-only permission to real-time campaign
data. Analytics include:

e Total impressions

e Verified clicks

e Publisher contributions
e Payout logs
Mechanism:

a) Data is displayed via decentralized dashboards or linked APIs.
b) Since data is on-chain, it is tamper-proof, consistent, and auditable by regulators or stakeholders.

6.8. Summary of technology and its function- The following table 2.0 shows key technologies and their prospective
contribution in the study.
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Table-2 Key Technologies & their function in the System

Technology Function in System

Blockchain (e.g., Ethereum) Stores immutable ad event data; ensures transparency and traceability.

Smart Contracts Encodes campaign terms and executes payment logic automatically.

Oracles Serve as bridges between real-world ad data and blockchain; ensure data integrity.
Cryptographic Hashing Secures ad event data against manipulation and ensures tamper-evidence.

Wallets Hold crypto funds; receive or send payments based on smart contract decisions.
Anti-Fraud APIs Feed data to oracles to determine if engagements are valid or fraudulent.

Source: Compiled by the author based on conceptual frameworks from Ting et al. (2021), Chainlink (2020), and Werbach
and Cornell (2017), with integration of blockchain ecosystem components and smart contract architecture.

7. RESEARCH METHODOLOGY
7.1. Type of Study

In this study we have employed a descriptive and exploratory quantitative approach, supplemented by case-based qualitative
insights, to study the adoption and impact of blockchain and smart contracts in digital advertising. By using secondary data
and industry case studies, we have aimed to generate empirical observations while interpreting broader technological and
economic implications.

7.2. Data Sources
The analysis is entirely based on secondary data compiled from the following sources:

e Academic Literature: Peer-reviewed journals (IEEE, SAGE, Springer, Elsevier, etc.)

Industry Reports: Deloitte, PwC, McKinsey, IAB, Juniper Research, Statista.

Blockchain AdTech Platforms: Brave Browser, AdEx Network, IBM Mediaocean, AdsDax.
o Technical Whitepapers and Blogs: Flexe.io, Blockchain Secure Tech, Chainlink, WodexWeb.

7.3. Analytical Tools and Techniques

The study utilized the following tools and statistical environments for analysis and visualization:

Table-3
Tool Purpose
R (ggplot2, forecast) Time-series forecasting (ETS, ARIMA), trend projection, CAGR calculation
MS Excel Data arrangement, computation, and charting

Source: Compiled by the author based on standard methodological practices in quantitative research and analytics tools
usage.

7.4. Key Metrics Analyzed

To measure the comparative performance and feasibility of blockchain-based advertising systems, the following quantitative
metrics were examined:

Table-4
Metric Description
Ad Fraud Rate (%) Percentage of advertising spend lost due to fraud in traditional Vs. blockchain
systems
Click-Through Rate (CTR) Engagement metric showing the ratio of clicks to ad impressions
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Verified Impressions (%) Rate of independently validated ad views

. Percentage reduction in expenditure due to smart contracts and reduced
Cost Savings (%) & p

intermediaries
Audit Cost Reduction (%) Efficiency in ad auditing and verification costs
Return on Investment (ROI) Net revenue from ads relative to campaign costs in both systems

Execution Time Reduction (%) | Impact of automation on campaign deployment and settlement time

User Data Breach Incidents Comparative analysis of privacy and security metrics

Campaign Performance (%) Aggregated improvements in ad delivery, targeting, and response

Source: Compiled by the author based on synthesis of data and metrics reported in Analytics India Magazine (2023, 2025),
Flexe.io (2025), IBM Blockchain Case Studies (2020), and Enterprise Apps Today (2023).

7.5. Methodological Approach
1. Trend and Forecasting Analysis:

e ARIMA and ETS models in R were used to forecast ad fraud losses (2019-2028).

e Log-linear regression was used for projecting blockchain adoption rates and market growth (2022-2028).
2. Comparative Tables and Visualizations:

e Tables were created to compare blockchain vs. traditional advertising across multiple cost-efficiency and
engagement metrics.

e ggplot2 in R was used to generate bar charts, scatter plots, and time series visualizations.
3. Case Study Synthesis:

e Performance metrics from Brave and AdEx were examined (e.g., CTR, campaign ROI, ad impressions) to
contextualize quantitative findings.

8. DATA ANALYSIS AND INTERPRETATION

In this section we have synthesized quantitative data across key metrics to assess the comparative performance of blockchain-
based digital advertising systems against traditional models. Data has been derived from secondary sources and analyzed
using R for visualization and descriptive interpretation.

8.1 Ad Fraud Trends and Forecasts

Table-5 Historical and Forecasted Ad Fraud Loss (USD Billion)

Year Ad Fraud Loss ($B) Type
2019 42 Actual
2020 35 Actual
2021 59 Actual
2022 68 Actual
2023 84 Actual
2024 105.00 Forecast
2025 126.00 Forecast
2026 147.00 Forecast
2027 168.00 Forecast
2028 189.00 Forecast
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Source: Actual data (2019-2023) compiled from Juniper Research (2023), Statista (2023), and related industry reports.
Forecasted values (2024-2028) were generated using the ETS (Error, Trend, Seasonal) exponential smoothing model in R
(version 4.3.1) as part of the authors’ statistical analysis.

From the above table we can see that Ad fraud losses have escalated from $42 billion in 2019 to $84 billion in 2023.
Forecasting using the ETS model in R predicts losses reaching $189 billion by 2028. This trend reinforces the urgency for
fraud-resistant frameworks like blockchain-enabled verification.

ETS Forecast: Ad Fraud Loss (2024-2028) Ad Fraud Loss (2019-2023)
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Source: (Figure-2) Visual generated by the author using R software, based on secondary data compiled from Juniper
Research and Statista (2019-2023). & (Figure-3) Forecast visualization generated by the author using R software (ETS
model), based on historical data from Juniper Research and Statista (2019-2023).

1. The graph (figure-1 & 2) shows historical data from 2019-2023 and a forecast for 2024-2028.
2. The historical data shows ad fraud loss increasing from around $40 billion in 2019 to about $80 billion in 2023.
3. The forecast line (in blue) shows a continued upward trend in ad fraud loss from 2024 to 2028.
4. By 2028, the forecast predicts ad fraud loss could reach approximately $170 billion.
5. There are shaded areas around the forecast line representing uncertainty/confidence intervals:
o The darker shaded area likely represents a narrower confidence interval (e.g. 80% confidence)
o The lighter shaded area likely represents a wider confidence interval (e.g. 95% confidence)

6. The wide range of the shaded areas indicates there is significant uncertainty in the forecast, especially further into the
future.

7. The lower bound of the widest confidence interval suggests ad fraud loss could potentially decrease to around $50 billion
by 2028 in a best case scenario.

8. The upper bound of the widest confidence interval suggests ad fraud loss could potentially increase to over $300 billion
by 2028 in a worst case scenario.

9. Overall, the forecast suggests ad fraud loss is likely to continue increasing over the next 5 years, but there is considerable
uncertainty in the exact trajectory and magnitude of the increase.

8.2 ROI and Cost Efficiency Metrics

Table-6 ROI Comparison — Blockchain vs. Traditional Advertising

Metric Blockchain-Based Advertising Traditional Digital Advertising
Average ROI (%) 200% - 300% 36% (SEM/PPC) - 748% (SEO)
Cost Reduction (%) 30% - 35% Not clearly defined
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Conversion Improvement (%)

20% - 30%

Varies; Not quantified

Execution Time Reduction (%)

40%

Not quantified

Source: Adapted from Flexe.io (2025), First Page Sage (2024), and Analytics India Magazine (2023).

Blockchain models offer measurable efficiency gains—average ROI up to 300%, with 30—35% cost reductions due to the
elimination of intermediaries. Campaign execution time is reduced by 40% via smart contracts. However, SEO remains a
strong outlier in traditional ROI performance.

8.3 Engagement and Verification Metrics

Table-7 User Engagement: Blockchain vs. Traditional Advertising

Metric Blockchain Based | Traditional | Blockchain Notes Traditional Notes

Click- Enhanced  targeting  and | Varies by industry and

Through Rate | Upto 15% 0.35-0.57 transparency lead to higher | platform; display ads often

(CTR) user engagement. have lower CTRs.

Viewability Upto 98% 70.50 - 73.60 Blockchaln ensures transparent Globql average for display
and verifiable ad impressions. | and video ads.

Source: Compiled by the author using data from Flexe.io (2025), CXL, and Statista (2022).

Click-through rates (CTR) and viewability rates are significantly higher in blockchain environments—up to 42x and 1.4x
respectively. This suggests improved transparency and targeting capabilities. However, data reflects maximum potential

rather than consistent averages.

8.4 Adoption and Market Growth Trends

Table-8 Blockchain Market in Media & Advertising (USD Billion) (Actual & Forecasted)

Year Market Size Type
2022 0.55 Actual
2023 1.30 Actual
2024 3.02 Actual
2025 7.10 Forecast
2026 16.63 Forecast
2027 38.97 Forecast
2028 91.32 Forecast

Source: Compiled by the author using data from Enterprise Apps Today (2023), Market.us (2023), Verified Market Reports
(2025), SEOSandwitch (2025), and MarketsandMarkets (2024) for actual data (2022-2024); forecasted values (2025-2028)
are based on log-linear regression modeling conducted in R software.

Figure-4 Blockchain Market in Media & Advertising (USD Billion) ((Actual & Forecasted))
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Source: Visualization generated by the author using R software.
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Data Source: 1. For (2022-2024) actual values from Enterprise Apps Today (2023), Market.us (2023), Verified Market
Reports (2025), SEOSandwitch (2025), MarketsandMarkets (2024). 2. For (2025-2028) forecasted values computed using
log-linear regression based on historical trends (2022-2024).

The market is growing at a compound annual growth rate (CAGR) of 134.3% from 2022 to 2024. This steep trajectory—
projected to reach $91.32 billion by 2028—suggests blockchain's increasing relevance in advertising. However, long-term
sustainability and scalability concerns persist.

Summary and Insights

e Fraud Prevention: Blockchain platforms show substantial promise in curbing ad fraud and ensuring verifiable
impressions.

e Performance: Metrics like ROI, CTR, and cost-efficiency overwhelmingly favor blockchain.

e Adoption Gaps: Market growth is strong but accompanied by scalability, standardization, and regulatory
uncertainties.

Tools Used:
e R (ETS Model, ggplot2 for visualization)

e Excel (tabulation)

9. DISCUSSION AND FINDINGS

In this section we have integrated the empirical evidence from secondary data analysis and industry case studies to evaluate
the impact of blockchain and smart contracts in resolving persistent inefficiencies in digital advertising, particularly in the
areas of fraud prevention, cost efficiency, engagement, and transparency.

9.1 Synthesis of Findings

The quantitative data across metrics ad fraud rate, ROI, cost efficiency, user engagement, and adoption trends- consistently
demonstrate the superior performance of blockchain-based advertising models compared to traditional systems. Notably:

e  Ad fraud losses are projected to grow from $84 billion in 2023 to $189 billion by 2028, underlining the urgency for
fraud mitigation tools.

e Blockchain-based advertising reduces fraud rates to as low as 2%, improves CTR up to 15%, and achieves cost
savings of 30-35%, compared to traditional models.

e Platforms like Brave and AdEx show practical viability through high user engagement, faster payouts, and improved
campaign ROIL.

9.2 Comparison with Literature
The empirical findings align with earlier scholarly and industry insights:

e Madhwal & Panfilov (2017) conceptually outlined blockchain’s potential for increasing transparency in ad supply
chains, a claim supported here with quantifiable performance gains.

e  Werbach and Cornell (2017) emphasized the automation and enforcement capability of smart contracts, validated
by real-world deployments such as Brave and IBM Mediaocean.

e Chainlink (2020) and Tran & Scholten (2020) discussed the importance of data oracles and privacy; these have
emerged as critical enablers in achieving verified impressions and fraud prevention.

However, few of the previous works offered statistical validation or forecast-based modeling, which this study addresses
through ETS projections, comparative metrics, and market size analysis using R.

9.3 Practical Implications
For Advertisers:

e ROl increases by up to 300%, due to automation, reduced fraud, and real-time verification.

e Real-time data access allows advertisers to track impressions and optimize campaigns, reducing waste.
For Platforms and Developers:

e Blockchain unlocks new business models (e.g., tokenized attention via Brave's BAT ecosystem).

e Developers must focus on improving TPS (transactions per second) to meet the speed needs of real-time bidding
systems.

Advances in Consumer Research| Year: 2025 | Volume: 2 | Issue: 4

Page. 1834



Mohd Irfan, Anubhav Nath Tripathi, Mohammad Osama, Ugrasen, Mohd
Affan Ansari, Name-Shaniya Noor Fatma

For Policymakers and Regulators:
e Blockchain’s immutability and traceability can enhance GDPR/CCPA compliance.

e Regulatory bodies should develop frameworks for on-chain data privacy and interoperability, especially for cross-
border campaigns.

9.4 Addressing Core Advertising Challenges

Table-9
Challenge Blockchain-Enabled Solution
Ad Fraud Immutable, auditable records; Smart contracts
Cost Inefficiency Elimination of intermediaries; automation of payments
Trust Deficit Shared ledgers and transparency across stakeholders
User Privacy Violations Decentralized identity and consent management
Delayed Campaign Settlement Instant payments via smart contracts

Source: Author compiled table based on insights synthesized from Flexe.io (2025), Analytics India Magazine (2023),
Blockchain Secure Tech (2023), and Mediaocean & IBM Blockchain Ad Network (2021-2024).

10. Conclusion

This study critically examined the transformative potential of blockchain technology and smart contracts in mitigating the
challenges of digital advertising, particularly in the domains of trust, transparency, cost-efficiency, and ad fraud prevention.
The findings, drawn from secondary datasets, case studies, and statistical forecasts, confirm that blockchain offers a
compelling alternative to traditional advertising ecosystems characterized by opaque practices and high fraud risks.

Through the integration of decentralized ledger technology and programmable smart contracts, blockchain-based systems
facilitate real-time verification of ad events, automate payment processes, and reduce reliance on third-party intermediaries.
This, in turn, enhances transparency and accountability across the ad supply chain. The statistical analysis revealed that
blockchain-enabled advertising could reduce fraud rates to as low as 2%, improve cost-efficiency by up to 35%, and increase
average campaign ROI by 200%—-300%. Engagement metrics such as CTR and viewability are also markedly improved in
blockchain platforms compared to traditional systems.

The study further underscores that blockchain is not a monolithic solution but a technological paradigm with variations in
scalability, transaction throughput, and privacy integration. Platforms such as Brave and AdEx exemplify how blockchain is
currently being deployed with significant success in targeted advertising and transparent audience engagement.

In light of these findings, the paper contributes to both theory and practice by demonstrating how blockchain directly
addresses long-standing inefficiencies in the digital advertising ecosystem. It bridges a critical gap between conceptual
proposals and real-world implementations, showing that with proper integration and regulatory alignment, blockchain can
lay the foundation for a more ethical, secure, and performance-driven advertising environment.

10. LIMITATIONS

While this study provides meaningful insights into the advantages of blockchain and smart contracts in digital advertising, it
is not without limitations.

First, the research relies heavily on secondary data sources, including market research reports, case studies, and academic
literature. Although these sources offer substantial depth, they limit the ability to control for data quality, completeness, and
consistency. The lack of access to proprietary, real-time campaign data from ad platforms and blockchain networks restricts
the precision and granularity of the analysis.

Second, while the case studies (e.g., Brave, AdEx) and comparative metrics are illustrative, they may not generalize across
all advertising ecosystems. Differences in regional adoption rates, regulatory environments, user behavior, and technological
infrastructure mean that results observed in one context may not hold true in another. For instance, blockchain adoption and
efficiency in a highly digitized economy may be significantly different from those in emerging markets with less internet
penetration or crypto adoption.

Third, the analysis primarily focused on performance metrics such as ROI, CTR, and fraud reduction, without capturing
broader dimensions such as user satisfaction, ethical implications, or long-term sustainability of blockchain implementations
in advertising.
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Finally, given the rapid evolution of blockchain technologies, some findings may quickly become outdated as new platforms,
protocols, and governance models emerge. Future studies with mixed-method or primary data collection approaches could
provide deeper and more current insights.

11. FUTURE SCOPE

This study lays a foundation for further exploration into the intersection of blockchain and digital advertising, but several
promising avenues remain for future research.

First, there is a critical need for real-time primary data collection from advertisers, platforms, and consumers. Surveys,
interviews, and experimental ad campaigns could yield more nuanced and context-specific insights into the actual impact of
blockchain on trust, fraud reduction, and engagement across diverse market conditions.

Second, future studies should explore hybrid models combining blockchain and Al-driven verification mechanisms.
Artificial Intelligence can enhance the fraud detection capabilities of blockchain systems by identifying anomalies in real-
time, while blockchain ensures data transparency and immutability. Investigating the integration of these technologies could
offer powerful synergies in combating sophisticated ad fraud tactics such as bot traffic and spoofing.

Third, market-specific case studies from both developed and developing economies can add depth to the findings. For
instance, comparative studies between blockchain adoption in mature advertising markets (like the US or Western Europe)
and emerging markets (such as India or Brazil) would help assess scalability, regulatory adaptation, and socio-economic
implications.

Lastly, further inquiry into governance models, smart contract standardization, and regulatory compliance in blockchain-
based ad systems would be essential as the technology matures. These dimensions are especially important in light of
evolving data privacy laws such as GDPR and CCPA, which directly influence advertising practices.

List of Abbreviations:

Abbreviation Full Form Abbreviation Full Form

ACR Ad Confirmation Rate DOI Diffusion of Innovation

Al Artificial Intelligence DSP Demand-Side Platform

API Application Programming Interface ~ ETH Ethereum

ARIMA AutoRegressive Integrated Moving GDPR General Data Protection Regulation
Average

BI Behavioral Intention IAB Interactive Advertising Bureau

BTC Bitcoin MAU Monthly Active Users

CCPA California Consumer Privacy Act ROI Return on Investment

CPA Cost Per Acquisition RTB Real-Time Bidding

CPC Cost Per Click SEO Search Engine Optimization

CPM Cost Per Mille SEM Search Engine Marketing

CTR Click-Through Rate TAM Technology Acceptance Model

DAO Decentralized Autonomous TPS Transactions Per Second
Organization

DAU Daily Active Users uGC User-Generated Content

DLT Distributed Ledger Technology SSP Supply-Side Platform

DMP Data Management Platform ZKP Zero-Knowledge Proof
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