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Abstract :  Digital services call for robust authentication frameworks that SharePoint saves user Privacy and 

Data as these have penetrated all the way of the service. Multi-factor authentication (MFA) brings a higher 

degree of security via multiple ways of verification. This research examines how QR codes function within 

the framework of MFA systems along with their viable advantages and operational weaknesses, as well as 

their capacity to interface with relative security protocols. It is discussed to say recent progress and 

implementation strategies and major difficulties in implementing the ever-changing QR code based MFA 

environment researched and implemented in 2024 and 2025. 

 

INTRODUCTION 
As the digital ecosystem of our world is becoming more complex, there is a critical role to play in securing 

and mode of accessing the online platforms in all industries. Traditional one-factor authentication methods 

based upon static passwords have proven fatally weak in the face of advanced cyber-attacks and social 

engineering attacks[1]. The vulnerabilities of the password based systems (e.g., brute force, credential 

stuffing, and phishing) contributed to the massive change towards multi-factor authentication ( MFA ) as an 

alternative method to increase security.[9] 

MFA systems improve security by needing a user to authenticate multiply independent sources of verification 

that are generally divided into: 

 Passwords, PIN’s, and security questions (something the user knows) are also captured. 

 Holder factors (something, which the user possesses - security tokens, mobile devices, smart cards). 

 Something inherence factors (something the user is – biometric characteristics such as fingerprints or 

facial recognition). 

QR codes being a successful possession factor because of its adaptability to be versatile, easy to implement 

and ‘User Friendly’ has become a possession factor. First designed in 1994 by Denso Wave for the 

identification of automotive parts, QR codes had succeeded the industry boom movement to the open standard 

used by the mainstream public. Several important factors have contributed to the use of their authentication 

systems include: 

 Parity of smartphone uptake with good cameras 

 main qr code reading abilities in mobile os 

 The possibility for encoding a compact manner of authentication data, what is complicated. 

 Quicker login procedures compared to the old conventional code entry 
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However, the presence of instrumentality of integration of QR plates in MFA systems both bears considerable 

opportunities and certain non-negligible challenges that deserve a subject that requires professional analysis. 

While in comparison to the traditional OTP’s, even QR-based-auth provides the end user a better user 

experience and lesser friction than it does for the traditional OTP’s; it also comes with its own set of security 

precautions that need to be analyzed to keep your users safe from harm, when you use something entirely 

unique to meet security based needs. 

This paper presents in-depth analysis of QR code related MFA systems, to wit Section 2 reviews the evolution 

of QR code authentication and the current implementations, Section 2 reviews the evolution of QR-code 

verification and the current art, Section 3 reviews the security challenge and vulnerabilities, Section 4 reviews 

means of integrating it with other security mechanisms, Section 5 reviews user experience and accessibility, 

Section 6 provides future directions and recommendations, and radiation 7 summarizes the findings of the 

paper.Multi-factor authentication (MFA) reduces these threats by imposing multiple verification factors [3], 

and where here QR codes present an equilibrium between security-versus-usability [7,12]. Their increased 

industry relevance is confirmed by recent adoption by major platforms, such as Google [16]. 

 

1.  EVOLUTION AND CURRENT STATE OF QR CODE-BASED AUTHENTICATION  

A. Historical Development of QR Codes in Authentication 

The use of the QR codes in the authentication systems have significantly developed since its introduction 

for slight website URL hyperlink and simple contactless payment[15]. Initial deployments in the late 2000s 

mostly employed QR codes as a simple way for passing animation tokens between devices and so removing 

the need to enter long strings manually[12]. More sophisticated applications were used in the 2010s, 

including[5,16]: 

 

1. Two factor authentication configure (scanning of the QR code to take registration of the authenticator 

apps) 

2. Cross-device sign-in sequences (signing into desktop programs by using the mobile devices to scan a 

QR code ) 

3. Safe document verification (consulariatica in QR codes of digital signatures) 

 

The COVID-19 pandemic (2020-22) roofs accelerated QR Code adoption across sectors and made 

standardized Transactional and paved paths for More Advanced Authentication applications. By 2024, QR 

code auth was everywhere, Google, Microsoft, other major players and even banks put in place QR-based 

MFA solutions.Recent research by [4] & [20] suggests that quishing (QR phishing) attacks ballooned 433 % 

from 2021-2023, and its specific targets are enterprise environments (Microsoft Security, 2025 [20]). As you 

can see from [24], detection systems of machine learning currently register an accuracy of 92% in detecting 

malicious QR codes. 

 

B. Technical Implementation Architectures 

Today, QR code based MFA systems deploy various technical architectures as their use case as well as its 

security requirements[1,15]. The most common implementations include[5,12]: 

         Time-based One-Time Password (TOTP) Enrollment: 

IETF &thicksimweb/eager Media Type (rfc8140) for webauthn is nearly identical to the widely observed 

standard for authenticator apps/rfc6238, except instead of using the vienna-convention qrcode, it appears to 

use the more common authenticator. The QR code typically contains: 

 Issuer information (service name) 

 Account identifier (username or email) 

 Shared secret key 

 Algorithm specification (usually HMAC-SHA1) 

 Digit length (usually 6 or 8 digits) 

 Time step value (usually 30 seconds) 
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Cross-Device Authentication: 

Used by WhatsApp Web & Slack this method sets secure sessions between devices. The QR code 

contains[12,22]: 

 Session identifier 

 Secure channel establishment encryption keys 

 Server connection information 

 Temporal validity parameters 

Cryptographic Challenge-Response: 

More advanced systems rely on QR code to enable public key cryptography. The code may contain[14,26]: 

 Cryptographic nonce (challenge) 

 Server public key 

 Session context information 

 Digital signature parameters 

Current Adoption and Industry Trends 

According to industry updates from 2024 to 2025 many companies began using QR code authentication in 

their operations.[16,22] 

 Enterprise Adoption: The percentage of Fortune 500 companies using QR-based MFA for 

authentication increased to 68% according to JumpCloud (2025)[16] from their previous 42% from 

2022. 

 Financial Sector: Financial Authentication Trends Report (2024)[22] shows that 89% of major banks 

operating across North America and Europe use QR authentication for transactions valued at more 

than $5,000. 

 Consumer Services: Google made a transition to QR-based authentication for Gmail in 2025 which 

impacted more than 1.8 billion users based on The Verge (2025)[16] report. 

Emerging trends identified in 2025 include[6,14,17,22,26]: 

 Biometric-Backed QR Authentication: Apple's facial recognition (Same time non-simultaneous) 

 Decentralized Identity Systems: Blockchain-based identity frameworks use QR codes to let users share 

verifiable credentials 

 Quantum-Resistant Algorithms: The preparation of authenticated QR systems for compatibility with 

advanced cryptography solutions after quantum limits 

2.  SECURITY CHALLENGES AND VULNERABILITIES 

A. QR Code-Specific Attack Vectors 

Our examination should focus on security problems that arise from using QR codes in multi-factor 

authentication technology. When used for authentication the advantages of QR codes have been discovered 

with attackers exploiting their weaknesses more often Pishing attacks increased 433% (2021-2023), targeting 

executives 42x more than average employees [4,20] 

B. QR Code-Specific Attack Vectors 

  The unique nature embedded in QR code authentication has led to the development of specialized attack 

techniques. Quishing, a type of QR phishing, has been a highly impacting threat vector[4,9]. All such social 

engineering attacks are based on the inherent trust people have in QR codes, where attackers spread 

manipulated codes that either lead victims to phishing sites or trigger unauthorized actions. As per the 2025 

threat intelligence report by Recorded Future, the cyber community has seen a notable 433% increase in 

phishing attacks between 2021 and 2023, thus making it one of the fastest-rising cyber threats.While QR 

codes resist SMS-based SIM-swapping [1], they remain vulnerable to overlay attacks, as demonstrated in UK 

parking systems (£13,000 losses) [4]. 

C. Equations 

Overlay attacks and QR code tampering are also significant threats[4,24]. The attacks can be conducted in 

both physical and digital manner. In a physical attack, a person places fake QR codes at some place that is 
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visited by many people instead of real ones[4]. A case in the UK in 2024 which was the subject of an attack 

on a parking lot is a striking example of the impact of the attacks on the finance, as it made a loss of 

approximately £13,000 from just one location[4]. Digital attacks include the change of the QR code in 

electronic messages or documents, usually using advanced spoofer to be considered authentic[20,24]. Silent 

Sector's 2024 study revealed 41% of systems permit dangerous QR reuse [4]." 

Session hijacking over QR code interception is the last on the list of typical attack vectors that are widely 

known[1,4]. This kind of an attack includes various techniques such as listening in on the QR codes 

transmission, executing a man-in-the-middle attack on the code generation and scanning, and by using the so-

called replay attacks with the QR codes that have been intercepted[4,12]. These errors occur due to certain 

characteristics of QR code authentication procedures and they are primarily those that are in great need of 

countermeasures for protection[1,4]. 

 

D. Implementation Vulnerabilities 

  New cybersecurity research presents many of the most typical QR code identification vulnerabilities[4,12]. 

A survey by Silent Sector in 2024[4] has shown that 41% of services allowed multiple QR code reuses when 

it was not appropriate, to go through two-factor authentication registration. The whole thing started from the 

fact that it was explained as a normal situation so that later the vote took place. The attackers managed to use 

intercepted QR codes to update devices with viruses while the intended security controls were totally 

bypassed[4,12] . 

  A very vulnerable point in QR code generation is the cryptography key management that can be easily 

exposed[5,12]. All patterns of the generated numbers are vulnerable in such cases of stolen tokens, insufficient 

entropy, and predictable pattern generation that are weak in the sense that there is a crisis before such attacks 

take place due to the pre-computation of the patterns. Most crypto system design problems are generally the 

cause of the fundamental flaws in the QR code technology itself[5,12]. 

  The fact of people, many of whom are telephone users, installing the code of the QR code signing stands as 

the third reason for the rise in the level of hacking threats. The result of the study of popular QR code scanning 

applications that took place in 2025 is that 32% of these applications contain certain bugs that put your 

personal data and any transaction made through these apps in danger. The most dangerous ones were those 

where the URLs were not validated and where intent handling was insecure, as these could be totally used by 

the hackers to disrupt the whole flow of the authentication process[12,20]. 

 

 

 

3. BIOMETRIC AUGMENTATION STRATEGIES 

 

Authentication via QR code combined with biometric verification is currently being used as a secure 

security pattern in recent technology[22,25]. There are several different architectures in use that define the 

security features and user interaction characteristics in different ways[17,22]. 

Sequence validation is quite a clear form of a combined model where the users first scan the QR code and 

then confirm their biometrics. This process is the value step and may be the user experience issue as it is the 

clear separation of the authentication factors but with added steps[7,22]. One further step proposes the use of 

concomitant validation, which allows the biometric verification to become one with the QR scanning process. 

Apple's implementation of the 2024 Face ID technology is an example of this model and utilizes the 

TrueDepth camera system for both liveness and identity confirmation during QR scanning while at the same 

time it is creating a cryptographic proof of presence.[22] 

Before we wrap up, let's now have contextual biometrics enhance the very concept by adding continuous 

authentication for what you do with your device; for example, you can have behavior biometrics do the job. 

Thus, this model depends on unnoticed details like grip types, typing, and device interaction to keep steady 

authentication during the talk[17]. As a result, the biometrics made by the QR code can greatly reduce the risk 

while, at the same time, not adversely affecting the user's actions[7,17]. 
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*Fig. 1. Integrated biometric verification flow in QR code authentication systems. Blue boxes indicate user 

actions, green diamonds represent system decisions (IEEE 802.1AR-2018 compliant).* 

A. Behavioral Analytics Integration 

   Behavioral analytics, which can also be termed modern authentication, have become more of the norm when 

it comes to risk assessment. These systems continuously check the security level during the purchase decision 

of the customer with the help of many ins and outs of parameters[17]. The systems have the ability to track 

various things such as the GPS location of a device that is used for the transaction and therefore, match the 

location with the previously defined patterns. The orientation of the device provides additional cues as most 

users will scan QR codes with consistent angles and movements[17,25]. 

   Time analysis is another vital part, as systems figure out the normal time of the day for different 

organizations and different individuals. This type of analysis is further refined by the behavior of swipe and 

pressure on the screens of the devices, which yields a solid basis for the building of a behavioral profile with 

several dimensions. Machine learning technology is utilized to control the actions of these systems that can 

track any breach of security; these are security measures against unauthorized access[1,17]. 

   The use of these analytics in real-life has seen an adaptive change in authentication flows[17]. For example, 

based on the score of the risk in real-time, some systems adjust their authentication requirements, where the 

high-risk situations only demand the extra verification layers, while the less risky ones avoid the tug of war 

completely. The approach is being tested in many areas with the banking and finance sector being one 

exemplary area only a few have opted for where they are able to keep security and at the same time meet the 

demands[17,22]. 
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*Fig. 2. STRIDE-based threat model for QR authentication systems. Red elements denote attack surfaces, 

purple indicates mitigation controls (aligned with NIST SP 800-63B).* 

 

 

B. Cryptographic Enhancements 

  The fundamentals of QR code authentication systems have gone a long way, and they have been reinforced 

to deal with the rise of different threats. Post-quantum cryptography is one of the areas that receive the most 

attention with the majority of the updated versions of the systems having lattice-based signatures inside the 

QR code payload. The new quantum-resistant algorithms are still in place with the older cryptographic 

elements, thereby, great forward compatibility and no risk to security in the present[6,14]. 

  The one-time password systems, which are based on hash functions, have made exploitation of quantum 

vulnerability extremely difficult lately and attracted some attention anew. Together with QR authentication 

flows, these mechanisms offer the most secure protection against future threats, thus ensuring they become 

the shield of the current infrastructure. Specially designed for high-security long-term systems, some of the 

2025 innovations have been fitted with the NIST-approved post-quantum algorithms[6,14]. 

  Decentralized identity frameworks have been an integral part of the QR authentication cryptography world 

since their inception, and they have been the ones responsible for all the major milestones achieved. W3C 

Verifiable Credentials used in QR codes by these frameworks allow for the creation of portable digital 

identities and the preservation of strong cryptographic assurance at the same time. The authentication proofs 

anchored on the blockchain ensure that there are cyber events left, which are not tampered with, while the 

zero-knowledge proof systems protect the user's privacy by sharing the littlest information possible[26]. 

 

C. Network-Level Protections 

When a network is not secure, using QR codes for authentication can be an issue, but if the network's 

communications are the best, then a QR code authentication system is secure. Present-day standards require 

the use of TLS protocol version 1.3 for all QR code transmissions, thus minimizing the risk caused by the 

exploitation of weaknesses of prior protocol versions[1,12]. 

Through the practice of certificate pinning to the communication endpoints, a further layer of safety is 

added that helps to prevent man-in-the-middle attacks. Thereby, QR code payload will only be granted 

permission to communicate with verified endpoints. Besides that, DNS safeguards that are based on the said 

technology are very effective in dealing with the issue of DNS spoofing which is why the safest way of doing 

things has become the DNS-over-HTTPS standard." All the control measures taken on the network level 

create a safe base for QR code authentication, excluding the possibilities for the third parties to exploit the 

vulnerabilities that can affect the whole system.[1,12] 
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Endpoint security guarantees that the protective frame of the whole safety system is tightly closed as the 

device attestation mechanism is there to make sure that the QR readers are not tampered with. With secure 

enclave processing, the authentication operations are being segregated from the rest of the possibly unsafe 

process of the device, and through hardware-backed key storage, the cryptographic resources are kept safe 

from software based attacks. Those three protective measures are coming together to create a coherent security 

system that together defeat the threats for each authentication lifecycle phase.[1,12,22] 

Factor QR 
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Table I. Comparative analysis of augmented authentication methods (data sources: NIST IR 8374, IEEE 

Access Vol. 11, 2025). 

This table compares 4 popular forms of multi-factor authentication (MFA) – QR codes, SMS OTP, security 

keys, and biometrics – on 4 critical dimensions of comparison. phishing resistance, man-in-the-middle 

(MITM) defense, ease of use for the user and cost of implementation. The analysis is a synthesis of 

information from authoritative sources (NIST IR 8374 and IEEE Access, 2025) in order to point to trade-offs 

between security and practicality in authentication systems. 

 

1. Security Considerations 

Phishing Resistance: 

  Although vulnerable to “quishing”, QR codes (Medium) certainly beat SMS OTPS (Low) because they are 

dynamic and have the time-bound advantage and the visual verification opportunity. Security keys (High) and 

biometrics (High) outperform, since one must physically possess or biologically exhibit keys or traits for 

remote attacks to succeed. 

 

MITM Protection: 

  The top of security keys (Very High) is cryptographic proof of presence, and QR codes (Medium) and 

biometrics (High) depend on as secondary channels are susceptible to interception. SMS OTPs (Low) are the 

weakest owing to plaintext transmission and SIM-swapping threat. 

 

2. Usability Metrics 

User Convenience: 

  Biometrics (Very High) and QR codes (High) reduce the load on the person (Face scanning or one tap 

scanning). SMS OTPs (Medium) necessitate manual entry, and security keys (Medium) require hardware 

carriage hence friction. 

 

 

Implementation Cost: 

  SMS OTPs ($) are least expensive, but they are insecure. QR codes ($) combine cost security and software 

based implementation. Security keys ($$) and biometrics ($$) require hardware/sensor and complex 

integration costs. 

 

Theoretical Implications 

http://www.ijnrd.org/


                         © 2025 IJNRD | Volume 10, Issue 5 May 2025 | ISSN: 2456-4184 | IJNRD.ORG 

IJNRD2505207 International Journal of Novel Research and Development (www.ijnrd.org)  
 

c145 

  Security-Usability Trade-off: The inverse trends are obvious – the methods of higher security (security keys) 

are usually sacrificing usability, while the convenient ones (as QR-codes) need compensating control (anti-

phishing training, for instance). 

 

Contextual Suitability: 

 

 High-risk scenarios (e.g., banking): Prioritize security keys/biometrics despite costs. 

 Mass adoption (e.g., consumer apps): QR codes offer optimal balance. 

 Legacy systems: SMS OTPs remain despite the universal reach, but are in need of additional cover. 

 

4. USERS EXPERIENCE AND ACCESSIBILITY ASPECTS OF QR CODE MFA (MULTI-FACTOR 

AUTHENTICATION) SYSTEM 

A. USABILITY EVALUATION AND HUMAN FACTORS 

Recently conducted research has provided evidence of the important insights regarding the interaction 

behavior of users with QR-based MFA systems (2024-2025)[7,25]. The controlled experiments that were 

performed with people of diverse groups showed an 89% first-attempt success rate of using QR authentication, 

which means that it is a lot faster than the procedure of manual code entry (67% success rate)[7]. The 

performance advantage in this case mainly comes from the permission of errors being omitted during the 

transcription and the fact that the cognitive load on the user is reduced while authentication is performed[7,25]. 

The results of the time-related analysis of authentication processes with the use of QR codes show that the 

methods based on QR codes come 32% faster after traditional 2FA approaches[7]. The average completion 

time decreases from 14.2 seconds (SMS OTP) to 9.7 seconds (QR scan) in normed trials. However, there are 

three primary causes of failure according to the analysis: 

 Environmental Factors: 41% of the problems are the result of failing to recognize the conditions under 

which the devices use the QR code, for example, bad lighting or screen glare that is affecting QR code 

readability[7,25]. This is especially challenging in scenarios where the light is not constant; for 

example, when one uses a mobile phone. 

 User Knowledge Gaps: It is noteworthy that 28% of the errors that occur because the users do not 

understand the scanning process, and this can be due to an inappropriate camera position or taking the 

picture too close to the barcode[7]. 

 Technical Limitations: The device-dependent issues (19% of the failures) on the technical side, such 

as autofocus failures, low-resolution cameras, or display quality limitations on the code-presenting 

device[12,22]. 

 

B. Accessibility Challenges in QR Code Authentication Systems 

  Adoption of QR code-based multi-factor authentication presents a number of barriers concerned with 

accessibility that need to be solved in order to ensure inclusive implementation[2,7]. The fact that QR codes 

are visual by nature, makes them a real stumbling block for people with visual disabilities, who usually do 

not get satisfactory non-visual alternatives through traditional ways of implementation[2,19]. On top of that, 

the physical dexterity required to move the camera in the right position isolates a lot of users with motor 

impairments, in the meantime, time-pressured verification processes disadvantage those who require longer 

interaction periods. These difficulties are amplified in older people and people with multiple disabilities, and 

they may be confronted by intersecting barriers that could not be served by standard accessibility measures. 

Besides all that, these limitations could lead to breaking the principles of global accessibility standards such 

as WCAG 2.2 and to violation of the disability rights legislation, which, in turn, may lead to accessing a 

smaller portion of users[7,19]. 

  One of the latest options that have appeared in the market is trying to fill these gaps with the help of a number 

of approaches, which apart from audio, provide non-visual and tactile alternatives and still preserve security 

at the necessary level. Additionally, AI-assisted scanning minimizes precision requirements for users with 
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motor impairments thus also adding to the security side of the solution. Also, it is a common feature of current 

platforms to use flexible time-outs, provide haptic feedback, and use step-by-step instructions to aid a variety 

of cognitive situations. These concepts of innovation confirm the fact that the accessibility upgrades made 

frequently work for all the users, e.g. improvements of AI-powered scanning help when it is dark regardless 

of disability. Universal design principles, as a part of which is a feature of AI-powered scanning, are of utmost 

importance for the construction of systems that will be not only impenetrable but also genuinely inclusive as 

QR authentication moves forward[19,24]. 

5. OUTLOOK FOR THE FUTURE AND ADVICE 

During the transition towards a QR code-based MFA economy, security measures should be strictly tailored 

to suit users' requirements i.e. quantum-resistant cryptography can be used, and decentralized identity 

frameworks can be employed to avoid any threats. To make it as seen in the QR code, you may employ post-

quantum algorithms like CRYSTALS-Kyber[6,14]. On the other hand, the use of blockchain-based 

decentralized identity systems can offer the necessary privacy and interoperability[26]. At the same time, 

these types of technological advances should not exclude the convenience they will bring. For example, at the 

same time as standard audio-tactile QR, and AI-assisted scanning[24] can become a big leap in this kind of 

work. 

The deployment of the solutions by practitioners should be concentrated on three main elements, as follows: 

adoption of new one-time-use QR codes, which are functional for a limited time, in order to stop identity theft, 

the combining of QR authentication with behavioral biometrics[17], which provides users with full-time 

continuous risk assessment, and achieving WCAG 2.2 compliance[2] with multi-modal feedback. 

Furthermore, they must develop educational programs to teach their users how to tackle quishing attacks; 

additionally, the focus should be on the most vulnerable groups such as their executives who suffer 42 times 

more often from QR phishing attempts than the average employees do[4,20]. 

 

6. RESEARCH METHODOLOGY FOR QR CODE-BASED MFA IMPLEMENTATION 

This study uses a mixed-methods approach combining technical implementation with security and usability 

testing to evaluate the effectiveness of QR code-based Multi-Factor Authentication (MFA) systems. The 

methodology follows a structured framework of system design, prototype development and evaluation 

metrics. 

A.  System Architecture 

The research uses a three-tier architecture: 

1. Presentation Layer: 

 Built with Flask web framework (Python 3.9+) 

 HTML5 responsive interface with base64-embedded QR codes 

 User input points for OTP submission and verification 

2. Application Logic: 

 Implements RFC 6238 Time-based One-Time Password (TOTP) algorithm 

 Uses pyotp library for crypto operations 

 QR code generation with qrcode library (version 7.4+) 

 Session management for authentication state 

3. Data Layer: 

 Simulated secure storage of credentials with Python dictionaries 

 Base32-encoded secret keys with 160-bit minimum entropy 

 Ephemeral storage for OTP validation attempts 
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The crypto uses HMAC-SHA1 with 30-second intervals as per TOTP industry standards. The provisioning 

URI follows Google Authenticator conventions: 

Copy 

Download 

otpauth://totp/{issuer}:{user}?secret={secret}&issuer={issuer} 

Implementation Framework 

The prototype was developed following an iterative Secure Development Lifecycle (SDL): 

1. Requirements Analysis: 

 Identified core authentication workflow requirements 

 Defined security constraints (NIST SP 800-63B Level 2) 

 Established usability objectives (WCAG 2.1 AA) 

2. Component Implementation: 

 Secret generation using cryptographically secure RNG 

 QR code generation with optimal error correction (H-level) 

 OTP validation with configurable time drift (±1 interval) 

 Secure transmission via HTTPS (simulated in test environment) 

3. Integration Testing: 

 End-to-end authentication flow validation 

 Cross-browser compatibility checks 

 Mobile device scanning optimization 

 

B.  Evaluation Methodology 

The system is evaluated using both quantitative and qualitative measures: 

1. Security Analysis: 

 Threat modeling using STRIDE 

 Vulnerability assessment for OWASP Top 10 

 Cryptographic analysis of TOTP 

2. Performance Metrics: 

 QR code scan success rates across devices 

 Authentication latency 

 Error rate for failed attempts 

3. Usability Assessment: 

 Heuristic evaluation against Nielsen’s principles 

 Accessibility testing 

 User feedback via structured surveys 

 The test environment consisted of: 

 Desktop browsers (Chrome, Firefox, Safari) 

 Mobile devices (iOS, Android) 
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Varying network conditions (latency, packet loss simulations) 

C.  Validation Approach 

The research uses triangulation validation: 

1. Technical Verification: 

 Unit testing (pytest coverage >90%) 

 Static code analysis (Bandit, Pylint) 

 Dynamic security testing (OWASP ZAP) 

2. Comparative Analysis: 

 Benchmarking against SMS 2FA 

 Comparison with authenticator app implementations 

 FIDO2 evaluation 

3. Expert Review: 

 Security architecture review by certified professionals 

 Cryptographic implementation review 

 UX/UI review by HCI specialists 

This approach ensures the technical soundness and practical feasibility of the QR code MFA, and provides 

measurable outcomes for academic and commercial deployment consideration. It balances security 

requirements with real world usability constraints, and gives insight into the authentication landscape. 

 

 

7.   Conclusion 

QR code-based MFA is a significant leap forward in authentication that brings security and usability together 

but needs to be designed carefully to bridge the access divides and respond to emerging threats. As shown 

previously, integration (both age and region-wise demographic reality )vs. can responsible design (audio-

tactile non-verbal interfaces) scale with cryptographic strength (quantum-resistant algo) but successful 

implementations. In the future: responsive systems that increment security dynamically without undermining 

accessibility— the challenge will continue to require both boundary pushing at collisions of cybersecurity and 

HCI to created inclusive design spaces. These are multi-dimensional and resolving all of them will help QR 

authentication to realize its goal of a universal yet secure multi-factor universal(ing) identity verification layer. 
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