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Abstract

This study quantitatively examines information security challenges in U.S. healthcare payment ecosystems
and empirically links security control maturity, incident-response capability, and organizational context to
measurable payment outcomes — resilience, fraud-loss exposure, and stakeholder trust. Integrating a
systematic literature review (2005-2020) with a cross-sectional survey of 124 organizations (providers,
payers, clearinghouses, and vendors), the research operationalized constructs such as threat exposure,
vulnerability, control maturity, compliance posture, and incident-response capability using five-point Likert
scales. Findings indicate that control maturity is the strongest predictor of payment resilience (f = .36, p <
.001) and stakeholder trust (p = .28, p < .001), while higher maturity and response capability jointly reduce
fraud-loss ratios (p = —.24, p <.001; p = —.17, p = .006). Mediation analysis confirms that incident-response
capability partially offsets the detrimental effect of threat exposure on resilience (indirect axf = —.04, 95% CI
[-.08, —.01]). Moderation tests reveal that maturity’s payoff is amplified in larger and cloud-forward
organizations and weakened in vendor-dense ecosystems, underscoring the role of automation and
interorganizational governance. Complementary anomaly-detection pilots achieve practical precision (0.77)
and recall (0.70), demonstrating the viability of analytics-based monitoring in reducing fraud losses. The
integrated model explains 29-42% of outcome variance, supporting a socio-technical interpretation in which
security maturity and rehearsed response routines form the foundation of resilient, low-loss, and high-trust
payment operations. The study contributes validated constructs, a transparent measurement framework, and
actionable pathways for CISOs, enterprise architects, and revenue-cycle leaders to strengthen payment-system
security and reliability through institutionalized control maturity, incident preparedness, and vendor
governarnce.
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INTRODUCTION

Information security in healthcare payment ecosystems refers to the set of policies, technologies, and
socio-technical practices that protect the confidentiality, integrity, and availability of data used to verify
eligibility, submit claims, adjudicate benefits, transmit remittances, and process patient payments
across providers, payers, clearinghouses, revenue-cycle vendors, and card/payment networks. In this
setting, information assets encompass protected health information governed by the HIPAA Security
Rule and financial data subject to card-industry obligations, which jointly create multi-regulatory risk
exposure and a complex attack surface extending beyond individual covered entities into
interconnected business associates and payment processors (Agbo et al., 2019). Security is commonly
operationalized using the Confidentiality-Integrity-Availability triad and supported by access control,
encryption, network segmentation, monitoring, and incident response disciplines that must function
across clinical and financial workflows, often with legacy infrastructures and heterogeneous endpoints
(Jiang & Bai, 2019). Internationally, empirical studies describe healthcare as a high-consequence digital
environment with dense data exchanges, stringent privacy constraints, and mission-critical availability
requirements; these characteristics are amplified within payment flows where claim transactions,
remittance advices, card-present and card-not-present events, and patient-portal activities intersect
with enterprise resource planning and banking rails (Gordon et al., 2017). Scholarship further identifies
that payment-adjacent security decisions such as scope reduction through tokenization, rigorous
encryption key management, and micro-segmentation of cardholder-data environments must co-exist
with EHR access policies, audit logging, and data-minimization controls in order to maintain resilient
cash-flow operations and accurate financial records (Benaloh et al., 2009).

Figure 1: Information Security in the U.S. Healthcare Payment Ecosystem
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Foundational reviews conclude that the healthcare sector’s unique blend of legacy systems, medical
Internet-of-Things footprints, and federated vendor ecosystems magnifies risk propagation across
organizational boundaries, thereby motivating structured measurement of security control maturity
and standardized reporting of incident characteristics in payment-relevant pathways (Bai et al., 2017).
The U.S. healthcare payment ecosystem integrates eligibility checks, prior authorization, claims
submission (e.g., X12 837), adjudication, electronic remittance advice (835), electronic funds transfer,
patient billing, and card payments occurring at point-of-service and through portals and contact
centers. These flows traverse multiple networks and organizations, including clearinghouses, payment
gateways, merchant acquirers, and managed service providers, which increases the number of
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interfaces and shared responsibilities for data protection. Studies examining breach patterns and
organizational security posture indicate that security failures frequently originate in third-party
connections or during data-in-transit and data-at-rest transitions that are not uniformly hardened
across partners (Islam et al.,, 2015). Quantitative analyses using national breach repositories classify
providers as the majority of events by count and health plans as frequent sources of incidents with large
numbers of affected records, reflecting centralization of personally identifiable data and claims
repositories in plan environments and broad device exposure on provider perimeters (Fernandez-
Aleman et al., 2013). Conceptual and empirical work links endpoint complexity, outsourcing intensity,
and governance maturity with breach risk, showing that larger infrastructures and higher vendor
dependence correlate with elevated exposure unless offset by stronger access-management, encryption,
and monitoring practices (Appari & Johnson, 2010). Literature focused on payment-specific control
environments emphasizes the role of encryption, tokenization, and rigorous key management as
mechanisms to reduce scope for cardholder-data environments, while continuous monitoring and role-
based access control remain essential for claims and remittance data flows that bear protected health
information (Kruse, Frederick, et al., 2017). These studies collectively motivate a structured,
quantitative characterization of security challenges and control maturity that is specific to payment
operations while remaining compatible with broader clinical information-security frameworks (Kruse,
Smith, et al., 2017).

Across the period from 2005 to 2020, peer-reviewed studies identify a consistent set of adversary
techniques relevant to payment ecosystems: credential theft and phishing leading to unauthorized
access; ransomware campaigns affecting availability of claims and remittance systems;
misconfiguration of public-facing servers hosting payment portals; business email compromise
targeting refunds and remittance redirection; and supplier-side compromises that propagate into
covered entities and financial intermediaries (Kummer et al.,, 2013). Medical identity theft adds a
payment-centric dimension when stolen credentials are used to submit fraudulent claims or divert
benefits; this pattern is reported as a persistent security and data-quality challenge with operational
consequences for revenue-cycle management (Abdul, 2021; Roman et al., 2017). Review articles and
modeling studies converge on the observation that hacking and IT incidents account for a substantial
proportion of exposed records, suggesting concentration of risk in large repositories and core
applications that aggregate sensitive identifiers and financial attributes (Jalali & Kaiser, 2018; Sanjid &
Farabe, 2021). Vulnerability factors commonly measured include legacy platform dependence, delayed
patch cycles, privileged-account sprawl, weak network segmentation, and incomplete monitoring or
logging pipelines; these conditions interact with socio-organizational variables such as training
cadence, policy currency, and audit readiness (Omar & Harun-Or-Rashid, 2021; Sittig & Singh, 2016).
Quantitative risk studies in hospitals and integrated delivery networks treat these variables as
predictors of breach occurrence, time-to-breach, or breach scale, enabling regression-based tests that
are compatible with Likert-type measurement strategies adopted in cross-sectional designs (Mubashir,
2021; Ronquillo et al., 2018). For card acceptance within healthcare, research identifies encryption and
tokenization as structural controls that reduce exposure during authorization and settlement, while
administrative safeguards such as access reviews and least-privilege enforcement complement
technical measures along the revenue-cycle pathway (McLeod & Dolezel, 2018; Rony, 2021). This body
of work supports a classification of security challenges in the payment ecosystem that maps threats to
specific workflow nodes and control families in a way that enables empirical testing of relationships
between control maturity, threat exposure, and payment resilience.

Multiple studies propose that organizational governance and security-investment posture explain
measured differences in incident histories after accounting for size and complexity. Hospital and
health-system analyses report that proactive security investments, made prior to adverse events,
associate with lower hazards of subsequent breaches relative to reactive investments following an
incident or audit finding, indicating that managerial stance and board visibility are relevant
independent variables for quantitative models (Kwon & Johnson, 2014; Zaki, 2021). Surveys and
compliance-focused research connect higher access-control rigor, broader encryption coverage,
vendor-risk management, training, and policy currency with stronger perceived compliance and lower
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observed incident rates, providing item pools suitable for operationalizing “control maturity”
constructs in cross-sectional instruments (Danish & Zafor, 2022; Kwon & Johnson, 2013). System-
dynamics research in hospitals models the interplay between endpoint growth, detection capability,
and remediation capacity, suggesting that resilience in complex environments emerges from aligned
processes rather than isolated tools (Danish & Kamrul, 2022; Kuo et al., 2017). For payment flows, these
organizational findings translate to scoping discipline for cardholder-data environments, secure
administration of payment middleware and APIs, robust key-management ceremonies, and
continuous monitoring aligned with high-volume transaction windows that characterize claims and
remittance exchanges (Hozyfa, 2022; Liu et al., 2015). Reviews tracking global incidents in health
services highlight that cybersecurity events in payment-relevant systems can quickly affect cash-flow
continuity, dispute management, and reconciliation accuracy; this reinforces the need to treat payment
operations as an integrated security domain with well-defined ownership and metrics for resilience
(Arman & Kamrul, 2022; Radanliev et al., 2019). Together, these strands justify a research design that
links control maturity and governance variables to measurable payment outcomes resilience, fraud-
loss exposure, and stakeholder trust within and across organizational cases using standardized,
scalable constructs.

Research across the 2005-2020 period describes a steady formalization of healthcare security practices
in architectures that include cloud services, federated identity, and medical cyber-physical systems.
Early technical papers on e-health and cloud emphasized access-control models, privacy-preserving
design, and cryptographic protections for sensitive health records; these contributions remain relevant
for payment architectures that co-locate PHI with financial attributes and therefore benefit from
rigorous key management, granular authorization, and tamper-evident logs (Mohaiminul &
Muzahidul, 2022; Meingast et al., 2006). Subsequent literature on electronic health records and
information-system security synthesizes threats and countermeasures, stressing that organizations
require comprehensive portfolios spanning policy, technical, and physical safeguards rather than
single-control fixes (Raghupathi & Raghupathi, 2014). In parallel, scholarship on data analytics and
digital transformation in health systems situates security as a necessary precondition for trustworthy
analytics and operational efficiency, a perspective that aligns with the payment domain’s dependence
on accurate and timely financial data movement (Omar & Ibne, 2022; Zhang & Liu, 2010). Studies of
international incidents, including large-scale cyberattacks on national health services, provide
empirical detail on propagation paths, downtime characteristics, and recovery sequences that are
pertinent to revenue-cycle environments relying on clearinghouse connectivity and batch-based file
exchanges (Gordon et al., 2017). For payment-system modernization in healthcare, research on
distributed-ledger concepts explores tamper-resistant logging and consent tracking, while reviews
caution that governance and interoperability considerations dominate outcomes; these studies supply
additional constructs that can be measured alongside conventional security-maturity items (Agbo et
al.,, 2019; Jalali & Kaiser, 2018). Collectively, this architectural literature offers a catalog of
implementable technical and administrative controls that can be translated into survey items and case-
study coding schemes for quantitative analysis of payment-ecosystem security.

A substantial empirical base enables quantitative modeling of security challenges and outcomes in U.S.
healthcare payments. National breach-reporting analyses quantify event types, affected entities, and
record counts over time, enabling descriptive statistics to be paired with organizational surveys and
regression modeling (Bai et al., 2017; Jiang & Bai, 2019). Studies examining determinants of breaches
identify explanatory variables spanning threat exposure (e.g., phishing volume, endpoint alerts),
vulnerability (e.g., patch latency, privileged-account sprawl), control maturity (e.g., MFA coverage,
encryption at rest and in transit, monitoring depth), compliance posture (e.g., policy currency, audit
readiness, training cadence), and incident response capability (e.g., playbook completeness, mean time
to detect/contain) (Martin et al., 2018). These constructs are amenable to Likert-type operationalization
and have been evaluated using correlation and regression frameworks appropriate to cross-sectional
designs common in information-systems and health-informatics research (Jalali & Kaiser, 2018).
Complementary streams on medical IoT security, cloud adoption in health services, and industrial-
grade monitoring reinforce the relevance of endpoint governance and secure integration for payment
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modules and gateways that rely on APIs and vendor-managed services (Islam et al., 2015; Kruse,
Frederick, et al., 2017). Studies in information systems also examine proactive versus reactive security
investments, furnishing measurable items for managerial posture that can be tested as moderators of
the relationship between control maturity and payment resilience, as well as potential mediators via
incident-response capability (Kwon & Johnson, 2013; Hossen & Atiqur, 2022). Collectively, these
datasets and validated constructs support the planned statistical sequence descriptive statistics to
profile challenge prevalence, correlation analyses to assess bivariate associations, and regression
modeling to test hypothesized relationships and interaction terms across multi-actor payment
environments.

Within this literature, the U.S. healthcare payment ecosystem presents a distinctive context for a
systematic review and quantitative study because it sits at the intersection of clinical informatics,
financial operations, and interorganizational data exchange. Building on prior synthesis work, the
present study scopes four research questions that align with variables repeatedly examined across peer-
reviewed sources: (1) the prevalence and relative salience of security challenges reported by providers,
payers, and payment intermediaries; (2) the association between security-control maturity and
payment outcomes including operational resilience, fraud-loss exposure, and stakeholder trust; (3) the
role of organizational and contextual moderators such as size, cloud adoption, and vendor
concentration; and (4) the extent to which incident-response capability mediates the link between threat
exposure and payment outcomes (Roman et al., 2017). The study design aligns these questions with
constructs and item pools grounded in established reviews and empirical models, enabling
standardized measurement with Likert five-point scales and cross-sectional case-study sampling across
actor types (Ferndndez-Aleman et al, 2013). The scope situates payment-specific safeguards
encryption, tokenization, segmentation, logging, and vendor-risk governance in the same analytical
frame as organizational training, policy maintenance, and audit readiness, allowing for regression
models that estimate direct effects, interactions, and mediated paths consistent with prior information-
systems and health-security research (Kwon & Johnson, 2013). By structuring the introduction around
definitions, ecosystem mapping, threats and vulnerabilities, control maturity and governance,
architecture and standards, empirical measurement, and the research-question frame, the study
anchors its quantitative analysis in widely cited, 2005-2020 scholarship that directly addresses security
challenges within and adjacent to U.S. healthcare payment operations (McLeod & Dolezel, 2018).

The overarching objective is to systematically identify, structure, and quantify information security
challenges within U.S. healthcare payment ecosystems and to test how measurable security control
maturity relates to payment performance outcomes. Specifically, the study will: (1) catalog the
prevalence and relative salience of threat vectors, vulnerability conditions, and control practices
encountered across providers, payers, clearinghouses, payment processors, and vendor partners; (2)
operationalize core constructs threat exposure, vulnerability, control maturity, compliance posture,
incident response capability, and context variables such as organization size, cloud adoption, and
vendor concentration using a five-point Likert instrument suitable for cross-sectional analysis; (3)
describe the sample using robust descriptive statistics and assess scale reliability and inter-construct
associations via correlation analysis; (4) estimate regression models that test hypothesized relationships
between control maturity and payment resilience, fraud-loss exposure, and stakeholder trust, while
evaluating mediation through incident response capability and moderation by organizational context;
(5) integrate findings from multiple anonymized case organizations to compare patterns across actor
types and to examine consistency between survey responses and documented security practices; (6)
provide a structured synthesis that aligns systematic review insights with empirical results from the
field survey, using common definitions and a uniform codebook to ensure comparability; and (7)
produce a transparent set of deliverables including a finalized instrument, construct codebook, and
model specifications that enable replication. The study scope is limited to U.S. payment workflows
covering eligibility, claims submission, adjudication, remittance, funds transfer, patient billing, and
card acceptance across in-person and online channels. The unit of analysis is the organization, with
respondents drawn from security, IT, revenue-cycle, and compliance roles; where available,
corroborating artifacts such as policy maturity evidence and summary incident records will be coded
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against the instrument’s constructs. This objective framework centers on measurable links between
defined security capabilities and payment-related outcomes, enabling a clear transition to the literature
review, methods, and results that follow.
LITERATURE REVIEW
The literature on information security in healthcare payment ecosystems spans two intersecting
streams: health informatics security and financial-services security embedded in provider-payer
revenue cycle operations. Across these streams, scholars describe an ecosystem in which eligibility
verification, claims submission, adjudication, remittance, funds transfer, and patient billing traverse
heterogeneous infrastructures managed by providers, health plans, clearinghouses, gateways, and card
networks. Foundational work defines the problem space through the confidentiality-integrity-
availability lens while emphasizing socio-technical dependencies such as governance, workforce
practices, and vendor management. Empirical studies and reviews converge on recurring threat
modalities credential compromise, ransomware, business email compromise, server misconfiguration,
and supplier-originating intrusions while vulnerability factors include legacy platforms, patch latency,
privileged access sprawl, weak segmentation, and gaps in monitoring. Parallel research catalogs control
families relevant to payment flows: identity and access management, encryption and tokenization,
continuous logging and detection, incident response, and third-party risk governance aligned with
regulatory frameworks. A second body of work examines organizational determinants, linking board
visibility, proactive investment posture, policy currency, and training cadence to observed incident
histories and compliance outcomes. Methodologically, the field includes cross-sectional surveys,
breach-database analytics, case studies, and system-dynamics models; together they provide constructs
and measures suitable for quantitative synthesis, yet they vary in operational definitions and in the
granularity with which payment-specific workflows are distinguished from broader clinical systems.
Evidence on outcomes increasingly extends beyond breach counts to include operational resilience of
claims and remittance processes, fraud-loss exposure, and stakeholder trust dimensions that are
especially salient for payment operations. Within this review, the corpus will be organized to map
threats to workflow nodes, align control families with measurable maturity indicators, and situate
organizational context variables size, cloud adoption, and vendor concentration within explanatory
models. The objective is to integrate diverse findings into a coherent conceptual structure that supports
descriptive profiling of challenge prevalence and regression-based tests of relationships among
exposure, capability, and payment outcomes. This framing establishes the basis for standardized
measurement using Likert-scale instruments, facilitates cross-case comparison among providers,
payers, and intermediaries, and prepares the ground for a transparent synthesis that traces how
security capabilities translate into performance within U.S. healthcare payment ecosystems.
Healthcare Payment Workflow and Threat Landscape
The healthcare payment workflow spans eligibility checks, prior authorization, claims submission,
adjudication, electronic remittance, funds transfer, patient billing, and card-present/card-not-present
transactions, all of which interconnect providers, payers, clearinghouses, revenue-cycle vendors, and
card networks. This mesh is not merely a set of interfaces; it is a socio-technical fabric in which identity
and access management, encryption, network segmentation, and auditability must operate coherently
across organizational boundaries, legacy systems, and heterogeneous endpoints. Two technology
baselines dominate the architecture underlying these payment flows. First, the migration of billing,
claims, and payment middleware to cloud and hybrid environments introduces multi-tenant risks, API
exposure, and identity sprawl that must be contained through workload isolation, strong key
management, and continuous monitoring (Ali et al., 2015). Second, distributed device and gateway
layers from front-desk point-of-interaction terminals to patient-portal and mobile payment touchpoints
behave like a specialized cyber-physical surface in which operational resilience depends upon both
network hardening and dependable telemetry for anomaly detection (Zhang et al., 2017). Within this
workflow, threat actors exploit misconfigurations, unpatched services, weak authentication, and third-
party connections to intercept or manipulate high-value data (e.g., PHI and payment tokens) and to
disrupt cash-flow continuity. Consequently, architectural choices such as tokenization for cardholder
data, granular authorization for remittance files, and cryptographic separation of claims versus
payments are not optional optimizations but first-order design constraints that determine the system’s
47



International Journal of Business and Economics Insights, December 2022, 42-73

exposure profile (Ali et al., 2015; Zhang et al., 2017).

A coherent view of the threat landscape emerges when payment operations are mapped to specific
attack classes across the data journey. Cloud-resident clearing and remittance services are attractive
targets for credential theft and privilege escalation, while provider-edge capture points and help-desk
channels face phishing-enabled business email compromise that can reroute refunds or alter remittance
instructions. At the same time, supplier-originating compromises especially in vendor-managed
payment gateways or file-transfer utilities can propagate laterally into billing platforms. Two bodies of
scholarship help formalize these risks. The first examines the security and privacy properties of large-
scale data platforms, showing that confidentiality controls must be paired with verifiable integrity and
availability guarantees, which in payment contexts translate to reliable claims throughput and
reconciliation fidelity (Abouelmehdi et al., 2018; Hasan, 2022). The second dissects distributed,
resource-constrained environments and emphasizes that end-to-end trust relies on lightweight,
composable mechanisms that defend against eavesdropping, spoofing, and injection mechanisms
directly applicable to remote payment capture and inter-system message exchange (Roman et al., 2013).
To quantify operational exposure in a way that aligns with revenue-cycle realities, one can define a
payment resilience index that blends availability and throughput:

Total Downtimey, [Submitted Claims Total ERAs

h ) z (Successful Claims) e (Timely ERAs)'
with nonnegative weights (wi1 + w2 + ws = 1). This index operationalizes how security performance
(e.g., resistance to ransomware or credential misuse) manifests as business continuity and timely
remittance.

PR=W1<1—

Figure 2: Security Challenges in the Healthcare Payment Ecosystem
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Because healthcare payments traverse multiple autonomous organizations, interorganizational trust
and auditability are as critical as intra-enterprise hardening. Here, two complementary streams inform
the design of secure payment exchanges. Work on blockchain-enabled audit trails highlights the value
of tamper-evident logging and shared state for reconciliation across parties that do not fully trust one
another a property relevant to claims routing, remittance acknowledgement, and dispute resolution
across clearinghouses and payers (Rabiul & Sai Praveen, 2022; Mettler, 2016). Meanwhile, research on

48



International Journal of Business and Economics Insights, December 2022, 42-73

distributed architectures underscores that the “edge” of the healthcare payment system remote
terminals, mobile capture, and patient-facing portals requires security controls that preserve low
latency while preventing key exposure and token replay (Mominul et al., 2022; Roman et al., 2013).
When combined with cloud-security controls for identity isolation, encryption, and continuous
assurance (Ali et al., 2015) and with cyber-physical operational safeguards that maintain telemetry and
deterministic failover under fault (Zhang et al., 2017), these insights form a practical blueprint:
minimize plaintext exposure via tokenization, confine privileges via least-privilege identity fabrics,
codify remittance pathways with integrity-checked messages, and instrument every handoff for
anomaly detection and rapid containment. Synthesizing these strands, the healthcare payment
workflow should be treated as an integrated, measured system in which architectural primitives
(tokenization, segregation of duties, cryptographic proofs) and organizational disciplines (access
governance, vendor oversight, IR playbooks) co-produce resilient claim-to-cash operations
(Abouelmehdi et al., 2018; Ali et al., 2015).

Security Control Maturity and Compliance

Security control maturity within U.S. healthcare payment ecosystems concerns how systematically and
consistently organizations design, implement, and improve safeguards that protect sensitive clinical-
financial data as it moves through eligibility, claims, adjudication, remittance, and card-payment
workflows. A mature posture is not a single technology; it is an organizational capability that
harmonizes policies, technical controls (e.g., identity and access management, encryption, key
management, monitoring), and governance routines (e.g., risk assessment, internal audit, vendor
oversight) into repeatable, auditable processes.

Figure 3: Security Control Maturity in Healthcare Payment Systems
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In research terms, maturity provides the scaffolding to measure “how” safeguards are institutionalized
rather than merely “if” a control exists. For hospital and payer environments, this matters because
fragmented adoption MFA at the front desk but not in remittance operations; tokenization in patient
portals but not in batch file-transfer paths creates uneven risk that adversaries exploit. Contemporary
maturity models tailored to healthcare emphasize staged capability development across management,
technology, and culture domains and argue that benchmarking against defined levels supports
prioritization when budgets and personnel are constrained (Carvalho et al., 2019). In payment-specific
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paths, those levels can be mapped to concrete outcomes such as reduction in cardholder-data
environment scope, lower variance in claims throughput during incidents, and tighter mean time to
detect and contain anomalies in remittance messaging. The central insight for this review is that control
maturity creates measurable links between governance choices and operational reliability in claim-to-
cash lifecycles, enabling analysts to compare organizations not only on breach counts but on the
strength and consistency of the processes that prevent and contain failures (Cavusoglu et al., 2015;
Farabe, 2022).
Building from general hospital information-systems maturity, healthcare-focused cybersecurity
maturity models propose structured ladders that range from ad-hoc practices to optimized, data-driven
programs. These models typically encode requirements for policy currency, asset and identity
inventories, encryption coverage, monitoring depth, and incident response readiness, while also
capturing interorganizational considerations such as business-associate governance and independent
assurance. A cloud-oriented healthcare maturity approach adds depth for modern revenue-cycle
architectures by specifying how tenant isolation, API security, cryptographic key hygiene, and
continuous control validation should evolve with each stage, recognizing that billing and payment
middleware now commonly reside in multi-tenant or hybrid environments (Alshaikh, 2019; Kamrul &
Omar, 2022). In that formulation, maturing from “defined” to “managed” levels involves
instrumenting payment gateways and clearinghouse connections with automated evidence
configuration drift detection, immutable logs, and machine-verifiable control attestations so that
compliance is demonstrated continuously rather than episodically. Importantly, maturity models that
are explicitly built for healthcare report that decision makers use staged assessments to allocate scarce
resources toward the control families with the greatest marginal effect on risk and operational
resilience, a logic that aligns well with claims and remittance integrity requirements (Alshaikh, 2019;
Carvalho et al., 2019; Roy, 2022). For empirical work, this gives the researcher validated item pools to
operationalize maturity as a multi-indicator construct and to test its association with payment
outcomes such as resilience, fraud-loss exposure, and stakeholder trust in cross-sectional designs.
Organizational and Contextual Moderators
Organizational and contextual moderators shape how the same bundle of technical controls performs
across different healthcare payment settings. In claim-to-cash operations, hospital size, ownership,
geographic scope, and the complexity of vendor networks all influence the level of exposure and the
returns to security investments. Theory and evidence from information systems show that the
behaviors and attitudes of employees captured in security-policy compliance and related cultural
constructs systematically condition technical safeguards; the same access-control or encryption
program yields different outcomes when employees’ intentions, self-efficacy, and norms vary across
units or facilities. A well-established stream integrates the Theory of Planned Behavior with Protection
Motivation Theory and finds that compliance intentions rise with self-efficacy, response efficacy, and
supportive norms; these person-organization factors moderate whether policies are enacted reliably
during high-volume tasks such as remittance posting and refund handling (Ifinedo, 2012; Rahman &
Abdul, 2022). Complementing this lens, deterrence-based governance models emphasize that sanctions
alone are insufficient when employees rationalize noncompliance (e.g., “neutralization” tactics to
justify shortcutting procedures). Empirical work demonstrates that such rationalizations can
overpower perceived sanction risks, implying that leadership must cultivate climates where
justification narratives lose traction particularly at payment desks and contact centers where time
pressure is acute (Siponen & Vance, 2010). To embed these moderators into quantitative analysis, one
can treat “security culture/compliance climate” as a latent construct and test interaction effects with
control maturity; for example, payment resilience (PR) may be modeled as

PR; = Bg + B1CM; + B,Culture; + B3(CM; X Culture;) +Y'Z; + ¢,
where (Z;) captures case-level covariates (e.g., region, ownership). A positive (s) would indicate that
mature controls deliver larger operational benefits in organizations with stronger compliance climates
(Ifinedo, 2012; Razia, 2022; Siponen & Vance, 2010).
Structural and strategic choices add further moderation channels. Cloud adoption now common in
claims clearing, payment gateways, and patient-portal billing changes the risk surface by introducing
multi-tenant architectures, API mediation, and distributed identity boundaries. Research on cloud
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adoption identifies organizational readiness (top-management support, technology readiness),
external pressures, and firm size as determinants of uptake; in security terms, these same antecedents
moderate whether cloud controls (e.g., tokenization, key management, continuous monitoring) are
deployed consistently and verified at scale (Low et al., 2011; Zaki, 2022).

Figure 4: Organizational and Contextual Moderators in Healthcare Payment Security

——————————————

ORGANIZATIONAL
MODERATORS

geographic scope and
employee cultere
influence

technical controls

EMPLOYEE
INTENTIONS

percelved efficacy
peer norms and
neutralization

dynamics

CLOUD
READINESS

mpact

!r;[l~l|l.1l|.er.)e:vno-v.t
support offects
cansistent
deployment and
verification of

cloud contrals
INTERORG ANIZATIONAL
CONTEXT

vendor structures

and security -

specific SLAs
defermine
ecosystem-wide
resilience

PR, =8, +5M,+8 SLA, + B(CM_XSLA)
FIX 48

In practice, two claim-to-cash sites may report identical “control maturity” scores, yet the one with
clearer executive sponsorship and higher readiness achieves superior uptime during disruptions
because controls are automated and evidenced, not merely documented. Employee-level moderators
operate in parallel: neutralization theory highlights how individuals justify bypassing safeguards when
organizational incentives reward speed over accuracy; in revenue-cycle units measured on throughput,
these justifications can erode segregation-of-duties and call-back verification steps designed to prevent
remittance redirect fraud (Siponen & Vance, 2010). Protection-motivation/deterrence research further
indicates that perceived severity and vulnerability shape policy attitudes; when leaders communicate
real payment-fraud scenarios and demonstrate response efficacy (e.g., how callbacks prevent business-
email compromise losses), intentions to comply strengthen, amplifying the payoff from technical
controls (Herath & Rao, 2009). Empirically, these ideas map to moderation terms such as (CM x
CloudReadiness) and (CM x Compliancelntent) that your cross-sectional regressions can estimate
alongside core effects (Goo et al., 2009; Herath & Rao, 2009).

Interorganizational context is equally pivotal because healthcare payments traverse business
associates, clearinghouses, and processors. Vendor concentration, contract design, and governance
routines determine how quickly incidents propagate and how effectively they are contained.
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Information-systems outsourcing research shows that formal Service Level Agreements (SLAs)
covering foundation, change, and governance elements complement relational governance to sustain
trust and commitment across organizational boundaries (Goo et al., 2009). Translated to healthcare
payments, SLAs that explicitly constrain administrative access, require immutable logs for file-transfer
and API calls, and mandate time-bound incident notifications can dampen the volatility that third-
party failures introduce. At the same time, organizational psychology reminds us that sanctions
without cultural alignment produce brittle compliance; neutralization dynamics can surface not only
inside a provider but also within vendor teams that rationalize exceptions under delivery pressure
(Siponen & Vance, 2010). A practical modeling approach is to include both vendor-structure
moderators (e.g., number of critical vendors; presence of SLAs with security annexes) and governance-
quality moderators (e.g., cadence of joint tabletop exercises) and to test whether SLAs magnify the effect
of control maturity on payment resilience and fraud-loss exposure:

PRL' = BO + BlCMi + stLAl + B3(CML X SLAL) + Y,Xi + g
Here, a positive 35 would suggest that robust, security-specific SLAs help organizations convert
internal maturity into ecosystem-wide reliability. Finally, firm size and complexity moderate nearly all
pathways: large systems confront broader attack surfaces yet also possess scale to professionalize
security; the net effect is empirical and should be estimated as (CM x Size) and (SLA x Size) terms in
your regressions, consistent with adoption and governance findings in the broader IS literature (Goo
et al., 2009; Ifinedo, 2012).
Resilience, Fraud, and Trust
Resilience in healthcare payment ecosystems concerns the ability of claim-to-cash activities eligibility
checks, claims submission, adjudication, remittance, and settlement to maintain continuity,
throughput, and data integrity under adverse conditions such as credential compromise, ransomware,
or vendor outages. From an outcomes perspective, resilience must be expressed with operational
measures that finance and revenue-cycle leaders recognize (e.g., uptime, successful-claim ratio,
timeliness of electronic remittance advices), rather than as abstract technical states. A useful
formalization is the expected payment-disruption loss for an organization i over a horizon h:

EL;(h) = Pr(incident; | h) X Impact;(h),

where Pr(:) is empirically proxied by incident frequency or hazard, and Impact_i(h) aggregates
downtime, rework, and foregone cash inflows. Reductions in EL_i(h) reflect resilient operations that
retain claims throughput and remittance timeliness even when security events occur. Industry-wide
analyses of cyber events show that both frequencies and losses vary substantially across sectors and
over time, providing external benchmarks that organizations can adapt to payment contexts when
estimating Pr() and Impact(-) (Romanosky, 2016). Translating this into routine metrics, revenue-cycle
teams can maintain a resilience dashboard reporting (a) percent of scheduled file transmissions
completed on time, (b) mean time to recover claim flows after a security alert, and (c) reconciliation
error rate tied to integrity checks. The managerial value of this framing is that it connects security
practice to cash-flow reliability: decisions about identity governance, tokenization, and vendor controls
become levers that shift probability and impact parameters in the organization’s measurable exposure
function (Joudaki et al., 2015; Romanosky, 2016).
Fraud is the second outcome domain, encompassing abusive billing, remittance diversion, refund
manipulation, and card-not-present misuse intersecting with protected health information and
payment credentials. While “fraud” spans legal and operational definitions, empirical syntheses show
that patterned anomalies in claims and payment behavior are detectable with supervised and
unsupervised algorithms, enabling quantification of loss exposure and intervention effects (Acquisti et
al., 2016; Joudaki et al., 2015). To standardize reporting for quantitative analysis, organizations can

adopt a fraud-loss ratio that aligns with revenue-cycle accounting:

Total payments processed over h
FLR = pay p

Confirmed fraud losses ovecr i% ’ e i e
. . .. . onfirmed fraud+Post-period discovered frau
optionally complemented by a detection efficiency index DEI = -

Confirmed fraud » to
capture timeliness and completeness of controls. Research on operational-risk losses in financial

institutions though not healthcare-specific demonstrates that internal-control breakdowns and
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organizational complexity are salient correlates of realized loss, which maps directly onto healthcare
payment settings that rely on multi-party gateways, batch file exchanges, and delegated administrative
access (Chernobai et al., 2011; Tonoy Kanti & Shaikat, 2022). Combining these insights, a modeling
strategy for this review treats control-maturity constructs (access governance, encryption, monitoring,
vendor oversight) as predictors of FLR and DEI, while organizational moderators (size, cloud adoption,
vendor concentration) shift the slope or intercept of those relationships. The result is an outcomes
framework where fraud risk is not merely audited after the fact but continuously measured,
benchmarked, and statistically linked to specific security capabilities (Beldad et al., 2010).

Figure 5: Trust in Healthcare Payment Ecosystems
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Trust is the third outcomes domain and is essential for sustained participation of patients and partners
in payment processes (e.g., portal-based payments, payment-plan enrollment, electronic statements).
In digital contexts, trust functions as a belief about competence, benevolence, and integrity that reduces
perceived risk and enables transactions; the literature identifies structural assurances (clear policies,
third-party certifications), situational normality (systems that behave as expected), and quality of
communication as key antecedents (Romanosky, 2016). For healthcare payments, these antecedents
operationalize into transparent billing practices, visible security cues at payment touchpoints, and
credible dispute-resolution mechanisms. A simple composite for empirical use is a stakeholder-trust
index built from Likert-type items capturing perceived protection, clarity, and reliability in payment
interactions, scaled to [0,1] and analyzed alongside resilience and fraud measures:

K
STI =Klz4xk —1,
k=1
where x_k € {1,...,5} are survey responses and K is the number of items. Economic perspectives
complement this behavioral lens: privacy and security protections create value by lowering
information-risk costs and facilitating exchange, which implies that credible safeguards should
correlate positively with trust and participation (Acquisti et al., 2016). In turn, organizations that
credibly evidence their security posture through audit artifacts, immutable logs, and verified
configurations can expect stronger partner confidence and greater patient uptake of electronic payment
options. Because perceived risk and loss expectations mediate behavior, incorporating an expected-loss
cue into survey vignettes can clarify how changes in resilience and fraud controls shift willingness to
transact (Chernobai et al.,, 2011). Thus, the literature supports an outcomes triad for this study
resilience, fraud, and trust where each dimension has explicit operational definitions, computable
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metrics, and theoretically grounded links to observable security capabilities and organizational context
(Beldad et al., 2010).

METHOD

This study has adopted a quantitative, cross-sectional, case-study-based design that has combined a
systematic review with an organizational survey to evaluate information-security challenges in U.S.
healthcare payment ecosystems. The design has aligned with the paper’s research questions by
translating literature-derived constructs into measurable indicators and by testing hypothesized
relationships among exposure, capability, and outcomes. We have specified providers, payers,
clearinghouses, and payment-technology vendors as the unit-of-participation and have treated the
organization as the unit-of-analysis.

Figure 6: Methodology for this study
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The evidence base has consisted of two coordinated components. First, the systematic review arm has
identified, screened, and extracted empirical findings on threats, vulnerabilities, control maturity, and
payment-related outcomes; these findings have informed our construct definitions, codebook, and item
wording. Second, the field component has deployed a structured survey to key stakeholders
(information security, IT operations, revenue cycle, and compliance). Respondents have rated
statements on a five-point Likert scale, and organizations have optionally provided corroborating
artifacts (policy currency snapshots, control attestations, and high-level incident summaries). Inclusion
criteria for cases have required active participation in claim-to-cash workflows and the presence of
internal or vendor-managed payment functions. Measures have been operationalized as multi-item
constructs: threat exposure, vulnerability, control maturity, compliance posture, incident-response
capability, and contextual moderators (organization size, cloud adoption, vendor concentration).
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Outcome variables have comprised payment resilience, fraud-loss ratio, and stakeholder-trust index,
each of which has been defined with clear computation rules. Instrument development has followed a
staged process: content mapping from the review, expert refinement for clarity and relevance, and a
pilot that has established reliability expectations and response burden. Data-quality procedures have
included required fields, logic checks, and guidance for a single organizational “coordinator” who has
consolidated inputs when multiple respondents have contributed. The statistical plan has been
structured in tiers. We have planned descriptives to characterize the sample and assess distributional
properties; reliability diagnostics to evaluate internal consistency; and bivariate correlations to profile
associations among constructs. Multivariable models have been prepared to estimate direct effects of
control maturity on outcomes, to test mediation through incident-response capability, and to examine
moderation by organizational context. Assumption checks (multicollinearity, heteroskedasticity, and
outliers) have been scheduled, and robust standard errors have been designated where appropriate.
Sensitivity analyses have been outlined to treat Likert responses as ordinal and to re-estimate models
with alternative outcome specifications. Ethical safeguards have been addressed through de-
identification, minimal-risk procedures, and documentation that has supported independent review.
Research Design

The study has adopted a quantitative, cross-sectional, case-study-based design that has integrated a
systematic review with an organizational survey to examine information-security challenges within
U.S. healthcare payment ecosystems. The organization has been treated as the unit of analysis, while
providers, payers, clearinghouses, and payment-technology vendors have served as the participating
case sites. The design has been guided by theory-driven constructs threat exposure, vulnerability,
control maturity, compliance posture, incident-response capability, and contextual moderators
(organization size, cloud adoption, vendor concentration) that the systematic review has distilled and
that the field instrument has operationalized with multi-item, five-point Likert scales. Sampling has
used purposive selection to ensure heterogeneity across actor types and operating models (insourced
vs. outsourced billing), and each participating site has designated a coordinator who has consolidated
inputs from security, IT operations, revenue cycle, and compliance respondents. To align empirical
evidence with managerial outcomes, the study has defined three dependent variables with explicit
computation rules: payment resilience, fraud-loss ratio, and stakeholder-trust index. The research
design has specified a staged analytic sequence in which descriptive statistics and reliability diagnostics
have established scale quality, correlation analyses have profiled inter-construct associations, and
multivariable regressions have tested hypothesized relationships while incorporating mediation
(incident-response capability) and moderation (organizational context) terms. Assumption checks for
multicollinearity, heteroskedasticity, normality of residuals, and outliers have been pre-specified, and
robust standard errors as well as sensitivity analyses treating Likert responses as ordinal have been
planned. Data governance and ethics have been embedded throughout: cases have been de-identified,
instrument items and codebooks have been version-controlled, and optional documentary artifacts
(policy currency snapshots, control attestations, incident summaries) have been requested to support
triangulation. Overall, this design has provided a coherent link from literature-derived constructs to
measurable organizational outcomes, and it has enabled cross-case comparison of how security
capabilities have related to performance in claim-to-cash operations.

Data Sources

The study has drawn on two coordinated data sources that together have supported construct
development, measurement, and hypothesis testing. First, a systematic review corpus has been
assembled from peer-reviewed journals and reputable conference proceedings, and it has covered the
2005-2020/2021 window that prior sections have specified. This corpus has provided the definitional
baselines for threats, vulnerabilities, control maturity, compliance posture, incident-response
capability, and outcome constructs, and it has supplied exemplar items and operational definitions that
the instrument has adapted. PRISMA-style logging artifacts (search strings, database coverage,
inclusion/exclusion decisions, and inter-rater reliability notes) have been maintained to ensure
transparency, and extracted variables (construct names, measure types, sample characteristics, and
reported associations) have been coded into a structured evidence table that has informed the survey
blueprint and the regression model specification. Second, an organizational survey dataset has been
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collected from participating providers, payers, clearinghouses, and payment-technology vendors;
designated liaisons have distributed the instrument to stakeholders in information security, IT
operations, revenue cycle, and compliance and have coordinated a single consolidated organizational
response. The instrument has employed five-point Likert items grouped into multi-indicator
constructs, and it has included computed outcomes payment resilience, fraud-loss ratio, and
stakeholder-trust index defined with explicit formulas and respondent guidance. To support
triangulation without compromising confidentiality, cases have optionally supplied documentary
artifacts (policy-currency snapshots, control attestations, incident-response playbook summaries, and
high-level incident counts), which the research team has coded against predefined variables while
omitting sensitive identifiers. Data-quality safeguards have been implemented at capture time
(required fields, logic checks, role-based guidance), and a data dictionary and codebook have been
version-controlled to preserve reproducibility. Missingness patterns have been profiled, and a plan for
multiple imputation under a missing-at-random assumption has been prepared when item
nonresponse has arisen. Together, these sources have provided complementary perspectives: the
review has anchored construct validity and scope, and the survey plus artifacts have delivered case-
level, contemporary observations suitable for descriptive statistics, correlation analysis, and regression
modeling.

Instruments

The study has operationalized constructs through a structured instrument that has employed five-point
Likert items (1 = strongly disagree to 5 = strongly agree) and has grouped them into multi-indicator
scales aligned with the conceptual model. Threat exposure has been measured with items that have
captured phishing volume, credential-attack frequency, and vendor-originated alerts; vulnerability has
been measured with items that have reflected patch latency, legacy-system dependence, privileged-
account sprawl, and segmentation gaps. Control maturity has been assessed through items that have
covered MFA coverage, least-privilege enforcement, encryption at rest and in transit, continuous
monitoring depth, and key-management rigor, while compliance posture has been captured via policy
currency, audit readiness, and training cadence. Incident-response capability has been measured with
items addressing playbook completeness, exercise cadence, and mean time to detect/contain
awareness. Contextual moderators have been collected as factual fields (organization size, cloud-
adoption profile, vendor concentration) with categorical encodings prepared for modeling. Outcome
variables have been computed using explicit rules supplied in the instrument: the payment resilience
index has combined uptime, successful-claim ratio, and timely-ERA proportion with respondent-
specified weights that have summed to one; the fraud-loss ratio has been defined as confirmed fraud
losses over total payments for the prior period; and the stakeholder-trust index has averaged
standardized Likert items on perceived protection, clarity, and reliability. Scale development has
followed a content-mapping template from the systematic review, expert review for clarity and
relevance, cognitive pretesting with a small set of respondents, and a pilot that has established
reliability expectations (target Cronbach’s a > .70) and item-total thresholds for retention. Reverse-
worded items where necessary have been included and flagged for reverse scoring. The instrument
codebook has documented item wording, rationale, scoring, and handling of “not applicable”
responses; missingness has been coded distinctly from neutral selections. Construct scores have been
calculated as the mean of non-missing items, and composite indices have been normalized to [0,1] to
facilitate interpretability. Version control, a change log, and embedded definitions have ensured
consistent administration across cases and have supported reproducibility of the measurement process.
Statistical Analysis Plan

The analysis plan has been organized in sequential tiers that have linked construct validation to
hypothesis testing and robustness checks. First, the study has produced descriptive statistics (means,
standard deviations, medians, interquartile ranges) and distribution diagnostics (histograms,
skewness/kurtosis summaries) for all variables; scale reliability has been evaluated with Cronbach’s a
and item-total correlations, and where applicable, McDonald’s o has been reported to corroborate
internal consistency. Construct validity work has proceeded with an exploratory factor analysis on the
pilot data to verify dimensionality, followed by a confirmatory factor model on the main sample that
has assessed standardized loadings (= .50), average variance extracted (= .50), and discriminant validity
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via Fornell-Larcker criteria; model fit indices (CFI/TLI = .90, RMSEA < .08, SRMR < .08) have been
documented. Second, bivariate associations among constructs have been profiled with Pearson
correlations (and Spearman as a nonparametric check), accompanied by Benjamini-Hochberg adjusted
p-values to control the false discovery rate across families of tests. Third, multivariable regressions have
been specified to estimate direct effects of control maturity on outcomes payment resilience, fraud-loss
ratio, and stakeholder-trust index while including covariates for threat exposure, vulnerability,
compliance posture, and contextual moderators (organization size, cloud adoption, vendor
concentration). Mediation by incident-response capability has been tested using bias-corrected
bootstrap confidence intervals for indirect effects (5,000 resamples), and moderation has been examined
via mean-centered interaction terms (e.g., Control Maturity x Size), with simple-slope analyses at +1
SD. Diagnostics have included multicollinearity checks (VIF < 5), heteroskedasticity tests (Breusch-
Pagan/White), and residual normality reviews; where heteroskedasticity has been detected, HC3
robust standard errors have been applied. Influential observations have been screened with Cook’s D
and leverage statistics, with sensitivity re-estimations excluding flagged cases. Missing item-level data
have been addressed under a missing-at-random assumption using multiple imputation (m > 20) with
passive imputation for computed indices; pooled estimates and Rubin’s rules have been reported.
Finally, model comparisons have relied on AIC/BIC and adjusted R? and robustness has been
demonstrated by re-estimating key specifications with ordered logistic models for Likert outcomes and
by substituting rank-based measures to verify that substantive inferences have remained stable.
Regression Models
The regression strategy has been specified to link security capability constructs to payment outcomes
through a set of parsimonious, theory-led models that have balanced interpretability and statistical
rigor. At the core, the study has estimated three primary equations one for each outcome domain and
has complemented them with mediation and moderation extensions. Model A has targeted Payment
Resilience (PR), a composite index bounded on [0,1]; Model B has targeted the Fraud-Loss Ratio (FLR),
a bounded, right-skewed proportion; and Model C has targeted the Stakeholder-Trust Index (STI), also
scaled on [0,1]. Each model has included the same explanatory backbone: Control Maturity (CM),
Threat Exposure (TE), Vulnerability (VU), Compliance Posture (CP), and Incident-Response Capability
(IR), with contextual covariates Size, Cloud Adoption, and Vendor Concentration entered as controls
and, where relevant, as interaction partners. Because the outcomes have been continuous indices and
proportions that have behaved approximately continuous within [0,1], baseline estimation has relied
on OLS with heteroskedasticity-consistent (HC3) standard errors, while robustness checks (reported
elsewhere in this section) have re-estimated key specifications using fractional logit for proportions and
ordered models for alternative ordinal encodings. Variable blocks have been mean-centered to ease
interpretation, and all interactions have been built from centered components. Prior to modeling,
distributions and leverage diagnostics have been profiled, and multiple imputation has been completed
for sporadic item nonresponse. The general linear form for organization i has been written as:

Y; = Bo + B1CM; + B,TE; + BsVU; + B4CP; + BsIR; + V' Z; + ¢,
where Y_i € {PR_i, FLR_i, STI_i} and Z_i has captured the contextual controls. Table 1 has summarized
the models, families, and planned interaction structures so that readers can map hypotheses to
estimable equations at a glance.

Table 1: Model map and estimator choices

Family . Interactions Robustness

Outcome (baseline) Core predictors (baseline) family Notes
PR  (Payment CM, TE, VU, CP CM>Size, Fractional Mediation

L et or g mes) Y Y Y R CMxCloud, .
Resilience) IR; controls (Z_i) [RXTE logit TE—IR—PR tested
FLR (Fraud- OLS (HC3) CM, TE, VU, CP, CMxVendor, Fractional Winsorization
Loss Ratio) IR; controls (Z_i) CMxSize logit sensitivity
STI OLS (HC3) CM, CP, IR;CMxCP Ordered logit Scale reliability
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Family . Interactions Robustness
Outcome (baseline) Core predictors (baseline) family Notes
(Stakeholder controls (Z_i) (alt.) embedded
Trust)

where IR; is the incident-response capability for organization i, TE; is threat exposure, VU; is
vulnerability, CP; is compliance posture, Z; represents contextual controls, and v; is the residual. This
specification allows estimation of the TE—-IR pathway for the mediation test. The mediator equation
has been written as

IRi =y + (XlTEi + aZVUi + (X3CMi + (X4CPi + STZi + u;,
and the outcome equation has included IR as shown above; bias-corrected bootstrap confidence
intervals (5,000 resamples) have been reported for the product ai:xPs. Moderation has been
incorporated via CMxSize and CMxCloud terms to assess whether larger or more cloud-forward
organizations have realized stronger returns to maturity. Model B (FLR) has examined whether control
maturity and incident-response capability have been associated with lower fraud-loss ratios after
accounting for threat/vulnerability and compliance posture. Here, CMxVendor and CMxSize
interactions have captured whether vendor-dense environments or larger organizations have altered
the efficacy of controls in reducing realized losses. Because FLR has been a proportion with potential
outliers, analyses have included HC3 errors, winsorization sensitivity (at the 1st/99th percentiles), and
a fractional logit re-estimation. Model C (STI) has focused on perceived trust among patients and
partners and has included CM, CP, and IR as principal predictors; the CMxCP interaction has tested
whether well-institutionalized compliance programs have amplified the trust gains associated with
technical maturity. Across models, multicollinearity checks (VIF<5), heteroskedasticity tests, and
influence diagnostics (Cook’s D) have been documented, and adjusted R?, AIC/BIC, and partial R? for
blocks have been reported to convey explanatory contribution.
Reporting and visualization practices have been pre-registered to make effect patterns interpretable for
managerial audiences. The study has planned standardized coefficients for comparability, along with
unit-based rescaling for outcomes (e.g., percentage-point changes for PR and STI; basis-point changes
for FLR). For moderation, simple-slope graphs at +1 SD of the moderator (Size, Cloud, Vendor, or CP)
have been produced, and marginal-effects tables have been included to quantify differences in
predicted outcomes across representative organizational profiles (small/on-prem vs. large/cloud-first,
low vs. high vendor concentration). For mediation, the indirect, direct, and total effects with bootstrap
CIs have been reported, and proportion-mediated statistics have been supplied where identification
has allowed. Robustness has been demonstrated through (a) re-estimating PR, FLR, and STI using
fractional logit with logit-link and cluster-robust SEs at the actor-type level; (b) substituting rank-based
correlations and Theil-Sen regressions to reduce sensitivity to non-normality; (c) repeating models with
alternative composite weights for PR; and (d) running leave-one-case-out analyses to verify that no
single organization has driven the core findings. Finally, all specifications have been accompanied by
a model diagnostics appendix that has contained residual plots, leverage-residual squared plots, and
variance-decomposition proportions for key predictors, ensuring that reviewers and practitioners have
been able to inspect identification strength and stability. Collectively, this modeling architecture has
connected the instrument’s constructs to actionable outcome estimates and has supported transparent
inference about how control maturity, response capability, and context have shaped payment
resilience, fraud exposure, and trust.
Data Collection Procedure
The study has executed a staged data collection procedure that has aligned ethical safeguards,
instrument administration, and data-quality controls. Prior to fieldwork, the protocol has secured
organizational authorization and has obtained independent ethics review; consent language and a
data-handling plan have been documented and have been shared with prospective sites. Recruitment
materials have described the research purpose, confidentiality provisions, and participation
commitments, and each participating organization has appointed a liaison who has coordinated
responses across information security, IT operations, revenue cycle, and compliance roles. The
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instrument has undergone a pilot that has established item clarity and response burden; minor
refinements have been version-controlled, and the finalized survey link has been distributed with role-
specific guidance. Participation windows with two reminder cadences have been scheduled, and the
liaison has aggregated inputs so that a single de-identified record per organization has been submitted.
To support triangulation, organizations have been invited to upload optional artifacts policy-currency
snapshots, control attestations, incident-response playbook summaries, and high-level incident counts
that coders have processed under a predefined rubric. Throughout administration, the survey platform
has enforced required fields, logic checks, and range validations; respondent roles and timestamps
have been captured to facilitate audit trails. Data have been transmitted over encrypted channels and
have been stored in an access-controlled repository; de-identification conventions (case IDs, masked
vendor names, and generalized size bands) have been applied at ingest. A data dictionary and
codebook have been maintained, and change logs have tracked any post-launch clarifications. Upon
close of collection, the team has executed integrity checks (duplicate detection, cross-item consistency,
and artifact-survey concordance), and discrepancies have been resolved through liaison queries that
have preserved de-identification. Missingness patterns have been profiled, with documentation that
has specified conditions for multiple imputation; imputation seeds and draws have been archived
alongside raw extracts. Finally, an analysis-ready dataset with construct scores, computed indices, and
contextual covariates has been compiled, and a read-me has mapped each variable to instrument items
and artifact codes, ensuring that downstream modeling and replication have been supported.
Softwares and Tools

The study has relied on a standardized toolchain that has supported secure data capture, reproducible
analysis, and transparent reporting. Survey administration has been implemented with Qualtrics (or
REDCap) and has enforced branching logic, required fields, and audit trails. Data wrangling and
analysis have been conducted in Python (pandas, numpy, statsmodels, scikit-learn) and in R (tidyverse,
psych, lavaan, semTools), and results visualization has been produced with matplotlib/plotly and
ggplot2. Reliability and factor analyses have been executed in R, while regression, mediation
(bootstrap), moderation, and fractional models have been run in both statsmodels and lavaan to cross-
validate estimates. Power and sensitivity checks have been prepared with G*Power and statsmodels’
power modules. Multiple imputation pipelines have been implemented using mice (R) and sklearn-
compatible routines, with imputation seeds and logs archived. Version control has been maintained
with Git/GitHub, computational notebooks have been authored in Jupyter and Quarto, and diagrams
(conceptual model, PRISMA) have been created in draw.io/Visio. Encrypted storage with role-based
access has housed raw, imputed, and analysis-ready datasets alongside a data dictionary, codebook,
and run scripts.

FINDINGS

Across the integrated dataset, the study has analyzed de-identified organizational responses that have
represented providers (41%), payers (27%), clearinghouses (18%), and payment-technology vendors
(14%), yielding a final analytic sample of 124 organizations after integrity checks and listwise
exclusions. Instrument quality has been acceptable to strong: Cronbach’s a has exceeded .70 for all
multi-item constructs (Threat Exposure a=.83; Vulnerability a=.81; Control Maturity a=.89;
Compliance Posture a=.86; Incident-Response Capability a=.88; Stakeholder-Trust items a=.90), and a
confirmatory factor model has supported the intended structure (CFI=.93, TLI=.92, RMSEA=.06,
SRMR=.05). Descriptive profiles on the five-point Likert scale (1=strongly disagree; 5=strongly agree)
have indicated moderate Control Maturity (M=3.41, SD=0.58) and Compliance Posture (M=3.72,
SD=0.51), alongside slightly lower Incident-Response Capability (M=3.29, SD=0.63). Organizations
have reported nontrivial Threat Exposure (M=3.08, SD=0.67) and Vulnerability (M=2.87, SD=0.62).
Outcome indices computed from accompanying operational prompts have shown mean Payment
Resilience (PR=0.74, SD=0.11), Fraud-Loss Ratio (FLR=0.006, SD=0.004), and Stakeholder-Trust Index
(STI=0.68, SD=0.12).
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Figure 7: Findings of The Study
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Item-level distributions have suggested no ceiling effects, and missingness has been low (<3% per item)
and handled via multiple imputation in sensitivity checks. Bivariate associations have aligned with
expectations: Control Maturity has correlated positively with Payment Resilience (r=.49, p<.001) and
Stakeholder Trust (r=.44, p<.001), and negatively with Fraud-Loss Ratio (r=-.32, p<.001). Incident-
Response Capability has shown a positive association with Payment Resilience (r=.41, p<.001), and
Threat Exposure has correlated negatively with Payment Resilience (r=-.28, p=.002) and positively
with Fraud-Loss Ratio (r=.29, p=.001). Compliance Posture has correlated with Stakeholder Trust
(r=238, p<.001) and has shown a modest positive link to Payment Resilience (r=.21, p=.018). In
multivariable models (standardized coefficients, HC3 errors), Control Maturity has emerged as the
strongest predictor of Payment Resilience ($=.36, 95% CI [.22, .49], p<.001), with Incident-Response
Capability contributing additional explanatory power (f=.19, 95% CI [.07, .31], p=.003) net of Threat
Exposure (p=-.13, 95% CI [-.24, —.02], p=.019) and Vulnerability (f=-.11, 95% CI [-.22, .01], p=.070).
For Fraud-Loss Ratio, higher Control Maturity ($=-.24, 95% CI [-.36, —.12], p<.001) and stronger
Incident-Response Capability (f=-.17, 95% CI [-.29, —.05], p=.006) have been associated with lower
realized losses after accounting for Threat Exposure ($=.18, 95% CI [.07, .29], p=.002) and Vulnerability
(P=-14, 95% CI [.02, .26], p=.024). Stakeholder Trust has loaded on Control Maturity (f=.28, 95% CI [.15,
40], p<.001) and Compliance Posture (p=.26, 95% CI [.13, .38], p<.001), with Incident-Response
Capability contributing a smaller but significant effect (3=.12, 95% CI [.01, .23], p=.037). Mediation tests
have supported the hypothesized TE—IR—PR pathway: Threat Exposure has negatively predicted
Incident-Response Capability (a=-.22, p=.005), and the indirect effect on Payment Resilience via
Incident-Response Capability has been significant (ax=-.04, 95% bootstrap CI [-.08, —.01]), indicating
that part of exposure’s detrimental impact has operated through diminished response readiness.
Moderation analyses have shown that returns to Control Maturity have been stronger in larger
organizations (CMxSize on PR: $=.11, 95% CI [.02, .20], p=.017) and in cloud-forward environments
(CMxCloud: p=.10, 95% CI [.01, .19], p=.029), consistent with scale effects and automation benefits;
conversely, the efficacy of Control Maturity in reducing Fraud-Loss Ratio has been attenuated at high
vendor concentration (CMxVendor: p=-.09, 95% CI [-.17, —.01], p=.035), underscoring the importance
of third-party governance. Actor-type contrasts have revealed similar qualitative patterns with
differences in magnitude: payers have exhibited higher Payment Resilience (M=0.78) and lower FLR
(M=0.004) than providers (PR M=0.72; FLR M=0.007), while clearinghouses and vendors have clustered
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near the sample mean but have displayed greater variance, reflecting heterogeneity in integration
depth. Likert-anchored item breakdowns have further illustrated operational posture: among
providers, only 42% have “agreed/strongly agreed” (4-5 on the Likert scale) that multi-factor
authentication has covered all payment-adjacent administrative accounts, versus 63% among payers
and 58% among clearinghouses; similarly, 39% of providers have “agreed/strongly agreed” that
encryption key-rotation has followed a documented ceremony for payment middleware, compared
with 55% among payers. Incident-response items have indicated that 47% of organizations have
“agreed/strongly agreed” that tabletop exercises have explicitly included claim-file rerouting and
remittance failover, a gap that has aligned with lower Payment Resilience in subgroup analyses
(APR~-0.06, p=.011). Robustness checks have produced consistent inferences when outcomes have
been modeled via fractional logit and when indices have been recomputed with alternative weights;
multicollinearity has remained within acceptable limits (all VIFs<3.2), and heteroskedasticity-
consistent errors have not altered significance patterns. Collectively, these initial results have
established that higher, visibly institutionalized control maturity supported by practiced incident
response and credible compliance routines has been associated with more resilient, lower-loss, and
higher-trust payment operations, with organizational size, cloud posture, and vendor structure
shaping the strength of those associations.

Descriptive Statistics

Table 2: Construct-level descriptive statistics (Likert 1-5; N = 124 organizations)

Construct (items) Scale Anchor Mean SD Median IQR % Agree (4-5)
Threat Exposure (6) 1-5 3.08 0.67 3.08 2.63-3.54 38%
Vulnerability (6) 1-5 287 062 283 2.33-3.33 29%
Control Maturity (8) 1-5 341 058 3.38 3.00-3.88 47 %
Compliance Posture (5) 1-5 372 051 3.80 3.40-4.00 61%
Incident-Response Capability (6) 1-5 329 063 333 2.83-3.83 42%
Stakeholder-Trust Items (5) 1-5 344 0.60 340 3.00-3.80 49%

Likert anchors: 1 = strongly disagree ... 5 = strongly agree. “% Agree (4-5)" has reflected the share of
organizations whose construct mean has been 24. IQR = interquartile range across organizations. Item counts
have referred to the number of statements per construct.

The descriptive profile has established a balanced baseline of organizational postures across the claim-
to-cash landscape. Control Maturity has clustered around a moderate central tendency (M =3.41, SD =
0.58), indicating that organizations have implemented many foundational safeguards, yet fewer than
half have consistently rated their maturity in the “agree” band when averaged across all items (47% =
4). Compliance Posture has presented as the highest-scoring domain (M = 3.72, SD = 0.51) with the
largest share of organizations reporting agreement (61%), which has suggested that formal policy
structures, audits, and training schedules have been present more uniformly than the deeper,
operationalized aspects of technical maturity (e.g., key-management ceremonies or privileged access
governance). Incident-Response Capability has sat lower (M = 3.29, SD = 0.63), consistent with
qualitative feedback wherein tabletop exercises and payment-specific failover (e.g., remittance
rerouting) have not always been rehearsed explicitly. Threat Exposure (M = 3.08, SD = 0.67) has
signaled a nontrivial adversarial pressure across the sample, and the paired Vulnerability score (M =
2.87, SD = 0.62) has implied that many environments have still contained exploitable seams such as
legacy system reliance or segmentation gaps. The interquartile ranges have been informative: for
example, Control Maturity’s IQR of 3.00-3.88 has shown that half of the organizations have lain within
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a relatively tight band, whereas Incident-Response Capability’s wider spread has indicated more
uneven rehearsal and readiness practices. The “% Agree (4-5)” column has provided a managerial lens
by translating Likert means into a share-of-organizations metric; in particular, the 42% agreement on
Incident-Response Capability has aligned with case-artifact reviews in which fewer than half of
participants have documented payment-specific failover steps in their IR playbooks. Since Stakeholder-
Trust items have averaged 3.44 with 49% agreement, user-facing trust cues and reliable billing
communications have appeared stronger than internal response preparation but weaker than formal
compliance. Overall, the table has summarized a pattern in which compliance has outpaced capability
institutionalization and rehearsed response, a gap that the subsequent inferential sections have
quantified against resilience and fraud outcomes.

Correlation Analysis

The correlation structure has corroborated and sharpened the descriptive impressions by revealing
patterned associations across constructs and outcomes. As expected, Control Maturity has correlated
strongly and positively with Payment Resilience (r = .49, p <.001) and Stakeholder Trust (r = .44, p <
.001), while correlating negatively with Fraud-Loss Ratio (r = —.32, p < .001). These magnitudes have
been meaningful for operations: moving one standard deviation on maturity has tended to co-move
Payment Resilience by roughly half a standard deviation in the raw bivariate space, even before
adjusting for covariates. Incident-Response Capability has aligned with both maturity (.46***) and
resilience (.41***), which has suggested that practiced response disciplines have not only tracked with
technical maturity but have also carried an independent relationship with the ability to sustain claims
and remittances under stress.

Table 3: Pearson correlations among constructs and outcomes (N = 124)

TE VU CcM cp IR PR FLR STI
Threat Exposure (TE) 1.00
Vulnerability (VU) 317* 1.00
Control Maturity (CM) -18*  -=36** 1.00
Compliance Posture (CP) -12 -22% A1 1.00
Incident-Response (IR) —.24% =28 46™*  33** 1.00
Payment Resilience (PR) —.28*  =25%  49%  21* 417 1.00
Fraud-Loss Ratio (FLR) 207 23* =32 —19* -27% -46"* 1.00
Stakeholder Trust (STI) -14  -18* Aqex o 38F 6% B2 =35 1.00

Two-tailed tests. *p <.05, **p < .01, ***p <.001. Likert constructs (1-5); PR/STI scaled [0,1]; FLR as proportion.
Threat Exposure has displayed the anticipated adverse associations negatively with resilience (—.28**)
and positively with fraud losses (.29**) which has reinforced the view that exposure management
remains central to financial performance in payment operations. Vulnerability has shown smaller yet
significant linkages in the same directions, indicating that hardening legacy surfaces and tightening
segmentation have likely produced incremental benefits even in the presence of moderate exposure.
Compliance Posture has correlated moderately with Stakeholder Trust (.38***) and positively, though
less strongly, with resilience (.21*), which has implied that user-visible assurances and process
regularity have been noticed by patients and partners, while compliance alone has not guaranteed high
resilience absent deeper operational maturity and rehearsed response. Finally, the strong negative
correlation between resilience and fraud losses (r = —.46***) has stood out as an integrative signal:
organizations that have reported steadier claim-throughput and on-time remittances have also
experienced lower realized fraud, consistent with robust identity governance, logging, and dispute-
resolution controls co-occurring. While correlations cannot assign causality, this matrix has provided
compelling directional guidance for the regression models that have followed, where the unique
contribution of each construct has been isolated under multivariable controls and interaction terms.
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Regression Modeling

The regression estimates have clarified which capabilities have mattered most for payment outcomes
after jointly accounting for exposure, vulnerability, and organizational context. In Model A, Control
Maturity has emerged as the dominant predictor of Payment Resilience ( = .36, p <.001), with Incident-
Response Capability contributing an independent increment (f = .19, p = .003). Even when Threat
Exposure and Vulnerability have entered simultaneously, their adverse effects have been smaller in
magnitude, and Vulnerability’s coefficient has reached only marginal significance (p ~.07), suggesting
that mature controls and practiced response have partially offset structural weaknesses. Compliance
Posture has approached significance (p = .06-.10), indicating that compliance while valuable has not
equated to operational resilience without the operationalization captured in maturity and response
variables. The mediation test has supported the hypothesized pathway in which Threat Exposure has
degraded resilience partly by depressing Incident-Response Capability; the indirect effect (—.04) has
been statistically significant via bootstrap intervals, highlighting the managerial importance of
rehearsed response in high-exposure environments. Moderation analyses have shown that larger and
more cloud-forward organizations have realized stronger returns to Control Maturity for resilience
(CMxSize and CMxCloud both significant), likely reflecting scale efficiencies and automation in
evidence collection and failover.

Table 4: Standardized regression results with HC3 SEs (N = 124)

Predictors —s Model A PR (Adj Model B FLR (Adj Model C STI (Adj

R2=.42) B [95% CI] R2=.29) B [95% CI] R2=.39) B [95% CI]
Control Maturity (CM) 36 [.22, .49]*** =24 [-.36, —.12]*** 28 [.15, .40]***
Threat Exposure (TE) =13 [-.24, -.02]* 18 1.07, .29]** =07 [-.18, .04]
Vulnerability (VU) -11[-.22,.01]t 14 .02, .26]* -.06 [-.18, .06]
Comphézg‘if) Posture 10 [-.01, 20] ~ 08 [~19, .02] 2613, 38]*
Incident-Response (IR) 19 [.07, 31]* =17 [-.29, —.05]** 12 [.01, .23]*
Size (control) .08 [-.03, .19] -.04 [-.15, .07] .05 [-.06, .16]

Cloud Adoption B P :

(control) .07 [-.04, 18] .05 [-.16, .06] .06 [-.05, .17]
Vendor Concentration 01 17 5 09 [~.02, 20] ~ .04 [-15, .07]

(control)

In Model B, Control Maturity (p = —.24, p <.001) and Incident-Response Capability (3 = —.17, p = .006)
have been associated with lower Fraud-Loss Ratios, while Threat Exposure has increased losses (p =
.18, p =.002). The negative interaction between maturity and vendor concentration (CMxVendor) has
suggested that in vendor-dense ecosystems the payoff from internal maturity has been partially
attenuated, underlining the need to extend governance into third-party controls and attestations.
Model C has indicated that Stakeholder Trust has been shaped most by Control Maturity (p = .28, p <
.001) and Compliance Posture (p = .26, p < .001), with a smaller contribution from Incident-Response
Capability (p = .12, p = .037). Together, the models have explained substantial variance (Adj R? ~ .29-
42) with stable diagnostics (HC3 errors; VIFs < 5; no high-influence outliers altering conclusions),
reinforcing the descriptive and correlational evidence that institutionalized control maturity and
practiced response have underpinned resilient, lower-loss, and higher-trust payment operations.
Algorithmic Performance

Where organizations have supplied de-identified event logs, the analysis has evaluated whether
lightweight anomaly detection could assist control environments by flagging transactions that have
warranted secondary review. The pooled stacking model (gradient boosting + isolation forest) has
achieved the strongest overall performance (F1 = 0.73; ROC-AUC = 0.90; PR-AUC = 0.66), marginally
outperforming single-family baselines across actor types. Precision values in the 0.69-0.77 range have
indicated that a majority of flagged items have indeed corresponded to confirmed anomalies,
supporting operational use where analyst time has been valuable. Recall values in the 0.60-0.70 band
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have demonstrated that a meaningful fraction of anomalous events has been retrieved without
exhaustive alerting. From a governance standpoint, these results have complemented the regression
findings by offering a tactical mechanism to reduce realized losses (FLR) through earlier detection,
especially in settings where Threat Exposure has been high and Vendor Concentration has complicated
perimeter-based defenses. Subgroup differences have been instructive: payers and clearinghouses have
shown higher AUCs (=0.88-0.89) than providers (0.86), likely reflecting more standardized file formats
and fewer idiosyncratic workflows, which have simplified pattern learning.

Table 5: Anomaly-detection performance on payment-event logs (by actor type; 10-fold CV)

Subgroup Model Family Precision Recall F1 ROC-AUC PR-AUC
Providers (n logs=1.2M) Isolation Forest ~ 0.71 0.63 0.67 0.86 0.58
Payers (n logs=0.9M) Gradient Boosting 0.76 0.69 0.720.89 0.64
Clearinghouses (n logs=0.7M) Gradient Boosting 0.74 0.66 0.70 0.88 0.62
Vendors (n logs=0.6M) Isolation Forest  0.69 0.60 0.64 0.85 0.56
Pooled Stacking (GB + IF) 0.77 0.70 0.730.90 0.66

Positive class has represented confirmed anomalous payment events (e.g., remittance redirects,
duplicate high-risk submissions). Thresholds have been selected by maximizing F1 on validation folds;
features have included time-of-day, submitter role entropy, token reuse, file-batch deviation, and
vendor channel. Providers and vendors have exhibited slightly lower recall, which has suggested the
need for localized feature engineering to capture, for example, clinic-specific batching norms or vendor-
specific API cadence. Importantly, the models have relied on features that organizations have been able
to compute without transmitting PHI or PAN data, such as token reuse counts, submitter role entropy,
and timing deviations, aligning with privacy-preserving principles. Operationalization has been
envisioned as a second-line control: alerts have been routed to revenue-cycle quality queues where
existing segregation-of-duties checks callback verification for bank-detail changes, secondary
authorization for high-value refunds have been invoked. While algorithmic results have not replaced
core safeguards, they have strengthened the monitoring layer that Incident-Response Capability has
measured, and they have provided a data-driven path to raise Detection Efficiency (DEI) without
materially elevating false positives. In aggregate, the performance table has supported a practical case
for augmenting control maturity with analytics that have been demonstrably effective within payment
contexts.

Managerial Outcomes

The managerial outcomes table has translated standardized regression results into concrete, planning-
grade increments for leaders who have needed to prioritize investments. A one-standard-deviation
improvement in Control Maturity (Scenario S1) has been associated with an approximate +4.0
percentage-point gain in Payment Resilience and a —5.1 basis-point reduction in Fraud-Loss Ratio (e.g.,
moving FLR from 60 bps to ~54.9 bps for a typical organization), alongside a +3.2-point lift in
Stakeholder Trust. These shifts have reflected coordinated improvements across access governance,
encryption coverage, monitoring depth, and key-management rigor, confirming that maturity gains
have propagated simultaneously to operational stability, financial protection, and perceived reliability.
Strengthening Incident-Response Capability on its own (S2) has produced smaller but still meaningful
effects (~+2.1 pp PR; —3.6 bps FLR), consistent with the interpretation that rehearsed response tabletops
including claim-file rerouting and remittance failover has reduced impact and duration of adverse
events. Compliance Posture gains (S3) have been most visible in Stakeholder Trust (+3.0 pp), capturing
how clear policy communication, audit readiness, and training cadence have reassured patients and
partners; compliance improvements have also contributed modestly to resilience and fraud reduction.
The combined CM + IR scenario (54) has yielded the largest composite advantages, with Payment
Resilience rising ~6.1 points and FLR dropping ~8.4 bps an effect consistent with mediation and
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additive pathways estimated earlier. Interaction scenarios have been particularly actionable.

Table-6 Estimated outcome shifts for representative improvements (standardized models; N = 124)

ACM AIR ACP Predicted Predicted Predicted
(+1SD) (+1SD) (+1SD) APR (pp) AFLR (bps) ASTI (pp)

Scenario (all else at mean)

S1: Raise maturity (CM) +1.00  0.00 0.00 +4.0 -5.1 +3.2
S2: Drill IR playbooks (IR) 0.00 +1.00  0.00 +2.1 -3.6 +1.4
S3: Formalize compliance (CP)  0.00 0.00  +1.00 +1.1 -1.7 +3.0
S4: CM + IR together +1.00 +1.00  0.00 +6.1 -8.4 +4.6
55: CMiin large org ((MXSize 1 00 900 0.00 +5.1 -5.1 +3.2
= +1 SD)
S6: CM in cloud-forward org 3

(CMxCloud = +1 SD) +1.00  0.00 0.00 +4.9 5.1 +3.2

S7: CM under high vendor
concentration (CMxVendor = +1.00  0.00 0.00 +3.7 -3.4 +3.2

+1 SD)

In larger organizations (S5), the additional CMxSize slope has amplified the resilience benefit to ~+5.1
pp, suggesting that scaled environments have been better positioned to harvest returns from
automation and standardized control evidence. In cloud-forward contexts (56), the CMxCloud
interaction has delivered a similar PR increment (~+4.9 pp), implying that maturity coupled with cloud-
based control validation (e.g., configuration drift detection, immutable logging) has produced outsized
resilience. Conversely, under high vendor concentration (S7), the CMxVendor interaction has
dampened the FLR reduction from —5.1 to approximately —3.4 bps, underscoring that internal maturity
has required complementary third-party governance security annexes in SLAs, immutable interface
logs, and periodic joint exercises to translate fully into loss reduction. Because all scenarios have been
grounded in standardized betas and sample variability, leaders have been able to gauge expected
outcome shifts from specific capability upgrades in their own institutions. In practice, these deltas have
informed sequencing roadmaps: first elevate maturity baselines (identity, encryption, monitoring), in
parallel rehearse payment-specific response, and then harden vendor-dense interfaces to avoid erosion
of gains. The table has thus connected statistical findings to concrete operational payoffs that finance,
security, and revenue-cycle stakeholders have been able to use in annual planning.

DISCUSSION

This study has shown that organizations reporting higher security control maturity have also reported
measurably stronger payment resilience, lower fraud-loss ratios, and higher stakeholder trust, with
incident-response (IR) capability providing additional, independent lift. In standardized models,
maturity has emerged as the strongest single predictor of resilience, and IR drills and playbooks have
partially mediated the adverse effect of threat exposure on operations. These results cohere with the
descriptive and correlational patterns in the data: Likert-scale means for maturity and compliance have
been above the midpoint, yet fewer than half of organizations have “agreed/strongly agreed” that
payment-adjacent controls (e.g., key-rotation ceremonies, privilege governance) are consistently
institutionalized. Interpreted together, the findings suggest that the organizations best able to keep
claim-to-cash activities stable under pressure have coupled technical hardening (identity, encryption,
segmentation, monitoring) with practiced response tailored to clearinghouse connectivity and
remittance failover. This combined posture has aligned with a measurable reduction in expected loss
and higher trust scores among patients and partners. The analytics extension anomaly detection on de-
identified payment logs has complemented this picture: precision/recall levels have been high enough
to justify human-in-the-loop triage, implying that analytics can amplify maturity’s payoff by surfacing
remittance redirect attempts and unusual batch behavior before settlement. Importantly, the
moderating effects have clarified where the returns to maturity are largest: bigger and cloud-forward
organizations have realized stronger gains in resilience, whereas vendor-dense ecosystems have
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experienced some erosion of maturity’s effect on fraud loss, pointing to third-party governance as a
necessary complement. Overall, the evidence base supports a practical thesis: maturity and IR
capability, when institutionalized and evidenced, have been associated with resilient, lower-loss, and
higher-trust payment operations across providers, plans, clearinghouses, and vendors.

Figure 8: Capability-to-Outcome Model in Healthcare Payment Security
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The results have been broadly consistent with and additive to historical breach and governance
literatures in health IT. Longitudinal studies using HHS-OCR data have documented that hacking/IT
incidents account for a large share of exposed records and that health plans often experience larger
record counts per event, while providers contribute the majority of incident counts (Bai et al., 2017).
Our actor-type contrasts have echoed this split in magnitudes payers have shown higher resilience and
lower fraud-loss ratios than providers yet the multivariable results have extended prior work by
quantifying how control maturity and IR capability relate to those outcomes after netting out exposure
and vulnerability. Earlier syntheses have positioned HIPAA compliance as necessary but insufficient
for true protection, emphasizing the need for socio-technical governance and operationalized
safeguards (Appari & Johnson, 2010; Beldad et al., 2010). This study’s finding that compliance posture
has explained trust but not resilience as strongly as maturity has been consonant with that argument.
In hospitals, system-dynamics modeling and empirical analytics have linked endpoint growth,
outsourcing, and governance to breach risk (Jalali & Kaiser, 2018; Jiang & Bai, 2019). We have converged
with these insights but have expressed the payoff in revenue-cycle outcomes: more mature
organizations have not only reduced breach-like exposures but have also kept claims flowing and
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remittances timely, a framing that revenue-cycle leaders can operationalize. Finally, investment-timing
research in healthcare has shown proactive security investments associate with lower subsequent
breach hazard (Kwon & Johnson, 2013). Our moderation results larger and cloud-forward
organizations see amplified maturity benefits have been compatible with proactive programs that
invest in automation (evidence capture, drift detection, immutable logging) and institutional rehearsal,
which scale particularly well in those environments.

Expressing outcomes as a triad has both aligned with and extended prior literatures. On resilience,
security economics has argued for analyzing expected loss as the product of probability and impact
(Romanosky, 2016). By computing resilience and linking it to maturity and IR capability, we have
effectively demonstrated that both probability-shifting (hardening, detection) and impact-limiting
(response, failover) measures are associated with better operational continuity. On fraud, healthcare-
specific reviews have documented that data-driven detection can surface abusive or anomalous
patterns and thereby curtail losses (Joudaki et al., 2015). Our results have added organizational
structure: maturity and IR capability have been negatively associated with fraud-loss ratio even after
controls, and anomaly-detection pilots have shown workable precision/recall with privacy-preserving
features signals consistent with but more operationally granular than prior reviews. On trust, online
trust scholarship has emphasized structural assurances, situational normality, and communication
quality as antecedents of willingness to transact (Beldad et al., 2010). Our finding that compliance
posture and maturity together relate to higher trust has converged with that framework: visible policies
and certifications may set expectations, while consistently applied technical controls and practiced
response likely supply the “situational normality” patients perceive when portals, statements, and
refunds behave predictably. In short, the comparison to prior work indicates convergence on the need
for socio-technical programs, while our contribution has been to estimate how much measured
maturity and response readiness move the needle on the payment-specific outcomes leaders track:
uptime, loss ratios, and stakeholder confidence (Appari & Johnson, 2010).

The moderation results have illuminated why identical control catalogs deliver different performance
across organizations. Behavioral studies have demonstrated that employees’ intentions and
neutralization tactics systematically shape policy compliance, suggesting that culture conditions
whether safeguards are enacted reliably (Herath & Rao, 2009; Jalali & Kaiser, 2018). Although our
survey has not directly measured individual-level psychology, the stronger maturity-to-resilience slope
in larger and cloud-forward settings can be interpreted through an organizational readiness lens: these
environments often possess clearer top-management sponsorship, standardized identity fabrics, and
automation that reduces the space for ad-hoc workarounds (Low et al., 2011). Interorganizationally, IT-
outsourcing studies have shown that well-designed SLAs and governance complement relational trust
to stabilize performance (Goo et al., 2009). Our finding that vendor concentration dampens maturity’s
effect on fraud-loss reduction has extended that argument into healthcare payments: when many
vendor channels and delegated privileges exist, internal controls can be diluted unless SLAs mandate
immutable logs, least-privilege access, and time-bound incident notifications. In effect, maturity must
be “projected” across boundaries through security annexes, attestations, and joint exercises. This aligns
with clinical-system reviews that warn about third-party propagation paths and the need for boundary-
spanning oversight (Kruse, Smith, et al., 2017). The comparative takeaway is that maturity pays off
most where organizations have invested in automation and explicit governance intra-enterprise via
identity and monitoring platforms, and inter-enterprise via contractual and evidentiary mechanisms
so that execution fidelity does not depend solely on local norms or heroic effort (Joudaki et al., 2015).
For CISOs and enterprise architects, the results have crystallized a short list of moves with the highest
expected payoff for claim-to-cash stability. First, raise the maturity baseline by closing fundamentals
with evidence: enforce MFA for all payment-adjacent admin roles, implement least-privilege with
periodic access reviews, expand encryption coverage with explicit key-rotation ceremonies, and
instrument continuous monitoring around payment gateways, clearinghouse connections, and batch
file-transfer utilities (Fernandez-Alemén et al., 2013; Goo et al., 2009). Second, operationalize IR
capability specifically for payments: rehearse tabletop exercises that include remittance failover,
clearinghouse rerouting, and dispute-resolution continuity; measure mean time to detect and contain
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at the payment-workflow level, not just the enterprise level (Sittig & Singh, 2016). Third, extend
maturity beyond the perimeter: embed security annexes into SLAs that require immutable interface
logs, privileged-access constraints, and notification windows; schedule joint incident simulations with
vendors and clearinghouses to test cross-boundary response (Goo et al., 2009). Fourth, leverage
privacy-preserving analytics at the monitoring layer features such as token reuse, role entropy, and
batch deviation to improve detection efficiency without touching PHI or PAN data (Joudaki et al.,
2015). Fifth, treat compliance as a trust-building layer and a conduit for resources, not as the end state:
map PCl-style prescriptiveness (segmentation, logging, attestation) onto HIPAA programs where
payment data co-exist with PHI so that structural assurances and situational normality are both
strengthened (Appari & Johnson, 2010). Finally, where scale or cloud posture exists, prioritize
automation configuration drift detection, policy-as-code, and evidence capture because our moderation
results indicate those environments harvest larger resilience gains from the same maturity
improvements (Low et al., 2011). These actions convert statistical associations into concrete, sequenced
deliverables that security, IT operations, and revenue-cycle leaders can co-own.

The findings have supported a capability-to-outcome pipeline with both mediating and moderating
structure. Conceptually, the results endorse modeling incident-response capability as a mechanism
through which exposure depresses or maturity elevates operational performance, rather than treating
response as a covariate only. The significant TE—>IR—PR path has been consistent with socio-technical
theories that position routines and rehearsal as the proximate levers on impact when threats are
pervasive (Sittig & Singh, 2016). Likewise, the moderation pattern greater returns to maturity in
large/cloud-forward organizations and diminished returns in vendor-dense ecosystems has suggested
that organizational readiness and ecosystem structure condition the conversion of “potential
capability” into “realized performance,” aligning with technology-adoption and outsourcing
governance literatures (Beldad et al., 2010). Theoretically, this points to a refined model in which control
maturity and compliance posture are distinct but complementary antecedents to both response
capability and stakeholder trust, while context (size, cloud, vendor concentration) shapes the slopes to
outcomes. It also invites a formal separation of probability-shifting and impact-limiting channels,
echoing security-economics formulations of expected loss (Romanosky, 2016), and it motivates
composite indices like the resilience construct operationalized here that integrate availability and
throughput within specific workflows. Finally, the empirical linkage between maturity, analytics-
assisted monitoring, and fraud-loss reduction strengthens the argument for embedding data-driven
detection in maturity models, not as an afterthought, but as a core dimension of “operationalized
security.” Future theory can therefore model analytics capability as both a mediator (between maturity
and outcomes) and a moderator (amplifying IR effectiveness), enriching the explanatory power of
cross-sectional and longitudinal studies in healthcare payments (Meingast et al., 2006).

Several limitations have bounded interpretation. First, the cross-sectional design has limited causal
claims; while results have been consistent with directional hypotheses and mediation logic, unobserved
confounding cannot be excluded (Appari & Johnson, 2010). Second, self-reported Likert measures albeit
triangulated with optional artifacts have been subject to optimism or knowledge biases; future work
can strengthen inference with automated control-evidence feeds, independent audits, and objective
telemetry (Fernandez-Aleman et al.,, 2013). Third, payment-workflow nuances vary by EHR/RCM
stack, clearinghouse, and banking partners; although actor-type quotas have improved heterogeneity,
results may not generalize to all sub-segments or to very small practices. Fourth, the anomaly-detection
pilot has drawn on de-identified features; while appropriate for privacy, such featurization may omit
signals available to internal teams. Fifth, moderation terms have captured only a subset of context (size,
cloud, vendor concentration); additional factors security culture, leadership attention, financial
constraints likely moderate returns as well (Ifinedo, 2012). These limitations motivate several research
directions. Longitudinal panels linking monthly maturity/IR drills to resilience and fraud indices
would enable hazard or difference-in-differences estimators (Kwon & Johnson, 2013). Multi-level
models could separate organization- and unit-level effects, adding culture and incentive structures as
cross-level moderators (Herath & Rao, 2009). Vendor-network studies using graph measures (e.g.,
vendor centrality, dependency) could quantify how ecosystem topology conditions maturity’s payoff,
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extending outsourcing governance findings (Goo et al., 2009). Finally, controlled pilots that randomize
tabletop frequency or automate key-rotation ceremonies could test causal mechanisms more directly
while keeping patient and financial data protected. Collectively, these steps would refine the capability-
to-outcome pipeline, move beyond association, and deepen the evidence base for building resilient,
low-loss, and trusted healthcare payment operations (Jalali & Kaiser, 2018; Jiang & Bai, 2019).
CONCLUSION

This research has examined information security challenges in U.S. healthcare payment ecosystems and
has linked measurable security capabilities to outcomes that revenue-cycle and risk leaders track every
day payment resilience, fraud-loss exposure, and stakeholder trust. By integrating a systematic review
with a cross-sectional, case-study-based survey, the study has operationalized core constructs threat
exposure, vulnerability, control maturity, compliance posture, incident-response capability, and
contextual moderators (size, cloud adoption, vendor concentration) with a five-point Likert instrument
and outcome indices that have reflected real operational performance. Across providers, payers,
clearinghouses, and payment-technology vendors, the analysis has shown that higher control maturity
has been consistently associated with stronger resilience and trust and with lower fraud-loss ratios;
incident-response capability has added an independent and mediating contribution, attenuating the
operational impact of exposure when rehearsed and payment-specific. Compliance posture has aligned
more strongly with stakeholder trust than with resilience, reinforcing the distinction between visible
assurances and deeply institutionalized technical execution. Moderation results have clarified that
maturity’s payoff has been amplified in larger and cloud-forward organizations where automation,
standardized identity fabrics, and evidence capture have typically been more advanced while vendor-
dense ecosystems have diluted some of the maturity-to-loss reduction benefits, underscoring the
importance of projecting controls across third-party boundaries through security-specific SLAs,
immutable interface logs, and joint exercises. Complementary anomaly-detection pilots on de-
identified payment logs have achieved practical precision and recall, suggesting that analytics can serve
as a lightweight, privacy-preserving second-line control that has improved detection efficiency without
replacing foundational safeguards. Methodologically, the study has contributed a transparent
measurement framework, regression specifications, and computable indices (payment resilience,
fraud-loss ratio, stakeholder-trust index) that other teams have been able to reuse or extend; the
synthesis approach has maintained traceability from literature constructs to field items and modeling
choices, strengthening interpretability and replication. At the same time, limitations have been
acknowledged: the cross-sectional design has constrained causal claims; self-reported scales, even
when triangulated with artifacts, have been susceptible to optimism or knowledge bias; and contextual
heterogeneity across technology stacks and vendor topologies has suggested caution in generalization.
These boundaries have pointed to clear next steps longitudinal measurement, automated control-
evidence feeds, richer vendor-network characterization, and experimental or quasi-experimental tests
of key mechanisms (e.g., tabletop frequency, key-rotation ceremonies). Taken together, the results have
advanced a pragmatic thesis: healthcare organizations that have institutionalized control maturity and
practiced incident response then extended those disciplines across vendor interfaces and augmented
them with privacy-preserving analytics have operated more resilient claim-to-cash pipelines, incurred
fewer and smaller fraud losses, and earned greater trust from patients and partners. This integrated,
evidence-backed posture has offered a concrete roadmap for CISOs, enterprise architects, and revenue-
cycle leaders seeking measurable improvements in security performance where it matters most: the
reliable, accurate, and trusted movement of healthcare payments.

RECOMMENDATIONS

Building on the study’s evidence, leadership teams have been able to adopt a sequenced, outcomes-
oriented roadmap that concentrates investment where returns to resilience, fraud reduction, and trust
have been strongest. First, raise the control-maturity baseline in the payment lane within 90 days:
enforce MFA on all payment-adjacent administrative accounts (clearinghouse portals, payment
gateways, EFT/ERA tools), complete role re-certifications for least-privilege access, expand encryption
coverage (at rest and in transit) with documented key-rotation ceremonies, and deploy continuous
monitoring around batch file transfer, API traffic, and administrative actions. Codify these controls as
policy-as-code with automated evidence (configuration baselines, immutable logs, drift alerts), so
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compliance is continuously demonstrated rather than point-in-time. Second, institutionalize payment-
specific incident response: integrate claim-file rerouting, remittance failover, and dispute-resolution
continuity into playbooks; run quarterly tabletop exercises with revenue-cycle, security operations, and
vendor partners; timebox detection, containment, and recovery, and publish after-action items with
owners and due dates. Third, project maturity across third-party boundaries: update SLAs to include
security annexes mandating privileged-access constraints, interface whitelisting, event/forensic log
immutability, 24-hour incident notification, and quarterly joint control attestations; require vendors to
support simulated failovers and provide machine-verifiable control evidence. Fourth, deploy privacy-
preserving analytics as a second-line control: monitor token reuse, submitter role entropy, batch-size
deviations, and bank-detail change frequency; route alerts to segregated review queues with callback
verification for high-risk remittance changes; maintain feedback loops to tune precision and recall.
Fifth, strengthen governance and measurement: stand up a cross-functional Payment Security Council
(CISO, enterprise architect, revenue-cycle lead, compliance, vendor management) with monthly
reviews of three KPIs Payment Resilience (target +5 percentage points in 12 months), Fraud-Loss Ratio
(—=30% relative), and Stakeholder-Trust Index (+4 points) and publish a red/amber/green dashboard
to executive sponsors. Sixth, exploit scale and cloud posture where present: centralize identity with
conditional access, adopt configuration drift detection for payment workloads, and standardize golden
patterns for network micro-segmentation and tokenization; automate evidence capture to amplify the
maturity-to-resilience payoff identified in larger and cloud-forward settings. Seventh, address vendor
concentration risk: map critical payment flows, cap single-vendor dependency where feasible, and
implement compensating detective controls (enhanced anomaly detection, independent bank-detail
verification) where diversification is impractical. Eighth, invest in people and culture keyed to payment
processes: deliver role-specific micro-trainings (front desk, contact center, treasury) focused on
remittance redirect scams, refund abuse patterns, and secure exception handling; align incentives by
incorporating security-relevant KPIs (e.g., callback compliance, timely ERA posting after drills) into
performance goals. Ninth, formalize a continuous improvement loop: quarterly re-assess the maturity
scale, refresh risk registers with drill outcomes, and budget for two “structural improvements” per
half-year (e.g., privileged access management rollout for payment admins; hardware security modules
for key custody). Finally, communicate trust signals to patients and partners plain-language billing
security statements, recognizable MFA cues, and clear dispute channels so structural assurances are
visible. Executed together, these recommendations have translated statistical associations into concrete,
auditable actions that reduce expected loss, stabilize claim-to-cash operations, and strengthen
confidence across the healthcare payment ecosystem.
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