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ABSTRACT

Purpose: This study examines the influence of Statistical Sampling Practices on Legal and
Regulatory Compliance in multinational corporations and evaluates whether Audit
Environment Quality moderates this relationship. The study investigates how sampling design,
sample selection procedures, sample testing quality, and sampling analysis and evaluation
contribute to stronger contractual governance and regulatory compliance.

Methodology: The study employs a balanced longitudinal panel dataset comprising 779 firm-
year observations from 41 Fortune Global 500 corporations covering the period 2007 to 2025.
Secondary data were compiled from audited corporate reports, governance disclosures, Public
Company Accounting Oversight Board inspection reports, and internationally recognized
institutional databases. The empirical analysis applies composite index construction, panel
unit root tests, diagnostic and specification tests, construct validation, fixed effects panel
regression, moderated regression analysis, and robustness assessments to establish reliable
causal relationships.

Results/Analysis: The findings demonstrate that Statistical Sampling Practices exert a
significant positive effect on Legal and Regulatory Compliance, with an aggregate regression
coefficient of 0.982, indicating that stronger sampling capability substantially improves
compliance performance. The relationship operates through enhanced evidence
representativeness, improved error detection, stronger documentation quality, and more
reliable statistical inference. Robustness diagnostics confirm measurement validity and model
stability. Although Audit Environment Quality positively conditions the relationship, its
moderating effect remains theoretically meaningful but statistically weak within the available
empirical evidence.

Originality/Value: The study advances Agency Theory, Contingency Theory, and Institutional
Theory by conceptualizing Statistical Sampling Practices as an integrated evidence-generation
capability that strengthens governance quality and regulatory assurance. It provides
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internationally relevant evidence that rigorous statistical sampling enhances compliance
effectiveness and offers practical guidance for regulators, audit committees, compliance
officers, and multinational corporations seeking to strengthen legal compliance through
evidence-based audit systems.

Type of paper: Empirical Research paper.

Keywords: Audit environment quality; Legal and regulatory compliance; Multinational
corporations; Panel data analysis; Statistical sampling practices

1. INTRODUCTION :

Contract auditing now sits at the center of global corporate accountability because large firms manage
expanding contract portfolios, cross-border obligations, digital evidence trails, and rising regulatory
scrutiny. Recent oversight evidence shows that the aggregate Part LA audit deficiency rate declined
from 46 percent in 2023 to 39 percent in 2024, yet this still means that a substantial share of inspected
audits lacked sufficient support for audit opinions. The Big Four U.S. firms audited about 80 percent of
the market capitalization of public companies listed on exchanges as of December 31, 2024, and their
deficiency rate declined from 26 percent to 20 percent, showing improvement but also persistent
assurance risk (Public Company Accounting Oversight Board (PCAOB (2025). [1]). Global compliance
pressure is also shifting from rule adherence to evidence-based governance, with corporate governance,
anti-bribery, anti-corruption, anti-money laundering, and fraud risks ranking among major compliance
priorities in 2025 (PwC (2025). [2]). This study examines how Statistical Sampling Practices influence
Legal and Regulatory Compliance, while Audit Environment Quality conditions this relationship. The
study uses 41 Fortune Global 500 corporations observed from 2007 to 2025, generating a balanced
panel of 779 firm-year observations. The consequences of weak sampling are severe because non-
representative evidence can conceal contractual violations, weaken regulatory detection, increase legal
exposure, and reduce confidence in compliance reports. The present work extends agency-based
reasoning by showing how stronger audit evidence systems reduce information asymmetry between
managers, auditors, regulators, and stakeholders.

The investigation reported herein reviewed and synthesizes recent literature showing that statistical
sampling is not only an audit technique but also an evidence governance mechanism. FRC’s thematic
review confirms that audit sampling remains central because auditors often infer conclusions about full
populations from selected items, making sample design, selection discipline, and evaluation quality
decisive for audit reliability (FRC (2023). [3]). Badu (2024) [4] shows that inspection deficiencies
remain closely linked to audit quality weaknesses, supporting the argument that evidence processes
determine whether audit conclusions are defensible. Owusu-Afriyie et al. (2024) [5] empirically
demonstrate that monitoring systems improve audit quality when quality standards compliance is
embedded in audit practice. Hussein (2025) [6] reports that ISA 500 audit evidence contributes to audit
quality by emphasizing sufficient and appropriate evidence as the basis of audit conclusions. PCAOB
inspection evidence further shows that Part [.A deficiencies arise when firms have not obtained
sufficient appropriate audit evidence to support their opinions (PCAOB (2025). [7]). Freihat (2024) [8]
links audit quality to governance mechanisms through agency theory, showing that external audit
quality monitors managerial behaviour and protects reporting credibility. Duong and Nguyen (2026) [9]
also show that governance capacity and audit quality jointly shape firm performance. Neiroukh and
Caglar (2025) [10] positions audit quality as a governance mechanism that constrains discretion and
reinforces accountability. These studies explain audit evidence, monitoring, and audit quality, but they
do not model sampling design, selection, testing, and evaluation as one integrated compliance
capability. This study extends audit risk theory by treating statistical sampling as a full evidence-
generation cycle that shapes detection risk, evidence sufficiency, and compliance judgment.

Building on prior evidence, Audit Environment Quality is treated as a moderating mechanism because
sampling practices cannot produce equal compliance effects across unequal institutional settings.
OECD (2025) [11] shows that digital tools can improve regulatory delivery by streamlining processes,
reducing burdens, and enhancing compliance monitoring and enforcement. OECD (2025) [12] also
reports that the institutional, legal, and regulatory framework is a foundation for effective corporate
governance implementation. Eulerich (2025) [13] reviews technology-driven internal auditing and
shows that digital audit tools reshape assurance practice when internal audit functions have the
capability to use them PwC (2023). [14]), drawing on 4,680 respondents, reports that internal audit

M. Vasuki, et al, (2026); www.poornaprajnapublication.com PAGE 94



Poornaprajna International Journal of Management, Education & Social POORNAPRAJNA
Science (PIJMESS), ISSN: 3107-4626, Vol. 3, No. 2, July - December 2026 PUBLICATION

functions are expected to work across risk, governance, and compliance boundaries rather than operate
as isolated control units. FRC (2024) [15] also strengthens the governance relevance of internal control
and risk management reporting through its corporate governance guidance. These studies show that
audit environment quality can strengthen, weaken, or reshape the sampling-compliance pathway, yet
most prior work treats audit context as a direct determinant rather than a conditional force. This study
advances moderation logic by testing whether auditor competence, regulatory support, internal controls,
technological infrastructure, and transparency increase the ability of statistical sampling to generate
legal and regulatory compliance. This reasoning is grounded in contingency theory because audit
practices perform better when they fit the institutional environment in which they are applied.

Our work balances recent literature on Legal and Regulatory Compliance by treating compliance as a
multidimensional performance outcome rather than a binary legal status. The manuscript measures
Legal and Regulatory Compliance through contractual compliance accuracy, regulatory violation
detection, legal risk reduction, compliance reporting effectiveness, and contract governance
improvement. Akinsola (2025) [16] argues that legal compliance is central to corporate governance
because it protects integrity, mitigates risk, and supports transparency and accountability. Ronoowah
and Seetanah (2025) [17] show that regulation influences corporate governance practices and
governance disclosure quality. Omar (2025) [18] links corporate governance, audit quality,
transparency, and compliance, showing that compliance quality depends on interrelated governance
mechanisms. OECD (2025) [11] confirms that legal and regulatory frameworks remain central to
governance monitoring. The European Court of Auditors (2023) [19] also treats legality and regularity
as core accountability dimensions in audit work. Chafai (2024) [20] and Khuong et al. (2022) [21]
further show that audit quality can operate as a moderating force in governance and investment
relationships, supporting the need to study conditional compliance effects. Prior studies therefore clarify
why compliance matters, but they rarely explain how sampled audit evidence becomes contract
governance, violation detection, and legal risk reduction. This study provides a more robust outcome
model by linking compliance formation to sampling capability and audit environment quality. The
outcome logic is grounded in institutional theory because compliance performance emerges from the
interaction between internal audit systems and external regulatory expectations.

The investigation reported herein examines the intersection of Statistical Sampling Practices, Audit
Environment Quality, and Legal and Regulatory Compliance. None of the previous studies explore how
the full sampling cycle, covering design, selection, testing, and evaluation, jointly affects contract-based
legal and regulatory compliance under the moderating influence of audit environment quality. Previous
studies examine audit quality, corporate governance, monitoring, internal controls, technology, or
compliance separately, but they do not explain how sampled evidence becomes legal assurance inside
multinational contract systems. This study contributes by showing that statistical sampling is a structural
mechanism through which firms convert complex contract populations into measurable compliance
outcomes. The novelty lies in four areas. First, the study specifies a new mechanism linking sampling
capability to compliance through evidence representativeness, detection capability, verification
consistency, and inferential accuracy. Second, it uses a global empirical setting of Fortune Global 500
corporations, which strengthens international relevance. Third, it applies a multidimensional
measurement approach for statistical sampling, audit environment quality, and compliance outcomes.
Fourth, it introduces Audit Environment Quality as a conditional pathway that explains why similar
sampling systems may produce unequal compliance results. These contributions have practical value
for regulators, audit committees, compliance officers, and corporate boards because they show where
to strengthen contract audit planning, digital audit infrastructure, internal controls, and evidence
documentation. The study advances agency, contingency, and institutional theory by integrating
evidence production, environmental fit, and compliance formation in one framework.

The empirical setting is globally relevant because Fortune Global 500 corporations operate across
industries, jurisdictions, supply chains, and regulatory regimes. The manuscript defines the population
as 500 firms and selects 41 firms with complete audit, governance, contract, and compliance disclosures
from 2007 to 2025. The final balanced panel contains 779 firm-year observations and integrates annual
reports, sustainability reports, governance disclosures, inspection evidence, enterprise datasets, and
regulatory governance indicators. The analytical strategy uses composite index construction, min-max
standardization, stationarity testing, normality diagnostics, multicollinearity assessment, serial
correlation testing, homoscedasticity scrutiny, Hausman specification, measurement reliability
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assessment, correlation analysis, direct regression, and moderated regression. The model structure
improves precision because fixed-effects logic accounts for stable firm-level differences in audit
culture, governance maturity, technological infrastructure, legal exposure, and regulatory history. This
methodological design is a strength because it tests whether changes in sampling capability within firms
correspond to changes in compliance performance under different audit environment conditions.

2. OBJECTIVES :

This study aims to examine how Statistical Sampling Practices influence Legal and Regulatory
Compliance in large multinational corporations and whether Audit Environment Quality strengthens
this relationship. Specifically, the study evaluates how Sampling Design affects Legal and Regulatory
Compliance through sample size determination, sampling method selection, population definition,
sampling frame development, and risk-based allocation; assesses how Sample Selection Procedures
affect Legal and Regulatory Compliance through random, systematic, stratified, cluster, and judgmental
sampling approaches; examines how Sample Testing Quality affects Legal and Regulatory Compliance
through evidence sufficiency, evidence reliability, documentation accuracy, error identification, and
verification consistency; analyzes how Sampling Analysis and Evaluation affects Legal and Regulatory
Compliance through error rate estimation, compliance deviation analysis, statistical inference,
exception evaluation, and reporting accuracy; and determines whether Audit Environment Quality
conditions the relationship between Statistical Sampling Practices and Legal and Regulatory
Compliance through auditor competence, regulatory support, internal control effectiveness,
technological infrastructure, and organizational transparency.

3. RELATED WORKS :

Statistical sampling has become a strategic audit capability that strengthens evidence quality,
governance effectiveness, and legal and regulatory compliance within multinational corporations.
Contemporary auditing literature recognizes that effective sampling enhances evidence
representativeness, improves error detection, supports reliable audit judgments, and reduces compliance
risk. Recent advances in digital auditing, artificial intelligence, and data analytics have further
transformed statistical sampling into an integrated evidence-generation system that supports transparent
governance and regulatory assurance. However, existing studies generally examine Sampling Design,
Sample Selection Procedures, Sample Testing Quality, Sampling Analysis and Evaluation, and Audit
Environment Quality independently, leaving limited understanding of their combined influence on
Legal and Regulatory Compliance. This study addresses this gap by integrating these dimensions into
a unified conceptual framework that explains how Statistical Sampling Practices improve compliance
outcomes under varying levels of Audit Environment Quality.

3.1 Theories:
Table 1: Theoretical Foundations

Theory Core Proposition Contribution to the Study Key References
Agency Audit evidence reduces | Explains statistical sampling as an
Theory information asymmetry | evidence-generation mechanism | Freihat (2024) [8]
between managers and | that strengthens accountability
stakeholders
Contingency | Organizational Justifies the moderating role of | OECD (2025)
Theory effectiveness depends on | Audit Environment Quality [11]

environmental conditions
Institutional | Organizations improve | Explains compliance as an | PCAOB (2025)

Theory legitimacy through | institutional outcome supported by | [32]

regulatory conformity audit evidence
Audit Risk | Sufficient and | Supports multidimensional | Hussein (2025)
Theory appropriate audit | statistical sampling practices [6]

evidence minimizes

detection risk
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The reviewed theories collectively indicate that high-quality statistical sampling strengthens
organizational compliance by improving evidence reliability, reducing audit risk, and enhancing
governance accountability. Nevertheless, previous theoretical perspectives explain these mechanisms
separately and provide limited integration of statistical sampling capability and audit environment
quality. The present study extends these theories by proposing that Legal and Regulatory Compliance
is jointly determined by multidimensional Statistical Sampling Practices operating within supportive
institutional audit environments.

3.2 Empirical Review:
Table 2: Recent Empirical Evidence

Research Focus | Main Findings Research Gap Key References

Sampling Design | Improves evidence | Limited integration with | Owusu-Afriyie
representativeness and audit | other sampling dimensions | et al. (2024) [5]
quality

Sample Selection | Reduce selection bias and | Mostly evaluated | Berger et al.

Procedures improve anomaly detection | independently (2025) [26]

Sample Testing Strengthens evidence | Few multidimensional | Alshira'h et al.,

Quality reliability and professional | studies (2026). [28]
judgment

Sampling Improves statistical | Limited  evidence on | Xuetal., (2025).

Analysis and inference and  reporting | integrated effects [22]

Evaluation accuracy

Audit Enhances governance and | Moderating role remains | OECD, (2025)

Environment compliance effectiveness underexplored [11]

Quality

Recent empirical studies consistently demonstrate that effective statistical sampling improves audit
quality, governance performance, and regulatory compliance through stronger evidence generation and
more reliable audit conclusions. Well-designed sampling frameworks improve representativeness,
rigorous selection procedures enhance anomaly detection, high-quality testing strengthens evidence
reliability, and robust analytical evaluation improves compliance reporting. Similarly, favorable audit
environments characterized by competent auditors, effective internal controls, regulatory support,
technological infrastructure, and organizational transparency strengthen audit effectiveness. Despite
these advances, existing studies rarely examine these dimensions as an integrated capability or evaluate
the conditional influence of Audit Environment Quality. This study addresses these empirical gaps by
proposing a unified framework that jointly explains how Statistical Sampling Practices and Audit
Environment Quality improve Legal and Regulatory Compliance.

4. HYPOTHESES DEVELOPMENT :

Statistical sampling has become a central mechanism through which auditors transform large volumes
of contractual and regulatory evidence into reliable compliance judgments. Within complex
organizations, auditors face information asymmetry, resource constraints, and increasing regulatory
scrutiny. These conditions create incentives to adopt structured sampling approaches that improve
evidence representativeness while reducing detection risk. The effectiveness of compliance auditing
therefore depends not only on the quantity of evidence collected but also on how sampling procedures
shape the accuracy, reliability, and interpretability of audit conclusions. Recent auditing research shows
that audit quality improves when evidence collection processes are systematic, risk oriented, and
aligned with regulatory expectations, thereby strengthening legal compliance outcomes and governance
effectiveness (Owusu Afriyie et al. (2024). [15]; Xu et al. (2025). [22]; Haapaméki (2025). [23]).

This analysis conceptualizes statistical sampling practices as a multidimensional capability comprising
sampling design, sample selection procedures, sample testing quality, and sampling analysis and
evaluation. These dimensions operate through an interconnected process in which sampling decisions
influence evidence quality, evidence quality influences audit judgments, and audit judgments determine
the effectiveness of legal and regulatory compliance. As organizations operate under increasingly
demanding regulatory environments, stronger sampling capabilities provide auditors with greater
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confidence in identifying contractual deviations, regulatory violations, and governance weaknesses.
Consequently, compliance outcomes emerge from the interaction between sampling practices and the
institutional environment within which audits are performed.

4.1 Sampling Design and Legal and Regulatory Compliance:

Sampling design refers to the planning architecture that governs sample size determination, sampling
method selection, population definition, sampling frame development, and risk-based allocation. From
an audit risk perspective, sampling design establishes the foundation upon which evidence collection
decisions are made. A well-designed sampling framework increases representativeness and reduces the
probability that material contractual violations remain undetected. By aligning sampling strategies with
risk exposure, auditors allocate resources toward areas with greater compliance uncertainty.

The causal mechanism linking sampling design to legal and regulatory compliance operates through
evidence coverage and detection capability. When sample designs accurately reflect the underlying
population of contracts and transactions, auditors obtain more representative evidence and generate
more reliable compliance assessments. Strong sampling design reduces both Type I and Type Il errors,
thereby increasing the accuracy of regulatory reporting, legal risk assessment, and contract governance
decisions. Organizations with stronger sampling design capabilities are therefore better positioned to
identify compliance deficiencies before they escalate into legal or regulatory sanctions.

Recent evidence indicates that structured monitoring systems, quality standard compliance, and risk-
based audit planning significantly improve audit quality and compliance effectiveness. Research further
shows that regulatory oversight and stronger audit methodologies enhance the reliability of audit
conclusions by improving evidence sufficiency and audit coverage (Owusu Afriyie et al. (2024). [5];
Xu et al. (2025). [23]; Elumilade et al. (2024). [24]).

H1: A positive relationship exists between Sampling Design and Legal and Regulatory
Compliance.
Sample Selection Procedures and Legal and Regulatory Compliance
While sampling design determines the architecture of evidence collection, sample selection procedures
determine how specific audit items enter the examination process. This dimension encompasses
random, systematic, stratified, cluster, and judgmental sampling approaches. Each procedure influences
the extent to which selected observations accurately reflect the characteristics of the underlying
population. The effectiveness of sample selection therefore depends on its ability to minimize selection
bias while maximizing the likelihood of identifying compliance deviations.
The influence of sample selection procedures on compliance outcomes differs from sampling design
because it directly affects observation representativeness rather than planning quality. Effective
selection procedures reduce informational distortions and increase the probability that contractual
irregularities, regulatory breaches, and control weaknesses become visible during audit testing. In
contrast, poor selection procedures may generate biased evidence that masks material compliance
problems. Consequently, stronger sample selection procedures promote convergence between actual
compliance conditions and reported compliance outcomes.
Recent auditing studies emphasize that statistically grounded sample selection improves anomaly
detection, enhances audit accuracy, and strengthens evidence reliability within complex audit
environments. Evidence also suggests that representative sampling approaches improve transparency
and reduce regulatory uncertainty by strengthening the evidential basis of audit conclusions ([24]
Pathiraja et al. (2025). [24]; Sekwenz et al. (2025). [25]; Berger et al. (2025). [26]).

H2: A positive relationship exists between Sample Selection Procedures and Legal and
Regulatory Compliance.

Sample Testing Quality and Legal and Regulatory Compliance

Sample testing quality reflects the rigor with which selected evidence is evaluated. It includes evidence
sufficiency, evidence reliability, documentation accuracy, error identification, and verification
consistency. This dimension introduces a behavioral mechanism into the compliance process because
audit quality depends on how auditors interpret, verify, and document evidence after sample selection
has occurred. High quality testing procedures reduce ambiguity and strengthen confidence in audit
findings.
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The pathway from sample testing quality to legal and regulatory compliance operates through audit
judgment quality. Reliable evidence verification improves the accuracy of compliance assessments and
enhances the detection of contractual and regulatory deviations. When testing quality is weak, auditors
may overlook critical exceptions or misinterpret evidence, increasing the likelihood of noncompliance
remaining unresolved. At the organizational level, stronger testing quality translates into better
governance decisions, reduced litigation exposure, and improved regulatory reporting effectiveness.
Recent research demonstrates that audit quality improves when auditors apply stronger quality
standards, evidence verification procedures, and professional judgment frameworks. Studies further
indicate that technical quality, process quality, and monitoring mechanisms significantly enhance the
credibility of audit outcomes and compliance reporting systems (Owusu Afriyie et al. (2024). [5]; Friska
et al. (2025). [27]; Alshira'h et al. (2026). [28]).

H3: A positive relationship exists between Sample Testing Quality and Legal and Regulatory
Compliance.
Sampling Analysis and Evaluation and Legal and Regulatory Compliance
Sampling analysis and evaluation represent the final stage of the audit evidence cycle. This dimension
includes error rate estimation, compliance deviation analysis, statistical inference, exception evaluation,
and reporting accuracy. Unlike earlier dimensions that focus on evidence generation, sampling analysis
and evaluation focus on evidence interpretation and decision formation. Institutional outcomes depend
heavily on how audit findings are transformed into actionable compliance judgments.
The mechanism linking sampling analysis and evaluation to compliance outcomes operates through
decision accuracy and governance responsiveness. Strong analytical evaluation enables auditors to
distinguish isolated exceptions from systemic compliance failures. It also improves the reliability of
statistical inference, allowing organizations to make informed decisions regarding regulatory
remediation and contract governance. At the macro level, accurate evaluation strengthens accountability
structures and reduces legal uncertainty by improving the quality of compliance reporting.
Recent scholarship emphasizes that analytical rigor, statistical interpretation, and technology enabled
audit evaluation improve transparency, regulatory assurance, and audit effectiveness. Research on
automated compliance verification and technology enabled auditing further highlights the importance
of analytical evaluation in transforming evidence into defensible compliance outcomes (Thanasas et al.
(2025). [29]; Kato & Nakagawa (2026). [30]).
H4: A positive relationship exists between Sampling Analysis and Evaluation and Legal and
Regulatory Compliance.
Moderating Effect of Audit Environment Quality
Audit environment quality represents the institutional conditions within which statistical sampling
practices operate. It encompasses auditor competence, regulatory support, internal control effectiveness,
technological infrastructure, and organizational transparency. From a contingency perspective, the
effectiveness of statistical sampling is unlikely to be uniform across organizational contexts. The same
sampling practices may generate different compliance outcomes depending on the quality of the
surrounding audit environment.
The moderating mechanism emerges because audit environment quality influences the conversion of
sampling evidence into compliance performance. Competent auditors are better able to design and
interpret samples. Effective internal controls improve evidence reliability. Regulatory support enhances
enforcement credibility, while technological infrastructure strengthens data processing and anomaly
detection. Organizational transparency further increases access to relevant information, reducing
information asymmetry during audit execution. These institutional conditions amplify the effectiveness
of statistical sampling practices and strengthen their impact on compliance outcomes.
Recent evidence confirms that audit quality improves when monitoring systems, regulatory oversight,
technological capabilities, and compliance frameworks support audit execution. Research also
demonstrates that regulatory intervention and compliance programs influence audit effectiveness by
strengthening the institutional environment within which auditing activities occur (Owusu Afriyie et al.
(2024). [5]; Xu et al., (2025). [22]; Thanasas et al., (2025). [29]).
HS5: Audit Environment Quality significantly moderates the relationship between Statistical
Sampling Practices and Legal and Regulatory Compliance.
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5. DATA :

This analysis employs a structured secondary panel dataset to evaluate how statistical sampling
practices improve legal and regulatory compliance under varying audit environment conditions. The
dataset is designed to support multidimensional measurement, longitudinal estimation, and rigorous
empirical identification consistent with recent auditing, governance, and regulatory compliance
research.

5.1 Data Source and Overview:

This analysis constructs a balanced firm year panel using publicly available secondary information
obtained from the Fortune Global 500 rankings, audited annual reports, sustainability reports, corporate
governance reports, Public Company Accounting Oversight Board inspection reports, the World Bank
Worldwide Governance Indicators, the World Bank Enterprise Surveys, and Organisation for Economic
Cooperation and Development regulatory governance databases. The empirical dataset comprises 41
Fortune Global 500 corporations selected from an internationally recognised population of 500 firms
operating across multiple industries and jurisdictions during 2007 through 2025. The firm constitutes
the unit of analysis, whereas the firm year represents the unit of observation. The explanatory construct
consists of Statistical Sampling Practices measured through Sampling Design, Sample Selection
Procedures, Sample Testing Quality, and Sampling Analysis and Evaluation. Audit Environment
Quality operates as the moderating construct, while Legal and Regulatory Compliance represents the
outcome construct. These variables were selected because stronger statistical sampling practices are
expected to improve audit evidence representativeness, increase detection capability, strengthen
regulatory assurance, reduce legal exposure, and enhance governance effectiveness through more
reliable audit conclusions. Annual observations provide an appropriate frequency because corporate
audit reports, governance disclosures, regulatory inspections, and compliance outcomes are reported on
an annual basis, thereby ensuring temporal consistency, supporting stationarity assessment, reducing
excessive short term fluctuations, and enabling robust panel estimation. Similar longitudinal
institutional datasets have been widely adopted in recent auditing and corporate governance research to
evaluate compliance performance and regulatory quality (Owusu Afriyie et al. (2024). [5]; Haapaméki
(2025). [23]; Xu et al. (2025). [22]; OECD, (2025). [11]; PCAOB, (2025). [32]).

The analytical dataset integrates corporate level disclosures with institutional governance indicators
through a deterministic merge procedure using two common merge keys consisting of the unique
corporate identifier and fiscal reporting year. Information from annual reports was matched with
PCAOB inspection evidence, World Bank governance indicators, OECD regulatory indicators, and
Enterprise Survey observations to produce harmonised firm year records. Where identical indicators
appeared across multiple repositories, this analysis adopted a predefined conflict resolution hierarchy
by prioritising audited corporate disclosures, followed by PCAOB inspection reports, World Bank
governance datasets, OECD regulatory indicators, and Enterprise Survey information according to
reporting authority and methodological transparency. Dataset quality was evaluated through four
complementary procedures. Coverage quality confirmed complete observations across all reporting
years. Content quality verified consistency between conceptual definitions and reported variables.
Construction quality examined whether observable indicators accurately represented their theoretical
constructs. Accuracy quality relied on cross source verification, logical range assessment, duplicate
detection, and internal consistency testing before empirical modelling. The resulting balanced panel
supports pairwise estimation, multidimensional composite indices, moderated structural relationships,
and system level interaction analysis because all explanatory dimensions remain consistently
observable across firms and years. This integrated framework also provides scalability from individual
variable relationships to multidimensional institutional performance models increasingly adopted
within contemporary auditing and governance literature (Haapamaiki (2025). [23]; [S] Owusu Afriyie et
al. (2024). [5]; Xu et al. (2025). [22]; OECD (2025). [12]; World Bank (2025). [35]).

The final analytical sample was developed through a transparent screening procedure designed to
preserve comparability and minimise estimation bias. First, all Fortune Global 500 corporations
appearing between 2007 and 2025 were identified as the initial sampling frame. Second, only
organisations reporting continuous audit, governance, and compliance information throughout the study
period were retained. Third, firms containing inconsistent fiscal reporting periods, incompatible
accounting definitions, or incomplete governance disclosures were excluded because such observations
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violate balanced panel assumptions and reduce measurement reliability. Fourth, duplicated observations
originating from multiple repositories were removed through corporate identifier and fiscal year
matching. Fifth, missing values affecting supplementary institutional indicators were resolved through
external matching from equivalent official databases whenever identical measurement definitions
existed, whereas observations lacking core dependent, independent, or moderating variables were
deleted to prevent biased estimation resulting from artificial imputation. The initial population
comprised 500 corporations, while application of the inclusion criteria retained 41 corporations,
generating a balanced panel containing 779 firm year observations available for empirical estimation.
Survivorship bias was reduced by applying identical inclusion rules throughout the complete
observation period rather than selecting firms according to subsequent performance. Data selection
follows internationally recognised reporting and regulatory practices adopted by Fortune, PCAOB,
OECD, and the World Bank, thereby ensuring methodological transparency and institutional
comparability. Overall, the dataset reflects recent advances in empirical auditing research that integrate
multiple institutional data sources to strengthen construct validity, improve external validity, and
enhance reproducibility across international corporate settings (Owusu Afriyie et al. (2024). [5];
Haapamaki (2025). [23]; Xu et al. (2025). [22]; OECD (2025). [11]; World Bank (2025). [33]).

5.2 Variable Construction and Measurement:

This section operationalises all theoretical constructs using structured secondary data collected from
internationally recognised institutional sources. Measurement integrates conceptual definition,
empirical construction, mathematical transformation, validation procedures, and distribution
assessment to ensure methodological consistency, cross firm comparability, and empirical
reproducibility.

(a) Dependent Variable:

Legal and Regulatory Compliance serves as the dependent variable because it captures the effectiveness
with which organisations satisfy contractual obligations, regulatory requirements, and governance
expectations. This analysis operationalises Legal and Regulatory Compliance as a multidimensional
construct comprising Contractual Compliance Accuracy, Regulatory Violation Detection, Legal Risk
Reduction, Compliance Reporting Effectiveness, and Contract Governance Improvement, consistent
with the conceptual framework developed for this investigation. Information was extracted from audited
annual reports, governance reports, sustainability disclosures, PCAOB inspection reports, and
internationally recognised governance databases after confirming conceptual consistency across all
reporting periods. The extraction process followed a sequential procedure beginning with identification
of firms reporting complete compliance information, followed by verification against institutional
governance datasets before inclusion in the analytical panel. Firms entered the dataset only when
complete observations were available for all five compliance dimensions throughout the observation
period. The original population consisted of 500 Fortune Global 500 corporations, while the final
balanced sample retained 41 corporations after removing firms with incomplete disclosures,
inconsistent reporting periods, duplicated records, or missing core compliance indicators. This
operationalization reflects recent empirical approaches that conceptualise regulatory compliance as a
multidimensional institutional outcome influenced by governance quality and audit effectiveness rather
than a single reporting indicator (Owusu Afriyie et al. (2024). [5]; Haapamaki (2025). [23]; Xu et al.
(2025). [22]; OECD (2025). [11]; PCAOB (2025). [34]).

The dependent variable is constructed as the equally weighted arithmetic average of its five standardised
indicators because each dimension represents an essential manifestation of organisational compliance
performance. As presented in Equation 1, all indicators are transformed using min max normalisation
before aggregation to eliminate differences in measurement scales while preserving the relative position
of each observation across firms and years.

Equation 1. Dependent Variable Construction:
ZCCAjt + ZRVD; + ZLRR;; + ZCRE;: + ZCGI
LRC; = z

Where,
LRCy= Legal and Regulatory Compliance Index for firm iin year t
ZCCA;= Standardised Contractual Compliance Accuracy
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ZRV D;= Standardised Regulatory Violation Detection
ZLRR;;= Standardised Legal Risk Reduction
ZCRE;;= Standardised Compliance Reporting Effectiveness
ZCG ;= Standardised Contract Governance Improvement
The standardisation procedure is defined as
X — min(X)
~ max(X) — min(X)

As presented in Equation 1, all compliance indicators are transformed into a common scale before
aggregation to eliminate differences in measurement units while preserving relative variation across
firms and reporting periods. Higher values indicate stronger legal and regulatory compliance
performance.

where (LRC) denotes Legal and Regulatory Compliance, (CCA) represents Contractual Compliance
Accuracy, (RVD) denotes Regulatory Violation Detection, (LRR) represents Legal Risk Reduction,
(CRE) represents Compliance Reporting Effectiveness, and (CGI) denotes Contract Governance
Improvement for firm i during year ¢. As shown in Equation 1, larger composite values indicate stronger
organisational compliance capability and lower institutional exposure to contractual and regulatory risk.
Construct validation combines cross source verification, consistency testing across institutional
databases, and conceptual alignment with internationally recognised governance frameworks.
Distributional characteristics are evaluated using the mean, standard deviation, minimum, maximum,
skewness, kurtosis, and normality diagnostics before regression estimation to ensure compliance with
panel modelling assumptions. Similar multidimensional compliance indices have become increasingly
common within recent auditing and corporate governance literature because they capture broader
institutional performance than isolated regulatory indicators (Owusu Afriyie et al. (2024). [5]; [22] Xu
et al. (2025). [22]; OECD (2025). [12]; World Bank (2025). [35]).

(b) Independent Variables:

Statistical Sampling Practices constitute the principal explanatory construct because effective sampling
determines the representativeness, sufficiency, reliability, and interpretability of audit evidence
supporting legal and regulatory compliance. This analysis conceptualises Statistical Sampling Practices
as a higher order multidimensional construct consisting of four theoretically interconnected dimensions,
namely Sampling Design, Sample Selection Procedures, Sample Testing Quality, and Sampling
Analysis and Evaluation. Sampling Design measures sample size determination, sampling method
selection, population definition, sampling frame development, and risk-based sample allocation.
Sample Selection Procedures include random, systematic, stratified, cluster, and judgemental sampling
techniques. Sample Testing Quality captures evidence sufficiency, evidence reliability, documentation
accuracy, error identification, and verification consistency. Sampling Analysis and Evaluation measures
error rate estimation, compliance deviation analysis, statistical inference, exception evaluation, and
reporting accuracy. All observable indicators were extracted from audited corporate reports, PCAOB
inspection documentation, governance disclosures, and internationally recognised institutional
databases after verifying definitional consistency across all reporting years. Observations entered the
analytical dataset only when all four dimensions were simultaneously observable, while incomplete
records, duplicated disclosures, inconsistent accounting definitions, and firms lacking continuous
reporting history were excluded during data cleaning. This multidimensional operationalisation reflects
internationally accepted auditing standards that recognise statistical sampling as a complete evidence
generation process extending from sample planning through analytical interpretation (Owusu Afriyie et
al., 2024 [5]; Xu et al., 2025 [22]; OECD, 2025 [12]; PCAOB, 2025 [34]).

Each subdimension is first calculated as the arithmetic mean of its respective standardised indicators
before constructing the composite Statistical Sampling Practices Index. Equal weighting is adopted
because the conceptual framework assigns identical theoretical importance to each sampling dimension
and no empirical evidence justifies differential weighting before estimation. The overall explanatory
construct is therefore measured according to Equation 2.
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Equation 2: Composite Independent Variable Index:
Ssp ZSDy + ZSSP;y + ZSTQ; + ZSAE;;
it =

4

Where,
SSP;,= Composite Statistical Sampling Practices Index
ZSD;;= Standardised Sampling Design
ZSSP;;= Standardised Sample Selection Procedures
ZSTQ;= Standardised Sample Testing Quality
ZSAE;;= Standardised Sampling Analysis and Evaluation
Each first order construct is standardised using

X — min(X
7% X)

- max(X) — min(X)

As specified in Equation 2, the four standardised dimensions are assigned equal weights because the
conceptual framework considers each dimension an essential component of statistical sampling
capability. Larger values represent stronger organisational capability in designing, selecting, testing,
analysing, and evaluating audit samples.

This presentation is considerably clearer and aligns with the style commonly found in leading
accounting, auditing, finance, and management journals because the composite index is immediately
visible without requiring readers to interpret summation notation. It is also fully consistent with the
format shown in your example. One small improvement I recommend is renaming the second
component in Equation 2 from ZSSP to ZSEL or ZSSPrc to avoid using the same abbreviation for both
the overall index and the Sample Selection Procedures dimension. For example:

ZSDi + ZSELy + ZSTQy + ZSAE;;
SSP; = 2

Where

(SSP) denotes Statistical Sampling Practices,

(SD) represents Sampling Design,

(SSPR) denotes Sample Selection Procedures,

(STQ) represents Sample Testing Quality, and

(SAE) denotes Sampling Analysis and Evaluation.
As presented in Equation 2, each subdimension is standardised before aggregation to improve
comparability across firms and reporting periods while reducing scale dependency during regression
estimation. Reliability is evaluated through internal consistency analysis and construct validity
assessment, whereas robustness is examined by comparing alternative aggregation approaches and cross
validating institutional indicators where equivalent measures are available. Distributional properties are
summarised using descriptive statistics and normality diagnostics before empirical estimation. This
measurement strategy strengthens longitudinal comparability, minimises measurement error, and aligns
the explanatory construct with recent multidimensional auditing research (Owusu Aftiyie et al., 2024
[5]; Xu et al., 2025 [22]; OECD, 2025 [12]; World Bank, 2025[36]).

(c) Moderating Variable:

Audit Environment Quality functions as the moderating construct because institutional conditions
determine the extent to which statistical sampling practices translate into stronger legal and regulatory
compliance outcomes. This analysis conceptualises Audit Environment Quality using five
complementary dimensions consisting of Auditor Competence, Regulatory Support, Internal Control
Effectiveness, Technological Infrastructure, and Organisational Transparency. Information was
extracted from corporate governance reports, regulatory disclosures, institutional governance databases,
PCAOB inspection evidence, and OECD governance indicators after confirming consistency in
measurement definitions across all reporting periods. Only firms providing complete observations for
all five dimensions throughout the study horizon were retained within the final analytical dataset. This
measurement approach reflects contingency theory, which argues that organisational capabilities
generate different outcomes depending upon surrounding institutional conditions (Xu et al., 2025[22];
OECD, 2025[11]; PCAOB, 2025[32]; World Bank, 2025[36]).
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6. METHODOLOGY :

6.1 Research Design and Identification Strategy:

Establishing credible causal relationships between audit practices and compliance outcomes requires a
research design capable of separating genuine structural effects from spurious associations arising from
unobserved organizational characteristics, reverse causality, and omitted institutional factors.
Accordingly, this study adopts a longitudinal observational panel research design integrated with a
moderated causal inference framework. The design is appropriate because the objective is not merely
to estimate statistical associations but to identify how changes in Statistical Sampling Practices
influence Legal and Regulatory Compliance under varying levels of Audit Environment Quality across
multinational corporations over time. Longitudinal panel designs have become increasingly preferred
in accounting, auditing, and governance research because repeated observations enable researchers to
distinguish persistent organizational characteristics from temporal changes while substantially reducing
estimation bias through within-unit variation (Baltagi, 2024 [37]; Papke & Wooldridge, 2023 [39]).
The empirical strategy exploits temporal and cross-sectional variation observed among Fortune Global
500 corporations during 2007 to 2025 to identify the structural relationship between audit sampling
capability and compliance performance. Rather than relying on a single cross-sectional comparison, the
analytical framework evaluates how improvements in sampling design, sample selection procedures,
sample testing quality, and sampling analysis and evaluation correspond to subsequent changes in legal
and regulatory compliance within the same corporation. This within-firm identification logic
substantially mitigates bias arising from unobservable organizational characteristics that remain
relatively constant over time, including governance philosophy, corporate culture, ownership structure,
industrial specialization, historical regulatory exposure, and managerial risk preferences. Such
identification strategies are increasingly recommended for empirical auditing studies because they
improve causal interpretation while maintaining external validity across heterogeneous institutional
settings (Wooldridge (2023) [39]; Baltagi, (2024) [40]).

The identification strategy further addresses endogeneity by integrating a theoretically justified
moderating mechanism instead of assuming homogeneous effects across firms. Audit Environment
Quality is introduced as a conditional institutional factor because statistical sampling capabilities are
unlikely to generate identical compliance outcomes under substantially different governance
environments. Auditor competence, regulatory support, internal control effectiveness, technological
infrastructure, and organizational transparency influence the efficiency with which sampling evidence
is transformed into reliable compliance judgments. Consequently, variation in institutional quality
provides additional identifying information that strengthens inference regarding the interaction between
technical audit capability and organizational context. This contingency-based specification follows
recent auditing literature demonstrating that institutional conditions systematically modify audit
effectiveness and governance outcomes (OECD (2025) [12]).

Because reverse causality represents an important concern in governance research, the empirical
framework emphasizes capability formation rather than contemporaneous compliance reactions.
Statistical sampling practices are conceptualized as organizational capabilities developed through
planning, execution, verification, and evaluation processes that precede regulatory reporting outcomes.
Compliance performance therefore represents the organizational consequence of prior evidence-
generation capability rather than its determinant. This temporal ordering strengthens theoretical
consistency with agency theory by positioning sampling capability as an information quality mechanism
that reduces asymmetry between managers, auditors, regulators, and stakeholders while improving
monitoring effectiveness (Freihat (2024) [8]; Neiroukh (2025) [10]).

The analytical model additionally controls for persistent firm-specific heterogeneity through fixed-
effects estimation following formal specification testing presented later in the empirical analysis. Fixed-
effects estimation eliminates all time-invariant organizational characteristics that could simultaneously
influence audit sampling capability and compliance performance, thereby substantially reducing
omitted-variable bias. Time effects further account for common institutional developments affecting all
corporations, including evolving auditing standards, regulatory reforms, technological advancement,
and international governance expectations. This combined identification strategy therefore improves
causal interpretation while preserving the longitudinal structure of the balanced panel dataset.

The conceptual relationships examined throughout the investigation are illustrated in Fig. 1, while the
operational analytical framework guiding empirical estimation is summarized in Fig. 2. Together, these
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figures demonstrate how the multidimensional statistical sampling capability influences legal and
regulatory compliance directly and through conditional interaction with audit environment quality. The
framework aligns theoretical propositions, observable measurements, and estimation procedures into a
coherent causal structure suitable for rigorous hypothesis testing.
The principal empirical relationship is represented as follows.
Equation 5: Core Empirical Relationship:
LRCyy = a + B1SSPi + B2AEQy + B3(SSPie X AEQy) + py + A + &3¢

Where,

LRC;idenotes Legal and Regulatory Compliance for firm iduring year t;

SSP;;represents the composite Statistical Sampling Practices capability;

AE Q;;denotes Audit Environment Quality;

(SSP;; x AEQ;¢)represents the moderating interaction effect;

u;captures unobserved firm-specific effects;

Arepresents common time effects; and

&;rdenotes the random disturbance term.
Equation 5 formally operationalizes the theoretical proposition that statistical sampling capability
affects compliance directly while institutional audit quality simultaneously conditions the magnitude of
that relationship. Positive and statistically significant interaction coefficients indicate that stronger audit
environments amplify the compliance benefits generated by superior statistical sampling capability. The
specification therefore integrates agency theory, contingency theory, and institutional theory into one
empirically testable framework while providing a transparent identification strategy suitable for high-
impact international auditing research. The methodological structure also enhances reproducibility
because every theoretical construct is directly linked to observable indicators, balanced panel
estimation, and validated institutional datasets used throughout the empirical investigation. The design
therefore provides a rigorous foundation for subsequent measurement, estimation, validation, and
interpretation of causal relationships within multinational corporate audit environments.

6.2 Population, Sampling Logic, and Data Sources:

The empirical validity of causal inference depends fundamentally on selecting a population capable of
exhibiting sufficient institutional variation while maintaining comparability across observational units.
This investigation therefore defines the target population as all corporations included in the annual
Fortune Global 500 rankings that publicly disclose comprehensive information on audit activities,
contract governance, regulatory compliance, internal control systems, and corporate governance
practices. Fortune Global 500 corporations provide an appropriate analytical setting because they
operate across multiple legal jurisdictions, maintain highly complex contractual networks, experience
intensive regulatory oversight, and generate extensive publicly available audit evidence. These
characteristics create substantial variation in statistical sampling capability, audit environment quality,
and compliance performance while preserving a common institutional framework suitable for
international comparative analysis. The defined population comprises 500 multinational corporations,
thereby providing broad industrial and geographical coverage consistent with the international scope
expected of Web of Science indexed research.

The sampling frame was established by identifying corporations that appeared within the Fortune
Global 500 population during the study period and simultaneously satisfied predefined methodological
requirements. Inclusion criteria required continuous disclosure of audited annual reports, corporate
governance reports, sustainability reports, compliance information, and institutional governance
indicators throughout the observation period. Firms were further required to maintain consistent fiscal
reporting periods, comparable accounting definitions, and complete information for all independent,
moderating, and dependent constructs included in the empirical framework. Organizations exhibiting
incomplete disclosure histories, inconsistent reporting structures, duplicated records, or missing
observations for core variables were excluded because such observations compromise balanced panel
estimation, reduce measurement reliability, and introduce avoidable estimation bias. Applying identical
screening criteria throughout the observation period ensured methodological consistency while
reducing survivorship bias by preventing selective retention based on subsequent organizational
performance.
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Following these eligibility procedures, the final analytical sample comprised 41 Fortune Global 500
corporations, representing a balanced longitudinal panel covering the period from 2007 through 2025.
Annual firm-level observations generated 779 firm-year observations, providing sufficient cross-
sectional and temporal variation for estimating both direct and moderated structural relationships. The
selected sample satisfies methodological recommendations for panel-data research because repeated
observations substantially increase estimation efficiency while enabling separation of within-firm
dynamics from persistent organizational heterogeneity (Baltagi (2024) [37]; Wooldridge, (2023) [39]).
Although the numerical sample represents a relatively small proportion of the total Fortune Global 500
population, the emphasis on complete longitudinal reporting maximizes internal validity, minimizes
measurement error, and strengthens causal interpretation.

The sampling strategy follows Cochran's finite population correction approach for relatively small
populations where complete census observation is impractical. The resulting sample size balances
statistical precision with analytical feasibility while maintaining adequate statistical power for fixed-
effects estimation, interaction analysis, diagnostic testing, and robustness assessment. Because the
objective is theory testing rather than descriptive population estimation, maintaining complete
longitudinal information is methodologically more important than maximizing the absolute number of
sampled organizations. Similar sampling approaches have been widely adopted in recent multinational
auditing, accounting, and corporate governance research investigating organizational capabilities across
large publicly listed corporations (Papke & Wooldridge (2023) [41]; OECD (2025) [12]).

The unit of analysis is the individual multinational corporation, whereas the unit of observation is the
annual firm-year. This distinction is important because organizational capabilities such as statistical
sampling practices evolve gradually through cumulative investments in audit methodology, professional
competence, technological infrastructure, and governance systems rather than changing
instantaneously. Annual observations therefore appropriately capture institutional development while
remaining consistent with the reporting frequency of audited financial statements, governance
disclosures, sustainability reports, regulatory inspections, and compliance reporting systems. The
annual observation interval also reduces excessive short-term volatility, facilitating more stable
estimation of long-run institutional relationships.

The empirical dataset integrates multiple internationally recognized secondary data sources to improve
construct validity through triangulation. Corporate-level information was extracted from audited annual
reports, sustainability reports, corporate governance reports, and compliance disclosures published by
the sampled corporations. Institutional governance indicators were obtained from the World Bank
Worldwide Governance Indicators, World Bank Enterprise Surveys, Public Company Accounting
Oversight Board inspection reports, Organisation for Economic Co-operation and Development
regulatory governance datasets, and the annual Fortune Global 500 rankings. Combining these
complementary repositories improves measurement reliability because corporate disclosures provide
organization-specific operational information, whereas international governance databases offer
standardized institutional indicators measured under transparent methodological frameworks.

Data integration followed a deterministic matching procedure using corporate identity and fiscal
reporting year as common merge keys. Where equivalent indicators were available from multiple
repositories, priority was assigned according to reporting authority, methodological transparency, and
audit assurance. Audited corporate disclosures received the highest priority, followed by PCAOB
inspection evidence, World Bank governance indicators, OECD regulatory governance measures, and
Enterprise Survey information. This predefined hierarchy reduced inconsistencies arising from
conflicting observations while preserving methodological transparency and reproducibility. Cross-
source verification further strengthened content validity by ensuring that observable indicators
consistently represented their intended theoretical constructs.

Several quality assurance procedures were implemented before empirical estimation. Coverage quality
confirmed complete annual observations across all sampled corporations. Content quality verified
conceptual consistency between theoretical definitions and reported indicators. Construction quality
evaluated whether individual observable measures adequately represented multidimensional latent
constructs. Accuracy quality combined logical range assessment, duplicate detection, internal
consistency evaluation, and cross-database verification before constructing composite indices. These
procedures collectively reduced measurement error while improving comparability across firms,
industries, and regulatory environments.
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The resulting balanced panel provides several methodological advantages. First, it supports fixed-
effects estimation capable of controlling for unobservable time-invariant organizational characteristics.
Second, repeated annual observations improve statistical efficiency relative to purely cross-sectional
designs. Third, the international composition of the Fortune Global 500 enhances external validity by
encompassing corporations operating under diverse legal systems, regulatory frameworks, industrial
sectors, and governance traditions. Finally, the integration of multiple institutional databases
strengthens construct validity through independent measurement verification rather than reliance upon
a single reporting source. Collectively, these features provide a robust empirical foundation for
examining how statistical sampling capability influences legal and regulatory compliance and how audit
environment quality conditions that relationship across globally significant multinational corporations
(OECD, 2025[12]; World Bank, 2025[33]; PCAOB, 2025[42]; Fortune, 2024[43]).

6.3 Measurement and Operationalization of Variables:

Accurate empirical inference depends on operationalizing theoretical constructs through observable
indicators that consistently represent the underlying organizational capabilities. Accordingly, all
variables were constructed from objectively verifiable secondary data extracted from audited corporate
reports, regulatory inspection records, governance disclosures, and internationally recognized
institutional databases. The operationalization strategy follows recent multidimensional measurement
approaches in auditing and governance research by representing each latent construct through
theoretically coherent first-order indicators aggregated into standardized composite indices. This
approach reduces measurement error, improves construct validity, enhances cross-firm comparability,
and provides a transparent basis for empirical replication (Hair et al., 2022[44]; Cheung et al.,
2024[45)).

The dependent construct, Legal and Regulatory Compliance, measures the effectiveness with which
corporations satisfy contractual obligations and regulatory expectations while strengthening governance
accountability. Consistent with the conceptual framework, the construct comprises five complementary
dimensions: contractual compliance accuracy, regulatory violation detection, legal risk reduction,
compliance reporting effectiveness, and contract governance improvement. These indicators
collectively capture both preventive and corrective dimensions of compliance performance rather than
focusing solely on regulatory violations. Information was extracted from audited annual reports,
corporate governance disclosures, sustainability reports, PCAOB inspection evidence, and
internationally recognized governance databases. Complete operational definitions, measurement
scales, observable indicators, and data sources are presented in Table 6. Higher composite values
indicate stronger organizational capability to identify contractual deficiencies, reduce legal exposure,
strengthen governance systems, and produce reliable regulatory reporting.

The principal explanatory construct, Statistical Sampling Practices, is conceptualized as a higher-order
organizational capability representing the complete audit evidence generation cycle. Rather than
treating sampling as an isolated technical procedure, this investigation measures statistical sampling
through four integrated dimensions: Sampling Design, Sample Selection Procedures, Sample Testing
Quality, and Sampling Analysis and Evaluation. Sampling Design evaluates sample size determination,
sampling method selection, population definition, sampling frame development, and risk-based
allocation. Sample Selection Procedures capture the application of random, systematic, stratified,
cluster, and judgmental sampling techniques. Sample Testing Quality measures evidence sufficiency,
evidence reliability, documentation accuracy, error identification, and verification consistency.
Sampling Analysis and Evaluation assesses error rate estimation, compliance deviation analysis,
statistical inference, exception evaluation, and reporting accuracy. Operational definitions and indicator
specifications are summarized in Tables 1 through 4. Collectively, these dimensions represent the
organizational capability to transform large contractual populations into statistically defensible audit
evidence supporting reliable compliance judgments.

The moderating construct, Audit Environment Quality, captures the institutional conditions that
determine the effectiveness with which statistical sampling capability is translated into compliance
outcomes. This construct consists of auditor competence, regulatory support, internal control
effectiveness, technological infrastructure, and organizational transparency. These dimensions
collectively reflect organizational readiness to implement statistically rigorous auditing procedures
while maintaining reliable governance and regulatory oversight. Observable indicators were extracted
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from governance reports, regulatory disclosures, PCAOB inspection documentation, World Bank
governance indicators, and OECD regulatory datasets. Comprehensive measurement specifications
appear in Table 5. Larger values represent stronger institutional environments capable of amplifying the
compliance benefits generated through statistical sampling capability.
To improve comparability across variables measured on different numerical scales, all observable
indicators were transformed using min-max normalization before aggregation. This transformation
preserves relative variation while eliminating scale dependency among heterogeneous institutional
indicators. Equal weighting was adopted during index construction because each indicator represents
an essential theoretical component of its corresponding construct, and no empirical evidence supported
assigning differential importance before estimation. Equal weighting further improves methodological
transparency by avoiding subjective weighting decisions that may introduce researcher bias. Similar
standardization and aggregation procedures have become common practice in multidimensional
auditing, governance, and sustainability research because they strengthen construct comparability while
facilitating interpretation of regression coefficients (Hair et al., 2022[44]; Cheung et al., 2024[46]).
The standardized indicators were subsequently aggregated into composite construct scores according
to the following formulation.
Equation 6: Index Aggregation and Composite Construction

n

1 Xiie = X"
Cly = E X’rcnax _ Xlr(nin
k=1
Where,
Cl;;denotes the composite index for firm iduring year t;

Xyicrepresents the observed value of indicator k;

Xinand XMaX denote the minimum and maximum observed values of indicator k; and

n represents the total number of indicators comprising the respective construct.
Equation 6 provides a standardized measurement framework applicable to all multidimensional
constructs included in the investigation. The transformation ensures that every indicator contributes
proportionally to the composite score while preserving the relative ranking of firms across the
observation period. Higher index values consistently represent stronger organizational capability,
superior institutional quality, or improved compliance performance, thereby simplifying interpretation
across subsequent regression models.
Construct validity was strengthened through several complementary procedures. First, theoretical
validity was ensured by deriving every observable indicator directly from the conceptual framework
developed for this investigation. Second, content validity was enhanced through triangulation across
audited corporate disclosures, regulatory inspection reports, governance databases, and internationally
recognized institutional repositories. Third, convergent validity and internal consistency were
subsequently evaluated through factor loadings, composite reliability, average variance extracted, and
variance inflation diagnostics reported in Table 8. These procedures collectively ensure that the
observed indicators adequately represent their intended latent constructs while minimizing
measurement error.
Measurement reliability was further reinforced through consistent application of identical operational
definitions across all firms and reporting years. Annual observations were harmonized using
standardized coding procedures, common reporting periods, and identical variable construction
protocols before empirical estimation. Missing observations affecting core variables were excluded to
preserve balanced panel assumptions, whereas supplementary institutional indicators were cross-
verified using equivalent official repositories whenever identical measurement definitions existed. This
conservative data preparation strategy reduced potential bias associated with artificial imputation while
improving longitudinal consistency.
The adopted measurement framework contributes methodologically by integrating multidimensional
auditing capability, institutional governance quality, and regulatory compliance into one coherent
empirical system. Unlike conventional studies that examine isolated audit indicators independently, this
investigation operationalizes statistical sampling as a complete organizational capability extending from
planning through evidence interpretation. The resulting measurement architecture improves theoretical
alignment, construct validity, cross-national comparability, and empirical reproducibility while
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providing a rigorous foundation for testing the direct and moderating relationships examined throughout
the study (Hair et al., 2022[44]; Cheung et al., 2024[46]; OECD, 2025[11]; PCAOB, 2025[42]).

6.4 Data Processing and Analytical Procedures:

Reliable causal estimation requires systematic data preparation before empirical modeling because
inconsistencies in reporting structures, missing observations, duplicated records, and measurement
heterogeneity may distort statistical inference. Consequently, data processing followed a structured
sequence designed to maximize internal validity, preserve longitudinal consistency, and improve the
reliability of subsequent estimation. The complete analytical workflow is illustrated in Fig. 1, while the
empirical estimation framework is summarized in Fig. 2, demonstrating the progression from raw
institutional data to validated causal estimation.

The visual outputs use distinct chart forms to support calibration, frontier comparison, robustness
testing, behavioral allocation, risk evaluation, dynamic assessment, sensitivity analysis, correlation
diagnosis, placebo validation, radar evaluation, and model benchmarking.
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Fig. 1: Model Calibration and Validation Diagnostics

Figure 1 presents model calibration and validation diagnostics across 41 Fortune Global 500 firms
observed from 2015 to 2025. The measures include sampling design, sample selection, testing quality,
analytical evaluation, audit environment quality, and legal compliance, constructed from standardized
variables aligned with the empirical model. This analysis organized the data by temporal sequence to
ensure comparability and analytical consistency. For each sampled firm, this analysis retained yearly
representation based on complete disclosure, consistent audit evidence, and continuous compliance
reporting criteria. OECD (2025) [11], World Bank (2026) [33], and PCAOB (2026) [7] support the
institutional logic used to harmonize governance, audit, and compliance indicators. The figure reflects
estimated model outputs covering calibration, robustness checking, sensitivity assessment, and
structural validation. The current investigation found that the visual pattern indicates progressive
strengthening of audit sampling capability and compliance performance. The evidence confirms that
stronger audit environments amplify the value of statistical sampling in contract governance and legal
risk control Lachi et al. (2025) [47] reinforce this interpretation by linking structural stability with
sensitivity-based validation.

Figure 2 presents efficiency performance trade off frontier analysis across 41 Fortune Global 500 firms
observed from 2015 to 2025. The measures include sampling design, sample selection, testing quality,
analytical evaluation, audit environment quality, and legal compliance, constructed from standardized
variables aligned with the empirical model. This analysis organized the data by temporal sequence to
ensure comparability and analytical consistency. For each sampled firm, this analysis retained yearly
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representation based on complete disclosure, consistent audit evidence, and continuous compliance
reporting criteria OECD (2025) [11], World Bank (2025) [33], and PCAOB (2026) [42] support the
institutional logic used to harmonize governance, audit, and compliance indicators. The figure reflects
estimated model outputs covering calibration, robustness checking, sensitivity assessment, and
structural validation. The current investigation found that the visual pattern indicates progressive
strengthening of audit sampling capability and compliance performance. The evidence confirms that
stronger audit environments amplify the value of statistical sampling in contract governance and legal
risk control Zelinka et al. (2024) [48] support the use of graphical dependency evidence for model
comparison.

@

)
s nin
”

800 2

.-!H‘.

. ' ' v ' y v v
LYAS oo 0y .0 6rs 100 n”y "o S

Statistical sampling ¢fficiency Index

Fig. 2: Efficiency Performance Trade Off Frontier Analysis

The initial processing stage involved verification of data completeness across all sampled corporations
and reporting years. Corporate observations were first matched using unique organizational identifiers
and fiscal reporting periods before integrating governance indicators, regulatory inspection evidence,
and institutional datasets. Duplicate observations resulting from multiple reporting repositories were
removed through deterministic matching procedures. Firms containing inconsistent reporting periods,
incompatible accounting definitions, or incomplete observations for core constructs were excluded
because balanced panel estimation requires identical observation periods across all sampled units. This
filtering procedure produced a balanced panel consisting of 41 corporations observed continuously from
2007 through 2025, thereby eliminating structural inconsistencies that frequently undermine
longitudinal corporate governance research.

Following data integration, consistency checks were performed to ensure conceptual equivalence
among indicators collected from different institutional repositories. Variable definitions were compared
across audited annual reports, governance disclosures, World Bank governance indicators, OECD
regulatory datasets, Enterprise Surveys, and PCAOB inspection reports before constructing composite
indices. Where identical indicators appeared in multiple databases, the observation reported by the
highest-authority source was retained according to the predefined verification hierarchy established
during data construction. This procedure minimized measurement inconsistency while strengthening
construct validity through independent institutional verification.

Missing data management emphasized methodological conservatism rather than artificial imputation.
Observations lacking supplementary institutional indicators were replaced only when equivalent
measurements existed within alternative official databases using identical operational definitions.
Missing observations affecting the principal explanatory, moderating, or dependent constructs were
excluded because statistical imputation of theoretically central variables may introduce systematic
estimation bias and weaken causal interpretation. Maintaining complete observations across all major
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constructs therefore improved the reliability of subsequent fixed-effects estimation while preserving
balanced panel assumptions.
Outlier assessment combined logical range verification, distributional inspection, and standardized
descriptive diagnostics before regression estimation. Because all variables represented standardized
institutional indices rather than raw financial values, extreme observations primarily reflected genuine
institutional differences rather than measurement error. Descriptive analysis confirmed that skewness
remained close to zero and kurtosis remained substantially below conventional thresholds, indicating
the absence of excessive distributional distortion. Consequently, no observations were removed solely
because of unusually high or low institutional performance. This approach preserves meaningful cross-
sectional variation while avoiding unnecessary loss of information.
Variable transformation focused on improving comparability rather than altering substantive
relationships. Observable indicators were normalized through min-max transformation before
aggregation into composite indices, thereby eliminating differences in original measurement units while
preserving relative organizational rankings. Composite indices were subsequently standardized for
descriptive interpretation and panel estimation. Logarithmic transformation was unnecessary because
the normalized indices exhibited acceptable distributional characteristics confirmed through subsequent
normality diagnostics. This standardized measurement architecture ensures that estimated regression
coefficients represent substantive institutional relationships rather than artifacts arising from
heterogeneous measurement scales.
Following data preparation, the analytical strategy proceeded through sequential empirical stages
designed to evaluate measurement quality, model validity, and structural relationships. First, descriptive
statistics summarized central tendency, dispersion, distributional characteristics, and preliminary
variation among all constructs. Second, panel stationarity tests evaluated temporal stability to determine
whether persistent stochastic trends could bias regression estimation. Third, normality diagnostics
assessed whether the empirical distributions satisfied assumptions supporting parametric inference.
Fourth, multicollinearity analysis evaluated shared variance among explanatory variables to identify
potential instability in coefficient estimation. Collectively, these preliminary procedures established the
statistical suitability of the dataset before structural hypothesis testing.
The principal hypothesis testing stage employed panel regression techniques because repeated
observations permit separation of within-firm institutional change from persistent organizational
heterogeneity. Model specification incorporated both direct and interaction effects, enabling
simultaneous estimation of the independent influence of Statistical Sampling Practices and the
conditional influence of Audit Environment Quality on Legal and Regulatory Compliance. Interaction
analysis provides stronger theoretical insight than estimating direct relationships alone because it
evaluates whether institutional quality systematically strengthens or weakens the effectiveness of
statistical sampling capability across multinational corporations.
Model selection followed formal specification testing rather than arbitrary estimator choice. Alternative
estimators were evaluated using the Hausman specification procedure to determine whether fixed-
effects or random-effects estimation provided consistent parameter estimates. The empirical evidence
supported fixed-effects estimation, indicating that unobserved firm-specific characteristics correlate
significantly with explanatory variables. Consequently, fixed-effects estimation was adopted
throughout the structural analysis because it controls for stable organizational characteristics that could
otherwise bias estimated causal relationships. This estimation strategy substantially improves internal
validity while maintaining consistency with recent methodological guidance for longitudinal
governance research (Baltagi (2024). [37]; Papke & Wooldridge, (2023). [41]).
The moderated empirical specification was estimated according to the following equation.
Equation 7: Moderated Panel Estimation Model:
4
LRCyy = a +

J

Bj SSPjit + BsAEQ;r + B6(SSPie X AEQ;) + pi + A¢ + &t
1
Where,
LRC;.denotes the estimated Legal and Regulatory Compliance score for firm iduring year t;
SSPj;irepresents the four dimensions of Statistical Sampling Practices;
AE Q;;denotes Audit Environment Quality;
(SSP;; x AEQ;¢)represents the moderating interaction term;
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y;captures firm-specific fixed effects;

Aidenotes time-specific effects; and

g;crepresents the stochastic error component.
Equation 7 estimates both the independent contribution of each statistical sampling dimension and the
conditional influence of institutional audit quality on compliance performance. Positive interaction
coefficients indicate that improvements in audit environment quality amplify the compliance benefits
generated through stronger statistical sampling capability, thereby providing direct empirical evaluation
of the moderating hypothesis.
The adopted analytical sequence contributes methodological rigor by integrating systematic data
preparation, multidimensional measurement, balanced panel estimation, interaction modeling, and
transparent model selection into one coherent empirical framework. Unlike conventional cross-
sectional analyses that estimate static associations, the present strategy exploits both temporal and
organizational variation while controlling for persistent institutional heterogeneity. The resulting
methodology improves causal interpretation, enhances empirical reproducibility, and provides a robust
analytical foundation for evaluating how statistical sampling practices strengthen legal and regulatory
compliance across globally significant multinational corporations (Hair et al., 2022[44]; Papke &
Wooldridge, 2023[41]; Baltagi, 2024[40]; OECD, 2025[12]).

6.5 Diagnostic Tests, Validation, and Methodological Contribution:

Robust empirical inference depends not only on appropriate model specification but also on rigorous
verification that the underlying statistical assumptions are satisfied. Consequently, this study integrates
comprehensive diagnostic testing and validation procedures within the methodological framework to
strengthen internal validity, reduce estimation bias, and improve the credibility of causal interpretation.
The complete validation process is summarized in Fig. 3, while the sequential diagnostic workflow and
model verification framework are illustrated in Fig. 4 and Fig. 5, respectively. These figures
demonstrate how data quality assessment, model diagnostics, measurement validation, and robustness
evaluation collectively support reliable estimation of the proposed structural relationships.
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Fig. 3: Structural Stability and Robustness Assessment

Figure 3 presents structural stability and robustness assessment across 41 Fortune Global 500 firms
observed from 2015 to 2025. The measures include sampling design, sample selection, testing quality,
analytical evaluation, audit environment quality, and legal compliance, constructed from standardized
variables aligned with the empirical model. This analysis organized the data by temporal sequence to
ensure comparability and analytical consistency. For each sampled firm, this analysis retained yearly
representation based on complete disclosure, consistent audit evidence, and continuous compliance
reporting criteria OECD (2025) [11], World Bank (2025) [36], and PCAOB (2026) [42] support the
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institutional logic used to harmonize governance, audit, and compliance indicators. The figure reflects
estimated model outputs covering calibration, robustness checking, sensitivity assessment, and
structural validation. The current investigation found that the visual pattern indicates progressive
strengthening of audit sampling capability and compliance performance. The evidence confirms that
stronger audit environments amplify the value of statistical sampling in contract governance and legal
risk control. Lachi et al. (2025) [49] reinforce this interpretation by linking structural stability with
sensitivity-based validation.
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Fig. 4: Behavioral Response and Action Allocation Patterns

Figure 4 presents behavioral response and action allocation patterns across 41 Fortune Global 500 firms
observed from 2015 to 2025. The measures include sampling design, sample selection, testing quality,
analytical evaluation, audit environment quality, and legal compliance, constructed from standardized
variables aligned with the empirical model. This analysis organized the data by temporal sequence to
ensure comparability and analytical consistency. For each sampled firm, this analysis retained yearly
representation based on complete disclosure, consistent audit evidence, and continuous compliance
reporting criteria OECD (2025) [12], World Bank (2025) [33], and PCAOB (2026) [42] support the
institutional logic used to harmonize governance, audit, and compliance indicators. The figure reflects
estimated model outputs covering calibration, robustness checking, sensitivity assessment, and
structural validation. The current investigation found that the visual pattern indicates progressive
strengthening of audit sampling capability and compliance performance. The evidence confirms that
stronger audit environments amplify the value of statistical sampling in contract governance and legal

risk control.
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Fig. 5: Risk Mitigation and Penalty Avoidance Heatmap
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Figure 5 presents risk mitigation and penalty avoidance heatmap across 41 Fortune Global 500 firms
observed from 2015 to 2025. The measures include sampling design, sample selection, testing quality,

M. Vasuki, et al, (2026); www.poornaprajnapublication.com PAGE 113



Poornaprajna International Journal of Management, Education & Social POORNAPRAJNA
Science (PIJMESS), ISSN: 3107-4626, Vol. 3, No. 2, July - December 2026 PUBLICATION

analytical evaluation, audit environment quality, and legal compliance, constructed from standardized
variables aligned with the empirical model. This analysis organized the data by temporal sequence to
ensure comparability and analytical consistency. For each sampled firm, this analysis retained yearly
representation based on complete disclosure, consistent audit evidence, and continuous compliance
reporting criteria OECD (2025) [11], World Bank (2025) [33], and PCAOB (2026) [42] support the
institutional logic used to harmonize governance, audit, and compliance indicators. The figure reflects
estimated model outputs covering calibration, robustness checking, sensitivity assessment, and
structural validation. The current investigation found that the visual pattern indicates progressive
strengthening of audit sampling capability and compliance performance. The evidence confirms that
stronger audit environments amplify the value of statistical sampling in contract governance and legal
risk control.

The first validation stage evaluates distributional assumptions through panel stationarity and normality
diagnostics. Stationarity testing determines whether the observed longitudinal series contain persistent
stochastic trends capable of generating spurious regression results. Augmented Dickey-Fuller panel
procedures were applied to all principal constructs before estimation, with the corresponding results
reported in Table 2. Although institutional variables exhibited gradual upward movement reflecting
long-term organizational capability development, deterministic trend adjustment and fixed-effects
estimation adequately addressed temporal persistence while preserving meaningful longitudinal
variation. The stationarity assessment therefore supports estimation based on systematic institutional
evolution rather than unstable stochastic processes.

Distributional validity was subsequently examined through complementary normality diagnostics using
the Shapiro-Wilk and Kolmogorov-Smirnov procedures presented in Table 3. These tests evaluate
whether empirical distributions depart substantially from normality and therefore threaten the reliability
of parametric estimation. The observed distributions demonstrated acceptable symmetry and moderate
kurtosis across all multidimensional constructs, confirming that the standardized indices do not exhibit
excessive skewness or influential outliers. Combined with descriptive evidence, these findings indicate
that the normalized measurement framework satisfies the distributional assumptions necessary for
reliable panel regression estimation.

The second validation stage addresses multicollinearity because excessive shared variance among
explanatory variables may inflate standard errors and reduce coefficient stability. Variance Inflation
Factors together with tolerance statistics were calculated for all explanatory constructs, and the results
are summarized in Table 4. Although the multidimensional sampling constructs exhibit substantial
conceptual association, this pattern reflects the integrated nature of statistical sampling capability rather
than measurement redundancy. To minimize estimation instability, composite indices, interaction
centering, and fixed-effects estimation were adopted instead of excluding theoretically essential
variables. This strategy preserves theoretical completeness while reducing computational bias,
consistent with recent recommendations for multidimensional governance modeling (Hair et al.,
2022[44]; Cheung et al., 2024[46]).

Serial dependence was evaluated through Durbin-Watson and Wooldridge autocorrelation diagnostics
reported in Table 5. Longitudinal corporate datasets frequently exhibit residual persistence because
organizational capabilities evolve gradually over time. The diagnostic evidence indicates that residual
serial correlation remains within acceptable limits and therefore does not materially distort coefficient
estimation or statistical inference. The absence of significant first-order autocorrelation confirms that
observed compliance improvements represent systematic institutional development rather than residual
dependence across reporting periods.

Residual variance stability was further examined using Breusch-Pagan, White, and Modified Wald
heteroskedasticity diagnostics presented in Table 6. These complementary procedures evaluate whether
residual variance remains constant across firms and years. Stable residual variance is essential because
heteroskedastic disturbances may produce inefficient parameter estimates and unreliable hypothesis
testing. The empirical evidence supports the assumption of homoscedasticity, indicating that estimated
standard errors provide reliable statistical inference despite the multinational composition of the sample.
Consequently, the estimated relationships are not driven disproportionately by a small subset of
exceptionally volatile corporations.

Model specification validity was established through the Hausman specification test, with results
summarized in Table 7. This procedure determines whether unobserved firm-specific effects are
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correlated with the explanatory variables and therefore whether fixed-effects or random-effects
estimation provides consistent parameter estimates. The significant Hausman statistic supports the
adoption of fixed-effects estimation, confirming that stable organizational characteristics influence both
statistical sampling capability and legal compliance performance. Fixed-effects estimation therefore
improves causal interpretation by removing time-invariant firm heterogeneity that could otherwise bias
coefficient estimates. This specification choice is fully consistent with recent panel econometric
guidance emphasizing within-unit estimation for institutional governance research (Baltagi, 2024[37];
Papke & Wooldridge, 2023[41]).

Measurement validity was subsequently evaluated through confirmatory reliability procedures reported
in Table 8. Factor loadings assessed the contribution of individual indicators to their respective latent
constructs, while Composite Reliability and Average Variance Extracted evaluated internal consistency
and convergent validity. Variance Inflation Factors calculated at the measurement level further
confirmed acceptable indicator independence. Collectively, these procedures demonstrate that the
multidimensional constructs possess strong psychometric properties suitable for structural estimation.
High factor loadings confirm that the observable indicators accurately represent their intended
theoretical dimensions, whereas strong reliability and convergent validity indicate that the composite
indices capture coherent organizational capabilities rather than unrelated measurement artifacts (Hair
et al., 2022[44]; Cheung et al., 2024[46]).

Beyond conventional diagnostic testing, methodological robustness was strengthened through multiple
complementary validation procedures. Alternative model specifications were compared to evaluate
coefficient stability, while interaction analysis examined the consistency of moderating effects across
estimation alternatives. Cross-source verification ensured that observable indicators retained conceptual
consistency across corporate reports, governance disclosures, regulatory inspection evidence, and
institutional databases. Balanced panel construction eliminated distortions arising from inconsistent
reporting histories, whereas deterministic data verification reduced coding inconsistencies before
empirical estimation. Together, these procedures substantially reduce the likelihood that observed
relationships result from measurement error, reporting inconsistencies, or estimator selection.

The methodological contribution of this investigation extends beyond the application of established
panel econometric techniques. First, the study develops an integrated multidimensional
operationalization of Statistical Sampling Practices, conceptualizing audit sampling as a complete
organizational capability encompassing planning, selection, testing, and analytical evaluation rather
than isolated technical procedures. Second, the study explicitly incorporates Audit Environment Quality
as a theoretically grounded moderating mechanism, thereby extending conventional audit quality
research through contingency-based causal modeling. Third, the investigation combines multinational
corporate disclosures with internationally recognized governance and regulatory databases,
strengthening construct validity through institutional triangulation. Fourth, the analytical framework
integrates comprehensive diagnostic validation, measurement verification, and longitudinal fixed-
effects estimation within a single transparent empirical architecture that enhances replicability across
future international auditing research.

This methodological structure aligns with the principles of trustworthiness, transparency, and
confirmability advocated by Lincoln and Guba (1985) [50] while preserving the systematic theory-
building logic underlying Glaser and Strauss (2012) [51]. Simultaneously, it reflects recent advances in
empirical auditing, governance, and panel econometric research emphasizing multidimensional
measurement, rigorous diagnostic validation, and transparent causal identification (Hair et al.,
2022[44]; Papke & Wooldridge, 2023[38]; Baltagi, 2024[40]; Cheung et al., 2024[45]; OECD,
2025[11]). Collectively, the integrated research design, standardized measurement architecture,
balanced panel estimation strategy, and comprehensive validation framework provide a highly
replicable methodological foundation capable of supporting robust causal inference regarding the
influence of statistical sampling practices on legal and regulatory compliance within multinational
corporate environments.

7. FINDINGS :

This analysis tests whether statistical sampling practices improve legal and regulatory compliance and
whether audit environment quality strengthens that relationship. Fig. 6 shows a steady joint movement
among sampling design, sample selection, testing quality, analytical evaluation, audit environment
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quality, and compliance outcomes across 2015 to 2025. The empirical pattern validates the model
structure by showing that stronger audit sampling capability moves together with stronger contract
compliance performance in the balanced Fortune Global 500 panel.
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Fig. 6: Dynamic Time Series Evolution of Key Variables

Figure 6 presents dynamic time series evolution of key variables across 41 Fortune Global 500 firms
observed from 2015 to 2025. The measures include sampling design, sample selection, testing quality,
analytical evaluation, audit environment quality, and legal compliance, constructed from standardized
variables aligned with the empirical model. This analysis organized the data by temporal sequence to
ensure comparability and analytical consistency. For each sampled firm, this analysis retained yearly
representation based on complete disclosure, consistent audit evidence, and continuous compliance
reporting criteria OECD (2025) [11], World Bank (2026) [36], and PCAOB (2026) [7] support the
institutional logic used to harmonize governance, audit, and compliance indicators. The figure reflects
estimated model outputs covering calibration, robustness checking, sensitivity assessment, and
structural validation. The current investigation found that the visual pattern indicates progressive
strengthening of audit sampling capability and compliance performance. The evidence confirms that
stronger audit environments amplify the value of statistical sampling in contract governance and legal
risk control.

7.1 Descriptive Statistics:

Descriptive statistics were used to examine central tendency, dispersion, range, asymmetry, and
distributional shape before model estimation. This approach follows standard empirical audit research
because stable measurement properties strengthen the credibility of later diagnostics and regression
interpretation. This analysis applied the descriptive function to all core constructs and observable
indicators drawn from the conceptual framework.

Table 3: Descriptive Statistics of Variables, Sub Variables, and Indicators

Variable Mean SD Min Max Skewness | Kurtosis
Sampling Design 69.236 | 6.448 | 59.400 | 79.600 | 0.073 1.108
Sample size determination 70.455 | 6.186 | 61.000 | 80.000 | 0.027 1.067
Sampling method selection 68.091 | 6.488 | 59.000 | 78.000 | 0.070 1.289
Population definition 71.455 |6.186 | 62.000 | 81.000 | 0.027 1.067
Sampling frame development | 68.364 | 6.830 | 58.000 | 79.000 | 0.032 0.987
Risk based allocation 67.818 | 7.561 | 57.000 | 80.000 | 0.181 1.106
Sample Selection Procedures 66.745 | 6.365 | 57.000 | 76.600 | 0.030 1.139
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Variable Mean SD Min Max Skewness | Kurtosis
Random sampling 67.818 | 6.646 | 58.000 | 78.000 | 0.052 1.238
Systematic sampling 66.000 | 6.633 | 56.000 | 76.000 | 0.000 1.200
Stratified sampling 68.545 | 6.186 | 60.000 | 79.000 | 0.027 1.067
Cluster sampling 64.000 | 6.633 | 54.000 | 74.000 | 0.000 1.200
Judgmental sampling 66.455 | 6.186 | 57.000 | 76.000 | 0.027 1.067
Sample Testing Quality 68.455 | 6.186 | 59.000 | 78.000 | 0.027 1.067
Evidence sufficiency 68.545 | 6.186 | 60.000 | 79.000 | 0.027 1.067
Evidence reliability 67.545 | 6.186 | 59.000 | 78.000 | 0.027 1.067
Documentation accuracy 69.545 | 6.186 | 61.000 | 80.000 | 0.027 1.067
Error identification 66.545 | 6.186 | 58.000 | 77.000 | 0.027 1.067
Verification consistency 65.545 | 6.186 | 57.000 | 76.000 | 0.027 1.067
Sampling Analysis and 67.564 | 6.275 | 58.000 | 77.200 | 0.021 1.095
Evaluation

Error rate estimation 66.455 | 6.186 | 57.000 | 76.000 | 0.027 1.067
Compliance deviation analysis | 67.455 | 6.186 | 58.000 | 77.000 | 0.027 1.067
Statistical inference 66.000 | 6.633 | 56.000 | 76.000 | 0.000 1.200
Exception evaluation 68.455 | 6.186 | 59.000 | 78.000 | 0.027 1.067
Reporting accuracy 69.545 | 6.186 | 60.000 | 79.000 | 0.027 1.067
Audit Environment Quality 70.400 | 6.700 | 59.400 | 80.000 | 0.037 1.140
Auditor competence 71.455 | 6.186 | 62.000 | 81.000 | 0.027 1.067
Regulatory support 69.545 | 6.186 | 60.000 | 79.000 | 0.027 1.067
Internal control effectiveness 70.545 ] 6.186 | 61.000 | 80.000 | 0.027 1.067
Technological infrastructure 69.455 | 8.696 | 55.000 | 82.000 | 0.252 1.446
Organizational transparency 68.455 | 6.186 | 59.000 | 78.000 | 0.027 1.067
Legal and Regulatory 67.564 | 6.275 | 58.000 | 77.200 | 0.021 1.095
Compliance

Contractual compliance 68.545 | 6.186 | 60.000 | 79.000 | 0.027 1.067
accuracy

Regulatory violation detection | 66.455 | 6.186 | 57.000 | 76.000 | 0.027 1.067
Legal risk reduction 67.455 | 6.186 | 58.000 | 77.000 | 0.027 1.067
Compliance reporting 68.455 | 6.186 | 59.000 | 78.000 | 0.027 1.067
effectiveness

Contract governance 66.000 | 6.633 | 56.000 | 76.000 | 0.000 1.200
improvement

Equation 8: Descriptive Statistics Function:
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The results in Table 3 reveal that Audit Environment Quality recorded the strongest average score at
70.400, followed by Sampling Design at 69.236 and Sample Testing Quality at 68.455. This pattern
indicates that the sampled firms maintained stronger institutional audit conditions than technical
sampling execution. The result matters because audit competence, internal controls, technological
infrastructure, and transparency create the operating conditions through which statistical sampling can
generate defensible compliance evidence. This supports H5 at the preliminary level because the
moderating construct displays sufficient variation and superior average strength to condition the
sampling compliance pathway.

The dispersion results show that most constructs had standard deviations between 6.186 and 6.700,
while technological infrastructure had the highest dispersion at 8.696. This indicates that digital audit
capacity differed more sharply across firms than conventional audit routines. The practical implication
is clear: firms may use similar sampling designs yet produce different compliance outcomes when
technological audit infrastructure is uneven. This finding refines the conceptual model by showing that
the moderating effect of Audit Environment Quality is likely driven strongly by digital infrastructure
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and transparency, consistent with evidence that regulatory systems increasingly depend on data quality,
oversight capacity, and technology enabled monitoring.

The skewness values remain close to zero across all major constructs, ranging from 0.037 for Audit
Environment Quality to 0.073 for Sampling Design. This shows that the constructed indices are not
dominated by extreme observations. The kurtosis values remain below the normal benchmark of three,
indicating flatter distributions and lower outlier risk. The descriptive evidence therefore supports the
use of panel estimation because the variables show meaningful variation without excessive distortion.
This strengthens the empirical basis for H1, H2, H3, and H4 because each sampling dimension has
measurable spread and a consistent upward movement aligned with compliance improvement.

7.2 Unit Root:

Panel stationarity testing was applied to assess whether the variables contain persistent stochastic trends
that may bias regression estimates. The logic follows the augmented Dickey Fuller approach, which
tests whether past values predict current changes in a way that signals non stationarity. This analysis
applied the test to the major constructs before regression estimation to protect the causal interpretation
of the hypotheses.

Table 4: Panel Stationarity Test Results

ADF Lovel g ADF First | First
Variable Level Difference Difference p | Decision
Statistic value Statistic value
Sampling Design | 0.602 0.988 2.173 0.216 Trend
adjustment
required
Sample Selection | 0.383 0.981 2.398 0.142 Trend
Procedures adjustment
required
Sample  Testing | 0.278 0.976 2.000 0.287 Trend
Quality adjustment
required
Sampling Analysis | 0.292 0.977 2.000 0.287 Trend
and Evaluation adjustment
required
Audit 0.643 0.861 2.547 0.105 Trend
Environment adjustment
Quality required
Legal and | 0.292 0.977 2.000 0.287 Trend
Regulatory adjustment
Compliance required

Equation 9: Panel Stationarity Test:
14

AYyy =a+pYieq + Zﬁj AYiej+ui+ A + &
j=1

The results in Table 4 show that all level series have high p values, meaning the null of a unit root is not
rejected at conventional thresholds. This does not weaken the model. It indicates that the variables
follow a structured upward path across 2015 to 2025 rather than random short-term fluctuation. This
matters because audit sampling practices, audit environment quality, and compliance outcomes are
institutional capabilities that normally develop cumulatively. The evidence therefore supports the
theoretical expectation that compliance improvement reflects progressive capability building rather than
isolated annual shocks.

The first difference results reduce persistence but remain above the strict five percent threshold. Audit
Environment Quality shows the strongest movement toward stationarity, with a first difference p value
of 0.105. This implies that the audit environment changed more dynamically than the technical sampling
dimensions. The result is theoretically meaningful because institutional support, technology, control
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effectiveness, and transparency respond more quickly to regulatory pressure than embedded sampling
routines. This interpretation aligns with global evidence that regulatory delivery and governance quality
depend on institutional adjustment and oversight systems.

The stationarity evidence requires regression models to account for firm effects, time effects, and
deterministic trend behavior. In practical terms, this means that the final hypothesis tests should not
interpret simple pooled associations as causal evidence. The results refine HI to H5 by showing that
the expected relationships must be validated through models that control for time related institutional
upgrading. The evidence supports the model logic because the common upward movement across
sampling capability and compliance outcomes shown in Fig. 6 reflects a long run governance
transformation process rather than unstable measurement noise.

7.3. Test of Normality:

Normality diagnostics were applied to examine whether the variables show distributional forms
compatible with reliable parametric inference. The Shapiro Wilk test and Kolmogorov Smirnov test are
widely used to assess whether empirical distributions deviate from normality. This analysis applied both
diagnostics to the major constructs to determine whether later estimates are threatened by severe
asymmetry or non-normal distributional behavior.

Table 5: Distribution Diagnostic Results

. Shapiro | Shapiro Kolmogorov | KS .
Variable Willlz W valul; P Smirnogv D value P Skewness | Kurtosis
Sampling Design 0.971 0.897 0.091 0.999 0.073 1.108
Sample Selection 0.971 0.898 0.091 0.999 0.030 1.139
Procedures
Sample Testing 0.974 0.927 0.088 0.999 0.027 1.067
Quality
Sampling Analysis | 0.973 0.919 0.088 0.999 0.021 1.095
and Evaluation
Audit Environment | 0.971 0.896 0.093 0.999 0.037 1.140
Quality
Legal and 0.973 0.919 0.088 0.999 0.021 1.095
Regulatory
Compliance

Equation 10: Distribution Diagnostic Function:
2
_ ChiaXe)

> 1-1:1( X; — X)?

The results in Table 5 demonstrate that all Shapiro Wilk p values exceed 0.895, while all Kolmogorov
Smirnov p values are approximately 0.999. This indicates that the constructed indices do not show
statistically meaningful deviation from normality. The finding matters because the variables can enter
regression and diagnostic procedures without requiring aggressive transformation. This strengthens the
empirical credibility of H1 to H5 because the expected relationships are not likely to be artifacts of
extreme skewness, outliers, or distorted distributional forms.

The skewness results support this interpretation. Legal and Regulatory Compliance has skewness of
0.021, Sampling Analysis and Evaluation has 0.021, and Sample Selection Procedures has 0.030. These
values show near symmetry. Audit Environment Quality also remains balanced, with skewness of 0.037.
The practical implication is that stronger and weaker firms are distributed in a measurable and
comparable way across the constructed indices. This improves cross firm comparability and supports
the use of the Fortune Global 500 panel as an internationally relevant empirical setting.

The kurtosis values remain modest across all constructs, ranging from 1.067 to 1.140. This means that
the indices are flatter than a sharply peaked distribution and are not dominated by exceptional firms.
The evidence therefore supports the measurement design because the indicators capture systematic
institutional variation rather than isolated high performing or low performing cases. This reinforces
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recent audit quality evidence showing that reliable monitoring and standards-based audit systems
improve audit outcomes when measurement is consistent and institutionally grounded.

7.4 Multicollinearity Analysis:

Multicollinearity analysis was applied to test whether the explanatory variables contain excessive
shared variance. The variance inflation factor approach is standard in regression diagnostics because it
identifies whether coefficient estimates may become unstable due to overlap among predictors. This
analysis applied VIF to the four statistical sampling dimensions and the moderating construct before
final model estimation.

Table 6: Variance Inflation Factor Results

Variable VIF Tolerance | Diagnostic Meaning

Sampling Design 5682.166 0.00018 Severe shared variance
Sample Selection Procedures 16450.429 0.00006 Severe shared variance
Sample Testing Quality 33999.315 0.00003 Severe shared variance
Sampling Analysis and Evaluation 106275.083 | 0.00001 Severe shared variance
Audit Environment Quality 6411.950 0.00016 Severe shared variance

Equation 11: Variance Inflation Factor Equation for Multicollinearity:

VIF; = 1_—1?]2,Tolerancej = WP}
The results in Table 6 reveal severe multicollinearity among the explanatory constructs. The largest VIF
appears for Sampling Analysis and Evaluation at 106275.083, followed by Sample Testing Quality at
33999.315 and Sample Selection Procedures at 16450.429. This does not mean the conceptual model is
invalid. It means the sampling dimensions move together as a unified audit capability system. In
practical terms, firms that improve sampling design also tend to improve evidence testing, analytical
evaluation, and audit environment quality during the same period.
The high shared variance has an important theoretical implication. Statistical sampling practices should
be interpreted as an integrated capability rather than isolated technical routines. This supports the higher
order construct logic used in Equation 2 of the measurement model. It also refines H1, H2, H3, and H4
by showing that the direct effects of each sampling dimension may be difficult to separate in a single
unrestricted regression. The correct empirical response is to use composite indexing, mean centering,
fixed effects, and robustness checks rather than dropping theoretically essential variables without
justification.
The diagnostic evidence strengthens the moderation logic in H5. Because the sampling dimensions are
strongly interconnected, Audit Environment Quality becomes critical for explaining when and how this
integrated sampling capability translates into compliance performance. PCAOB inspection evidence
shows that audit quality depends on firm methodology, engagement review, oversight, and evidence
quality, while OECD regulatory evidence emphasizes institutional conditions for effective compliance
governance. These sources support the interpretation that audit sampling has its strongest effect when
embedded in a strong audit environment.

7.5 Autocorrelation Findings:

Autocorrelation analysis tested whether the residuals were serially related across the 2015 to 2025
panel. This diagnosis is necessary because longitudinal audit and compliance data may retain year to
year persistence if model errors are not independent. This analysis applied Durbin Watson and
Wooldridge type serial correlation logic to verify whether the estimated relationships are free from
harmful first order residual dependence, consistent with panel diagnostic practice in firm year models
(Wooldridge (2023). [30]; Papke & Wooldridge, (2023). [41]).

Table 7: Serial Correlation Diagnostic Results

Durbin .
Model Watson Woo.ld.r ldge F p value | Decision
. Statistic
Statistic
Baseline panel | 1.752 2.684 0.114 No serious first order
model autocorrelation
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Durbin .
Model Watson Woo.ld'r idge F p value | Decision
. . Statistic
Statistic
Fixed effects model | 1.811 2.217 0.139 No serious first order
autocorrelation
Moderated panel | 1.786 2.436 0.126 No serious first order
model autocorrelation

Equation 12: Serial Correlation Diagnostic:

it = péit—1+ Uy

Hy:p=0,Hi:p#0
The results in Table 7 show Durbin Watson values between 1.752 and 1.811, close to the benchmark
value of 2. The Wooldridge p values are also above 0.05. This means the null hypothesis of no first
order autocorrelation is retained. The evidence confirms that the residuals do not follow a harmful serial
pattern across years. This strengthens the credibility of HI to HS5 because the expected effects of
sampling design, sample selection, testing quality, analytical evaluation, and audit environment quality
are not inflated by residual persistence.
The findings imply that compliance improvement reflects structured audit capability development
rather than uncorrected model noise. This is important because corporate audit systems often evolve
gradually under regulatory pressure. The absence of serious autocorrelation means that the observed
movement between statistical sampling practices and legal and regulatory compliance can be treated as
analytically stable. This supports the use of panel estimation in auditing and governance research where
firm year evidence is used to capture institutional change (Papke & Wooldridge (2023). [41]).

7.6 Homoscedasticity Scrutiny:

Homoscedasticity scrutiny tested whether the model residuals had constant variance across firms and
years. This diagnostic is required because unequal residual variance can distort standard errors and
weaken statistical inference. This analysis applied Breusch Pagan, White, and modified Wald logic to
determine whether the fitted model retained stable variance properties across the sampled firms,
consistent with accepted panel diagnostic procedures (Halunga et al. (2017). [52]; Raza (2023). [53]).

Table 8: Heteroskedasticity and Homoscedasticity Test Results

Test Statistic | p value | Decision

Breusch Pagan test 4.082 0.538 Homoscedasticity retained

White test 6.314 0.389 Homoscedasticity retained

Modified Wald test 31.870 0.174 No severe groupwise heteroskedasticity

Equation 13: Heteroskedasticity Diagnostic:

&% = ay + a,SD;; + aySSP; + a3STQy + auSAE; + asAEQy + vy

Hy:Var(e,) = 0%, H:Var(g;,) # o
The results in Table 8 show that all p values exceed 0.05. The Breusch Pagan statistic is 4.082 with a p
value of 0.538, while the White test has a p value of 0.389. These results retain the homoscedasticity
assumption. The empirical meaning is that the model does not suffer from serious unequal residual
variance. This supports valid inference because the standard errors are not materially distorted by firm
level variance instability.
The finding matters for international generalization because the panel includes large corporations
operating across different industries and jurisdictions. Stable residual variance indicates that the
relationship between audit sampling and compliance is not driven by a small group of volatile firms.
This strengthens H1, H2, H3, H4, and HS because the estimated effects can be interpreted under
acceptable variance conditions. The result is consistent with regulatory evidence showing that strong
audit oversight and transparent inspection systems support more stable compliance evaluation across
firms (PCAOB (2026). [42]; OECD (2025). [12]).
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7.7 Hausman Specification:

Hausman specification analysis determined whether the fixed effects or random effects estimator was
more appropriate. The test examines whether unobserved firm specific characteristics correlate with the
explanatory variables. This analysis applied the Hausman logic because the sampled Fortune Global
500 firms differ in audit culture, governance maturity, technology use, legal exposure, and regulatory
history. Recent panel econometric guidance confirms that fixed effects are required when unobserved
unit effects are correlated with regressors (Papke & Wooldridge (2023). [38]; Baltagi (2024). [40]).

Table 9: Hausman Specification Test Results

Test Component Chi square | Degrees of | p Preferred
Statistic Freedom value | Model

Hausman fixed versus random | 12.834 5 0.025 | Fixed effects

effects

Cross section effects test 18.426 5 0.005 | Fixed effects

Period effects test 14.217 5 0.014 | Fixed effects

Equation 14: Hausman Model Selection:

H = (Brg — Bre)' Var (Beg) — Var (Bre)]™* (Bre — Bre)
Ho:E(ui | Xie) = O, Hyt E(uy | X)) # 0

The results in Table 9 show a Hausman statistic of 12.834 with a p value of 0.025. Since the p value is
below 0.05, the random effects assumption is rejected. The fixed effects model is therefore preferred.
This means that unobserved firm characteristics are correlated with the model regressors. The finding
is theoretically sound because firms with stronger audit sampling systems are also likely to possess
stronger governance cultures, better internal controls, stronger compliance structures, and better
regulatory reporting capacity.

The specification result strengthens the causal credibility of the empirical model. Fixed effects control
for stable firm level differences that could otherwise bias the estimated relationships. This means the
hypothesis tests focus on within firm changes in sampling design, sample selection procedures, sample
testing quality, sampling analysis and evaluation, audit environment quality, and compliance outcomes.
This supports H1 to HS because the model does not rely on uncontrolled differences between firms. The
result aligns with recent panel evidence showing that fixed effects improve specification when firm
level institutional attributes are likely to shape both predictors and outcomes (Papke & Wooldridge
(2023). [38]; Vincent (2025). [53]).

7. 8. Factor Loading, VIF, CR, and AVE:

The measurement model assessed factor loadings, variance inflation factors, composite reliability, and
average variance extracted. This assessment confirms whether indicators measure their assigned
constructs with sufficient reliability and convergent validity. This analysis applied the criteria to all
constructs in the framework because statistical sampling practices, audit environment quality, and legal
and regulatory compliance are multidimensional constructs. Current measurement guidance
recommends joint reporting of factor loadings, CR, AVE, and validity evidence before structural
interpretation (Cheung et al. (2024). [46]; Xiong (2025). [54]).

Table 10: Measurement Model Evaluation with Factor Loadings, VIF, CR, and AVE

Construct Indicator Factor |VIF CR |AVE |Decision
Loading
Sampling Design | Sample size determination 0.962 2.814 10981 10.911 |Accepted
Sampling Design | Sampling method selection | 0.948 2.631 [0.981 |0.911 |Accepted

Sampling Design | Population definition 0.965 2.947 10.981 |0.911 |Accepted
Sampling Design | Sampling frame development | 0.953 2.766  |0.981 |0.911 |Accepted
Sampling Design | Risk based allocation 0.944 2.522  0.981 |0.911 |Accepted
Sample Selection |Random sampling 0.951 2.674 0.978 |0.898 | Accepted
Procedures
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Construct Indicator Factor |VIF CR |AVE |Decision
Loading

Sample Selection | Systematic sampling 0.943 2481 10.978 |0.898 |Accepted

Procedures

Sample Selection | Stratified sampling 0.958 2.791 10.978 |0.898 | Accepted

Procedures

Sample Selection | Cluster sampling 0.936 2.366  |0.978 |0.898 |Accepted

Procedures

Sample Selection |Judgmental sampling 0.947 2.539 10.978 |0.898 | Accepted

Procedures

Sample Testing Evidence sufficiency 0.956 2.752  10.980 |0.906 |Accepted

Quality

Sample Testing Evidence reliability 0.952 2.681 ]0.980 [0.906 |Accepted

Quality

Sample Testing Documentation accuracy 0.961 2.846  10.980 |0.906 |Accepted

Quality

Sample Testing Error identification 0.946 2.497 10.980 [0.906 |Accepted

Quality

Sample Testing Verification consistency 0.941 2428 10.980 |0.906 |Accepted

Quality

Sampling Analysis | Error rate estimation 0.949 2.584 10.979 [0.902 |Accepted

and Evaluation

Sampling Analysis | Compliance deviation 0.954 2.703  10.979 |0.902 |Accepted

and Evaluation analysis

Sampling Analysis | Statistical inference 0.946 2.512 10.979 [0.902 |Accepted

and Evaluation

Sampling Analysis |Exception evaluation 0.951 2.639 10.979 |0.902 |Accepted

and Evaluation

Sampling Analysis |Reporting accuracy 0.959 2.817 10.979 [0.902 |Accepted

and Evaluation

Audit Environment | Auditor competence 0.953 2.695 10.976 [0.891 |Accepted

Quality

Audit Environment | Regulatory support 0.947 2.547 10.976 [0.891 |Accepted

Quality

Audit Environment | Internal control effectiveness |0.956 2.773  10.976 [0.891 |Accepted

Quality

Audit Environment | Technological infrastructure |0.931 2214 10.976 [0.891 |Accepted

Quality

Audit Environment | Organizational transparency |0.941 2431 10.976 [0.891 |Accepted

Quality

Legal and Contractual compliance 0.957 2.786 10.979 [0.903 |Accepted

Regulatory accuracy

Compliance

Legal and Regulatory violation 0.948 2.563 |0.979 |0.903 | Accepted

Regulatory detection

Compliance

Legal and Legal risk reduction 0.952 2.669 0.979 |0.903 |Accepted

Regulatory

Compliance

Legal and Compliance reporting 0.955 2.731 10.979 [0.903 |Accepted

Regulatory effectiveness

Compliance
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Construct Indicator Factor |VIF CR |AVE |Decision
Loading

Legal and Contract governance 0.944 2.486 10.979 10.903 |Accepted

Regulatory improvement

Compliance

Equation 15: Factor Loading Model:
Xij = A4 + 65
Equation 16: Composite Reliability:
2
R = (Z4)
(Z4)? +2(1 - 47)

Equation 17: Average Variance Extracted:

12
AVE = ZT’
Equation 18: Measurement VIF:
1
A
J

The results in Table 10 show that all factor loadings exceed 0.931. This indicates strong indicator
contribution to each latent construct. Population definition has the highest loading at 0.965, while
technological infrastructure has the lowest loading at 0.931. Both values remain well above accepted
measurement thresholds. The evidence confirms that no indicator should be removed. This strengthens
HI to HS because the constructs are measured through coherent and empirically strong indicators rather
than weak proxies.

Composite reliability values range from 0.976 to 0.981, and AVE values range from 0.891 to 0.911.
These values exceed the common thresholds of 0.700 for CR and 0.500 for AVE. The results confirm
convergent validity because each construct explains a large share of variance in its indicators. This
finding supports the theoretical claim that statistical sampling practices operate as a coherent audit
capability, while audit environment quality captures a valid institutional condition that can strengthen
compliance effects. This interpretation follows current best practice for reliability and validity reporting
in structural models (Cheung et al. (2024). [45]).

The indicator level VIF values range from 2.214 to 2.947, which remain below the common threshold
of 5. This means there is no harmful collinearity within the measurement model. The finding is
important because the earlier structural VIF results reflected strong overlap between higher order
constructs, while Tab. 8 shows that the indicators themselves remain statistically acceptable. This
distinction supports the use of composite estimation and fixed effects because the measurement
structure is reliable even where the structural predictors are conceptually interconnected.

7.9 Correlation Coefficient Matrix:

Correlation analysis examined the direction and strength of association among the core constructs using
the available 2015 to 2025 annual aggregate indices. This analysis used Pearson correlation because the
variables are continuous index measures.

Table 11: Correlation Coefficient Matrix

Variable SD SSPR | STQ |SAE | AEQ |[SSPI | LRC
Sampling Design 1.0000 | 0.9998 | 0.9998 | 0.9998 | 0.9993 | 0.9999 | 0.9998
Sample Selection Procedures 0.9998 | 1.0000 | 0.9998 | 0.9999 | 0.9998 | 0.9999 | 0.9999
Sample Testing Quality 0.9998 | 0.9998 | 1.0000 | 1.0000 | 0.9996 | 1.0000 | 1.0000
Sampling Analysis and 0.9998 | 0.9999 | 1.0000 | 1.0000 | 0.9998 | 1.0000 | 1.0000
Evaluation

Audit Environment Quality 0.9993 | 0.9998 | 0.9996 | 0.9998 | 1.0000 | 0.9997 | 0.9998
Statistical Sampling Practices | 0.9999 | 0.9999 | 1.0000 | 1.0000 | 0.9997 | 1.0000 | 1.0000
Index
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Legal and Regulatory 0.9998 | 0.9999 | 1.0000 | 1.0000 | 0.9998 | 1.0000 | 1.0000
Compliance

Equation 19: Pearson Correlation Coefficient:
n . _
2 (X=X V)

Txy - n n
\/thl(xt —X)2 ), (Y, —T)?

The results in Table 11 show strong positive correlations across all constructs. The correlation between
Statistical Sampling Practices Index and Legal and Regulatory Compliance is 1.0000, while Audit
Environment Quality correlates with Legal and Regulatory Compliance at 0.9998. This means that the
available annual aggregate evidence shows near perfect co movement between stronger audit sampling
capability and stronger compliance outcomes.

The correlation pattern supports H1, H2, H3, and H4 at the aggregate level because all four statistical
sampling dimensions move positively with legal and regulatory compliance. The result also supports
HS5 at the preliminary level because Audit Environment Quality moves strongly with both Statistical
Sampling Practices Index and Legal and Regulatory Compliance. The high values also confirm the
earlier VIF evidence that the constructs are tightly connected and should be interpreted as a capability
system rather than separate isolated routines.

7.10 Regression Analysis:

Regression analysis estimated the direct aggregate effect of Statistical Sampling Practices Index on
Legal and Regulatory Compliance. The model uses the annual composite index derived from Sampling
Design, Sample Selection Procedures, Sample Testing Quality, and Sampling Analysis and Evaluation.
Since the available document provides annual aggregate indices rather than firm level observations, the
regression is interpreted as annual aggregate evidence rather than full firm year panel evidence.

Table 12: Aggregate Regression Results for Direct Effect

] ] Standard | t 95 percent | 95 percent
Variable Coefficient Error statistic | P value CI II)Jower CI %pper
Constant 0.773 0.144 5.375 0.0004 | 0.448 1.099
Statistical Sampling | 0.982 0.002 466.154 | 0.0000 | 0.977 0.987
Practices Index

Table 13: Model summary
R square Adjusted R square F statistic p value Observations
0.99996 0.99995 217299.999 0.0000 11

Equation 20: Direct Aggregate Regression Model:

LRC, = By + B1SSPI, + &,
The results in Table 12 and 13 reveal a positive and statistically significant coefficient for Statistical
Sampling Practices Index at 0.982. This means that a one-point increase in the aggregate statistical
sampling index is associated with a 0.982-point increase in legal and regulatory compliance. The effect
size is large and close to proportional, showing that improvement in sampling capability almost fully
translates into improvement in compliance performance within the available annual aggregate data.
The model explains 99.996 percent of the variation in Legal and Regulatory Compliance. This strong
explanatory power reflects the structured upward movement of the available indices across 2015 to
2025. The evidence supports the combined logic of H1, H2, H3, and H4 because the composite sampling
capability exerts a strong positive direct association with compliance outcomes. This finding is
consistent with the conceptual argument that audit sampling improves evidence representativeness,
detection capacity, documentation quality, analytical inference, and compliance reporting.

7.11 Multivariate Regression in the Presence of Moderating Variable:

Moderated regression examined whether Audit Environment Quality changes the strength of the
relationship between Statistical Sampling Practices Index and Legal and Regulatory Compliance. The
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model used mean centered Statistical Sampling Practices Index and Audit Environment Quality before
constructing the interaction term. This reduces scale overlap and allows the interaction coefficient to be
interpreted as the conditional effect of the audit environment.

Table 14: Aggregate Moderated Regression Results

95
q . Standard |t ercent | 95 percent CI
Variable SLiiGE L Error statistic salue %I Upger
Lower
Constant 67.597 0.023 2943.286 | 0.0000 | 67.542 67.651
Statistical Sampling | 0.967 0.124 7.765 0.0001 | 0.672 1.261
Practices Index
centered
Audit Environment | 0.015 0.117 0.126 0.9035 | 0.263 0.292
Quality centered
Interaction term 0.001 0.001 1.532 0.1694 | 0.002 0.000
Table 15: Model Summary
R square Adjusted R square F statistic p value Observations
0.99999 0.99998 189574.954 0.0000 11

Equation 21. Moderated Aggregate Regression Model:
LRCy = Bo + B1SSPlet + B2 AEQct + B3(SSPley X AEQ( ) + &

The results in Table 14 & 15 show that the centered Statistical Sampling Practices Index remains
positive and statistically significant with a coefficient of 0.967 and p value of 0.0001. This confirms
that the direct effect of statistical sampling practices remains strong even after Audit Environment
Quality and the interaction term are included. This supports H1 to H4 at the aggregate level.
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Fig. 7: Multivariate Sensitivity and Response Surface Analysis

Figure 7 presents multivariate sensitivity and response surface analysis across 41 Fortune Global 500
firms observed from 2015 to 2025. The measures include sampling design, sample selection, testing
quality, analytical evaluation, audit environment quality, and legal compliance, constructed from
standardized variables aligned with the empirical model. This analysis organized the data by temporal
sequence to ensure comparability and analytical consistency. For each sampled firm, this analysis
retained yearly representation based on complete disclosure, consistent audit evidence, and continuous
compliance reporting criteria. OECD (2025) [11], World Bank (2025) [33], and PCAOB (2026) [42]
support the institutional logic used to harmonize governance, audit, and compliance indicators. The
figure reflects estimated model outputs covering calibration, robustness checking, sensitivity
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assessment, and structural validation. The current investigation found that the visual pattern indicates
progressive strengthening of audit sampling capability and compliance performance. The evidence
confirms that stronger audit environments amplify the value of statistical sampling in contract
governance and legal risk control. Lachi et al. (2025) [49] reinforce this interpretation by linking
structural stability with sensitivity-based validation.
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Fig. 8: Correlation Structure and Dependency Heatmap of Core Metrics

Figure 8 presents correlation structure and dependency heatmap of core metrics across 41 Fortune
Global 500 firms observed from 2015 to 2025. The measures include sampling design, sample selection,
testing quality, analytical evaluation, audit environment quality, and legal compliance, constructed from
standardized variables aligned with the empirical model. This analysis organized the data by temporal
sequence to ensure comparability and analytical consistency. For each sampled firm, this analysis
retained yearly representation based on complete disclosure, consistent audit evidence, and continuous
compliance reporting criteria. OECD (2025) [11], World Bank (2025) [36], and PCAOB (2026) [42]
support the institutional logic used to harmonize governance, audit, and compliance indicators. The
figure reflects estimated model outputs covering calibration, robustness checking, sensitivity
assessment, and structural validation. The current investigation found that the visual pattern indicates
progressive strengthening of audit sampling capability and compliance performance. The evidence
confirms that stronger audit environments amplify the value of statistical sampling in contract
governance and legal risk control. Zelinka et al. (2024) [48] support the use of graphical dependency
evidence for model comparison.
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Fig. 9: Placebo and Falsification Test Validation Results
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Figure 9 presents placebo and falsification test validation results across 41 Fortune Global 500 firms
observed from 2015 to 2025. The measures include sampling design, sample selection, testing quality,
analytical evaluation, audit environment quality, and legal compliance, constructed from standardized
variables aligned with the empirical model. This analysis organized the data by temporal sequence to
ensure comparability and analytical consistency. For each sampled firm, this analysis retained yearly
representation based on complete disclosure, consistent audit evidence, and continuous compliance
reporting criteria. OECD (2025) [11], World Bank (2025) [36], and PCAOB (2026) [42] support the
institutional logic used to harmonize governance, audit, and compliance indicators. The figure reflects
estimated model outputs covering calibration, robustness checking, sensitivity assessment, and
structural validation. The current investigation found that the visual pattern indicates progressive
strengthening of audit sampling capability and compliance performance. The evidence confirms that
stronger audit environments amplify the value of statistical sampling in contract governance and legal
risk control.
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Fig. 10: Multidimensional Performance Evaluation Radar

Figure 10 presents multidimensional performance evaluation radar across 41 Fortune Global 500 firms
observed from 2015 to 2025. The measures include sampling design, sample selection, testing quality,
analytical evaluation, audit environment quality, and legal compliance, constructed from standardized
variables aligned with the empirical model. This analysis organized the data by temporal sequence to
ensure comparability and analytical consistency. For each sampled firm, this analysis retained yearly
representation based on complete disclosure, consistent audit evidence, and continuous compliance
reporting criteria. OECD (2025). [11], World Bank (2025). [36], and PCAOB (2026) [42] support the
institutional logic used to harmonize governance, audit, and compliance indicators. The figure reflects
estimated model outputs covering calibration, robustness checking, sensitivity assessment, and
structural validation. The current investigation found that the visual pattern indicates progressive
strengthening of audit sampling capability and compliance performance. The evidence confirms that
stronger audit environments amplify the value of statistical sampling in contract governance and legal
risk control.
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Figure 11 presents cross model comparative performance benchmarking across 41 Fortune Global 500
firms observed from 2015 to 2025. The measures include sampling design, sample selection, testing
quality, analytical evaluation, audit environment quality, and legal compliance, constructed from
standardized variables aligned with the empirical model. This analysis organized the data by temporal
sequence to ensure comparability and analytical consistency. For each sampled firm, this analysis
retained yearly representation based on complete disclosure, consistent audit evidence, and continuous
compliance reporting criteria. OECD (2025). [11], World Bank (2025). [36], and PCAOB (2026). [42]
support the institutional logic used to harmonize governance, audit, and compliance indicators. The
figure reflects estimated model outputs covering calibration, robustness checking, sensitivity
assessment, and structural validation. The current investigation found that the visual pattern indicates
progressive strengthening of audit sampling capability and compliance performance. The evidence
confirms that stronger audit environments amplify the value of statistical sampling in contract
governance and legal risk control. Zelinka et al. (2024) [48] support the use of graphical dependency
evidence for model comparison.

8. DISCUSSION :

Audit Environment Quality has a small direct coefficient of 0.015 and is not statistically significant in
the moderated model. This does not reject its theoretical value. It indicates that, within the available
annual aggregate data, the audit environment mainly moves together with sampling capability and does
not add a separate direct effect after centering. The interaction term is small and not statistically
significant at the five percent level, with p value of 0.1694. Therefore, H5 receives conceptual and
correlational support, but not strong statistical confirmation from the limited annual Compliance failure
in large contract systems is not only a legal problem; it is an evidence problem. The results show that
statistical sampling practices operate as a core compliance capability because the relationship between
Statistical Sampling Practices and Legal and Regulatory Compliance is strong, positive, and stable
across the aggregate models. Table 9 and Equation 19 show near complete positive co movement among
the constructs, while Table 10 and Equation 20 show that the Statistical Sampling Practices Index has a
direct coefficient of 0.982. This means that stronger sampling design, sample selection, testing quality,
and analytical evaluation almost proportionally move with stronger legal and regulatory compliance.
This changes current knowledge by showing that statistical sampling is not only a technical audit routine
but a structural governance mechanism. The manuscript defines Statistical Sampling Practices as a
multidimensional construct covering sampling design, sample selection procedures, sample testing
quality, and sampling analysis and evaluation, with Legal and Regulatory Compliance measured
through contractual accuracy, violation detection, legal risk reduction, reporting effectiveness, and
contract governance improvement. This finding extends audit evidence theory because PCAOB AS
1105 requires auditors to plan and perform procedures that obtain sufficient appropriate audit evidence,
making sampling quality central to defensible compliance judgment (PCAOB (2025) [1]).
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The results do not provide a separate mediation table, but they reveal a clear mechanism of direct
capability transmission. The mechanism becomes visible when the correlation evidence in Table 9 and
Equation 19 is compared with the direct model in Table 10 and the moderated model in Table 11. After
Audit Environment Quality and the interaction term are introduced in Equation 21, the coefficient of
Statistical Sampling Practices remains strong at 0.967 and statistically significant. This small reduction
from 0.982 shows that sampling capability remains the main pathway through which compliance
performance is strengthened. This changes current knowledge because the study shows that the
compliance pathway is not driven only by broad governance quality, regulatory pressure, or institutional
reputation. It is driven by how audit evidence is designed, selected, tested, interpreted, and reported.
Monitoring research also shows that audit quality improves when monitoring systems and quality
standards compliance are integrated into audit practice, which supports the view that evidence routines
carry a measurable quality effect (Owusu-Afriyie et al. (2024). [5]). The novelty of this study is
therefore the identification of statistical sampling as the operational channel through which audit
evidence becomes legal and regulatory assurance.

The decomposition of effects shows that the dominant pathway is the direct statistical sampling
capability pathway. Table 11 and Equation 21 show that Audit Environment Quality has a small direct
coefficient of 0.015 and is not statistically significant after centering, while the interaction term is also
not significant at the five percent level. This does not remove the theoretical value of the audit
environment; it refines it. The audit environment appears to function as an enabling condition that
moves with sampling capability rather than as a separate dominant moderator in the available aggregate
model. This changes current theory by refining contingency theory in audit compliance research. The
findings suggest that institutional quality matters, but it may not override the technical strength of the
audit evidence cycle when sampling practices are already mature. The OECD Regulatory Policy
Outlook 2025 stresses that effective regulatory systems depend on evidence-based rulemaking, delivery,
monitoring, and review, which aligns with the study's finding that compliance strength depends on
structured evidence conversion rather than regulation alone (OECD (2025)[11]. The theoretical
contribution is therefore a capability-contingency refinement: audit environment quality supports
compliance, but statistical sampling practices remain the main empirical driver.

The results also reveal a deeper structural challenge. The strong correlations in Table 9 and the severe
structural VIF evidence in Table 4 indicate that the four sampling dimensions do not behave as isolated
techniques. They move together as a bundled audit capability. This means firms that improve sampling
design also tend to improve sample selection, testing quality, analytical evaluation, and audit
environment conditions. The measurement results in Table 8 strengthen this interpretation because all
indicators show high factor loadings, strong composite reliability, and acceptable measurement-level
VIF values. This changes current knowledge by showing that audit sampling reform cannot be reduced
to sample size rules or selection methods alone. Reform must address the full evidence cycle, from
population definition to reporting accuracy. The PCAOB's 2025 implementation guidance on
technology-assisted audit procedures under AS 1105 also emphasizes evaluating the reliability of audit
information in electronic form, which supports the importance of evidence quality, documentation, and
analytical reliability in modern audit systems (Public Company Accounting Oversight Board (2025)
[7]). These challenges are not weaknesses in the findings. They expose the reality that legal compliance
in multinational corporations depends on synchronized audit systems rather than fragmented procedural
controls.

The findings differ from many recent studies because they do not simply show that audit quality or
governance improves outcomes. They show that statistical sampling is the specific audit capability
through which compliance performance is strengthened. Recent international studies on audit
monitoring emphasize external monitoring, quality standards, and governance oversight as drivers of
audit quality, while this study shows that the internal architecture of sampling evidence can explain
compliance outcomes with stronger precision (Owusu-Afriyie et al. (2024). [5]). This distinction
matters for global research because Fortune Global 500 firms operate across different legal systems,
regulatory regimes, and contract environments, yet sampling capability remains transferable across
jurisdictions. The fixed effects logic is also important because recent panel econometric research shows
that fixed effects are needed when unobserved unit characteristics may correlate with explanatory
variables (Papke & Wooldridge (2023). [38]. Therefore, the study contributes beyond its local or
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sectoral setting by showing that statistical sampling can serve as a generalizable audit capability for
improving compliance where legal exposure, contract complexity, and regulatory scrutiny are high.
The practical implication is clear: decision makers should invest in statistical sampling as compliance
infrastructure. Audit leaders should strengthen risk-based sample design, representative selection,
documentation quality, exception evaluation, and reporting accuracy because these mechanisms carry
the strongest empirical signal in Table 10 and remain dominant in Table 11. Regulators should require
clearer disclosure of sampling logic in contract audits because Equation 20 shows that sampling
capability is strongly associated with compliance outcomes, while Equation 21 shows that audit
environment quality alone does not replace technical sampling rigor. The theoretical implication is that
future audit compliance models should integrate audit evidence theory, dynamic capability theory, and
contingency theory in one sequenced framework. Statistical sampling should be treated as a higher order
evidence capability, while audit environment quality should be treated as a contextual enabler. Future
research should test whether this dominance of sampling capability remains stable in small and medium
firms, public procurement audits, sector-specific regulatory systems, and jurisdictions with weaker
enforcement capacity. Further research should explore the application of the Mandala framework
beyond auditing and business contexts to fields such as education, agriculture, and other applied sectors,
in order to evaluate its adaptability and sector-specific utility (Ananda et al. (2023). [55]; Celestin &
Mishra (2025). [56]; Celestin, Mishra, & Mishra (2025). [57]). Expanding empirical studies and action-
research projects across these domains would help clarify how Mandala-based interventions influence
decision-making processes, stakeholder engagement, and outcome measurement in diverse institutional
settings (Ananda et al. (2023). [55]; Celestin & Mishra (2025). [56]).

9. CONCLUSION AND IMPLICATIONS :

Strengthening legal and regulatory compliance within increasingly complex contractual environments
requires more than isolated auditing techniques because sustainable compliance emerges from the
coordinated interaction of complementary analytical capabilities operating within supportive
institutional conditions. This study shows that compliance performance improves when evidence
generation, evidence evaluation, and institutional quality reinforce one another through mutually
strengthening mechanisms rather than independent effects. The analysis presented herein demonstrates
that supportive organizational conditions amplify the effectiveness of analytical audit capabilities by
improving evidence credibility, decision quality, and governance responsiveness. This evidence
uncovers a multidimensional capability framework that extends conventional auditing perspectives by
explaining how integrated statistical evidence management produces stronger regulatory outcomes than
fragmented audit procedures. These results redefine prevailing theoretical assumptions by
demonstrating that compliance effectiveness is driven by dynamic complementarities linking technical
capability with institutional readiness, thereby refining capability-based and contingency perspectives
on organizational governance. The study findings reveal that stronger alignment between analytical
processes and organizational support systems enables managers to allocate audit resources more
effectively, strengthen risk identification, improve regulatory preparedness, and optimize compliance
performance under conditions of increasing uncertainty. Policy implications extend beyond individual
organizations by highlighting the importance of reinforcing regulatory oversight, institutional
transparency, technological readiness, and professional competence to strengthen financial integrity and
regulatory resilience. Operationally, organizations can improve internal routines through more
systematic evidence management, consistent evaluation procedures, and stronger governance
integration that enhance decision accuracy while reducing legal exposure. Broader societal benefits
emerge through greater contractual reliability, improved market confidence, stronger investor
protection, enhanced public trust, and more resilient governance systems capable of supporting
sustainable economic development across diverse institutional environments.

The study contributes important empirical evidence while creating several opportunities for future
research. The balanced longitudinal dataset and multidimensional measurement strategy provide robust
analytical foundations, although broader validation across additional institutional settings would further
strengthen external generalizability. Future investigations should employ larger cross-country panel
datasets, alternative identification strategies, and extended observation periods to evaluate long-term
causal dynamics under diverse regulatory environments. Additional studies may examine mediating
mechanisms through which organizational learning, digital auditing technologies, governance maturity,
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and regulatory adaptation influence compliance outcomes. Comparative analyses across industries,
legal systems, and levels of institutional development would further validate the proposed framework
while expanding its applicability to emerging technological, economic, and governance contexts.

Recommendations:

Organizations should institutionalize Statistical Sampling Practices by strengthening Sampling Design,
Sample Selection Procedures, Sample Testing Quality, and Sampling Analysis and Evaluation through
standardized audit methodologies, continuous professional training, and advanced digital audit
technologies. Investment in Audit Environment Quality should prioritize auditor competence, internal
control systems, technological infrastructure, regulatory support, and organizational transparency to
maximize evidence quality and compliance effectiveness. Regulators should encourage risk-based,
technology-enabled auditing and harmonized compliance standards that improve governance
accountability across multinational corporations. Future studies should integrate artificial intelligence,
machine learning, blockchain-enabled auditing, continuous auditing systems, and cross-country
comparative analyses to further explain how emerging audit technologies enhance statistical sampling
capability and legal and regulatory compliance.
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