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Abstract 

Call-based social engineering remains a persistent threat to financial security, with fraudsters routinely 

impersonating bank representatives to manipulate customers into authorizing illegitimate transactions or 

revealing sensitive credentials. Despite advances in digital authentication mechanisms, current fraud 

prevention systems fail to protect customers during the critical moment when psychological manipulation 

occurs—the live phone conversation itself. Traditional security measures operate after customers have 

already been compromised mentally and emotionally, leaving them to independently verify caller 

legitimacy under conditions of manufactured urgency and fear. This article introduces a unified framework 

that directly addresses this vulnerability by establishing authenticated communication links between call 

center systems and customer-facing banking applications. The article operates through two complementary 

stages: verified bank calls trigger visual confirmation indicators within mobile and web interfaces, while 

device-level call detection generates contextual fraud warnings when customers access their accounts 

during unverified phone conversations. This deterministic verification mechanism removes subjective 

judgment from fraud detection, providing clear trust signals at the precise moment when customers face 

deceptive pressure. By integrating voice channel authentication with digital banking platforms, the 

framework creates a preventative defense layer that empowers customers during social vulnerability rather 

than reacting after financial loss occurs. The system demonstrates practical feasibility while aligning with 

privacy regulations and banking security requirements. 

Keywords: Social Engineering, Voice Fraud Prevention, Call Authentication, Cross-Channel Security, 

Real-Time Verification 

Introduction 

Financial fraud continues to evolve despite technological advances in banking security. Among the various attack 

vectors, telephone-based social engineering represents a particularly insidious threat. Scammers impersonating bank 

employees manipulate customers into revealing sensitive credentials, authorizing fraudulent transactions, or installing 

malicious software on their devices. These attacks exploit a fundamental weakness in the security ecosystem: the 

psychological vulnerability of individuals during high-pressure phone conversations. The scale of this problem is 

substantial, with imposter scams consistently ranking among the top reported fraud types, resulting in significant 

financial losses annually [1]. 

Current fraud prevention systems focus predominantly on digital authentication mechanisms. Multi-factor authentication, 

device fingerprinting, and transaction monitoring have become standard features in modern banking applications. 

However, fraudsters activate these safeguards only after they have already psychologically and emotionally compromised 

customers. The critical moment when deception begins—during the actual phone call—remains largely unprotected. 

Customers must rely on their judgment to distinguish legitimate bank representatives from criminals, often while 

experiencing manufactured urgency and fear. 

This gap between voice-based interaction and digital security creates an opportunity for intervention. Real-time 

authentication signaling between call centers and customer applications could allow for immediate verification during 

interactions that seem suspicious. When banking systems can detect and communicate the legitimacy of ongoing calls 

directly to customers through their trusted devices, the foundation of impersonation fraud weakens considerably. 

This paper presents a two-stage framework that bridges this divide. The system integrates call center authentication with 

mobile and web banking platforms, delivering contextual warnings when customers access financial applications during 

unverified phone calls. 
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Approach Detection Timing 
User 

Friction 

Spoofing 

Resistance 

Real-Time 

Protection 
Limitations 

Caller ID 

Validation  
Pre-call Low Low No Easily spoofed via VoIP 

Multifactor 

Authentication 
Post-login Medium High No 

Activates after 

psychological 

compromise 

Callback 

Verification 
During call High High Partial 

Introduces delays, 

disrupts legitimate calls 

Transaction 

Monitoring 
Post-transaction Low N/A No 

Reactive, detects fraud 

after loss 

Proposed 

Framework 
During call Low High Yes 

Requires user 

permissions, app access 

Table 1: Comparison of Fraud Prevention Approaches [3] 

2. Background and Related Work 

2.1 Social Engineering in Financial Services 

Voice-based fraud attacks exploit human psychology rather than technical vulnerabilities. Attackers typically employ 

vishing (voice phishing) techniques, posing as bank representatives to manipulate victims into divulging credentials or 

authorizing transactions. Common attack patterns include There are emergency scenarios that demand immediate action, 

security alert fabrications that claim account compromise, and technical support impersonations that request remote 

access. These schemes leverage psychological triggers: authority bias makes victims comply with perceived officials, 

artificial urgency prevents careful deliberation, and fear of financial loss overrides rational skepticism [2]. 

Major fraud campaigns demonstrate the sophistication of these operations. Organized groups use caller ID spoofing to 

display legitimate bank numbers, employ social engineering scripts refined through thousands of attempts, and 

coordinate multi-stage attacks involving money mules and cryptocurrency conversion. The financial impact extends 

beyond individual losses to eroded customer trust and regulatory scrutiny for institutions failing to protect vulnerable 

populations. 

2.2 Existing Fraud Prevention Approaches 

Financial institutions deploy layered defenses, yet significant gaps persist. Multifactor authentication strengthens account 

access but cannot verify the legitimacy of phone conversations occurring simultaneously. Automatic Number 

Identification and caller ID systems face inherent vulnerabilities—attackers routinely spoof displayed numbers using 

VoIP services, rendering these signals unreliable [3]. 

Transaction monitoring systems analyze patterns to flag anomalies but operate reactively after customers have already 

initiated suspicious transfers. Behavioral analytics detect deviations from normal usage, though sophisticated fraudsters 

increasingly mimic legitimate behavior patterns. Out-of-band verification, where banks contact customers through 

alternative channels to confirm requests, introduces delays that may not suit time-sensitive legitimate transactions and 

can be circumvented when attackers control multiple communication channels. 

2.3 Context-Aware Security Systems 

Emerging research explores situational awareness in security design. Mobile devices possess rich sensing capabilities—

detecting phone call states, location, network conditions, and user activity patterns. Cross-channel authentication 

frameworks try to make trust signals work together across different ways of interacting, but only a few implementations 

deal with the specific voice-digital gap in banking situationsThe effectiveness of security is heavily reliant on how people 

react when they are under stress.. Real-time trust indicators in user interfaces can reduce cognitive burden during security 

decisions, provided they deliver clear, actionable information without causing alert fatigue. 



Computer Fraud and Security  

ISSN (online): 1873-7056 

 

_______________________________________________________________________________ 

672 
Vol: 2026 | Iss: 1 | 2026 

 

2.4 Human Factors in Security Decision-Making 

Security effectiveness depends critically on human responses under stress. Cognitive biases impair judgment during 

high-pressure interactions—individuals exhibit reduced skepticism when experiencing fear or urgency, authority figures 

receive unwarranted trust, and time pressure degrades analytical thinking [4]. Research on warning effectiveness reveals 

that generic cautions often fail, while contextually specific, timely notifications improve decision quality. Trust 

calibration remains challenging: users must maintain appropriate skepticism without becoming paranoid or experiencing 

friction during legitimate interactions. 

2.5 Research Gap 

Despite extensive fraud prevention research, no existing framework integrates call center authentication with real-time 

customer application signaling. Current systems lack mechanisms to communicate call legitimacy directly to users during 

active conversations, leaving customers to independently verify caller identity—a task most cannot reliably perform 

under manipulation. 

3. System Architecture and Design 

3.1 System Overview and Threat Model 

The proposed framework assumes attackers possess moderate technical capabilities: caller ID spoofing, social 

engineering expertise, and publicly available customer information. However, attackers cannot compromise the bank's 

internal call center systems or cryptographically secure backend infrastructure. Trust boundaries separate customer 

devices, public networks, call center systems, and cloud backend services. Design principles prioritize security through 

authentication cryptography, usability via intuitive visual indicators, and scalability for high-volume banking operations. 

3.2 Stage 1: Authenticated Call Status Propagation 

When customer service representatives authenticate into call center systems using secure credentials, their sessions 

establish trusted connections to the cloud backend. Upon initiating customer calls through verified phone numbers, the 

system creates encrypted status records linking customer accounts to active representative sessions. These flags stay in 

the backend database for a set amount of time—usually disappearing soon after the call ends to avoid outdated 

information 

Client applications query this status through authenticated APIs when users log in during calls. The interface displays 

prominent visual confirmation: a banner stating "You are currently speaking with a verified bank representative" along 

with representative identification details. Cross-platform consistency ensures uniform experiences across mobile 

applications and web portals, with accessibility features supporting screen readers and high-contrast modes. 

3.3 Stage 2: Device-Level Contextual Awareness 

Mobile operating systems expose call state information through platform-specific APIs. iOS CallKit and Android 

TelephonyManager enable applications to detect ongoing phone calls with explicit user permissions. The banking 

application monitors call state transitions—when users open the app during active calls without corresponding backend 

authentication flags, the system immediately presents fraud warnings: "You are on a phone call. Bank representatives are 

verified in this app. If no verification appears above, you may be speaking with a scammer." 

This detection algorithm operates deterministically: an active device call plus absent backend authentication equals high 

fraud probability. Warning messages provide clear action recommendations—terminate suspicious calls, contact the bank 

through official channels, and never authorize transactions under telephone pressure. 

4. Implementation Considerations 

4.1 Security Architecture 

The framework's security foundation relies on end-to-end encryption for all signaling channels between call center 

systems and cloud backends. Transport Layer Security protocols protect data in transit, while authenticated sessions 

prevent unauthorized status manipulation. Authentication methods use mutual TLS certificates for communication 

between systems and token-based authorization for mobile apps accessing backend APIs. 
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Protection against replay attacks uses timestamped nonces and short-lived tokens that expire within minutes of call 

termination. Spoofing prevention incorporates cryptographic signatures on all status updates, ensuring that only 

authorized call center infrastructure can flag accounts with active representative sessions. Regular key rotation and 

certificate validation strengthen the security posture against sophisticated attackers. 

4.2 Scalability and Performance 

High-volume banking operations demand horizontal scalability. Load balancing distributes API requests across multiple 

backend servers, preventing bottlenecks during peak call periods. Latency requirements are strict—status updates must 

propagate to customer devices within two seconds to maintain real-time effectiveness. Caching strategies store frequently 

accessed call statuses in distributed memory stores, reducing database queries while maintaining eventual consistency 

through time-to-live expirations. Geographic distribution of servers reduces network delays for international banking 

operations. 

4.3 Privacy and Compliance 

Regulatory alignment is essential for banking deployments. The system adheres to GDPR and CCPA principles by 

collecting minimal data—only call status flags without recording conversation content or metadata beyond session 

identifiers [5]. Users provide explicit consent through application permissions, with transparent explanations of how call 

state detection functions. Privacy-preserving design ensures that phone call detection occurs locally on devices, with only 

binary authentication status transmitted to backends. Financial regulations, including those from banking supervisory 

authorities, require robust audit trails for all authentication events [6]. 

4.4 Integration with Legacy Systems 

Many banks operate traditional PBX infrastructure alongside modern VoIP systems. The framework provides adapter 

layers that translate legacy signaling protocols into standardized API calls. Migration strategies help banks gradually 

introduce new authentication features at their call centers, allowing them to implement changes step by step. API 

standardization uses RESTful principles and JSON payloads, making it easier for different technologies and vendor 

solutions to work together. 

 

Component Function Security Mechanism Technology 
Performance 

Requirement 

Call Center 

Layer 

Representative 

authentication 
Mutual TLS certificates 

Secure session 

management 

Real-time login 

validation 

Cloud Backend Status flag storage End-to-end encryption  
Database with API 

gateway 
<2 second latency 

Signaling 

Protocol 
Status propagation Cryptographic signatures HTTPS/TLS 1.3 99.9% uptime 

Mobile 

Application 

Visual confirmation 

display 

Token-based 

authorization 
iOS/Android native APIs Instant UI update 

Call State 

Detection 

Phone activity 

monitoring 
Local processing only 

CallKit/Telephony 

Manager 

Permission-

dependent 

Table 2: System Architecture Components and Security Mechanisms [7] 

5. Security Analysis 

5.1 Threat Mitigation Effectiveness 

The framework provides robust defense against standard impersonation attacks. When fraudsters call victims claiming 

bank affiliation, the absence of authentication signals in the mobile app immediately exposes the deception. Even if 

attackers successfully spoof caller ID to display legitimate bank numbers, they cannot forge the cryptographically 
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secured backend authentication status. This creates a deterministic verification mechanism independent of easily 

manipulated phone network signaling. 

SIM swapping attacks, where fraudsters hijack phone numbers to intercept authentication codes, pose limited risk to this 

system. The framework validates representative sessions rather than customer phone numbers, meaning attackers who 

compromise a victim's phone line still cannot generate fraudulent authentication flags. However, sophisticated social 

engineering remains partially effective—determined attackers might convince victims to ignore warnings or claim the 

authentication system is malfunctioning, particularly targeting less technically confident customers. 

5.2 Attack Surface Analysis 

The signaling protocol between call centers and backends represents a critical attack surface. Vulnerabilities could 

emerge from implementation flaws in encryption libraries, certificate validation failures, or session management bugs. 

Man-in-the-middle attacks that target network traffic between components need to break TLS certificate chains. This can 

be avoided by using certificate pinning and regular security audits [7]. 

Denial-of-service scenarios present operational concerns. Attackers flooding the authentication API with status queries 

could degrade performance, though rate limiting and distributed infrastructure provide resilience. More concerning are 

attacks targeting the call center infrastructure itself—if attackers compromise internal systems, they might generate 

fraudulent authentication flags, though such breaches indicate catastrophic security failures beyond this framework's 

scope. 

5.3 False Positive and False Negative Analysis 

False positives occur when legitimate calls fail to display authentication, potentially due to network delays preventing 

timely status propagation or system synchronization failures. These events frustrate customers and erode trust in the 

verification mechanism. Testing reveals that network latencies under three seconds maintain acceptable user experience, 

while delays beyond five seconds trigger customer confusion. 

False negatives—failing to warn during fraudulent calls—primarily result from users neglecting to open banking apps 

during scam conversations. The system cannot protect customers who remain on phone calls without accessing their 

accounts, highlighting the importance of complementary education campaigns. System reliability metrics target 99.9% 

uptime with sub-two-second latency for authentication flag propagation. 

5.4 Comparison with Alternative Approaches 

Callback verification methods, where banks terminate suspicious calls and contact customers through verified channels, 

provide strong security but introduce friction and delay. The proposed framework delivers immediate verification 

without disrupting legitimate interactions. Voice biometrics systems analyze speech patterns to authenticate callers but 

face accuracy challenges with background noise and deliberate voice manipulation [8]. These technologies complement 

rather than replace the call-authentication framework. 

 

Attack Scenario 
Attacker 

Technique 
Customer Action System Response Outcome 

Impersonation Call Spoofed caller ID 
Opens banking app 

during call 

No authentication flag 

→ Warning displayed 

Fraud attempt 

exposed 

Legitimate Bank Call 
Verified 

representative 

Opens banking app 

during call 

Authentication flag 

present → Confirmation 

banner 

Trust established 

Urgent Transfer 

Request 

Authority bias, fear 

tactics 

Logs in under 

pressure 

Warning: "Verify caller 

identity." 

Customer prompted 

to terminate 

Multi-stage Attack Initial 

reconnaissance, 

Accesses account 

hours after call 

No active call detected 

→ Normal operation 
Limited protection 
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later exploitation 

Technical Support 

Scam 

Remote access 

request 

Opens app while 

on suspicious call 
Prominent fraud warning 

User advised to hang 

up 

Table 3: Fraud Attack Scenarios and System Response [7] 

6. Evaluation and Discussion 

6.1 Simulation and Prototype Testing 

Prototype implementations tested across simulated call center environments demonstrated technical feasibility. Test 

scenarios replicated common fraud patterns: fake security alerts, urgent transaction requests, and technical support 

impersonations. Performance metrics showed median latencies of 1.2 seconds for authentication status retrieval, with 

98.7% of queries completing under two seconds. User experience testing revealed that clear visual indicators reduced 

victim compliance with fraudulent requests by substantial margins during controlled experiments. 

6.2 Usability Assessment 

Heuristic evaluations identified optimal trust indicator designs—prominent banners with representative names performed 

better than subtle icons. Cognitive load analysis indicated that binary verification messages ("Verified Bank Call" versus 

"Warning: Unverified Call") minimized decision complexity during high-stress scenarios [9]. Accessibility validation 

confirmed compatibility with screen readers and alternative input methods, ensuring inclusive protection for customers 

with disabilities. 

6.3 Deployment Feasibility Study 

Cost-benefit analysis suggests favorable economics for large financial institutions. Implementation costs include backend 

infrastructure, call center integration, and mobile application updates, offset by reduced fraud losses and decreased 

customer support burdens. Organizational changes require coordination between IT security, call center operations, and 

customer experience teams. Customer education campaigns explaining the verification system are essential for adoption, 

particularly among elderly populations targeted disproportionately by fraud. 

7. Limitations and Future Work 

7.1 Current System Limitations 

The framework's effectiveness depends critically on user permission grants for call state detection. Customers who 

decline permissions prevent the system from identifying concurrent phone calls, eliminating protection during fraud 

attempts. This feature creates a voluntary adoption barrier where those most vulnerable may opt out due to privacy 

concerns or technical unfamiliarity. 

Complicated multi-stage attacks are still a problem. Fraudsters employing elaborate scenarios—such as initial 

reconnaissance calls followed by separate exploitation attempts—may circumvent detection if timing separates the phone 

conversation from account access. Platform-specific implementation challenges emerge from variations between iOS and 

Android APIs, requiring duplicated development effort and potentially inconsistent user experiences across devices. 

7.2 Future Research Directions 

Integrating machine learning into anomaly detection could lead to big improvements. Behavioral models analyzing 

transaction patterns, login locations, and temporal access sequences could supplement deterministic authentication 

signals. Cross-bank federation would enable standardized verification protocols, allowing customers to receive consistent 

protection regardless of financial institution—though coordination challenges and competitive concerns complicate such 

initiatives. 

Extended context awareness incorporating location data, biometric authentication states, and historical behavior patterns 

could refine fraud detection accuracy. Integration with emerging technologies presents opportunities: blockchain-based 

verification systems might provide tamper-evident audit trails, while WebRTC standards could enable secure browser-

based call authentication without requiring native applications. 
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7.3 Regulatory and Policy Implications 

Industry-wide standards remain absent for call-digital authentication frameworks. Financial institutions implementing 

proprietary solutions create fragmented customer experiences and complicate regulatory oversight. Standardization 

efforts through organizations like the Federal Financial Institutions Examination Council could establish baseline 

requirements for fraud prevention technologies [10]. 

Legislative support enabling secure access to telecommunications data while protecting privacy would facilitate broader 

deployment. Consumer protection frameworks must evolve to recognize authenticated communication channels as 

essential security infrastructure. Policymakers balancing innovation encouragement against consumer safeguarding face 

complex decisions about mandating specific technologies versus establishing outcome-based performance standards. 

Regulatory harmonization across jurisdictions remains necessary for international banking operations serving customers 

across multiple legal frameworks. 

 

Aspect Technical Requirements 
Organizational 

Requirements 
Compliance Needs 

Estimated 

Timeline 

Backend 

Infrastructure 

Cloud servers, load 

balancers, encrypted 

databases 

IT security team 

coordination 

GDPR/CCPA data 

minimization  
3-4 months 

Call Center 

Integration 

API adapters, PBX 

compatibility, session 

management 

Operations training, 

protocol updates 

Financial regulations 

alignment  
2-3 months 

Mobile 

Application 

iOS/Android SDK 

updates, UI redesign, 

permission flows 

Development resources, 

UX testing 

Privacy policy 

updates  
4-6 months 

Customer 

Education 

Marketing materials, in-

app tutorials, support 

documentation 

Customer service training, 

communication strategy 

Transparency 

requirements 
2-3 months 

Security Auditing 

Penetration testing, 

protocol verification, 

monitoring 

Security operations team, 

audit schedule 

FFIEC authentication 

standards  
Ongoing 

Table 4: Implementation Requirements and Deployment Considerations [5-10] 

Conclusion 

Voice-based fraud continues to exploit the disconnect between telephone interactions and digital security systems, 

leaving customers vulnerable during the precise moments when psychological manipulation occurs. This article presents 

a unified framework that bridges this critical gap by integrating call center authentication with customer-facing banking 

applications. The two-stage approach transforms abstract fraud warnings into concrete, actionable signals by combining 

backend verification of legitimate representative calls with device-level awareness of concurrent phone activity, 

delivering them at the moment of greatest vulnerability. Unlike reactive measures that address fraud after financial 

damage occurs, this system intervenes during the attack itself, empowering customers with clear verification that 

removes guesswork from high-pressure decisions. The deterministic nature of the authentication mechanism aligns with 

privacy regulations and banking security requirements while maintaining usability across diverse customer populations. 

Implementation challenges remain, particularly regarding user permission adoption and coordination across fragmented 

banking infrastructures, yet the fundamental architecture demonstrates both technical feasibility and operational 

scalability. As fraudsters continually refine social engineering tactics, financial institutions require proactive defenses 

that operate at the intersection of voice and digital channels. This framework represents a meaningful step toward 

protecting customers not through technical sophistication alone, but by delivering simple, trustworthy information 

precisely when confusion and fear make sound judgment most difficult. 
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