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Abstract

The rapid evolution of contact centers in regulated industries has necessitated
secure, efficient, and compliant solutions for customer interactions. This study
investigates the development of GxP-compliant contact center platforms
integrated with voice biometric authentication, combining quantitative and
qualitative approaches across healthcare, pharmaceutical, biotechnology, and
financial sectors. Results reveal that cloud-based platforms outperform hybrid and
on-premise systems in terms of biometric accuracy, authentication speed, and
operational efficiency, while maintaining strong adherence to GxP validation
protocols such as IQ, 0Q, PQ, and ALCOA+ principles. User satisfaction was
highest in healthcare and biotech sectors, with positive correlations observed
between verification accuracy and customer satisfaction. Cluster analysis
identified three distinct organizational groups, underscoring industry-specific
differences in compliance readiness and user acceptance. These findings
demonstrate that voice biometrics can be successfully harmonized with GxP
requirements, offering a pathway toward secure, compliant, and customer-centric
contact center ecosystems.
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Introduction
Background: the rise of contact center platforms in regulated industries

Contact centers have evolved far beyond their original role as customer service hotlines (Saberi et al.,
2017). Today, they are critical components of customer relationship management (CRM), offering
integrated communication channels through voice, chat, email, and mobile applications. In highly
regulated industries such as pharmaceuticals, healthcare, biotechnology, and financial services, contact
centers are not only expected to deliver seamless customer experiences but also to comply with strict
regulatory frameworks. Among these, Good Practices (GxP) standards covering Good Manufacturing
Practices (GMP), Good Clinical Practices (GCP), and Good Laboratory Practices (GLP) play a pivotal
role in ensuring quality, safety, and data integrity (Ullagaddi, 2024). Developing a contact center
platform that is GxP-compliant requires more than technological capability; it demands adherence to
documented procedures, traceability, and regulatory oversight to protect both consumers and
organizations.

The emergence of voice biometrics in digital authentication

As digital transactions and remote interactions surge, authentication has become a core concern for both
enterprises and regulators (Ross et al., 2020). Traditional verification methods, such as passwords, PINs,
or knowledge-based questions, are increasingly vulnerable to fraud, phishing, and social engineering
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attacks. Voice biometrics, which authenticate individuals based on unique vocal characteristics, have
emerged as a powerful alternative. These systems analyze features such as pitch, tone, and speech
patterns, offering a secure and user-friendly authentication experience. In contact center environments,
where callers routinely exchange sensitive personal, medical, or financial data, voice biometrics provide
an additional layer of trust (Tas & Baktir, 2024). Beyond convenience, this technology addresses critical
needs for identity verification, reduces average handling times, and strengthens security protocols
especially in sectors bound by GxP compliance.

Intersection of GxP compliance and biometric technology

While voice biometrics bring opportunities for stronger authentication, integrating them into GxP-
compliant systems is not straightforward (Syed & ES, 2024). GxP guidelines emphasize validated
processes, data integrity, audit trails, and risk management. Implementing biometric authentication in
such contexts requires robust validation protocols, alignment with regulatory documentation, and
mechanisms to ensure data security in line with standards such as FDA 21 CFR Part 11, EMA Annex
11, and GDPR (Gruson et al., 2024). For example, every biometric transaction must be auditable,
reproducible, and tamper-resistant. The challenge lies in balancing the innovative potential of voice
technology with the rigorous oversight of GxP frameworks. Achieving this balance can help regulated
industries maintain both compliance and customer trust while embracing technological advancements
(Yaqoob et al., 2019).

Industry drivers and challenges

Several forces are driving the adoption of biometric-enabled, GxP-compliant contact center platforms.
Growing cybercrime, rising compliance costs, and customer expectations for seamless digital
experiences have made it imperative for organizations to modernize their authentication systems ().
However, challenges remain. Data privacy concerns, ethical considerations in biometric use, technical
barriers to integration, and the need for specialized staff training complicate deployment. Additionally,
regulatory authorities are cautious about the storage, transmission, and processing of biometric data,
demanding rigorous safeguards against misuse (Kumar et al., 2024). This creates a tension between
operational efficiency, innovation, and compliance obligations. Understanding these drivers and
barriers is essential to developing frameworks that enable sustainable adoption.

Research gap and purpose of the study

Despite growing literature on GxP compliance and advancements in biometric authentication, little
research has focused on the integration of voice biometrics into GxP-regulated contact centers. Most
studies address either GxP validation processes or biometric security in isolation, leaving a gap in
understanding how these two domains converge in practical implementation. This article seeks to bridge
that gap by exploring methods for designing, validating, and deploying GxP-compliant contact center
platforms that integrate voice biometrics. The study aims to provide both theoretical insights and
practical frameworks, highlighting how regulated industries can achieve secure, efficient, and compliant
customer interactions.

Objectives of the research
The core objectives of this research are threefold:

e To evaluate the regulatory and technical requirements for building GxP-compliant contact
center platforms.

e Toassess the role of voice biometric technologies in enhancing authentication and data integrity
within these systems.

e To propose a structured framework for integrating voice biometrics while ensuring compliance,
security, and operational efficiency.

By addressing these objectives, the study contributes to both academic discourse and industry practice.
It demonstrates how innovation in customer service technologies can be harmonized with strict
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regulatory demands, paving the way for trustworthy, future-ready contact center ecosystems in
regulated sectors.

Methodology

This research followed a mixed-method design combining both quantitative and qualitative approaches
to comprehensively evaluate the development of GxP-compliant contact center platforms integrated
with voice biometric authentication. The study was conducted in a cross-sectional format, targeting
regulated industries such as healthcare, pharmaceuticals, biotechnology, and financial services. While
the quantitative component focused on measurable performance, compliance, and biometric accuracy,
the qualitative component explored user perceptions, regulatory challenges, and organizational
readiness.

The study population and sampling strategy included three categories of respondents across ten
purposively selected organizations: contact center agents and administrators (n=120) to assess usability
and workflows, end-users or customers (n=300) to evaluate authentication efficiency and satisfaction,
and compliance officers or IT managers (n=50) to validate regulatory and technical feasibility. This
multi-stakeholder sampling ensured coverage of both technical and compliance-related dimensions of
biometric integration.

In terms of variables and parameters, the independent variables encompassed platform architecture
features such as system scalability, cloud versus on-premise deployment, API compatibility, and CRM
integration. Voice biometric performance parameters included enrollment time, verification accuracy,
false acceptance rate (FAR), false rejection rate (FRR), equal error rate (EER), and average
authentication time. GXP compliance measures covered validation protocols (IQ, OQ, PQ), audit trail
completeness, adherence to ALCOA+ principles, and conformity with regulatory standards such as
FDA 21 CFR Part 11, EMA Annex 11, and GDPR. The dependent variables were operational
performance (average handling time, resolution rate, downtime, and throughput), user experience
(CSAT, NPS, perceived security, ease of use), and compliance outcomes (audit success rates, non-
compliance incidents, and breach rates). Control variables included industry type, contact center size,
geographic region, and the primary regulatory authority involved.

The data collection procedures combined four complementary approaches. First, system logs and
analytics were extracted to capture biometric performance and operational efficiency metrics. Second,
structured surveys and questionnaires were administered to agents and customers to measure
perceptions of usability, security, and compliance. Third, expert interviews were conducted with
compliance officers and IT managers to gain deeper insights into regulatory validation processes.
Finally, document analysis of SOPs, validation reports, and audit records was performed to evaluate
adherence to GxP standards.

For statistical analysis, both SPSS and R software were employed. Descriptive statistics (mean, standard
deviation, frequencies) summarized biometric performance and compliance data, while Cronbach’s
alpha assessed the reliability of survey instruments. Inferential techniques included ANOVA and
MANOVA to compare biometric accuracy, compliance, and satisfaction across industries and platform
types; regression analysis to determine the influence of biometric and architectural variables on
performance and compliance outcomes; and Pearson/Spearman correlation to examine relationships
between biometric accuracy, regulatory adherence, and customer satisfaction. Factor analysis (EFA and
CFA) was used to uncover latent constructs linking compliance and usability, while cluster analysis
grouped organizations based on readiness and performance. Hypothesis testing was conducted at a 95%
confidence level (p < 0.05). Qualitative interview data were analyzed thematically, focusing on
integration challenges and compliance validation practices.

Finally, ethical and compliance considerations were carefully observed. All participants provided
informed consent prior to data collection. Biometric data were anonymized, encrypted, and stored
following GDPR guidelines and GxP-compliant record management standards. The study ensured that
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all processes adhered to ethical research practices and regulatory frameworks governing sensitive data
handling in regulated industries.

Results

The evaluation of biometric performance across different platform types demonstrated notable
differences in efficiency and accuracy. As shown in Table 1, cloud-based platforms consistently
outperformed on-premise and hybrid models, particularly in terms of verification accuracy and reduced
authentication time. Although hybrid platforms achieved balanced outcomes, on-premise systems
exhibited slightly higher false rejection and error rates, suggesting that architectural differences
significantly influence biometric authentication performance.

Table 1: Voice biometric performance metrics

Platform | Enrollment | Verification | FAR (%) | FRR (%) EER (%) Authentication
Time (s) Accuracy Time (s)
(%)
Cloud 18.5 96.2 1.8 2.5 2.2 4.2
On- 22.3 94.8 2.1 3.1 2.6 5.1
Premise
Hybrid 20.1 95.5 2.0 2.8 2.4 4.6

Assessment of compliance measures revealed strong adherence to GxP standards across organizations.
Table 2 highlights the robustness of validation protocols, with Installation Qualification (IQ),
Operational Qualification (OQ), and Performance Qualification (PQ) scores averaging above 90%.
Audit trail completeness and ALCOA+ compliance were well maintained, though some organizations
demonstrated marginal variation in regulatory adherence percentages. These findings indicate that voice
biometric integration can be aligned effectively with GxP principles, provided rigorous validation
frameworks are maintained.

Table 2: GxP compliance metrics

Organization | 1Q Score | OQ Score | PQ Score | Audit Trail ALCOA+ | Regulatory
(%) (%) (%) Completeness | Compliance | Adherence
(%) (%) (%)
Healthcare 98 95 93 97 96 95
Provider
Biotech 96 94 92 95 94 93
Research
Center
Financial 97 96 94 96 95 94
Institution
Insurance 99 97 95 98 97 96
Firm

Operational performance outcomes, summarized in Table 3, demonstrated that cloud platforms offered
shorter average handling times and higher resolution rates compared to on-premise models. Hybrid
configurations balanced performance efficiency with reliability but incurred slightly higher downtime.
Transaction throughput was also maximized under cloud deployment, reinforcing the efficiency
benefits of cloud-based systems when combined with biometric authentication.

Table 3: Operational performance outcomes

Metric Cloud On-Premise Hybrid
Average Handling Time (s) 280 320 300
Resolution Rate (%) 92 89 91
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Downtime (min/month) 35 48 42
Transaction Throughput 15000 13000 14000

User perceptions were analyzed to evaluate satisfaction and trust in the biometric-enabled platforms.
As presented in Table 4, healthcare users reported the highest customer satisfaction (CSAT) and ease-
of-use ratings, followed by pharmaceutical and financial sectors. Net Promoter Scores (NPS) and
perceived security indices were consistently high, though slightly lower in finance, reflecting customer
concerns about data sensitivity in financial transactions. These results suggest that industry-specific
contexts influence perceptions of biometric authentication despite overall positive acceptance.

Table 4: User experience and satisfaction metrics

Industry CSAT (%) | NPS Perceived Security Index Ease of Use Rating
Healthcare 91 65 4.5 4.6

Pharma 89 62 4.3 4.4

Finance 87 60 4.2 4.3

Further analysis explored the relationship between biometric accuracy and customer satisfaction. Figure
1 illustrates a positive regression trend, where higher verification accuracy strongly correlated with
improved CSAT scores. This demonstrates that biometric system reliability directly enhances user trust
and satisfaction, reinforcing the operational importance of maintaining low error rates.
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Figure 1: Regression relationship between verification accuracy and customer satisfaction

Cluster analysis was conducted to group organizations based on combined compliance, performance,
and satisfaction measures. As depicted in Figure 2, three distinct clusters emerged: healthcare providers
and biotech research centers clustered together, reflecting strong compliance and high user satisfaction;
pharmaceutical companies and medical device manufacturers formed a second group with balanced
compliance and operational outcomes; while financial institutions and insurance firms formed a third
cluster characterized by lower user satisfaction and comparatively weaker biometric performance. This
clustering emphasizes the influence of industry type on the integration of GxP-compliant voice
biometric platforms.
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Figure 2: Cluster analysis results
Discussion

The integration of voice biometrics into GxP-compliant contact center platforms introduces a
transformative approach to secure and efficient customer interactions. The results of this study highlight
the performance advantages of cloud-based architectures, the compliance robustness across
organizations, and the variation in user perceptions by industry context. The following discussion
elaborates on these findings within the broader framework of regulatory, operational, and technological
considerations.

Biometric performance and platform architecture

The results demonstrated that cloud platforms consistently outperformed on-premise and hybrid
systems in terms of authentication speed and verification accuracy. This suggests that the scalability
and computational efficiency of cloud infrastructures provide a technical edge in handling biometric
algorithms (Su et al., 2023). However, the higher false rejection rates in on-premise systems highlight
the limitations of legacy infrastructures in maintaining real-time biometric performance. The hybrid
model, while balancing efficiency and compliance, revealed the challenges of managing dual
infrastructures. These findings underscore the importance of architectural choices in determining the
effectiveness of biometric-enabled platforms (Jenik et al., 2020).

GxP compliance and validation protocols

The findings presented in Table 2 confirm that organizations operating under GxP frameworks maintain
high levels of validation compliance. The consistently strong 1Q, OQ, and PQ scores, alongside near-
complete audit trails, reflect the ability of organizations to align voice biometric systems with regulatory
principles such as ALCOA+ and FDA 21 CFR Part 11. This is significant, as it demonstrates that
biometric technologies, traditionally viewed with caution in regulated industries can achieve regulatory
validation when supported by robust documentation and auditability (Kumar et al., 2024). Nevertheless,
minor variations in adherence levels suggest that compliance remains dependent on organizational
readiness and the maturity of digital governance systems (Lie et al., 2024).

Operational efficiency gains

Operational outcomes revealed measurable benefits of biometric integration. Reduced average handling
times and higher resolution rates in cloud-based systems indicate that biometric authentication not only
strengthens security but also streamlines customer service operations (Murganoor, 2024). The decrease
in downtime observed across high-performing platforms also reinforces the operational resilience of
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well-integrated solutions. These results align with existing literature suggesting that advanced
authentication methods can improve efficiency while minimizing fraud-related disruptions (Elumilade
et al., 2021). However, hybrid and on-premise models exhibited slightly reduced throughput, pointing
to scalability challenges that may limit broader adoption in high-volume environments (Khadka, 2022).

User experience and industry-specific perceptions

The differences in customer satisfaction and perceived security across industries highlight the role of
contextual factors in shaping user trust. Healthcare customers, reporting the highest satisfaction and
ease-of-use ratings, likely benefit from heightened awareness of patient data protection and the
efficiency gains offered by biometric systems (Habibu et al., 2021). Conversely, financial services
customers expressed comparatively lower trust levels, reflecting persistent concerns about biometric
data misuse in sensitive financial transactions (Aldboush & Ferdous, 2023). These findings suggest that
user education, transparency, and clear consent frameworks are crucial in fostering adoption across
industries where privacy concerns are pronounced.

Relationship between accuracy and satisfaction

The positive regression relationship shown in Figure 1 confirms that biometric accuracy directly
influences customer satisfaction. High accuracy rates not only improve authentication efficiency but
also reduce frustration caused by false rejections, thereby enhancing overall trust in the system. This
reinforces the critical need for organizations to prioritize performance validation of biometric systems,
as even minor variations in accuracy can significantly impact user perceptions (Murganoor, 2024).

Industry clusters and strategic implications

The cluster analysis presented in Figure 2 identified three distinct groups of organizations, emphasizing
that industry type shapes the readiness and performance of biometric-enabled, GxP-compliant
platforms. Healthcare and biotech organizations emerged as leaders in compliance and satisfaction,
while pharmaceutical and device manufacturers occupied a balanced middle ground. Financial
institutions and insurance firms, by contrast, exhibited weaker performance and lower satisfaction,
reflecting higher barriers to adoption (Su et al., 2023). These distinctions highlight the need for industry-
specific strategies when implementing biometric systems, including tailored compliance approaches,
customer communication frameworks, and risk management protocols.

Limitations and future research directions

Although this study provides valuable insights, certain limitations must be acknowledged. The cross-
sectional design limits the ability to capture longitudinal improvements in biometric accuracy and
compliance outcomes. Additionally, while the study incorporated multiple industries, the sample size
was limited to selected organizations, which may not fully represent global regulatory and operational
diversity. Future research should adopt longitudinal methodologies to track system improvements over
time and expand to include emerging industries, such as digital health and fintech startups, where
biometric authentication is gaining traction. Further exploration of ethical considerations, particularly
surrounding biometric data ownership and privacy rights, would also enrich the understanding of
sustainable adoption.

Conclusion

This study demonstrated that the integration of voice biometrics into GxP-compliant contact center
platforms can significantly enhance both security and operational efficiency while maintaining strict
adherence to regulatory standards. The results revealed that cloud-based architectures deliver superior
biometric performance and operational outcomes, though industry-specific differences highlight the
need for tailored implementation strategies. Strong compliance metrics confirm that biometric
technologies can be effectively validated within GxP frameworks, and the clear correlation between
verification accuracy and customer satisfaction underscores the importance of reliability in fostering
user trust. The cluster analysis further emphasized that organizational readiness and industry type shape
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the success of integration, with healthcare and biotech sectors showing higher acceptance than finance-
related industries. Overall, the findings suggest that with rigorous validation, transparent data
governance, and customer education, voice biometrics can be harmonized with GxP principles to create
secure, efficient, and user-centered contact center ecosystems.
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