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Abstract- — Phishing remains a critical cybersecurity threat, as traditional blacklist-based systems struggle against rapidly 

evolving domains and zero-day attacks. While machine learning (ML) has emerged as an adaptive solution for detection, the 

ultimate defense lies in re-engineering the authentication handshake itself. This paper explores the transition from "pass/fail" 

binary assertions toward a richer, contextual verification ecosystem powered by FIDO (Fast Identity Online) standards. We 

analyze how WebAuthn and CTAP2 shift the paradigm from possession-based secrets to high-assurance, phishing-resistant 

identity verification. 
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 I. INTRODUCTION 

 
Digital transformation has increased our dependence on web-

based services, yet phishing attacks have evolved into a 

prevalent form of cybercrime. Conventional detection 

techniques rely on static URL blacklists and heuristic rules, 

which are frequently bypassed by attackers modifying domain 

names and structural characteristics. 

 

For decades, authentication has been treated as a digital 

bouncer: a binary "yes" or "no" based on a password. This 

approach is fundamentally flawed because attackers can steal 

that "yes" through deceptive replicas of legitimate services. 

Machine learning provides an adaptive defense by analyzing 

structural, lexical, and behavioral features. However, we must 

go further by integrating cryptographic protocols like FIDO2—

comprising Web Authentication (WebAuthn) and the Client to 

Authenticator Protocol (CTAP2)—to change the architecture of 

trust. 

 

II. METHODS AND MATERIALS 

 

Our analysis focuses on the structural shift from shared secrets 

to asymmetric cryptography. Traditional systems rely on 

server-side databases of credentials, which are primary targets 

for breaches. In contrast, FIDO-based systems ensure that 

private keys never leave the user's hardware. 

 

 

 

 

 

 

Table 1: Authentication and Detection Components 

 

Heading level Example 

Component 

Function/Advantag

e 

1st-level heading WebAuthn Browser-to-server 

communication API 

2nd-level heading Ensemble Learning High accuracy and 

stability 

3rd-level heading CTAP2 External 

authenticator-to-

client 

communication 

 

 

III. REAL-TIME IMPLEMENTATION 
 

We are seeing FIDO2 move beyond simple logins into 

complex, high-stakes environments where real-time 

applicability is critical: 

 

 Financial Services: Banks use WebAuthn to replace SMS-

based OTPs. When a high-risk transaction is detected, the 

system triggers a "User Verification" (UV) request, 

ensuring the action is cryptographically signed. 

 Enterprise Zero Trust: Companies deploy FIDO-backed 

security keys to enforce origin binding. This prevents 

employees from falling for "clone phishing" portals. 

 Healthcare Privacy: FIDO provides a lightweight 

deployment model for browser-level access to sensitive 

records, addressing the need for both security and speed. 
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IV. RESULTS 

 

Studies indicate that hybrid models combining URL and 

content attributes provide improved detection accuracy. While 

ensemble methods—such as Random Forest and Gradient 

Boosting—currently provide the best balance between 

accuracy and computational feasibility, they still face risks like 

overfitting. 

 

The shift to WebAuthn introduces origin binding. Because the 

browser enforces a cryptographic link between the credential 

and a specific domain, a user cannot accidentally provide an 

assertion to a malicious clone. This addresses the research gap 

in "zero-day" attack resistance. 

 

V. DISCUSSION 
 

The future of authentication lies in Contextual Assertions. We 

are moving toward a model where the FIDO token provides 

more than just a signature; it provides metadata about the local 

environment. 

 

 Research Gaps: We still face challenges in adaptive 

learning for zero-day attacks and high false-positive rates 

in real-time systems. 

 AI-Driven Adaptation: Future research should focus on AI-

driven adaptive feature selection and federated learning for 

privacy-preserving detection. 

 Friction vs. Assurance: We must balance user convenience 

with "high-assurance" security. If authentication is too 

cumbersome, users bypass it; if it is too weak, it fails 

against AI-generated phishing pages. 

 

VI. CONCLUSION 
 

Phishing attacks continue to evolve, posing severe risks to 

digital security. While machine learning-based detection 

systems offer intelligent defense, ensemble methods and deep 

learning must be paired with robust protocols like FIDO2. 

Future work should emphasize adaptive and hybrid 

frameworks—combining URL, content, and behavioral 

features with adaptive ensemble learning—to create a truly 

robust phishing detection system. 

 

VII. CHALLENGES IN FIDO ADOPTION 
 

Despite the clear security advantages of FIDO protocols, 

widespread adoption faces significant hurdles. One primary 

challenge is the integration of FIDO with vast landscapes of 

legacy authentication systems. Many enterprises still rely on 

traditional password stores and internal identity providers 

(IdPs) that require complex middleware solutions for FIDO 

compatibility. Another key factor is user experience friction; 

while FIDO simplifies daily login, the initial setup and 

recovery process, particularly for physical security keys, can be 

perceived as cumbersome, leading to user resistance. Finally, 

achieving ubiquitous cross-platform and cross-device support 

remains a continuous effort, as consistent implementation 

across all operating systems and browser versions is necessary 

to realize FIDO’s promise of a seamless, passwordless world. 

 

 

VIII. BEHAVIORAL BIOMETRICS AND FIDO 

INTEGRATION 
 

To move beyond simple binary assertions, the next generation 

of authentication systems will integrate cryptographic proofs 

with continuous, passive verification layers. Behavioral 

biometrics—which analyze characteristics like typing cadence, 

mouse dynamics, and scrolling speed—offer a high-assurance, 

low-friction mechanism to detect session hijacking or user 

impersonation post-authentication. Integrating these 

continuous monitoring systems with FIDO's origin-binding 

properties creates a multi-layered defense. The FIDO 

authenticator establishes the initial, high-assurance trust, while 

the behavioral engine continuously verifies the legitimate user 

is still in control, transforming authentication from a single gate 

check into a dynamic security posture. 

 

 

IX. POST-QUANTUM CRYPTOGRAPHY 

IMPLICATIONS FOR FIDO 
 

The potential arrival of cryptographically relevant quantum 

computers poses a long-term existential threat to current 

asymmetric cryptography, including the elliptic curve digital 

signature algorithms (ECDSA) used in FIDO. Anticipating this 

threat, FIDO is exploring post-quantum cryptography (PQC) 

solutions. These PQC algorithms, such as those selected in the 

NIST standardization process, can be integrated into FIDO 

protocols through hybrid modes. This allows credentials to 

carry both a classic signature (e.g., ECDSA) and a quantum-

resistant signature. This forward-looking approach ensures the 

longevity and continued integrity of FIDO-backed identity 

verification against future computational advancements. 
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X. FIDO'S ROLE IN REGULATORY 

COMPLIANCE 
 

FIDO's architecture directly supports key regulatory mandates 

across various sectors, providing a mechanism for Strong 

Customer Authentication (SCA) required by directives such as 

the European Union’s Revised Payment Services Directive 

(PSD2). By relying on possession (the authenticator) and 

inherence (biometrics or PIN), FIDO credentials inherently 

meet the two-factor requirement for high-risk transactions 

without relying on easily compromised SMS OTPs. 

Furthermore, FIDO’s design—which keeps private keys local 

to the user's device—aligns with data minimization principles 

central to privacy regulations like the GDPR, reducing the 

server-side storage of sensitive credentials. 

 

 

XI. FUTURE WORK: ADAPTIVE 

FRAMEWORKS 
 

Building upon the current research gaps, future work must 

focus on developing adaptive and hybrid phishing detection 

and authentication frameworks. These frameworks will 

dynamically integrate FIDO's origin-binding protection with 

advanced machine learning models. Specific directions 

include: (1) Federated learning for collaborative training of 

phishing detection models across multiple organizations 

without sharing raw data, addressing privacy concerns. (2) 

Real-time, lightweight deep learning models capable of in-

browser execution to detect zero-day phishing pages before an 

authentication request is initiated. (3) Creating an official FIDO 

extension or profile to securely communicate contextual 

metadata (such as device health or network environment) to the 

relying party to inform risk-based access decisions. 

 

 

XII. FIDO AND DECENTRALIZED 

IDENTITY (DID) 
 

FIDO protocols are uniquely positioned to serve as the critical, 

high-assurance authentication layer within Decentralized 

Identity (DiD) ecosystems. DiD models, often relying on 

blockchain or distributed ledger technology, empower users 

with self-sovereign control over their digital credentials, 

typically in the form of Verifiable Credentials (VCs). FIDO's 

role is to ensure that the user accessing and signing these VCs 

is the legitimate owner. By using a secure, bound hardware 

authenticator, FIDO eliminates the password-based risk 

associated with traditional VC wallets, ensuring that the private 

key used to assert identity is phishing-resistant and tamper-

proof. This integration marries FIDO's strong device-based 

authentication with DiD's user-centric data control, forging a 

robust, future-proof framework for digital trust. 

 

XIII. THE ECONOMIC CASE FOR FIDO 

ADOPTION 
 

The decision to adopt FIDO is increasingly driven by 

compelling economic factors rather than solely security 

mandates. The primary quantifiable benefit lies in the reduction 

of operational costs, specifically those associated with 

password management. Studies show that a significant portion 

of IT helpdesk tickets are related to password resets, an expense 

entirely mitigated by FIDO's passwordless design. 

Furthermore, FIDO significantly lowers the organization's risk 

profile. By providing phishing-resistant authentication, FIDO 

drastically reduces the likelihood and potential cost of data 

breaches—an expense that often involves regulatory fines, 

customer notification costs, and reputational damage. The 

improved user experience, leading to fewer interrupted 

workflows and increased productivity, provides a less-

quantifiable but equally valuable return on investment (ROI). 

 

 

XIV. FIDO INTEGRATION IN IOT AND 

EMBEDDED SYSTEMS 
 

As the Internet of Things (IoT) landscape expands, embedded 

systems and resource-constrained devices become critical 

targets in the threat landscape. Traditional IoT authentication 

methods, often relying on shared secrets or weak factory-set 

passwords, are inadequate. FIDO, through its inherent support 

for asymmetric cryptography and secure element integration, 

offers a scalable solution for device-to-cloud and device-to-

device authentication. Implementations of CTAP2 can be 

adapted for headless devices, where the user interaction is 

replaced by device attestation or secure commissioning 

processes. This use of FIDO standards ensures the provenance 

and identity of IoT devices, preventing botnet formation and 

unauthorized network access, thereby extending high-

assurance identity verification to the rapidly growing edge of 

the network. 

 

 

XV. FIDO VS. TRADITIONAL MFA: A 

COMPARATIVE ANALYSIS 
 

FIDO's core advantage over traditional multi-factor 

authentication (MFA) lies in its inherent resistance to phishing. 

Conventional MFA, including Time-based One-Time 
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Passwords (TOTP), push notifications, and SMS OTP, relies on 

a shared secret model or a credential that is broadcastable. 

These methods are susceptible to man-in-the-middle (MITM) 

attacks where an attacker proxies the authentication session, 

tricking the user into revealing a temporary code. In contrast, 

FIDO protocols, utilizing WebAuthn, implement origin 

binding. The cryptographic assertion generated by the 

authenticator is specifically tied to the origin (domain) URL. 

Because a phishing site cannot produce the correct challenge-

response for the legitimate service's domain, the authentication 

attempt fails, rendering phishing attacks ineffective against 

FIDO credentials. This fundamental architectural difference 

makes FIDO the superior choice for high-assurance 

environments. 

  

XVI. ADVANCED AUTHENTICATOR 

ATTESTATION AND TRUST ROOT 
 

Authenticator Attestation is a critical process in the FIDO 

ecosystem, providing a mechanism for the Relying Party (RP) 

to verify the security and provenance of the user's authenticator 

(e.g., security key, phone's secure element). When a FIDO 

credential is created, the authenticator produces an attestation 

statement that the RP checks against a trusted list of Root 

Certificates maintained by the FIDO Alliance Metadata Service 

(MDS). This process assures the RP that the authenticator is a 

genuine, certified FIDO device and not a malicious software or 

hardware emulator. Trust Root verification is essential for risk-

based authentication decisions, allowing services to enforce 

stricter security policies only when a lower-assurance or 

unverified authenticator is detected, thereby protecting the 

integrity of the ecosystem. 

 

 

XVII. LEGAL AND POLICY 

CONSIDERATIONS FOR GLOBAL FIDO 

DEPLOYMENT 
 

While FIDO addresses technical security requirements, its 

global deployment is influenced by diverse legal and policy 

landscapes. A significant consideration is the legal weight of a 

FIDO assertion compared to traditional signatures or 

credentials. Jurisdictions are increasingly recognizing FIDO's 

high-assurance cryptographic properties for meeting 

requirements like Strong Customer Authentication (SCA) 

under PSD2. However, challenges persist regarding cross-

border data residency laws and the legal status of the biometric 

data (PIN or fingerprint) used to unlock the private key on the 

device. Organizations must navigate these regional variations, 

often requiring documentation of the device's secure element 

capabilities and its certified adherence to global security 

standards to ensure compliance and maintain legal defensibility 

in case of dispute. 

 

 

XVIII. SUPPLY CHAIN VULNERABILITIES 

IN AUTHENTICATORS 
 

Hardware-based FIDO authenticators introduce reliance on the 

device's security properties, shifting the attack surface to the 

supply chain. Potential vulnerabilities include unauthorized 

modifications during manufacturing (hardware Trojans), 

firmware tampering, or weaknesses in the Secure Element (SE) 

implementation. To counter this, rigorous hardware attestation 

during credential registration is essential, confirming the 

device's integrity and cryptographic capabilities. The FIDO 

Alliance plays a key role by certifying authenticators, ensuring 

they meet strict security requirements throughout their 

lifecycle, from fabrication to deployment, thereby preserving 

the end-to-end trust model. 

 

 

XIX. USER RECOVERY AND ACCOUNT 

DELEGATION CHALLENGES 
 

A critical point of user friction and security weakness in 

passwordless systems is account recovery. Since there is no 

centralized password to reset, users who lose all their 

authenticators require a robust yet secure method to regain 

access. Solutions often involve trusted recovery mechanisms, 

such as designated recovery keys, social recovery using trusted 

contacts, or secure email verification backed by high-assurance 

out-of-band communication. Furthermore, enterprise 

environments require clear policies for account delegation, 

enabling temporary or permanent access transfer to other users 

or administrators in a manner that preserves the cryptographic 

security of FIDO. 

 

 

XX. CROSS-PROTOCOL 

INTEROPERABILITY (OAUTH/SAML 

AND FIDO) 
 

While FIDO is the superior standard for primary user 

authentication, it must integrate seamlessly with existing 

identity federation protocols like OAuth 2.0 and SAML 

(Security Assertion Markup Language) to function in 

  



 

 

 

© 2026 IJSRET 
5 
 

 

 

International Journal of Scientific Research & Engineering Trends                                                                                                         
Volume 12, Issue 2, Mar-Apr-2026, ISSN (Online): 2395-566X 

 

 
large-scale enterprise and federated environments. FIDO 

typically serves as the first mile authentication mechanism, 

validating the user's presence and device ownership. The 

resulting successful authentication assertion is then translated 

into a standard token (like a SAML assertion or an ID Token 

via OpenID Connect) that is consumed by the authorization 

protocols (OAuth/SAML) for resource access. This layered 

approach ensures that organizations can leverage FIDO's 

phishing resistance without overhauling their entire identity 

and access management infrastructure. 
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