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Abstract- The usage of passwordless authentication is
changing digital identification by doing away with traditional
passwords, which have long been susceptible to phishing,
reuse, and breaches. The development of it is documented in
this paper, which also highlights significant technology
advancements and adoption drivers including the need for
flawless user experiences and the increase in data breaches.
In addition to evaluating the security advantages and
implementation difficulties, it examines enabling technologies
such as biometrics, cryptographic keys, and device-based
authentication. In addition to examining new trends like Al-
driven behaviour analytics and decentralized identification,
the study draws on academic literature, industry whitepapers,
and international standards. The results are intended to serve
as a reference for researchers, cybersecurity experts, and

legislators as they develop safe and user-friendly
authentication methods.
Keywords-  Passwordless  Authentication, Biometric

Security, Decentralized Identity (DID), FIDO2 and WebAuthn
I. INTRODUCTION

Digital identity verification is essential to almost all
online interactions in today's hyperconnected society.
Authentication is the first line of defence when it comes to
protecting personal and business data, from social media
logins to corporate VPN access. Passwords, which are based
on the idea that a user knows something, have been the
standard authentication method for decades. However, the
shortcomings of password-based
ruthlessly revealed as digital threats have grown more
complex. One of the main reasons for data breaches globally is
weak, repeated, or stolen passwords. Every year, millions of
user accounts are compromised by the rapid development in
phishing, social and password spraying
techniques.

solutions have been

engineering,

A period of passwordless authentication has begun as
a result of the growing cybersecurity issue, which has caused a
significant change in how developers and companies view
authentication. The concept is both complex and effective:
completely do away with passwords and replace them with
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safer and easier-to-use techniques like biometrics, encrypted
keys, or device-based credentials. Passwordless systems use
contextual validation and asymmetric encryption to
significantly lower risk and increase usability, compare to
traditional approaches that depend on a shared secret.

This paper examines the history and development of
authentication techniques, explains the popularity of
passwordless systems, looks at the technology that make them
possible, and evaluates the advantages and difficulties of this
change.  Understanding  passwordless

essential for organizations and IT
professionals, as well as for policymakers and end users
exploring the digital world, as cybersecurity threats change
and digital trust becomes more important.

approach  to
authentication is

II. HISTORICAL BACKGROUND AND THE
EVOLUTION OF AUTHENTICATION

Since the beginning of computing, the concept of
user authentication has existed, developing in parallel with the
state of technology and the expansion of potential threats.
When authentication first started in the 1960s, it mostly used
static, unencrypted credentials, which
straightforward usernames and passwords. Fernando Corbatd
is credited with creating the first computer password system,
which was created for the Compatible Time-Sharing System
(CTSS) at MIT. These credentials exposed the first password
security flaws since they were kept in unencrypted files that
system administrators could readily examine.

were  often

By the 1980s and 1990s, authentication methods
started using encryption and hash functions (such as MD5 and
SHA-1) to safely store passwords as networks grew more
accessible and systems more sophisticated. These hashing
techniques weren't always used correctly, though. Passwords
that had weak or insensitive algorithms were susceptible to
golden table or brute force attacks.

Password complexity standards, which followed
guidelines like minimum character length, symbol usage, and
expiration restrictions, were implemented to reduce risks.
Human behaviour continued to be a vulnerability in spite of
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these developments; users either wrote down their passwords,
repeated them, or established recurring patterns.
Consequently, one of the main causes of fake credentials and
data breaches was the reuse of passwords across services.

Secure authentication became even more important in
the early 2000s with the growth of the internet and digital
commerce. Combining two or more factors—something the
user knows (password), something they possess (token or
smartphone), and something they are (biometrics)—multi-
factor authentication (MFA) gained popularity. Although
MFA significantly increased security, it only served to
augment passwords rather than replace them. Without
properly addressing the real vulnerabilities, the outcome was
increased expense and friction.

Single sign-on (SSO) technologies, such Kerberos,
LDAP, and later OAuth and SAML, appeared during this
time, enabling users to authenticate just once and access
several services. Although these systems increased central
control and convenience, they still relied on primary
credentials, which were usually password-based.

The rapid growth of cloud services and mobile
computing in the 2010s indicated a sea change. The first
widely available biometric authentication techniques were
made possible by the introduction of secure hardware
components by mobile devices. Android's Biometric Prompt
API and Apple's Touch ID (2013) and Face ID (2017) showed
that biometric, passwordless logins might be safe and easy.
This change cleared the way for passwordless authentication
to become widely accepted. [6]

At the same time, there was a push for similarity in
the security sector. Established in 2012, the FIDO (Fast
Identity Online) Organization brings together major
companies like Apple, Microsoft, and Google to provide open
authentication methods. One of the earliest widely used
protocols for securely authenticating users was FIDO U2F
(Universal 2nd Factor), which used physical keys like
YubiKey. After that, browser and platform support for the
FIDO2 and WebAuthn protocols allowed for complete
passwordless login experiences. [1]

The introduction of risk-based access and adaptive
authentication, which allow systems to dynamically modify
security requirements depending on contextual information
like device fingerprinting, IP reputation, and location services,
was another significant turning point. As a result, intelligence-
driven authentication models replaced static credential checks.
Self-sovereign identification (SSI) and Decentralized Identity
(DID) systems, which let people manage their credentials
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without relying on centralized providers, have garnered the
most attention lately. In the future, distributed, portable, and
using cryptography secure authentication will be possible
thanks to technologies like blockchain and digital wallets.

In conclusion, the development of authentication is
indicative of a larger change in cybersecurity, moving away
from password-reliant access and toward user-centric,
contextual, and cryptographic identity verification. Threats
and responses have become increasingly complex in parallel.
Passwordless authentication, which prioritizes security,
usability, and resistance equally, is not only the next stage in
this journey but also a strategic development.

III. ENABLING TECHNOLOGIES

Passwordless authentication is supported by a
complex and quickly changing technology environment. A
safe and easy login process is made possible by a combination
of software frameworks, device intelligence, security
standards, and hardware-based security. The most important

enabling technologies are as follows:
A. Biometric Authentication

Biometrics verification based on innate human
characteristics is made possible by biometrics, such as voice
recognition, fingerprint scanning, retinal scanning, and facial
recognition. When processed locally on the device, these
characteristics are almost tough to duplicate or steal remotely.
This method is now popular for both personal and business

use because to programs like Android Biometric Prompt,
Windows Hello, and Apple Face ID. [2]

B. Public Key Infrastructure (PKI)

Infrastructure with Public Keys (PKI) Modern
passwordless authentication relies heavily on PKI. It
completely avoids password exchange by using an
asymmetrical encryption technique. A matching public key is
kept with the server, while a private key is safely kept on the
user's device (such as a hardware token, phone, or TPM). By
using challenge-response signing instead of password
comparison, authentication removes a number of popular
attack points.

C. FIDO2 and WebAuthn Protocols

The FIDO2 and WebAuthn standards, created by the
FIDO Alliance and W3C, enable cross-platform, passwordless
login through the use of cryptographic keys. All of the main

wWww.ijsart.com



IJSART - Volume 11 Issue 6 — JUNE 2025

operating systems and browsers support them, and they enable
authentication using mobile devices, platform authenticators,
and YubiKeys. These methods do away with the need for
passwords or shared secrets and are immune to phishing. [1]

D. Secure Hardware Elements

Trusted Platform Modules (TPMs), Secure Enclaves,
and Trusted Execution Environments (TEEs) are examples of
hardware-backed security that offer separate environments for
storing important credentials, reducing the possibility of
tampering or extraction—even in the event that the operating
system is compromised. Additionally, hardware keys (such as
Titan Key and YubiKey) provide a portable, irreversible
method of authentication.

E. Mobile Device-Based Authentication

Smartphones can be used as authenticators based on
possession. Push-based systems (like Duo Mobile and
Microsoft Authenticator) ask the user to confirm a login using
their device PIN or fingerprint. Additionally, Bluetooth/NFC-
based proximity authentication and QR-based techniques are
becoming more popular, reducing friction while maintaining
high levels of assurance. [2]

F. Behavioural Biometrics and Continuous Authentication

Inactive continuous authentication can be achieved
by behavioural data, such as device movement, gait
recognition, swiping patterns, and typing cadence. These Al-
powered models get better with time, and if behaviour changes
significantly, they can initiate secondary authentication or
alarms.

G. Risk-Based and Context-Aware Authentication

Contextual intelligence has been integrated into
modern systems to evaluate authentication attempts. Adaptive
policies are made possible by variables such as device
fingerprinting, IP geographical location, login time, and user
behaviour history. Additional verification levels, including
biometric confirmation, are dynamically activated if a login is
made from a suspect device or location.

H. Decentralized Identifiers (DIDs)
Decentralized identity models, in which credentials
are kept on user-owned wallets as opposed to centralized

servers, are becoming more and more popular. These self-
governing identification systems, which are frequently driven
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by blockchain, respect Web3 principles, improve user privacy,
and reduce need on centralized authorities.

I. Passkey Ecosystem Integration

Passkeys are cryptographic credentials that are
synced using end-to-end encryption between devices (for
example, through Google Password Manager or iCloud
Keychain). Passkeys enable cross-platform passwordless sign-
in and do away with conventional password recovery
procedures because they are natively supported in the macOS,
Android, and Windows ecosystems. [5]

J. Integration with Identity and Access Management
(IAM) Platforms

Enterprise IAM solutions (such as Azure AD, Okta,
and Ping Identity) that offer centralized user management,
conditional access controls, and SSO support are increasingly
incorporating passwordless technology. These connections
make deployment easier and let businesses progressively
switch to passwordless techniques without having to
completely rebuild their infrastructure. [2]

These technologies work together to create a strong,
multi-layered passwordless authentication solution that takes
into account user behaviour, device variety, and business
needs in addition to the requirement for secure identity
verification.

o Web Application |

Figure: Passwordless Authentication Flow (Using FIDO2 /
WebAuthn) [1]

IV. ADVANTAGES OF PASSWORDLESS
AUTHENTICATION

A fundamental shift in digital security and usability is
brought about by passwordless authentication. Because of its
advantages in the technological, operational, financial, and
regulatory sectors, it is a desirable choice for businesses
looking for security models that are robust and scalable.
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A. Elimination of Phishing and Credential Theft Risks

Passwordless solutions eliminate many typical
cybersecurity vulnerabilities because there is no password to
phish, steal, or reuse. If credentials are tied to a particular
device or biometric element that is always under the user's
control, even sophisticated phishing tactics (like reverse proxy
phishing) will fail.

B. Faster and Smoother Login Experience

Productivity is increased with a simplified login
procedure. Without entering passwords or completing
CAPTCHAs, users can access systems through biometric
authentication, tap-to-login techniques, or device-based
approvals. This is particularly helpful in time-sensitive
operating scenarios, remote labor, and mobile-first contexts.

C. Lower IT Support and Helpdesk Costs

Requests for password resets are frequently the most
common helpdesk queries, which costs businesses money and
time. Support volume 1is significantly decreased when
passwords are removed. User satisfaction is also increased by
automated account recovery via device possession or

biometric fallback.
D. Greater Accessibility and Inclusivity

For users who may have trouble with complicated
passwords due to intellectual disabilities, low literacy, or
language obstacles, passwordless systems provide better
access. Authentication becomes more inclusive with biometric
and device-based

logins, particularly for diverse user

demographics.
E. Seamless Scalability Across Devices and Platforms

Passwordless techniques are scalable across cloud
platforms, consumer apps, and enterprise software because of
WebAuthn, FIDO2, and passkey protocols. Users can be
authenticated across different services with little preparation
using a single biometric enrolment or device setup. [1]

F. Reduced Lateral Movement and Privilege Escalation
Risk

Attackers can migrate laterally through networks by
stealing credentials in the traditional way. Credentials are
device-bound and non-reusable when using passwordless
methods, preventing attackers from using a captured credential
elsewhere—even within the same domain.
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G. Regulatory and Industry Alignment

Passwordless approaches are becoming more and
more popular with regulatory agencies like NIST, GDPR, and
PCI-DSS. Using such techniques demonstrates adherence to
best standards, particularly with regard to customer privacy,
robust authentication, and data protection. [3]

H. Support for Zero Trust Security Models

Zero trust architectures, in which identity is
constantly confirmed, are particularly suited to passwordless
authentication. System resilience is increased when context-
aware access, continuous authentication, and passwordless
login are combined.

I. Improved User Trust and Brand Reputation

Services that provide safe, easy access are more
likely to be trusted by users. Businesses that use robust yet
easy authentication enhance the credibility of their brands,
particularly in sectors like e-commerce, healthcare, and
finance.

J. Reduced Exposure from Data Breaches

Passwordless solutions don't keep any reusable
secrets on the server, even in the event that a corporation is
compromised. This eliminates the need for mass credential
resets and lessens the harm from possible breaches.

K. Future-Readiness and Innovation Enablement

Passwordless solutions put organizations in a better
position to embrace next-generation technologies like adaptive
Al authentication, decentralized identity, and embedded trust
mechanisms in edge and IoT devices.

Passwordless authentication offers a systematic
increase in digital trust and identity management by doing
away with one of the most vulnerable elements of
contemporary cybersecuritythe password.
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V.IMPLEMENTATION CHALLENGES

Despite its promise, adopting passwordless authentication
poses several challenges:

A. Initial Deployment Complexity

An organization's current IT infrastructure frequently
needs to undergo major modifications in order to implement
passwordless authentication. Support for authentication
protocols like FIDO2 or WebAuthn, secure hardware like
biometric scanners or security keys, and the integration of new
identity suppliers can all be necessary. Password-reliant
legacy systems could not be compatible, requiring system
replacement or redesign. Initial adoption is difficult from a
technical and economic standpoint because to the high cost of
software  upgrades,
authentication habits. [1]

device purchase, and shifting

B. User Adoption and Education

Users used to password-based systems must also
change their mindset in order to switch to passwordless
authentication. New techniques, such biometric logins or
authentication apps, may be confusing or intrusive to many
users. Support requests may rise as a result of this opposition,
which could prevent adoption. As a result, businesses need to
spend money on thorough user education that covers benefits
explanations, practical instruction, and continuing assistance.
Building trust, reducing friction, and making sure that security
enhancements don't impair user productivity all depend on
effective change management.

C. Biometric Privacy Concerns

There are serious ethical and legal issues with
biometric authentication techniques like fingerprints, facial
recognition, and iris scans. Biometric information is
unchangeable, unlike passwords; even if it is compromised, it
cannot be altered. Strict privacy laws, such the General Data
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Protection Regulation (GDPR), must be followed while
processing and storing such sensitive personal data.
Businesses need to make sure that biometric information is
encrypted, safely kept on local devices whenever feasible, and
never sent again. Maintaining user trust and regulatory
compliance also requires openness in data processing and
gaining informed user consent.

D. Device Loss or Theft

Personal devices, such smartphones or hardware
tokens, are frequently used in passwordless authentication to
confirm identification. Users may lose access to vital systems
if these devices are misplaced, stolen, or broken. This can lead
to increased security concerns and operational disruption in
the absence of a strong and secure account recovery process.
Multi-layered fallback methods, including biometric backup or
secondary device registration, are necessary for solutions to
preserve accessibility while resisting unwanted access during
device replacement or recovery.

E. Interoperability and Legacy Systems

The interoperability of passwordless authentication
with current systems is a significant obstacle to adoption.
Modern protocols like FIDO2 and WebAuthn are not
supported by many legacy applications and enterprise systems
because they were created with traditional password-based
authentication in mind. Passwordless technology adapting
these systems can be expensive, difficult, and time-
consuming. Integration attempts may also be hampered by
unique authentication methods or a lack of vendor support.
Organizations must carefully plan upgrades or employ secure
bridging solutions while ensuring business continuity if they
want to see widespread adoption. [1]
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VI. CASE STUDIES AND INDUSTRY ADOPTION

Passwordless authentication is already widely used by large or
ganizations:
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A. The Use of Passwordless Authentication by Microsoft

By implementing passwordless authentication
throughout Azure Active Directory, Microsoft has taken the
lead in advancing this technology. Through this program,
business customers can sign in using alternatives like the
Microsoft Authenticator app, which supports device-based,
push-notification logins, and Windows Hello, which employs
fingerprint or facial recognition. These technologies improve
ease and security by doing away with conventional passwords,
which are frequently the focus of phishing attempts. Microsoft
guarantees  cross-platform interoperability through its
dedication to open standards like FIDO2. Because of this, a lot
of businesses are switching to passwordless authentication as
part of their larger identity and access management plans. [1]

B. Google's Passkey and FIDO2 Token Support

Google has introduced passkeys and FIDO2 tokens
throughout its services to provide strong support for
passwordless authentication. These methods eliminate the
need for conventional passwords by enabling users to
authenticate using cryptographic credentials saved on
trustworthy devices, like security keys or cell phones.
Google's huge user base—which
consumer accounts and business users through Google
Workspace—makes this campaign especially effective. The
change simplifies login procedures while strengthening
defences against phishing and identity theft. The global use of
passwordless technology is being greatly advanced by Google
through the promotion of open standards and the integration of
security into its platform ecosystem. [1]

includes millions of

C. Biometric authentication and financial services

In order to protect sensitive consumer data and
adhere to strict laws and regulations, financial institutions are
increasingly using passwordless authentication techniques.
Nowadays, a lot of banks and fintech businesses allow
biometric logins via their web and mobile platforms, including
voice ID, fingerprint scanning, and facial recognition. These
techniques increase assurance and make it harder for
unauthorized people to get in. In order to safeguard
transactions and administrative interfaces, several businesses
are also implementing hardware tokens or push authentication
via mobile devices. These solutions improve user experience
and trust while lowering reliance on passwords and decreasing
the dangers of social engineering, phishing, and credential
reuse.

D. Adoption of Passwordless Access in Government and
Healthcare
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Passwordless authentication is being used by the
government and healthcare sectors to improve cybersecurity,
protect data, and comply with legal mandates like HIPAA and
NIST guidelines. These industries need safe yet user-friendly
login systems for employees and clients since they deal with
enormous volumes of private and medical data. To lower the
dangers of credential theft and unauthorized access, biometric
authentication, smart cards, and device-based credentials are
being implemented. Additionally, passwordless techniques
increase operational effectiveness in high-stress settings like
emergency response centers and hospitals. The use of
enhanced authentication by these industries is indicative of a
move toward robust, contemporary digital identity systems.

[3]

These
authentication

applications show that passwordless
is both practical and advantageous, but

industry-specific needs need to be taken into account.
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VII. FUTURE DIRECTIONS
A. Decentralized Identity (DID)

A new architecture called Decentralized Identity
(DID) gives users the freedom to own, and manage their
digital identities without intervention from a centralized
authority. DID, which is based on a distributed record or
blockchain technology, enables users to access services using
safe, verifiable credentials without disclosing private
information. By lowering dependency on centralized identity
suppliers, this paradigm improves privacy and strengthens
against data breaches. Governments and organizations are
investigating the use of DIDs in e-governance, healthcare, and
banking. DID is a revolutionary step in user-centric and
privacy-preserving authentication systems by putting people at
the core of identity management.

B. AI and Adaptive Authentication
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Through adaptive security mechanisms that evaluate
contextual information, including location, device type, login
habit, and time of access, artificial intelligence (Al) is
changing authentication. These mechanisms then select the
appropriate authentication levels. Only when abnormalities are
identified can these intelligent systems seek more robust
verification, allowing them to dynamically modify security
requirements in real-time. For example, the system might ask
for biometric verification if a login attempt originates from an
odd IP address. By eliminating needless friction and
preserving strong security, adaptive authentication improves
the user experience. It is a useful tool for modern, risk-aware
identity and access management techniques since it also
makes continuous monitoring and threat detection possible.

C. Universal Passkey Ecosystem

To provide a smooth, cross-platform authentication
experience, IT giants like Apple, Google, and Microsoft are
working together to create a universal passkey ecosystem.
Cryptographic credentials known as passkeys are safely kept
on user devices and synchronized through cloud services.
They are more secure against credential theft and phishing
than passwords. Users can authenticate on one device and log
in on another without having to enter their login information
again thanks to this ecosystem. It is anticipated that this
initiative will accelerate widespread adoption by standardizing
passwordless login guidelines and improving compatibility
across browsers and operating The passkey
ecosystem offers a safe and convenient substitute for
conventional login techniques. [2]

systems.

D. Regulatory Encouragement

As part of larger digital security initiatives,
governments and regulatory agencies around the world are
starting to encourage and support the move to passwordless
authentication. The necessity to lessen reliance on passwords
is emphasized by regulations like the GDPR of the European
Union, the U.S. Executive Order on Improving the Nation's
Cybersecurity, and NIST and ENISA guidelines. These
authorities acknowledge that passwordless techniques promote
user privacy and provide improved defence against online
dangers. Stronger authentication procedures may be required
by future laws, particularly for vital industries like public
services, healthcare, and banking. The global deployment of
secure identity technology will be accelerated in large part by
regulatory support. [3]

F. Inclusivity and Accessibility
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Making ensuring passwordless technologies are
inclusive and accessible to all users—including those with
disabilities or restricted access to cutting-edge devices—is
crucial as they develop. Diverse user needs must be taken into
consideration when designing authentication systems,
providing offline options for areas with poor connectivity,
voice-based systems for the blind, and alternatives to
biometric recognition for people with physical disabilities.
Adherence to accessibility guidelines such as WCAG and
ADA is also essential. To make sure that security
advancements don't erect obstacles, developers and
organizations need to embrace universal design principles.
Effective and universally accessible digital security is
essential.

VIII. CONCLUSION

Passwordless authentication is the way of the future
for safe online communication, not just a fad. Organizations
may greatly increase user satisfaction and security by doing
away with passwords. The advantages are strong, and the
supporting ecosystem is expanding quickly, despite certain
adoption Dbarriers. Passwordless authentication is set to
the new standard in

become cybersecurity as

technologies advance and standards are adopted.

more
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