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Abstract

This quantitative study examined an integrated PMBOK-ISO 9001-DMAIC framework for Lean Six Sigma-
driven project quality management to explain variations in project quality performance. Data were collected
from 214 completed and near-completion projects across construction, manufacturing, engineering services,
and information systems sectors. Descriptive analysis showed that project quality governance capability
recorded a mean score of 3.87 (SD = 0.61), while quality management system maturity demonstrated the highest
mean of 3.92 (SD = 0.58), indicating well-established governance and system controls across the sampled
projects. Data-driven quality improvement capability achieved a mean of 3.78 (SD = 0.65), and process
efficiency orientation recorded a mean of 3.69 (SD = 0.63), reflecting moderate to strong application of DMAIC
and Lean practices. Project quality performance outcomes indicated high acceptance compliance with a mean of
3.96 (SD = 0.57), while defect density and rework frequency exhibited lower means of 3.34 (SD = 0.72) and
3.29 (SD = 0.75), respectively, suggesting observable variability in execution quality. Reliability analysis
confirmed strong internal consistency, with Cronbach’s alpha values ranging from 0.87 for process efficiency
orientation to 0.93 for data-driven quality improvement capability. Multiple regression analysis revealed that
project quality governance capability (f = 0.31, p < 0.001) and quality management system maturity (f = 0.34,
p < 0.001) significantly influenced project quality performance, jointly explaining 47% of the variance.
Mediation analysis demonstrated that data-driven quality improvement capability exerted a strong positive
effect on project quality performance (f = 0.39, p < 0.001), while moderation analysis showed that process
efficiency orientation significantly strengthened this relationship (interaction f = 0.17, p < 0.001), increasing
explanatory power to 58%. These findings empirically confirmed that project quality performance, reflected
through defects, rework, acceptance compliance, process stability, and cost of quality indicators, was most
effectively explained through an integrated governance, system control, analytical improvement, and efficiency-
oriented framework.
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INTRODUCTION

Project quality management is commonly defined as the systematic application of policies, processes,
procedures, tools, and techniques to ensure that project deliverables meet explicitly stated requirements
and implicitly expected standards (Ingason, 2015). Quality, in this sense, represents the degree to which
inherent characteristics of a product, service, or outcome conform to defined specifications and
stakeholder needs. Within project environments, quality is operationalized through structured
planning, monitoring, verification, and control mechanisms that guide activities from initiation
through closure. Lean Six Sigma-driven quality management extends this definition by embedding
quantitative performance measurement and defect reduction principles into project execution
processes. Lean emphasizes the elimination of non-value-adding activities and flow efficiency, while
Six Sigma concentrates on reducing variation and improving process capability. DMAIC functions as
a disciplined improvement cycle that translates quality requirements into measurable variables and
statistically verifiable outcomes. ISO 9001 defines quality management as a system-based approach
centered on process control, documentation, accountability, and continual evaluation, offering an
internationally harmonized structure for organizational quality assurance (Ingason, 2020). PMBOK
frames project quality management as an integrated knowledge area that links quality planning,
quality assurance, and quality control to broader project governance functions. Each of these bodies of
knowledge conceptualizes quality as a measurable and controllable construct rather than a subjective
judgment. At the international level, projects operate across regulatory regimes, supply chains,
cultures, and organizational boundaries, increasing the need for standardized definitions of quality,
consistent measurement frameworks, and transparent governance mechanisms. An integrated
approach that unifies PMBOK project governance, ISO 9001 system requirements, and DMAIC
analytical rigor establishes a coherent foundation for managing quality in complex, data-intensive
project environments (Pheng, 2017). This definitional alignment positions project quality management
as a structured system of quantifiable controls rather than an isolated inspection activity, reinforcing
its relevance in globally distributed and performance-driven project contexts.

Project Management Body of Knowledge-based quality management defines quality planning as the
process of identifying relevant standards and translating them into measurable criteria, quality
management as the execution of planned activities to ensure process reliability, and quality control as
the verification of outputs against acceptance requirements (Rumane, 2017). This structure emphasizes
integration with scope definition, scheduling, cost control, risk management, and stakeholder
coordination, reflecting the interconnected nature of quality outcomes within project systems. Quality
in projects is inseparable from governance mechanisms that regulate decision authority, change control,
and performance reporting. ISO 9001 complements this project-centric view by defining quality
management as a system of interrelated processes supported by documented information, leadership
responsibility, resource competence, and evidence-based evaluation. Its process-based orientation
establishes traceability between inputs, activities, outputs, and performance indicators, enabling
organizations to demonstrate conformity and control across operational boundaries. DMAIC
introduces a quantitative logic that structures problem definition, measurement system validation,
statistical analysis, solution optimization, and control stabilization (Natarajan, 2017). Within project
settings, DMAIC functions as an analytical engine that strengthens quality assurance and control
activities through data-driven validation rather than assumption-based judgment. Lean principles
further reinforce this structure by identifying waste, bottlenecks, and inefficiencies that compromise
both quality and delivery performance. Together, PMBOK, ISO 9001, and DMAIC provide
complementary perspectives on quality governance, system assurance, and analytical improvement.
Their integration supports the alignment of project objectives with organizational quality policies while
maintaining measurable accountability at each stage of the project lifecycle. In international project
environments characterized by contractual complexity and regulatory scrutiny, such alignment
reduces ambiguity in quality roles, documentation standards, and performance metrics (Hoyle, 2017).
This integrated perspective establishes quality management as a core project function grounded in
standardized systems and quantitative evidence rather than fragmented procedural compliance.

ISO 9001 occupies a central position in international quality management due to its widespread
adoption across industries and its role as a benchmark for organizational credibility and process
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discipline. The standard defines quality management systems as structured frameworks that ensure
consistency, traceability, and accountability in operational activities (Jahn & Keil, 2015). Its
requirements emphasize process identification, risk-based thinking, performance monitoring, internal
auditing, and corrective action, all of which are directly relevant to project environments where
variability and uncertainty are inherent. Projects frequently involve multiple organizational interfaces,
subcontractors, and external providers, making system-level controls essential for maintaining quality
consistency across boundaries. PMBOK-based project governance addresses this complexity by
defining roles, responsibilities, and control points throughout the project lifecycle. When ISO 9001
system requirements are embedded into project governance structures, quality documentation, change
management, and nonconformance handling become integral components of project execution rather
than parallel administrative tasks (Fischer et al.,, 2020). DMAIC strengthens this integration by
providing a quantitative mechanism for diagnosing quality deviations and verifying corrective actions
through statistical validation. Lean Six Sigma further enhances system coherence by linking process
efficiency to quality outcomes, recognizing that delays, rework, and waste contribute directly to defect
generation. International projects benefit from this unified structure by achieving consistency in quality
definitions, measurement logic, and reporting formats across geographic and organizational contexts.
The integration of ISO 9001 with PMBOK and DMAIC transforms quality management from a
compliance-oriented function into a performance-oriented system that is measurable, auditable, and
analytically grounded (Steiss, 2019). This approach supports comparability of quality outcomes across
projects and regions, reinforcing the role of standardized quality systems in global project delivery
environments.

Figure 1: Integrated Project Quality Management Framework
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DMAIC serves as the quantitative core of Lean Six Sigma by structuring improvement activities into
five analytically sequenced phases. The Define phase operationalizes quality by translating stakeholder
requirements into critical-to-quality variables and clearly bounded problem statements (Rauf, 2018;
Solihin & Eastman, 2015). This aligns directly with project quality planning activities that establish
acceptance criteria, performance thresholds, and baseline metrics. The Measure phase emphasizes data
integrity, measurement system reliability, and baseline performance assessment, reinforcing objective
evaluation over subjective perception. In project contexts, this phase strengthens quality control by
ensuring that performance indicators accurately reflect process behavior and deliverable conformity.
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The Analyze phase applies statistical methods to identify root causes of quality variation, shifting
decision making from intuition to empirical validation. The Improve phase focuses on optimizing
process performance through tested solutions that directly address verified causes of defects or
inefficiencies (Kensek, 2015). The Control phase institutionalizes improvements by embedding
monitoring mechanisms, standardized procedures, and response protocols into routine operations.
When integrated with ISO 9001, these control mechanisms align with documented process controls,
corrective action systems, and management review requirements. When integrated with PMBOK,
DMAIC outputs align with project baselines, change control processes, and performance reporting
cycles. Lean principles enhance this structure by emphasizing process flow, waste elimination, and
value alignment, ensuring that quality improvements also support efficiency and delivery reliability.
In internationally distributed project environments, DMAIC provides a common analytical language
that supports consistent evaluation of quality performance across diverse teams and contexts (Thai,
2017). Its integration within a standardized governance framework strengthens the quantitative
foundation of project quality management.

Figure 2: Integrated Project Quality Management Framework
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The integration of ISO 9001 into project-based environments requires alignment between permanent
organizational systems and the temporary nature of projects. ISO 9001 defines organizational processes
as stable structures designed to ensure consistent outcomes, while projects operate as time-bound
endeavors with unique deliverables and constraints (Haque & Arifur, 2021; Jinnat & Kamrul, 2021;
Picciotto, 2020). PMBOK addresses this challenge by framing projects as managed systems governed
by standardized processes that can be tailored to context. When ISO 9001 requirements are embedded
into project management plans, quality policies, document control procedures, and audit mechanisms
become intrinsic to project execution. This integration ensures that project activities remain traceable,
verifiable, and aligned with organizational quality objectives. DMAIC enhances this alignment by
enabling projects to quantify performance deviations and validate corrective actions within the system
framework. Lean Six Sigma further supports this integration by promoting standardized work and
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continuous measurement at the process level, even within temporary project structures (Di Ciccio et
al., 2015; Haque & Arifur, 2020; Ashraful et al., 2020). The combination of system-level assurance,
project-level governance, and analytical improvement creates a cohesive quality architecture that
supports consistency without sacrificing adaptability. In international projects involving regulatory
oversight and contractual accountability, such coherence strengthens transparency and accountability.
Quality management functions transition from isolated checkpoints to integrated control systems that
span planning, execution, and verification. This integrated framework positions project quality
management as a structured, evidence-based discipline grounded in both organizational systems and
project-specific controls (Cagliano et al., 2015; Fokhrul et al., 2021; Zaman et al., 2021).

Lean Six Sigma-driven project quality management conceptualizes improvement initiatives as
structured projects with defined objectives, resources, timelines, and performance metrics. This
projectized nature aligns naturally with PMBOK governance structures, enabling quality improvement
activities to be managed using the same controls applied to delivery-focused projects (Bunger et al.,
2017). DMAIC deliverables can be embedded into project documentation as quality baselines, analytical
reports, and control artifacts. Lean measurement constructs such as cycle time, flow efficiency, and
value-added ratios complement Six Sigma metrics focused on defects and variation. Together, these
measures provide a multidimensional view of project quality performance that captures both
effectiveness and efficiency. ISO 9001 supports this measurement structure by requiring documented
evidence, monitoring procedures, and corrective action records (Cichy & Rass, 2019; Hammad, 2022;
Hasan & Waladur, 2022). The integration of these measurement systems reduces ambiguity in quality
reporting and enhances comparability across projects. In global project portfolios, consistent
measurement definitions enable aggregation and benchmarking of quality performance. Quantitative
quality management strengthens decision making by linking improvement actions to statistically
verified outcomes rather than anecdotal assessments. The integration of governance, system assurance,
and analytics establishes a disciplined approach to managing quality as a controllable project variable.
This framework reinforces accountability and measurement coherence across project teams and
organizational boundaries (Arifur & Haque, 2022; Towhidul et al., 2022; Song, 2017).

A quantitative orientation to an integrated PMBOK-ISO 9001-DMAIC framework is grounded in the
premise that project quality outcomes can be operationalized, measured, and statistically evaluated
(Hasnain et al., 2018). Quality performance indicators such as defect density, rework frequency, process
capability indices, cycle time variance, conformance rates, and cost of quality components provide
objective data for analysis. DMAIC structures the use of these indicators by linking them to defined
improvement cycles and validated control mechanisms (Eskerod & Jepsen, 2016). ISO 9001 reinforces
measurement discipline by requiring organizations to define monitoring criteria, evaluate results, and
maintain documented evidence. PMBOK governance provides the temporal and structural logic for
when measurements are collected, reviewed, and acted upon within the project lifecycle. Lean
measurement constructs further enhance this framework by identifying inefficiencies that indirectly
affect quality outcomes (Kivild et al., 2017). The integration of these measurement traditions supports
robust quantitative analysis of project quality management effectiveness. By unifying governance
structures, system requirements, and analytical methods, the integrated framework establishes a
comprehensive foundation for examining project quality performance through measurable variables.
This positioning supports empirical evaluation of quality management practices across projects,
industries, and international contexts without reliance on subjective judgment or narrative assessment
(Alsaqgaf et al., 2017).

The primary objective of this study is to systematically examine and operationalize an integrated
project quality management framework that combines PMBOK-based project governance, ISO 9001
quality management system requirements, and the DMAIC methodology of Lean Six Sigma within a
unified, quantitatively measurable structure. This objective is grounded in the need to conceptualize
project quality management as a cohesive system in which planning, execution, measurement, and
control activities are aligned through standardized processes and data-driven improvement logic. The
study aims to define how PMBOK quality management processes can be structurally synchronized
with ISO 9001 system controls to ensure consistency, traceability, and accountability throughout the
project lifecycle. At the same time, it seeks to embed DMAIC as the analytical mechanism that translates
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quality requirements into measurable performance indicators and statistically verifiable improvement
outcomes. A central objective is to identify and formalize the interrelationships among project
governance mechanisms, system-level quality controls, and improvement cycle phases in order to
create an integrated architecture that supports objective measurement of project quality performance.
The study further aims to establish quantifiable constructs that capture both efficiency- and
conformance-oriented dimensions of project quality, including defect occurrence, rework intensity,
process stability, and compliance with predefined acceptance criteria. Another objective is to enable the
consistent application of quality measurement and control practices across projects by aligning
documentation, metrics, and review processes within a single framework. Through this integration, the
study seeks to support empirical assessment of how coordinated governance, standardized system
requirements, and analytical improvement methods collectively influence project quality outcomes.
The objective also includes structuring the framework in a manner that facilitates statistical testing of
relationships among framework components, allowing project quality management practices to be
evaluated using quantitative data rather than descriptive judgment. By articulating this integrated
framework, the study aims to provide a structured basis for examining project quality management as
a measurable and controllable system, emphasizing alignment, coherence, and analytical rigor across
PMBOK, ISO 9001, and DMAIC elements within Lean Six Sigma-driven project environments.
LITERATURE REVIEW

The literature on project quality management spans multiple disciplinary domains, including project
management, quality management systems, operations management, and continuous improvement
methodologies. Within this body of knowledge, quality has been examined as both a governance
outcome and a process capability, with increasing emphasis on measurable performance indicators
rather than subjective assessments (Marchiori & Mendes, 2020). Project Management Body of
Knowledge-based frameworks conceptualize quality management as an integral project function that
operates across planning, execution, monitoring, and control phases, linking quality outcomes to scope
definition, stakeholder requirements, and performance reporting. Parallel to this, ISO 9001-based
quality management systems define quality through standardized, auditable processes that emphasize
documentation, consistency, risk-based control, and evidence-based evaluation. Lean Six Sigma
literature, anchored in the DMAIC methodology, advances a data-driven approach that treats quality
as a statistically controllable variable shaped by variation reduction and process capability
improvement. Although each of these frameworks has been extensively examined in isolation, the
literature reveals fragmentation in how project quality governance, system-level quality assurance, and
analytical improvement methods are conceptually and empirically connected (Tylka & Wood-
Barcalow, 2015). Existing studies frequently address PMBOK, ISO 9001, or Lean Six Sigma
independently, resulting in parallel streams of research that seldom converge into a unified analytical
model. Project management studies often emphasize lifecycle control and stakeholder satisfaction,
while ISO 9001 research focuses on system compliance and organizational performance, and DMAIC-
based studies concentrate on defect reduction and efficiency gains. This separation limits the ability to
empirically assess how governance structures, standardized system requirements, and analytical
improvement cycles jointly influence project quality performance. Quantitative studies have
increasingly called for integrated models that align quality planning, measurement, and control within
a single framework capable of producing comparable and statistically testable outcomes (Abbas, 2020).
Within complex and internationally distributed project environments, inconsistent definitions of
quality metrics and control mechanisms further complicate empirical evaluation. Accordingly, this
literature review synthesizes research across project management, quality management systems, and
Lean Six Sigma to establish a structured theoretical foundation for an integrated PMBOK-ISO 9001~
DMAIC framework. The review is organized around measurable constructs and empirically examined
relationships that inform the development of a coherent project quality management architecture.
Emphasis is placed on identifying how governance mechanisms, system-level controls, and DMAIC
phases contribute to quantifiable project quality outcomes (Li et al., 2018). By structuring the literature
around analytically defined dimensions, this section provides the conceptual grounding necessary for
developing a testable quantitative model of Lean Six Sigma-driven project quality management.
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Project Quality Management

Project quality management is conceptually grounded in the treatment of quality as a measurable and
systematically controllable construct within project environments. In the literature, quality is not
framed as a subjective perception but as an operational condition defined by explicit requirements,
performance thresholds, and verification criteria (Ross, 2017). Project quality management effectiveness
is therefore understood as the degree to which project processes and deliverables conform to
predefined standards while maintaining consistency throughout the project lifecycle. This perspective
emphasizes that quality must be embedded into planning, execution, and control mechanisms rather
than assessed solely at delivery. Scholars have consistently conceptualized project quality as a function
of structured governance, disciplined measurement, and controlled execution, reinforcing its suitability
for quantitative examination. Measurement-based interpretations of quality align with broader quality
management traditions that view performance variability, defect occurrence, and process stability as
indicators of system effectiveness (Samset & Volden, 2016). Within project contexts, quality
management effectiveness extends beyond deliverable inspection to include the reliability of processes
that generate those deliverables. This orientation positions project quality as an outcome of managerial
systems rather than isolated technical activities. The literature further establishes that effective project
quality management depends on the clarity with which requirements are translated into measurable
criteria and embedded into governance frameworks. By framing quality as a measurable construct,
researchers emphasize the importance of objective indicators that allow for comparison, monitoring,
and control across projects (Mizuno, 2020). This conceptual foundation supports the examination of
project quality management as an integrated managerial function capable of producing consistent,
verifiable outcomes across organizational and sectoral boundaries.

Figure 3: Project Quality Management Effectiveness Model
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A central distinction in the literature on project quality management lies between quality conformance
and quality performance. Quality conformance refers to the extent to which project outputs meet
predefined specifications, standards, and acceptance criteria (Estoque et al., 2019). It is typically
evaluated through inspection results, defect counts, and compliance rates. Quality performance, by
contrast, reflects how effectively project processes operate in achieving stability, efficiency, and
reliability over time. While conformance focuses on meeting minimum requirements, performance
captures the capability of project systems to consistently produce acceptable outcomes. The literature
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highlights that project may achieve short-term conformance while exhibiting poor underlying
performance, resulting in rework, inefficiencies, and instability (Beckford, 2016). This distinction has
led scholars to argue that project quality management effectiveness must account for both dimensions
simultaneously. Conformance indicators alone fail to capture systemic weaknesses that manifest as
recurring defects or performance variation. Conversely, performance metrics without conformance
validation may obscure noncompliance risks. As a result, quality is increasingly treated as a dual
construct encompassing both outcome conformity and process capability. This duality is particularly
relevant in complex project environments where variability in scope, resources, and stakeholder
expectations can affect both deliverables and execution processes (Preiser et al., 2015). The literature
underscores that balancing conformance and performance requires structured governance mechanisms
that integrate planning standards with ongoing measurement and corrective control. This balanced
view reinforces the need for multidimensional quality models that move beyond binary assessments of
success or failure and instead evaluate quality as a continuous and quantifiable managerial outcome.
Project quality is widely recognized in the literature as a multidimensional variable composed of
interrelated indicators that collectively represent overall quality performance. Common dimensions
include defect frequency, rework intensity, acceptance compliance, and process stability (Weimer &
Vining, 2017). Defects represent deviations from specifications and are often quantified through counts,
rates, or density measures. Rework captures the extent to which deliverables or processes require
correction, reflecting inefficiencies and control weaknesses. Acceptance compliance measures the
proportion of deliverables that meet stakeholder and contractual requirements without modification.
Process stability refers to the consistency of performance over time, indicating the presence or absence
of excessive variation. Together, these dimensions provide a comprehensive representation of project
quality that extends beyond single-point assessments (Tennant, 2017). The literature emphasizes that
relying on a single indicator can produce misleading conclusions, as quality outcomes often result from
interactions among multiple factors. Multidimensional measurement frameworks enable researchers
and practitioners to identify trade-offs, patterns, and systemic issues that influence overall quality
effectiveness. This approach aligns with quantitative quality management traditions that emphasize
statistical evaluation, trend analysis, and performance monitoring. By conceptualizing project quality
as a composite construct, the literature supports the development of analytical models capable of
capturing nuanced variations in quality outcomes (Demirkesen & Ozorhon, 2017). This
multidimensional perspective also facilitates cross-project comparison and benchmarking by
standardizing how quality is defined and measured across contexts.

Governance structures play a critical role in shaping project quality outcomes by determining how
quality requirements are established, monitored, and enforced. The literature consistently identifies
governance as the mechanism through which accountability, authority, and control are exercised in
project environments (Kowalkowski et al., 2017). Effective governance structures define roles and
responsibilities for quality planning, assurance, and control, ensuring that quality is integrated into
decision-making processes rather than treated as an operational afterthought. Governance influences
the consistency of quality measurement by standardizing reporting formats, review cycles, and
escalation procedures. It also affects responsiveness to quality deviations through formalized corrective
action pathways. The presence of clear governance mechanisms has been associated with reduced
ambiguity in quality expectations and improved alignment between project objectives and
organizational standards (Buttle & Maklan, 2019). Conversely, weak governance structures are linked
to fragmented quality practices, inconsistent measurement, and reactive control. The literature
emphasizes that governance structures enable the institutionalization of quality management practices
by embedding them into formal project systems. This institutionalization supports sustained quality
performance by reinforcing disciplined execution and continuous oversight. In quantitative research,
governance variables often serve as explanatory factors that influence measurable quality outcomes.
By shaping how quality information is generated, interpreted, and acted upon, governance structures
directly affect project quality management effectiveness (Ivanov et al.,, 2016). This relationship
underscores the importance of examining governance not merely as an administrative function but as
a determinant of measurable project quality performance.
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PMBOK-Based Project Quality Management

Project quality governance capability is widely conceptualized in the literature as the structured
capacity of project management systems to define, coordinate, and enforce quality-related decisions
throughout the project lifecycle (Jong et al., 2019). Within PMBOK-based frameworks, quality planning
intensity represents a core governance mechanism through which quality expectations are
operationalized into explicit requirements and acceptance criteria. The literature consistently
emphasizes that effective quality planning involves translating stakeholder needs, contractual
obligations, and technical specifications into measurable quality parameters that can be monitored and
verified. Planning intensity reflects not only the presence of quality plans but also the depth, clarity,
and specificity with which quality metrics are defined (Isacds-Ojeda et al., 2018). Projects with higher
planning intensity demonstrate greater alignment between quality objectives and execution activities
because quality requirements are embedded into scope definitions, work breakdown structures, and
baseline documents. Quantification of planning completeness is frequently discussed as the extent to
which quality criteria cover all critical deliverables and processes, minimizing ambiguity during
execution. Metric clarity is treated as a governance attribute that determines whether project teams
share a consistent understanding of acceptable performance thresholds. The literature indicates that
vague or incomplete quality planning weakens governance by increasing reliance on subjective
judgment during inspections and reviews (Kurniawan, 2018). Conversely, detailed and well-structured
planning frameworks support objective evaluation and accountability. From a quantitative perspective,
quality planning intensity enables the consistent generation of measurable indicators that support
comparative analysis across projects. Governance-oriented studies highlight that quality planning
functions as an early control mechanism that shapes downstream assurance and control effectiveness.
As a result, quality planning intensity is positioned as a foundational dimension of project quality
governance capability, influencing how effectively quality objectives are communicated, monitored,
and enforced throughout project execution (Palma et al., 2019).

Quality assurance integration represents a second critical dimension of PMBOK-based project quality
governance capability, emphasizing the systematic coordination of assurance activities across project
phases. The literature characterizes quality assurance as the set of planned and systematic actions
implemented to provide confidence that quality requirements will be fulfilled (Gurjar, 2016). Within
governance-oriented perspectives, assurance integration reflects the degree to which quality assurance
activities are embedded into routine project management processes rather than treated as isolated
compliance checks. Process adherence is frequently identified as a key assurance indicator, reflecting
how consistently project activities follow defined procedures and standards. Audit frequency is
another commonly discussed element, serving as a governance mechanism that reinforces
accountability and provides structured feedback on process performance. Governance controls such as
review boards, approval gates, and documented evaluations contribute to assurance consistency by
standardizing how quality information is assessed and acted upon (Tsochev & Stankov, 2020). The
literature emphasizes that assurance effectiveness depends on consistency across project phases,
ensuring that quality standards are maintained from initiation through closure. Inconsistent assurance
practices introduce variability that undermines the reliability of quality outcomes. Quantitative
research approaches often operationalize assurance integration through indicators such as audit
coverage, review regularity, and adherence rates. These indicators allow governance capability to be
evaluated empirically rather than descriptively. Studies also highlight that assurance integration
strengthens transparency by creating traceable records of quality evaluations and corrective actions.
This traceability supports governance effectiveness by linking decisions to documented evidence (Haq
et al., 2018). Overall, quality assurance integration is positioned as a governance mechanism that
stabilizes project quality performance by ensuring disciplined adherence to defined standards across
the entire project lifecycle.

69



Review of Applied Science and Technology, September 2022, 61- 99

Figure 4: Project Quality Governance Capability Framework
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Quality control effectiveness is extensively discussed in the literature as the operational dimension of
project quality governance that directly influences measurable quality outcomes. Within PMBOK-
based frameworks, quality control focuses on monitoring specific project results to determine whether
they comply with relevant quality standards and identifying ways to eliminate causes of unsatisfactory
performance (Miiller et al., 2016). Governance-oriented analyses treat quality control effectiveness as a
function of the reliability, accuracy, and responsiveness of control mechanisms. Defect detection rates
are commonly used to assess the sensitivity of control systems in identifying deviations from
requirements. Inspection accuracy reflects the ability of quality control processes to correctly
distinguish between conforming and nonconforming outputs. Variance monitoring captures the extent
to which deviations in performance are identified and tracked over time. The literature emphasizes that
effective quality control relies on objective measurement rather than subjective assessment, reinforcing
its suitability for quantitative evaluation (Miiller et al., 2015). Statistical indicators are frequently
discussed as tools that enhance governance by providing evidence-based insights into process behavior
and outcome stability. Control effectiveness is also linked to the timeliness of detection and correction,
as delayed responses increase rework and quality-related costs. Studies consistently indicate that weak
control systems result in reactive governance, where quality issues are addressed only after significant
deviation has occurred. In contrast, strong control mechanisms support proactive governance by
enabling early intervention. From a governance capability perspective, quality control effectiveness
reflects the extent to which project management systems can maintain stability under operational
variability (Brunet & Aubry, 2016). This dimension of governance directly influences project credibility,
stakeholder confidence, and performance consistency. As such, quality control effectiveness is treated
as a measurable and central component of project quality governance capability.

Integration with project lifecycle controls represents a higher-order governance dimension that links
quality management activities with scope, schedule, and cost control mechanisms. The literature
emphasizes that quality governance cannot function independently from other project control systems,
as quality outcomes are inherently influenced by changes in scope, time constraints, and resource
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allocation (Miiller et al., 2017). Alignment of quality metrics with scope baselines ensures that quality
requirements correspond directly to defined deliverables rather than abstract standards. Schedule
alignment ensures that quality activities such as inspections, reviews, and audits are incorporated into
project timelines, reducing the likelihood of compressed or omitted controls. Cost alignment reflects
the recognition that quality-related activities require resource allocation and that insufficient budgeting
undermines governance effectiveness. Change control mechanisms play a critical role in maintaining
quality stability by regulating how modifications to scope or requirements are evaluated and approved.
The literature treats change control as a governance safeguard that prevents uncontrolled variation
from eroding quality performance (Chang, 2015). Quantitative discussions often associate effective
change control with reduced defect recurrence and improved consistency in quality outcomes.
Integration across lifecycle controls enables coherent decision making by ensuring that quality
implications are systematically considered alongside schedule and cost impacts. Studies highlight that
fragmented control systems weaken governance by creating conflicting priorities and inconsistent
metrics. Conversely, integrated controls support balanced decision making and sustained quality
performance. This integration reinforces project quality governance capability by embedding quality
considerations into all major project management decisions (Hagq et al., 2019). As a result, lifecycle
integration is positioned as a defining feature of mature and effective project quality governance
systems.

ISO 9001 Quality Management System

Quality management system maturity is extensively discussed in the literature as an indicator of how
effectively organizational quality structures are formalized, institutionalized, and embedded into
operational and project-based activities (Psomas & Antony, 2015). Within ISO 9001-based frameworks,
process standardization and documentation control are regarded as foundational elements of system
maturity. Process standardization refers to the extent to which organizational activities are defined,
documented, and executed in a consistent manner across functions and projects. Documentation
control ensures that procedures, work instructions, records, and quality plans remain current,
traceable, and accessible to relevant stakeholders. The literature emphasizes that higher degrees of
formalization reduce ambiguity by clarifying roles, responsibilities, and process interfaces (Natarajan,
2017). Traceability is treated as a critical system attribute that links requirements to execution and
verification, enabling organizations to track how quality objectives are translated into operational
outcomes. Documentation completeness reflects whether all critical processes and quality-relevant
activities are formally captured, while documentation consistency refers to alignment across
documents, departments, and project teams. Studies highlight that incomplete or inconsistent
documentation weakens system control by introducing variability in interpretation and execution
(Ismyrlis & Moschidis, 2015). Conversely, well-maintained documentation systems support
repeatability and comparability, which are essential for quantitative assessment of quality
performance. From a system control perspective, standardized processes and controlled
documentation provide the structural backbone for monitoring, auditing, and corrective action. The
literature positions these elements as prerequisites for reliable measurement because quality data
cannot be meaningfully interpreted when underlying processes lack stability or clarity (Albulescu et
al., 2016). As a result, process standardization and documentation control are widely treated as core
indicators of quality management system maturity, influencing the organization’s capacity to sustain
consistent quality outcomes across projects.

Risk-based quality control mechanisms constitute a second critical dimension of ISO 9001-driven
system maturity, reflecting the shift from reactive inspection toward proactive control of potential
quality deviations. The literature characterizes risk-based thinking as the systematic identification,
assessment, and management of factors that may affect the conformity of products, services, or project
deliverables (Rodriguez-Mantilla, Martinez-Zarzuelo, et al.,, 2020). Within quality management
systems, risk identification involves recognizing sources of variability, failure modes, and process
vulnerabilities that could compromise quality performance. Risk mitigation focuses on implementing
controls that reduce the likelihood or impact of these potential deviations. Quantitative treatment of
risk is discussed in terms of prioritization, categorization, and monitoring of risk-related indicators,
enabling organizations to allocate control efforts based on significance rather than intuition. The
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literature consistently links effective risk controls with reduced incidence of nonconformance and
improved process stability. System maturity is reflected in the extent to which risk considerations are
embedded into routine quality planning, operational controls, and decision-making processes. Weak
risk integration results in fragmented controls that address symptoms rather than underlying causes
(Ong et al., 2015). Strong risk-based mechanisms, by contrast, enable early intervention and structured
response. The relationship between risk controls and quality deviation rates is frequently examined as
an indicator of system effectiveness, with lower deviation rates associated with more mature risk
management practices. Risk-based quality control enhances system reliability by aligning preventive
actions with identified vulnerabilities. This alignment strengthens the analytical foundation of quality
management systems and supports consistent performance across projects (Drosos et al., 2017). The
literature therefore positions risk-based quality control as a defining attribute of advanced system
maturity rather than a supplementary compliance activity.

Figure 5: Quality Management System Maturity Framework
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Monitoring, measurement, and audit rigor are central to the operational credibility of ISO 9001-based
quality management systems and are widely treated as indicators of system reliability and control
strength. Monitoring refers to the continuous observation of process performance against defined
criteria, while measurement involves the systematic collection of data to quantify conformity and
variation (Rodriguez-Mantilla, Ferndndez-Cruz, et al., 2020). Audit rigor encompasses the structured
evaluation of system implementation, process adherence, and effectiveness of controls. The literature
highlights audit frequency as a visible indicator of management commitment to quality oversight, with
regular audits reinforcing discipline and accountability. Nonconformance rates are commonly
discussed as measurable outputs of monitoring systems, reflecting the degree to which processes
deviate from established requirements. Corrective action closure time captures the responsiveness of
the system in addressing identified issues. Together, these indicators provide insight into the
robustness of system control mechanisms. Studies emphasize that monitoring and auditing lose
effectiveness when treated as procedural formalities rather than analytical tools (Betlloch-Mas et al.,
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2019). Mature systems demonstrate consistency in audit execution, clarity in reporting, and follow-
through in corrective action. Statistical indicators are often discussed as means of evaluating system
reliability by identifying trends, patterns, and stability over time. Reliable systems exhibit predictable
performance with limited unexplained variation. Weak systems show erratic patterns and delayed
response. Monitoring and audit rigor support quantitative evaluation by generating structured data
suitable for analysis and comparison. This dimension of system maturity reinforces transparency and
evidence-based decision making (Franceschini et al., 2018). The literature positions rigorous monitoring
and auditing as essential for maintaining control over complex project environments where variability
and uncertainty are inherent.

DMAIC Methodology

The DMAIC methodology is widely conceptualized in the quality management literature as a
structured, data-driven improvement cycle that operationalizes analytical rigor within organizational
and project environments (Nandakumar et al., 2020). As a mediating construct, data-driven quality
improvement capability reflects the extent to which organizations systematically translate quality
requirements into measurable variables, analyze performance variation, and implement validated
corrective actions. The Define phase establishes the analytical foundation by converting stakeholder
needs and project requirements into clearly articulated critical-to-quality characteristics and problem
statements. The literature emphasizes that accurate requirement translation is essential for analytical
coherence, as poorly defined objectives undermine subsequent measurement and analysis.
Quantitative clarity in this phase refers to the precision with which quality expectations are expressed,
including the explicit identification of performance boundaries and defect definitions (Peruchi et al.,
2020). Clear CTQ specification ensures alighment between governance objectives and analytical focus,
reducing ambiguity in data interpretation. Studies consistently highlight that project with well-defined
CTQs demonstrate stronger analytical continuity across improvement phases. Problem statement
clarity is also treated as an indicator of methodological discipline, shaping the scope and relevance of
analysis activities. Within project quality management, the Define phase functions as a boundary-
setting mechanism that determines the relevance of collected data and the validity of improvement
conclusions. As such, data-driven improvement capability is partially mediated by the rigor with which
quality objectives are articulated at the outset (Basios & Loucopoulos, 2017). The literature positions
this phase as a critical linkage between governance-defined quality goals and analytical execution,
reinforcing DMAIC's role as an integrative mechanism rather than a standalone technical tool.

The Measure phase represents the empirical core of DMAIC by establishing the reliability and integrity
of data used for quality evaluation. Literature on data-driven improvement emphasizes that
measurement system credibility is a prerequisite for meaningful analysis and decision making
(Smetkowska & Mrugalska, 2018). Data reliability reflects the consistency, accuracy, and completeness
of measurement processes, while data integrity concerns the validity and traceability of collected
information. Measurement system capability is discussed as the degree to which measurement
processes produce stable and reproducible results under consistent conditions. Baseline performance
quantification provides a reference point against which variation and improvement can be assessed.
The literature underscores that unreliable data compromises the entire improvement cycle by
introducing noise that obscures true process behavior. In project environments, measurement
challenges are compounded by temporary structures, multiple data sources, and varying stakeholder
interpretations. Mature DMAIC applications address these challenges by standardizing data
definitions, collection procedures, and validation protocols (Gaikwad et al., 2019). Baseline
establishment is treated as a governance-relevant activity because it creates transparency regarding
current performance levels and performance gaps. Quantitative baselines enable objective comparison
across time, processes, or projects, supporting analytical consistency. Studies consistently associate
strong measurement discipline with improved confidence in analytical findings and corrective actions.
As a mediating construct, data-driven quality improvement capability is strengthened when
measurement systems provide dependable evidence for subsequent analysis and intervention. The
Measure phase thus serves as a stabilizing mechanism that aligns analytical rigor with project quality
governance requirements (Srinivasan et al., 2016).
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Figure 6: DMAIC Quality Improvement Fishbone Framework
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The Analyze phase embodies the diagnostic dimension of DMAIC, focusing on identifying and
validating the root causes of quality variation. The literature characterizes analytical depth as the extent
to which systematic and evidence-based techniques are applied to distinguish meaningful patterns
from random fluctuation (Sin et al., 2015). Root cause validation is treated as a critical differentiator
between superficial problem-solving and disciplined quality improvement. Variance attribution
involves linking observed performance deviations to specific process inputs, conditions, or behaviors.
Analytical rigor in this phase is associated with the structured exploration of relationships among
variables rather than reliance on anecdotal explanation. The literature emphasizes that effective
analysis requires both methodological discipline and contextual understanding of project processes.
Inadequate analytical depth often leads to misidentification of causes, resulting in ineffective or
temporary solutions (Acosta-Vargas et al., 2020; Rifat & Jinnat, 2022; Rifat & Khairul Alam, 2022).
Significance assessment is discussed as a means of determining whether observed relationships reflect
underlying process dynamics or incidental variation. Within project quality management, the Analyze
phase supports governance objectives by providing defensible evidence for decision making.
Analytical transparency enhances stakeholder confidence in proposed corrective actions and reinforces
accountability. Studies indicate that organizations with strong analytical capability demonstrate more
consistent quality outcomes because interventions are targeted at verified causes rather than
symptoms. As a mediating variable, DMAIC’s analytical function connects governance-defined quality
expectations with operational improvement actions (Li et al., 2019). This connection strengthens the
explanatory power of integrated quality management models by clarifying how data-driven insight
influences measurable performance outcomes.

The Improve and Control phases collectively represent the action and stabilization dimensions of data-
driven quality improvement capability. The Improve phase focuses on implementing solutions that
address validated root causes and produce measurable changes in performance indicators (Raiola et
al., 2020). The literature treats solution effectiveness as the degree to which implemented actions result
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in observable and sustained improvement relative to baseline conditions. Measurable performance
change reflects the practical impact of analytical findings, demonstrating the value of data-driven
intervention. Solution validation is discussed as an essential step for distinguishing effective changes
from coincidental variation. The Control phase emphasizes sustaining achieved gains by embedding
monitoring mechanisms, standardized procedures, and response protocols into routine operations.
Performance sustainability is reflected in the persistence of reduced variation and stable outcomes over
time (Uluskan, 2019). Standardization ensures that improved processes are consistently executed, while
monitoring effectiveness ensures that deviations are promptly detected. The literature highlights that
improvement initiatives lacking robust control mechanisms often experience regression to prior
performance levels. Control discipline is therefore treated as a determinant of long-term improvement
credibility. Feedback mechanisms play a central role by linking monitoring results to corrective action,
reinforcing closed-loop control. As a mediating construct, data-driven quality improvement capability
is fully realized when analytical insights lead to validated improvements that are stabilized through
systematic control. This integration strengthens the link between quality governance structures and
measurable project quality outcomes (Stanivuk et al., 2020). DMAIC is thus positioned in the literature
as an analytical conduit through which structured governance and system controls are translated into
sustained quality performance within project environments.

Lean Principles as Process Efficiency Moderators

Lean principles are widely discussed in the literature as a systematic approach to enhancing process
efficiency through the identification and elimination of non-value-adding activities. Within project and
operations contexts, process efficiency orientation reflects the extent to which organizations actively
pursue waste reduction as a managerial priority embedded in routine execution practices (Marodin et
al., 2018). Waste identification intensity is commonly described as the rigor and consistency with which
inefficiencies such as rework, waiting, unnecessary motion, excess processing, and underutilization of
resources are recognized and documented. The literature emphasizes that waste is not limited to
physical inefficiency but also includes informational delays, decision bottlenecks, and coordination
failures that directly affect project quality outcomes. Elimination metrics are used to quantify the
effectiveness of waste reduction efforts by capturing measurable reductions in cycle interruptions,
redundant activities, and nonconforming outputs (Iranmanesh et al., 2019). Studies consistently
position waste identification as a prerequisite for disciplined efficiency management, as unrecognized
waste cannot be systematically addressed. High-intensity waste identification practices reflect a mature
process efficiency orientation in which inefficiencies are treated as measurable performance gaps rather
than unavoidable constraints. The literature further suggests that organizations with strong waste
elimination discipline demonstrate more predictable execution patterns and improved consistency in
deliverable quality. From a quantitative perspective, waste-related indicators provide tangible
measures of efficiency that can be linked to broader quality outcomes. As a moderating construct,
process efficiency orientation influences how governance structures and analytical improvement
mechanisms translate into performance by shaping the operational context in which quality controls
are applied (Zhang et al., 2020). Lean principles thus contribute a process-level lens that complements
governance and analytical dimensions of quality management by emphasizing efficiency as a
controllable variable.

Cycle time reduction and flow stability are central themes in Lean literature and are widely treated as
indicators of process efficiency maturity (DeSanctis et al., 2018). Cycle time is defined as the total
elapsed time required to complete a process or deliver a project output, encompassing both value-
adding and non-value-adding activities. The literature emphasizes that excessive cycle time is often
symptomatic of hidden inefficiencies such as bottlenecks, queue accumulation, and coordination
delays. Cycle time reduction reflects the organization’s capacity to streamline processes, remove
constraints, and synchronize activities across functional boundaries. Flow stability refers to the
consistency and predictability with which work progresses through process stages without
interruption or excessive variation. Studies highlight that unstable flow increases the likelihood of

errors, rework, and quality deviations by disrupting standardized execution patterns (Sancha et al.,
2020).
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Figure 7: Advantages of Lean Process Management
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Lean-oriented environments emphasize smooth flow as a means of reducing cognitive load, improving
coordination, and supporting disciplined quality control. Quantitative measurement of cycle time and
flow stability enables organizations to monitor efficiency performance objectively and identify sources
of variability. The literature consistently associates stable flow with improved quality consistency, as
predictable processes are easier to control and verify. In project environments, flow stability supports
timely inspections, coordinated reviews, and effective quality assurance activities. As a moderating
variable, process efficiency orientation influences the strength of relationships between governance
mechanisms, analytical improvement efforts, and quality outcomes (Shahid et al., 2020). Lean
principles thus shape the operational conditions under which quality management systems function,
reinforcing the importance of efficiency as a contextual factor in quality performance analysis.
Integrated PMBOK-ISO 9001-DMAIC Framework in Project Contexts

The integrated PMBOK-ISO 9001-DMAIC framework is conceptualized in the literature as a cohesive
project quality management system that unifies governance structures, standardized system controls,
and analytical improvement mechanisms within a single architectural model (Marques et al., 2016).
Structural alignment is identified as the central principle underlying this integration, emphasizing the
coordination of decision authority, process discipline, and data-driven analysis across project
environments. PMBOK contributes governance logic by defining roles, responsibilities, lifecycle
controls, and performance review mechanisms that regulate project execution. ISO 9001 contributes
system control by formalizing processes, documentation, monitoring, and corrective action
requirements that ensure consistency and traceability. DMAIC contributes analytical rigor by
providing a structured methodology for translating quality objectives into measurable variables and
validated improvements. The literature emphasizes that when these elements operate in isolation,
quality management activities become fragmented, leading to duplication, conflicting priorities, and
inconsistent measurement (Sholarin & Awange, 2016a). Structural alignment addresses this
fragmentation by synchronizing governance decision points with system controls and analytical
outputs. This synchronization enables quality-related decisions to be supported by standardized
evidence and validated data rather than informal judgment. Studies consistently position integrated
quality systems as more robust because they reduce ambiguity in how quality is defined, measured,
and controlled. From a quantitative perspective, structural alighment enhances internal validity by
ensuring that quality indicators are derived from consistent processes and evaluated through
coordinated review mechanisms (Sather et al., 2018). The integrated framework thus represents a
system-level construct in which governance, control, and analytics function as interdependent
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components rather than parallel activities.

Reduction of metric redundancy and reporting inconsistency is a prominent theme in the literature
addressing integrated quality management systems. Metric redundancy occurs when multiple
frameworks generate overlapping or conflicting indicators for similar quality phenomena, increasing
reporting burden and obscuring performance interpretation (Nicoletti, 2016). Reporting inconsistency
arises when different teams or organizational levels apply divergent definitions, thresholds, or
measurement intervals for quality metrics. The literature highlights that standalone implementation of
PMBOK, ISO 9001, and DMAIC often produces separate documentation sets, dashboards, and review
cycles, leading to fragmented visibility of quality performance. An integrated framework mitigates
these issues by harmonizing metric definitions and aligning reporting structures across governance,
system, and analytical domains. This harmonization enables quality metrics to serve multiple purposes
simultaneously, supporting project control, system compliance, and improvement analysis without
duplication (Sholarin & Awange, 2016b). Studies emphasize that streamlined reporting improves
decision quality by presenting coherent performance narratives rather than disjointed data streams.
Reduction of redundancy also enhances data reliability by minimizing manual reconciliation and
interpretation discrepancies. Quantitative research benefits from such coherence because data collected
under unified definitions are more suitable for statistical analysis and cross-project comparison. The
literature further notes that reporting consistency strengthens accountability by clarifying which
indicators are authoritative for decision making. Integrated quality management systems therefore
support measurement efficiency by consolidating metrics into a unified structure that aligns with both
project-level execution and organizational oversight requirements (Basu, 2017).

Measurement coherence across project and organizational levels is identified as a defining attribute of
mature integrated quality management systems. Measurement coherence refers to the consistency and
compatibility of quality indicators used at different hierarchical levels, enabling aggregation,
comparison, and interpretation without loss of meaning (Doskocil & Lacko, 2019). The literature
emphasizes that projects operate within broader organizational systems, and misalignment between
project metrics and organizational quality indicators undermines both control and learning. PMBOK-
based project metrics often focus on deliverable acceptance, schedule adherence, and stakeholder
satisfaction, while ISO 9001 emphasizes process conformity and system performance, and DMAIC
emphasizes variation and improvement outcomes. An integrated framework aligns these perspectives
by establishing a common measurement logic that links project-level indicators to organizational
quality objectives (Haberfellner, 2019). This alignment allows project data to contribute meaningfully
to system-level evaluations and management reviews. Studies highlight that coherent measurement
systems facilitate benchmarking and trend analysis by ensuring that indicators retain consistent
definitions across contexts. From a quantitative standpoint, measurement coherence supports construct
validity by reducing measurement error and enhancing comparability. The literature also indicates that
coherent measurement enables organizations to identify systemic quality patterns rather than isolated
project anomalies (Lanati, 2018). This capability strengthens the analytical foundation of quality
management by supporting multi-level analysis. Integrated measurement systems thus enable quality
performance to be evaluated holistically, capturing interactions between project execution and
organizational processes.

The integrated PMBOK-ISO 9001-DMAIC framework is further discussed in the literature as a higher-
order system that enhances transparency, accountability, and analytical depth in project quality
management (Marques et al., 2016). Transparency is achieved through standardized documentation,
aligned reporting structures, and traceable decision pathways that link quality outcomes to governance
actions. Accountability is reinforced by clearly defined roles and responsibilities supported by
evidence-based review mechanisms. Analytical depth is provided through DMAIC’s structured
approach to measurement, diagnosis, and validation, which strengthens the credibility of quality-
related decisions. The literature emphasizes that integration enables continuous alignment between
strategic quality objectives and operational execution without relying on ad hoc coordination. By
embedding analytical outputs into governance reviews and system controls, integrated frameworks
ensure that quality management remains responsive while maintaining discipline (Nicoletti, 2016).
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Figure 8: Integrated PMBOK-ISO-DMAIC Framework
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Quantitative studies highlight that such integration supports reliable performance evaluation by
stabilizing measurement systems and reducing contextual noise. The higher-order nature of the
integrated framework lies in its ability to coordinate multiple quality management dimensions into a
single, coherent system. This coordination enhances the interpretability of quality data and supports
consistent performance across projects and organizational units. The literature positions integrated
quality management systems as essential for managing complexity in project environments
characterized by interdependence, variability, and stakeholder diversity. By unifying governance,
system control, and analytics, the integrated PMBOK-ISO 9001-DMAIC framework provides a
comprehensive lens for understanding project quality management as a measurable and controllable
system rather than a collection of disconnected practices (Doskocil & Lacko, 2019).

Quantitative Project Quality Performance Outcomes

Project quality performance is widely treated in the literature as an empirically observable construct
that can be evaluated through objective indicators reflecting both deliverable conformity and process
behavior (Serrador & Pinto, 2015). In quantitative project environments, quality performance is
operationalized through measures that capture the frequency, severity, and distribution of
nonconforming outcomes, along with the efficiency impacts associated with correcting those outcomes.
Defect density is frequently used to represent the concentration of defects within a defined unit of
output, such as per deliverable, per milestone package, per work order, or per functional component.
This indicator supports comparability across projects by normalizing defect counts relative to output
size or complexity. Rework frequency complements defect density by capturing how often corrective
activities are required to achieve conformity, reflecting both upstream process weakness and
downstream control burden (Cuadros-Rodriguez et al.,, 2016). Rework measures are treated as
especially salient in project settings because rework consumes schedule and cost buffers, disrupts
sequencing, and increases coordination overhead. Quantitative literature also emphasizes that defect
and rework indicators should be defined using consistent defect taxonomies and standardized
counting rules to preserve measurement reliability. When defect definitions vary by team or phase,
defect rates may reflect reporting behavior rather than true quality levels. As a result, measurement
frameworks often emphasize traceability between defects, root causes, corrective actions, and
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verification events, allowing defect density and rework frequency to serve as credible indicators of
project quality performance rather than isolated counts. In addition, defect-related metrics are
frequently interpreted alongside timing-related attributes, such as when defects are discovered and
how quickly they are closed, because early detection is associated with lower correction effort and
reduced disruption to downstream activities (Alaloul et al., 2020). Together, defect density and rework
frequency form a core outcome cluster that captures the tangible manifestation of quality shortfalls and
the operational cost of restoring conformity, making them central to quantitative assessments of project
quality performance.

Acceptance compliance rates are another dominant outcome dimension in the quantitative project
quality literature, reflecting the extent to which deliverables meet predefined acceptance criteria at the
point of review, handover, or formal approval (Alaloul et al., 2020). Acceptance compliance is typically
interpreted as the proportion of deliverables that are accepted without corrective modification,
escalation, or conditional approval. This indicator is important because it directly reflects whether
stakeholder requirements, contractual specifications, and technical standards have been satisfied in a
verifiable manner. Acceptance compliance is also used to capture the reliability of the project’s quality
planning and assurance mechanisms, since well-defined criteria and consistent verification practices
tend to yield more stable acceptance outcomes. Quantitative research approaches frequently treat
acceptance compliance as a high-level indicator that integrates multiple elements of project
performance, including requirement translation clarity, control effectiveness, and process execution
discipline (Rosen et al., 2018). The literature also differentiates between first-pass acceptance and
eventual acceptance, recognizing that a deliverable may be approved after iterations yet still impose
hidden costs through review cycles, corrective work, and delays. First-pass acceptance rates offer a
more discriminating indicator of quality performance because they reduce ambiguity associated with
iterative correction. Acceptance compliance is also discussed as a multi-level measure, with compliance
assessed at the component level, subsystem level, milestone level, and final project level, allowing
analysis of where noncompliance concentrates. In projects involving multiple stakeholders, acceptance
criteria may differ across regulatory bodies, customers, internal governance boards, and operational
users, making consistency in acceptance measurement essential for quantitative comparability. The
literature further emphasizes that acceptance outcomes should be linked to objective evidence such as
test results, inspection records, and verification reports rather than narrative judgments (Mohammadi
et al., 2018). When acceptance compliance is measured through standardized evidence, it functions as
a robust outcome indicator that captures the project’s ability to convert requirements into conforming
deliverables consistently across phases and work packages.

Process capability and stability indicators extend quantitative project quality performance
measurement beyond deliverable outcomes by evaluating the behavior of the processes that generate
those outcomes (Molina-Azorin et al., 2015). Capability indicators represent the extent to which a
process can meet specification limits with minimal variation, while stability indicators capture whether
the process remains consistent over time without erratic shifts in performance. In project contexts,
processes include design review cycles, procurement workflows, fabrication or construction steps,
testing procedures, and service configuration tasks, each of which can be evaluated for variation and
control consistency. The literature emphasizes that quality outcomes improve when underlying
processes exhibit predictable behavior, because predictable processes are easier to monitor, audit, and
correct. Stability is often interpreted through the presence or absence of unusual performance swings,
frequent exceptions, and irregular corrective actions (Emery et al., 2017). Capability is interpreted
through how tightly process outputs cluster around requirements and how often outputs exceed
tolerance thresholds. In quantitative studies, capability and stability measures are frequently linked to
defect and rework outcomes, supporting the interpretation that outcome-level quality is shaped by the
statistical behavior of upstream processes. Project environments introduce special measurement
challenges because processes may change as phases advance, teams rotate, or suppliers vary, which
can produce nonstationary conditions. The literature addresses this challenge by emphasizing
consistent measurement definitions, phase-specific baselines, and segmented analysis that respects
lifecycle variation. Process capability and stability indicators are also used to evaluate the effectiveness
of quality controls, since strong controls tend to reduce special-cause variability and support repeatable
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performance. These indicators contribute to measurement coherence by offering a process-oriented
explanation for outcome differences across deliverables, teams, or phases (Joslin & Miiller, 2016).

Figure 9: Project Quality Performance Evaluation Framework
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When capability and stability are assessed alongside acceptance and defect outcomes, project quality
performance can be evaluated as both the conformity of deliverables and the predictability of process
execution, strengthening the empirical basis for integrated quality management evaluation.

Cost of quality components provide a financially interpretable outcome dimension that translates
quality performance into measurable resource impacts. Cost of quality is commonly structured into
prevention costs, appraisal costs, internal failure costs, and external failure costs, allowing
organizations to quantify how much is spent on avoiding defects, detecting defects, correcting defects
before delivery, and correcting defects after delivery (Hussain et al.,, 2018). In project settings,
prevention costs may include training, quality planning, process design activities, supplier
qualification, and upfront testing preparation. Appraisal costs may include inspections, audits,
verification testing, and review board operations. Internal failure costs are reflected in scrap, rework
labor, retesting, schedule disruption, and redesign cycles discovered prior to acceptance. External
failure costs may include warranty claims, contractual penalties, customer remediation activities, and
reputational management expenses following deliverable handover. The literature emphasizes that
cost of quality measurement supports a balanced understanding of project quality performance
because low defect counts may coexist with disproportionately high appraisal costs, and low appraisal
spending may coincide with higher failure costs (Paulraj et al., 2017). Quantitative studies frequently
treat cost of quality components as outcome variables that capture the economic consequences of
quality management effectiveness. These measures also support comparability across projects by
converting quality issues into cost-based indicators that can be normalized by project size, contract
value, or labor hours. Measurement reliability remains critical, as cost classification rules must be
consistent to avoid shifting costs between categories based on accounting practice rather than
operational reality. The literature further highlights that linking cost of quality components to defect,
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rework, and acceptance metrics strengthens interpretability by showing how operational quality
outcomes propagate into financial impacts (Berssaneti & Carvalho, 2015). When used together, defect
density, rework frequency, acceptance compliance rates, process capability and stability indicators, and
cost of quality components form a comprehensive quantitative outcome set that captures both the
technical and economic dimensions of project quality performance within a single measurement logic.
Synthesis of Literature and Identification of Measurement Gaps

The literature on project quality management repeatedly shows inconsistency in how quality metrics
are operationalized, even when scholars use similar labels such as “defect rate,” “rework,”
“conformance,” “capability,” or “acceptance (Osamor & Grady, 2016).” A recurring issue is definitional
variability: defects are sometimes counted as nonconformities found during inspection, sometimes as
post-delivery failures, and sometimes as any deviation recorded in issue logs. Rework is likewise
measured as frequency of corrective cycles, labor hours spent on correction, percentage of tasks
repeated, or cost variance attributed to quality failures. Acceptance compliance is alternately treated as
first-pass approval, final approval after revisions, or contractual sign-off events, each producing
substantively different rates even within the same project. The literature also demonstrates differences
in denominators and normalization logic, with some studies reporting raw counts and others
normalizing by output quantity, work packages, complexity units, or time periods. These operational
choices strongly shape comparability across studies and affect the interpretability of statistical results.
Measurement timing introduces another layer of inconsistency, since some studies evaluate quality at
discrete stage gates, while others aggregate quality outcomes across the full lifecycle (Lau et al., 2015).
Projects with multiple acceptance checkpoints can yield conflicting conclusions depending on whether
early-stage defects are treated as normal discovery activity or as evidence of poor performance. Data
source differences compound the problem, as some studies use audit records, some use project reports,
and others use survey perceptions, often without establishing equivalence among sources. The
reliability and completeness of defect logs or rework documentation also vary across organizations,
leading to underreporting or inconsistent classification. In addition, some measurement models treat
quality outcomes as reflective indicators of an underlying “quality performance” construct, while
others treat the same indicators as formative components, producing different implications for validity
and statistical modeling (Mengist et al., 2020). The literature, taken as a whole, presents quality
measurement as essential and quantifiable, while simultaneously showing that measurement
definitions and counting rules are frequently nonstandard. This combination limits cumulative
knowledge building because findings that appear to disagree may reflect differences in
operationalization rather than true differences in quality performance relationships.

A second measurement gap emerges from fragmentation across governance, system, and improvement
research streams, where conceptually related constructs are examined with separate measurement
traditions and often disconnected datasets. Project governance studies commonly operationalize
quality management through planning artifacts, oversight intensity, stakeholder communication
routines, or compliance with project control procedures (Zamith, 2018). Quality management system
research often measures maturity through documentation control, audit findings, nonconformance
closure rates, and management review practices. Lean Six Sigma and DMAIC research frequently
quantifies improvement performance through process metrics, variation reduction evidence, and the
stability of post-intervention control indicators. Each stream contains rigorous empirical work, yet their
measurement choices tend to reflect the dominant logic of the stream rather than a shared framework
that permits integration. As a result, governance research sometimes treats quality as a managerial
capability inferred from surveys, while system control research treats quality as compliance evidenced
by records, and improvement research treats quality as statistically verified performance change. When
these streams are placed side by side, they describe complementary parts of the same phenomenon
while using different constructs, measurement levels, and units of analysis (Nordon et al., 2016).
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Figure 10: Quality Metric Operationalization Challenges Framework
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Another form of fragmentation occurs in the treatment of the project as the unit of analysis versus the
process or deliverable as the unit of analysis. Governance measures often attach to projects as whole
entities, QMS measures often attach to organizational units, and DMAIC measures attach to specific
processes or improvement projects nested within larger initiatives. This misalighment complicates
mediation and moderation testing because variables are collected at different hierarchical levels and
time horizons. Even within project-focused studies, quality planning variables may be captured early,
outcome variables may be captured at closeout, and system controls may be captured as periodic audit
snapshots, producing temporal misalighment that weakens causal interpretability. The literature also
shows that reporting formats differ across streams, with governance studies emphasizing composite
indices of “governance strength,” QMS studies emphasizing compliance percentages or audit counts,
and DMAIC studies emphasizing before-after comparisons on selected performance metrics (Snyder
et al., 2016). These different reporting conventions reduce the ability to consolidate evidence across
domains. Fragmentation therefore appears in constructs, measures, levels, timing, and reporting
practices, limiting coherent synthesis across project quality governance, ISO-based system control, and
DMAIC-based analytical improvement research.

METHOD

Research Design

This study adopts a quantitative, explanatory research design aimed at empirically examining the
relationships among project quality governance capability, quality management system maturity, data-
driven quality improvement capability, process efficiency orientation, and project quality performance
outcomes within an integrated PMBOK-ISO 9001-DMAIC framework. The design is cross-sectional
and non-experimental, relying on structured data collection from completed or near-completion
projects to capture stable representations of quality management practices and outcomes. A variance-
based analytical logic underpins the design, enabling assessment of direct, mediating, and moderating
relationships among constructs. The quantitative approach is appropriate given the study’s emphasis
on measurable indicators such as defect density, rework frequency, acceptance compliance, process
stability, and cost of quality components. The design prioritizes objectivity, replicability, and statistical
inference, aligning with established practices in project management and quality management
research.
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Case Study Context

The empirical context of the study consists of project-based organizations operating within
environments where formal project management practices, quality management systems, and
structured improvement methodologies are actively applied. These environments typically include
engineering, construction, manufacturing, information systems, and infrastructure projects
characterized by defined deliverables, contractual requirements, and documented quality controls. The
study focuses on organizations that have adopted PMBOK-aligned project management practices,
maintain ISO 9001-compliant quality management systems, and apply Lean Six Sigma or DMAIC-
based improvement initiatives within project settings. This contextual alignment ensures conceptual
coherence between the theoretical framework and the empirical setting. Projects selected for inclusion
operate under comparable governance and quality expectations, allowing meaningful comparison
across cases while preserving contextual realism.

Unit of Analysis

The primary unit of analysis is the individual project. Each project represents a bounded system with
defined objectives, timelines, governance structures, quality controls, and performance outcomes.
Project-level analysis enables direct linkage between governance practices, system controls,
improvement methodologies, and measurable quality outcomes. While data may be collected from
multiple respondents associated with a single project, responses are aggregated to represent project-
level constructs. This approach reduces individual-level bias and aligns measurement with the
theoretical framing of project quality management as a system-level phenomenon. Where multiple
projects are drawn from the same organization, projects are treated as independent analytical units,
reflecting differences in scope, execution, and quality outcomes.

Sampling

The sampling strategy follows a purposive, criterion-based approach designed to ensure inclusion of
projects with sufficient exposure to the constructs under investigation. Projects are eligible for inclusion
if they meet predefined criteria, including formal use of PMBOK-based project management practices,
operation within an ISO 9001-certified organizational environment, and documented application of
Lean Six Sigma or DMAIC-based improvement activities. Respondents are selected based on their
involvement in project governance, quality management, or improvement initiatives, such as project
managers, quality managers, process improvement leads, or senior engineers. This targeted sampling
approach enhances construct relevance and data quality by ensuring informed responses. Sample size
determination is guided by the requirements of multivariate statistical analysis, with the final sample
selected to provide adequate statistical power for hypothesis testing and model estimation.

Data Collection Procedure

Data are collected using a structured survey instrument administered electronically to eligible
respondents. The survey captures retrospective assessments of governance practices, system maturity,
analytical improvement capability, process efficiency orientation, and project quality performance
outcomes. Respondents are instructed to base their responses on a specific completed or near-
completion project to ensure consistency and reduce recall ambiguity. To enhance response accuracy,
operational definitions and contextual examples are provided within the instrument. Data collection is
conducted over a defined period, with follow-up reminders used to improve response rates. Where
available, respondents are encouraged to consult project documentation or performance records when
answering outcome-related items. Data screening procedures are applied to identify incomplete
responses, outliers, and inconsistencies prior to analysis.

Instrument Design

The measurement instrument is designed as a multi-section questionnaire corresponding to the study’s
conceptual model. Each construct is operationalized using multiple reflective indicators measured on
a structured response scale. Project quality governance capability is measured through items capturing
quality planning intensity, assurance integration, control effectiveness, and lifecycle alignment. Quality
management system maturity is measured through items assessing process standardization,
documentation control, risk-based controls, audit rigor, and corrective action effectiveness. Data-
driven quality improvement capability is measured through indicators reflecting DMAIC phase rigor,
data reliability, analytical depth, solution effectiveness, and control discipline. Process efficiency
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orientation is measured through waste identification intensity, cycle time management, and flow
stability practices. Project quality performance outcomes are measured using indicators related to
defects, rework, acceptance compliance, process stability, and cost of quality impacts. Instrument
wording emphasizes clarity, specificity, and behavioral anchoring to reduce ambiguity and social
desirability bias.

Figure 11: Methodology of this study
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Prior to full-scale data collection, the instrument undergoes pilot testing with a small group of
practitioners possessing relevant project and quality management experience. The pilot test evaluates
item clarity, relevance, completion time, and response variability. Feedback from pilot participants is
used to refine wording, eliminate redundancy, and improve scale balance. Preliminary reliability
analysis is conducted to identify weak or ambiguous items. Pilot testing also serves to verify the logical
flow of the instrument and ensure alignment between survey items and conceptual constructs.
Adjustments are made before final deployment to enhance data quality and respondent
comprehension.
Validity and Reliability
Construct validity is addressed through careful alignment between theoretical definitions and
measurement items, supported by expert review during instrument development. Convergent validity
is assessed by examining the consistency of responses across indicators representing the same
construct, while discriminant validity is evaluated by ensuring that constructs capture distinct
conceptual domains. Reliability is assessed using internal consistency measures to confirm that
indicators within each construct demonstrate stable and coherent measurement behavior. Data
screening procedures are applied to assess normality, missing values, and potential response bias.
Where applicable, aggregation validity is evaluated for projects with multiple respondents to ensure
consistency at the project level. These procedures collectively support the robustness of the
measurement model and the credibility of subsequent statistical analysis.
Statistical Tools and Analysis Plan
Data analysis is conducted using established statistical software packages suitable for multivariate
modeling and hypothesis testing. Descriptive statistics are first used to summarize sample
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characteristics and construct distributions. Measurement model evaluation is performed to assess
reliability and validity prior to structural analysis. Structural modeling techniques are employed to test
hypothesized relationships among governance capability, system maturity, improvement capability,
process efficiency orientation, and project quality performance outcomes. Mediation analysis is
conducted to evaluate the role of data-driven quality improvement capability in transmitting
governance and system effects to performance outcomes. Moderation analysis is used to assess the
influence of process efficiency orientation on key relationships within the model. Model fit, explanatory
power, and effect sizes are examined to support interpretation. Statistical significance is evaluated
using established thresholds, and robustness checks are performed to confirm stability of results across
alternative specifications.

FINDINGS

This chapter presented the empirical findings derived from the quantitative analysis conducted to
examine the relationships among project quality governance capability, quality management system
maturity, data-driven quality improvement capability, process efficiency orientation, and project
quality performance outcomes. The analysis was structured to align with the study’s conceptual
framework and hypotheses, ensuring consistency between the theoretical model and the empirical
testing procedures. The chapter began with an overview of the respondent profile to contextualize the
dataset, followed by descriptive statistics for each construct to summarize central tendencies and
variability. Reliability analysis was then conducted to assess the internal consistency of the
measurement instrument. Subsequently, regression analysis was performed to evaluate the magnitude
and direction of relationships among variables. The chapter concluded with hypothesis testing
decisions based on statistical significance and effect strength. All analyses were conducted using
established quantitative techniques to ensure rigor, transparency, and replicability.

Respondent Demographics

The respondent demographics analysis revealed that the dataset reflected a diverse and professionally
relevant sample with substantial exposure to project quality management practices. Respondents
occupied roles directly associated with project governance and quality execution, ensuring informed
responses to the study instrument. Experience levels demonstrated a broad distribution, indicating the
inclusion of both mid-career and senior professionals with sustained involvement in project-based
environments. Industry representation spanned multiple project-intensive sectors, supporting cross-
contextual relevance of the findings. Organizational size varied considerably, suggesting that the data
captured quality management practices across small, medium, and large enterprises. Project
characteristics further indicated variation in duration, budget magnitude, and complexity, reinforcing
the analytical suitability of the sample for multivariate examination. Overall, the demographic profile
confirmed that respondents met the inclusion criteria and that the dataset exhibited sufficient
heterogeneity to support robust statistical analysis.

Table 1 presented the professional and organizational characteristics of the respondents. The largest
proportion of participants were project managers, followed by quality managers and process
improvement specialists, confirming that respondents were closely involved in quality governance and
execution activities. Experience levels were concentrated between 11 and 20 years, indicating a mature
professional cohort with sustained exposure to structured project environments. Organizational size
distribution showed a strong representation of medium and large organizations, which commonly
operate formal project management and quality management systems. The presence of respondents
from smaller organizations also ensured diversity in governance maturity and operational scale,
supporting meaningful comparative analysis across organizational contexts.
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Table 1: Respondent Professional Profile and Organizational Characteristics (n = 214)

Variable Category Frequency Percentage
Professional Role Project Manager 72 33.6
Quality Manager 54 25.2
Process Improvement Specialist 46 21.5
Senior Technical Staff 42 19.6
Years of Experience 5-10 years 48 224
11-15 years 66 30.8
16-20 years 58 271
>20 years 42 19.6
Organization Size Small (<100 employees) 52 243
Medium (100-500 employees) 79 36.9
Large (>500 employees) 83 38.8

Table 2: Project Characteristics Represented by Respondents (n = 214)

Variable Category Frequency Percentage
Industry Sector Construction 58 27.1
Manufacturing 49 229
Engineering Services 61 28.5
Information Systems 46 21.5
Project Duration <12 months 64 29.9
12-24 months 87 40.7
>24 months 63 294
Project Budget < USD 5 million 71 33.2
USD 5-20 million 83 38.8
> USD 20 million 60 28.0
Project Complexity Moderate 68 31.8
High 94 43.9
Very High 52 243

Table 2 summarized the characteristics of projects on which respondents based their evaluations.
Engineering services and construction projects together accounted for over half of the sample, reflecting
sectors with strong reliance on formal quality and governance mechanisms. Project durations were well
distributed, with the largest proportion spanning 12 to 24 months, indicating projects of sufficient
length for quality systems and improvement methodologies to be meaningfully applied. Budget
distribution showed representation across mid- to large-scale projects, while complexity levels were
predominantly high or very high. This profile suggested that the analyzed projects involved significant
coordination, risk exposure, and quality control demands, supporting the study’s focus on integrated
project quality management systems.

Descriptive Results by Construct

Descriptive statistical analysis was conducted to summarize the central tendency, dispersion, and
distributional properties of each construct included in the study. Mean values were examined to assess
the overall intensity and maturity of project quality management practices across the sampled projects,
while standard deviations were used to evaluate variability among responses. Skewness and kurtosis
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statistics were reviewed to assess normality assumptions prior to inferential analysis. The results
indicated moderate to high levels of adoption for governance, system control, analytical improvement,
and efficiency-oriented practices. Project quality performance indicators demonstrated observable
variation across projects, suggesting meaningful differences in quality outcomes. Overall, the
descriptive statistics provided an empirical overview of how integrated quality management constructs
and outcomes were distributed within the sample and supported the suitability of the data for
subsequent regression analysis.

Table 3: Descriptive Statistics for Independent, Mediating, and Moderating Constructs (n = 214)

Construct Mean Standard Deviation Skewness Kurtosis
Project Quality Governance Capability 3.87 0.61 -0.42 0.38
Quality Management System Maturity 3.92 0.58 -0.36 0.41
Data-Driven Quality Improvement Capability =~ 3.78 0.65 -0.29 0.22
Process Efficiency Orientation 3.69 0.63 -0.18 0.15

Table 3 presented the descriptive statistics for the independent, mediating, and moderating constructs.
Project quality governance capability recorded a mean score of 3.87 with a standard deviation of 0.61,
indicating relatively strong governance practices with moderate variability across projects. Quality
management system maturity showed the highest mean value of 3.92, reflecting well-established
process standardization, documentation control, and audit practices within the sampled organizations.
Data-driven quality improvement capability exhibited a mean of 3.78, suggesting consistent but
variable application of DMAIC analytical rigor. Process efficiency orientation recorded a mean of 3.69,
indicating moderate emphasis on waste reduction, cycle time management, and flow stability.
Skewness and kurtosis values for all constructs remained within acceptable thresholds, supporting the
assumption of approximate normality.

Table 4: Descriptive Statistics for Project Quality Performance Outcomes (n = 214)

Outcome Variable Mean Standard Deviation Skewness Kurtosis
Defect Density 3.34 0.72 0.41 0.26
Rework Frequency 3.29 0.75 0.38 0.31
Acceptance Compliance 3.96 0.57 -0.47 0.44
Process Stability 3.68 0.64 -0.22 0.19
Cost of Quality Control 3.51 0.69 0.17 0.28

Table 4 summarized the descriptive statistics for project quality performance outcomes. Acceptance
compliance demonstrated the highest mean score at 3.96 with a relatively low standard deviation of
0.57, indicating that most projects consistently met predefined acceptance criteria. Defect density and
rework frequency showed lower mean values of 3.34 and 3.29, respectively, accompanied by higher
variability, reflecting differences in execution consistency across projects. Process stability recorded a
mean of 3.68, suggesting generally predictable performance with some variation. Cost of quality control
exhibited a mean of 3.51, indicating moderate expenditure levels related to prevention, appraisal, and
failure handling. Distributional statistics remained within acceptable limits, supporting the use of
parametric techniques in subsequent analyses.

Reliability Results

Reliability analysis was conducted to evaluate the internal consistency of the measurement scales
representing the study constructs. Cronbach’s alpha coefficients were calculated to determine whether
items within each construct consistently measured the same underlying dimension. The analysis
covered project quality governance capability, quality management system maturity, data-driven
quality improvement capability, process efficiency orientation, and project quality performance
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outcomes. All constructs demonstrated alpha values exceeding commonly accepted thresholds,
indicating satisfactory reliability. Item-total correlation values were also examined to ensure that
individual items contributed meaningfully to their respective scales. No items were removed, as all
indicators exhibited acceptable correlations and strengthened overall scale reliability. These findings
confirmed that the measurement instrument possessed adequate internal consistency to support
regression analysis and hypothesis testing.

Table 5: Cronbach’s Alpha Reliability Results for Independent, Mediating, and Moderating

Constructs
Construct Number of Items Cronbach’s Alpha
Project Quality Governance Capability 12 0.89
Quality Management System Maturity 14 091
Data-Driven Quality Improvement Capability 15 0.93
Process Efficiency Orientation 9 0.87

Table 5 presented the reliability results for the independent, mediating, and moderating constructs.
Project quality governance capability achieved a Cronbach’s alpha value of 0.89 across 12 items,
indicating strong internal consistency among indicators related to planning, assurance, control, and
lifecycle alignment. Quality management system maturity demonstrated an alpha of 0.91, reflecting
highly consistent measurement of process standardization, documentation control, audit rigor, and
corrective action effectiveness. Data-driven quality improvement capability recorded the highest alpha
value of 0.93 across 15 items, confirming strong coherence among indicators representing DMAIC
phase rigor. Process efficiency orientation exhibited an alpha of 0.87, indicating reliable measurement
of waste identification, cycle time management, and flow stability practices.

Table 6: Cronbach’s Alpha Reliability Results for Project Quality Performance Outcomes

Construct Number of Items Cronbach’s Alpha
Project Quality Performance Outcomes 13 0.90

Table 6 summarized the reliability results for the dependent construct, project quality performance
outcomes. The scale consisted of 13 items capturing defect density, rework frequency, acceptance
compliance, process stability, and cost of quality components. The Cronbach’s alpha value of 0.90
indicated strong internal consistency among the outcome indicators, suggesting that the items
collectively represented a coherent measurement of overall project quality performance. Item-total
correlation analysis confirmed that each indicator contributed positively to the scale without
introducing redundancy or measurement noise. The reliability results supported the use of a composite
quality performance score in subsequent regression and hypothesis testing analyses.

Regression Results

Regression analysis was conducted to examine the direct, mediating, and moderating relationships
proposed in the integrated PMBOK-ISO 9001-DMAIC framework. Multiple regression models were
estimated to evaluate the effects of project quality governance capability and quality management
system maturity on project quality performance outcomes. Additional models tested the mediating role
of data-driven quality improvement capability and the moderating effect of process efficiency
orientation. Diagnostic statistics confirmed that multicollinearity was not a concern, with variance
inflation factors remaining below accepted thresholds. Residual analysis indicated acceptable
normality and homoscedasticity, supporting the appropriateness of the regression models. Overall, the
results demonstrated statistically meaningful relationships among governance, system control,
analytical improvement, efficiency orientation, and project quality performance.
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Table 7: Multiple Regression Results for Direct Effects on Project Quality Performance (n = 214)

Predictor Variable Standardized p = Standard Error t-value p-value
Project Quality Governance Capability 0.31 0.06 518  <0.001
Quality Management System Maturity 0.34 0.05 612  <0.001
Constant — 0.18 - —
Model R? 0.47
Adjusted R? 0.46

Table 7 reported the results of the multiple regression analysis examining the direct effects of project
quality governance capability and quality management system maturity on project quality
performance outcomes. Project quality governance capability demonstrated a statistically significant
positive effect with a standardized coefficient of 0.31, indicating that stronger governance practices
were associated with higher quality performance. Quality management system maturity showed a
slightly stronger effect with a standardized coefficient of 0.34, suggesting that well-established ISO
9001-aligned system controls contributed meaningfully to performance outcomes. The model
explained 47 percent of the variance in project quality performance, indicating substantial explanatory
power. These results confirmed that both governance and system maturity independently contributed
to improved quality outcomes.

Table 8: Mediation and Moderation Regression Results for Project Quality Performance (n = 214)

Predictor Variable Standardized p Standard Error t-value p-value
Data-Driven Quality Improvement Capability 0.39 0.05 744  <0.001
Process Efficiency Orientation 0.22 0.06 3.67 <0.001
Interaction Term (DMAIC x Lean) 0.17 0.04 3.95 <0.001
Model R? 0.58
Adjusted R? 0.56

Table 8 presented the regression results testing mediation and moderation effects. Data-driven quality
improvement capability exhibited a strong positive relationship with project quality performance, with
a standardized coefficient of 0.39, supporting its mediating role between governance, system maturity,
and outcomes. Process efficiency orientation also demonstrated a significant direct effect with a
coefficient of 0.22, indicating that efficiency-focused practices were associated with better quality
performance. The interaction term between data-driven improvement capability and process efficiency
orientation was statistically significant, confirming a moderation effect whereby efficiency orientation
strengthened the impact of analytical improvement on quality outcomes. The model explained 58
percent of the variance in project quality performance, indicating enhanced explanatory power when
mediation and moderation effects were included.

Hypothesis Testing Decisions

Hypothesis testing decisions were derived from the regression analyses examining direct, mediating,
and moderating relationships within the integrated PMBOK-ISO 9001-DMAIC framework. Statistical
significance, coefficient direction, and consistency of effects across models were jointly considered
when evaluating each hypothesis. Direct relationship hypotheses were assessed first to establish
baseline effects of governance and system maturity on project quality performance. Mediation
hypotheses were then examined to determine whether data-driven quality improvement capability
transmitted these effects. Moderation hypotheses evaluated the conditioning role of process efficiency
orientation. The results demonstrated that all proposed relationships were statistically supported,
providing empirical validation of the conceptual framework. The hypothesis testing outcomes clarified
the structural pathways through which governance, system controls, analytical rigor, and efficiency
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orientation jointly influenced project quality performance.

Table 9: Hypothesis Testing Results for Direct and Mediating Relationships (n = 214)

Standardized p-

Hypothesis Path Tested B value Decision
Project Quality Governance Capability — Project

H1 Quality Performance 0.31 <0.001 Supported

20 Quality Managemgnt System Maturity — Project 0.34 <0.001 Supported

Quality Performance

Project Quality Governance Capability — Data-

H3 Driven Quality Improvement Capability 037 <0.001 Supported
Quality Management System Maturity — Data-

Ha Driven Quality Improvement Capability 041 <0.001 Supported

H5 Data-Driven Quality Improvement Capability — 0.39 <0.001 Supported

Project Quality Performance

Table 9 summarized the hypothesis testing results for direct and mediating relationships. Project
quality governance capability showed a significant positive effect on project quality performance with
a standardized coefficient of 0.31, supporting H1. Quality management system maturity demonstrated
a slightly stronger direct effect with a coefficient of 0.34, supporting H2. Governance capability and
system maturity both exhibited significant positive effects on data-driven quality improvement
capability, with coefficients of 0.37 and 0.41 respectively, confirming H3 and H4. Data-driven quality
improvement capability showed a strong positive relationship with project quality performance, with
a coefficient of 0.39, supporting H5. Collectively, these results confirmed the mediating role of
analytical improvement capability.

Table 10: Hypothesis Testing Results for Moderation Effects (n = 214)

Standardized p-

Hypothesis Interaction Path B value Decision
Data-Driven Quality Improvement Capability x
H6 Process Efficiency Orientation — Project Quality 0.17 <0.001 Supported

Performance

Table 10 presented the hypothesis testing results for the moderation analysis. The interaction between
data-driven quality improvement capability and process efficiency orientation produced a statistically
significant standardized coefficient of 0.17, supporting H6. This result indicated that the strength of the
relationship between analytical improvement capability and project quality performance varied
depending on the level of process efficiency orientation. Projects characterized by stronger Lean-
oriented efficiency practices exhibited a more pronounced positive effect of data-driven improvement
on quality performance. The moderation result demonstrated that efficiency orientation functioned as
a contextual amplifier rather than an independent driver, reinforcing the integrated nature of
governance, system control, analytical rigor, and efficiency within the project quality management
framework.

DISCUSSION

The findings of this study contribute to the project quality management literature by empirically
reinforcing the view that project quality performance is best explained through an integrated, system-
based perspective rather than isolated managerial or technical practices (Zeng et al., 2015). Prior
research has often treated project governance, quality management systems, and improvement
methodologies as parallel domains, each examined independently for their influence on performance
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outcomes. The results of this study align with and extend earlier work by demonstrating that project
quality governance capability and quality management system maturity jointly exert significant and
complementary effects on project quality performance. This reinforces earlier conceptual arguments
that governance mechanisms define accountability and direction, while system-level controls ensure
consistency and traceability (Shafiq et al., 2019). The observed strength of these relationships supports
the long-standing assertion in quality management literature that structured planning, documented
processes, and disciplined oversight form the backbone of reliable quality outcomes in complex project
environments. Unlike studies that emphasize outcome inspection or post-delivery compliance, the
findings underscore the importance of upstream governance and system maturity in shaping
downstream quality performance. The relatively strong explanatory power of the integrated model also
addresses concerns raised in earlier studies regarding the limited predictive capability of single-
framework approaches. By empirically validating the combined influence of PMBOK-based
governance and ISO 9001 system controls, the findings demonstrate that project quality is not solely a
function of technical execution but is deeply embedded in organizational structures and management
systems (McAdam et al., 2019). This perspective is consistent with earlier observations that fragmented
quality practices produce inconsistent outcomes, whereas coordinated systems yield more predictable
and stable performance across projects.

The role of project quality governance capability emerged as a central explanatory factor, consistent
with prior research emphasizing the importance of structured quality planning, assurance integration,
and lifecycle alignment. Earlier studies have suggested that quality planning intensity and clarity of
acceptance criteria reduce ambiguity during execution, thereby limiting defects and rework (Molina-
Azorin et al., 2015). The findings of this study provide quantitative confirmation of these assertions by
showing a significant positive relationship between governance capability and project quality
performance. This relationship suggests that governance mechanisms function not merely as
administrative controls but as active drivers of quality consistency. Compared with earlier studies that
relied heavily on perceptual assessments of governance effectiveness, the present findings demonstrate
that governance capability can be operationalized and measured in a manner that yields statistically
meaningful associations with performance outcomes (Carvalho & Rabechini Jr, 2017). The integration
of quality metrics with scope, schedule, and cost controls also aligns with prior research highlighting
the risks of decoupled project controls. The results suggest that when quality governance is embedded
across the project lifecycle, quality outcomes become more stable and predictable. This supports earlier
theoretical positions that governance effectiveness depends on integration rather than the presence of
isolated control mechanisms. The findings therefore strengthen the empirical foundation for treating
project quality governance as a measurable capability with direct performance consequences, rather
than as a contextual or moderating factor (Stettina & Horz, 2015).

Quality management system maturity, as conceptualized through ISO 9001-aligned process
standardization, documentation control, audit rigor, and corrective action effectiveness, demonstrated
a slightly stronger direct relationship with project quality performance than governance capability
alone (Hussain et al., 2018). This finding aligns with earlier empirical studies that associated mature
quality management systems with lower defect rates, improved process stability, and stronger
compliance outcomes. The results reinforce the argument that system maturity provides the
operational infrastructure necessary for consistent quality execution across projects. Earlier research
has noted that certification alone does not guarantee performance improvement; rather, depth of
implementation and integration into operational routines determine outcomes (Popa et al., 2017). The
findings of this study are consistent with that position, as quality management system maturity was
operationalized through functional system attributes rather than formal certification status. The
observed effect underscores the role of standardized processes and disciplined corrective action
systems in reducing variability and ensuring conformance. Compared with studies that treated ISO
9001 as a binary variable, the present findings demonstrate the value of measuring system maturity as
a continuous construct. This approach enables more nuanced analysis of how variations in system rigor
translate into differences in project quality performance (Li et al., 2018). The results thus contribute to
resolving inconsistencies in earlier literature regarding the performance impact of quality management
systems by emphasizing maturity and operationalization over nominal adoption.
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Figure 12: Integrated Project Quality Management Framework
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A central contribution of the study lies in empirically validating data-driven quality improvement
capability as a mediating mechanism linking governance and system maturity to project quality
performance (Aga et al., 2016). Earlier Lean Six Sigma and DMAIC studies have frequently
demonstrated localized performance improvements within specific processes but have offered limited
evidence regarding their role in broader project quality systems. The mediation results address this gap
by showing that analytical improvement capability serves as a conduit through which governance
structures and system controls influence outcomes. This finding aligns with prior conceptual work that
positioned DMAIC as the operational engine of quality improvement, translating managerial intent
into measurable performance change. The strong association between data-driven improvement
capability and project quality performance supports earlier claims that statistical rigor and evidence-
based decision making are essential for sustained quality outcomes (Hudson et al., 2015). Unlike studies
that examined DMAIC in isolation, the findings demonstrate that its effectiveness is contingent on
alignment with governance and system controls. This integrated perspective clarifies inconsistencies in
earlier results where improvement initiatives failed to produce lasting benefits due to weak governance
support or inadequate system integration. The mediation effect observed in this study provides
empirical support for treating DMAIC not merely as a technical toolkit but as a system-level capability
embedded within project quality management architectures (Horisch, 2015).

The moderating role of process efficiency orientation further contextualizes the relationship between
analytical improvement capability and project quality performance (Willumsen et al., 2019). Prior Lean
literature has consistently emphasized the role of waste elimination, flow stability, and cycle time
reduction in enhancing operational performance. The findings of this study extend those insights by
demonstrating that efficiency orientation amplifies the effectiveness of data-driven improvement
efforts. Earlier studies often debated whether efficiency and quality represent competing objectives; the
moderation results support the alternative view that efficiency and quality reinforce one another when
managed through structured systems (Garza-Reyes, 2015). The significant interaction effect suggests
that analytical improvements yield stronger quality outcomes in environments characterized by
disciplined process flow and waste awareness. This finding aligns with earlier research indicating that
unstable or inefficient processes undermine the sustainability of quality improvements. By empirically
demonstrating this moderating effect, the study clarifies why similar improvement interventions may
yield divergent results across projects. The findings also reinforce the importance of viewing Lean
principles as contextual enablers rather than independent drivers of quality performance. This
interpretation aligns with earlier system-based perspectives that emphasized coherence among
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managerial, technical, and operational dimensions of quality management (Darko et al., 2017).

The descriptive and outcome-level findings related to defect density, rework frequency, acceptance
compliance, process stability, and cost of quality further align with earlier quantitative research on
project performance measurement (Zapata et al., 2015). Prior studies have consistently reported that
acceptance compliance tends to exhibit less variability than defect and rework indicators, reflecting the
cumulative effect of upstream quality controls. The findings of this study mirror that pattern,
suggesting that acceptance outcomes serve as integrative indicators of governance, system, and
analytical effectiveness. The observed variability in defect and rework measures is also consistent with
earlier research highlighting execution-phase sensitivity to process instability and coordination
complexity (Aarseth et al., 2017). The inclusion of cost of quality components provides additional
support for earlier assertions that quality performance should be evaluated using both technical and
economic indicators. The alignment of these outcome patterns with prior research strengthens
confidence in the measurement framework and supports the validity of the integrated model. The
findings collectively demonstrate that project quality performance is multidimensional and cannot be
adequately captured through single indicators, a conclusion that resonates strongly with established
quality management scholarship (Liu et al., 2020).

Overall, the discussion of findings reinforces the value of an integrated PMBOK-ISO 9001-DMAIC
framework for understanding project quality management as a coherent, measurable system (Saunila,
2020). Earlier studies have frequently called for integration across governance, system control, and
improvement methodologies but have offered limited empirical validation. The findings of this study
respond to that call by demonstrating that integration enhances explanatory power and clarifies the
structural pathways through which quality outcomes are produced. The results are consistent with
system-based theories of quality management that emphasize alignment, coherence, and feedback over
isolated interventions (Dubey et al., 2015). By comparing the findings with earlier research across
project management, quality management systems, and Lean Six Sigma domains, the discussion
illustrates how fragmented insights can be reconciled within a unified analytical framework. The study
thus contributes to consolidating disparate research streams into a single, empirically supported model
of project quality management, advancing understanding of how governance, systems, analytics, and
efficiency interact to shape measurable quality performance outcomes in project environments (Liu et
al., 2017).

CONCLUSION

An integrated PMBOK ISO 9001 DMAIC framework for Lean Six Sigma driven project quality
management represents a system-oriented approach that conceptualizes quality as a measurable,
governed, and analytically controlled outcome embedded across the entire project lifecycle. Within this
integrated perspective, PMBOK-based project management provides the structural governance
through which quality objectives are defined, responsibilities are assigned, and control points are
established in alignment with scope, schedule, and cost baselines. ISO 9001 contributes a standardized
quality management system architecture that emphasizes process formalization, documentation
control, monitoring, audit discipline, and corrective action, ensuring that quality practices are
consistently executed and traceable across projects and organizational units. The DMAIC methodology
of Lean Six Sigma functions as the analytical core of the framework by translating quality requirements
into critical-to-quality characteristics, establishing reliable measurement baselines, diagnosing sources
of variation through data analysis, implementing validated improvements, and stabilizing gains
through systematic control. When combined, these three components address complementary
dimensions of project quality management: governance alignment, system reliability, and data-driven
improvement. This integration enables quality to be managed proactively rather than reactively,
shifting emphasis from end-point inspection to continuous control and verification throughout project
execution. Lean principles further strengthen the framework by emphasizing waste identification, flow
stability, and cycle time discipline, which create operational conditions that support consistent quality
outcomes and reduce variability. The integrated framework reduces fragmentation by aligning quality
planning, assurance, control, and improvement within a unified measurement logic, minimizing
redundancy in metrics and reporting while enhancing interpretability of performance data. Project
quality performance is thus evaluated through coherent indicators such as defect density, rework
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frequency, acceptance compliance, process stability, and cost of quality components, all of which can
be statistically analyzed within a single system. By embedding analytical rigor within governance and
system controls, the integrated PMBOK ISO 9001 DMAIC framework positions project quality
management as a coordinated, evidence-based discipline capable of producing consistent and
verifiable outcomes across complex project environments.

RECOMMENDATION

Recommendations arising from the integrated PMBOK ISO 9001 DMAIC framework for Lean Six
Sigma driven project quality management emphasize the need for organizations to operationalize
quality as a unified managerial system rather than as fragmented practices distributed across functions.
Organizations are advised to formally align PMBOK-based project governance structures with ISO
9001 quality management system requirements by embedding quality planning, assurance, and control
activities directly into project management plans, stage-gate reviews, and change control procedures.
This alignment should ensure that quality requirements, acceptance criteria, and performance metrics
are consistently defined, documented, and reviewed throughout the project lifecycle. It is
recommended that quality management system maturity be strengthened through deeper process
standardization, disciplined documentation control, and rigorous internal audit practices that focus on
system effectiveness rather than procedural compliance. Organizations should integrate DMAIC as the
analytical engine within project quality management by requiring that significant quality deviations,
rework patterns, or performance instability be addressed through structured Define, Measure,
Analyze, Improve, and Control cycles supported by reliable data and validated analysis. To maximize
the effectiveness of analytical improvement, project teams should be trained not only in DMAIC tools
but also in measurement system discipline, root cause validation, and control plan development to
ensure sustainability of improvements. Lean principles should be deliberately positioned as process
efficiency enablers by institutionalizing waste identification routines, flow management practices, and
cycle time monitoring within daily project execution, thereby creating stable operational conditions
that reinforce quality control and improvement efforts. Management is encouraged to reduce metric
redundancy by establishing a unified quality measurement framework that serves governance
oversight, system audits, and improvement analysis simultaneously, ensuring coherence across project
and organizational levels. Regular management reviews should explicitly integrate project-level
quality performance data with system-level indicators to support evidence-based decision making and
timely corrective action. Finally, organizations are recommended to treat project quality management
capability as a strategic asset by continuously monitoring governance effectiveness, system maturity,
analytical rigor, and efficiency orientation, enabling sustained improvement in project quality
performance across diverse and complex project environments.

LIMITATIONS

The limitations associated with the examination of an integrated PMBOK ISO 9001 DMAIC framework
for Lean Six Sigma driven project quality management primarily relate to design scope, measurement
constraints, and contextual boundaries inherent in quantitative project-based research. The study relied
on cross-sectional data collected at a single point in time, which restricted the ability to observe
dynamic changes in governance practices, system maturity, analytical improvement capability, and
quality performance across different project phases. Project quality management practices and
outcomes often evolve as projects progress, and a single-time assessment may not fully capture
temporal variations or delayed effects of improvement initiatives. Measurement limitations also arose
from the use of self-reported survey data for several constructs, particularly governance capability,
system maturity, and process efficiency orientation, which introduced the potential for perceptual bias
and social desirability effects. Although respondents were selected based on direct involvement in
project quality management and encouraged to reference documented evidence, subjective
interpretation of scale items may have influenced responses. Another limitation concerns the
aggregation of multiple quality performance indicators into composite constructs, which may have
obscured nuanced differences among defect types, rework sources, or cost-of-quality components
specific to particular project contexts. Additionally, while the study incorporated multiple industries
and project types to enhance generalizability, sector-specific regulatory environments, technological
complexity, and contractual arrangements were not explicitly modeled, potentially limiting the
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explanatory precision of the integrated framework in highly specialized domains. The focus on
organizations operating within PMBOK-aligned, ISO 9001-compliant, and Lean Six Sigma-oriented
environments may also constrain applicability to contexts where formalized quality systems or
structured improvement methodologies are less established. Statistical limitations included reliance on
regression-based techniques, which assume linear relationships and may not fully capture nonlinear or
reciprocal interactions among governance, system controls, and analytical processes. Finally, the study
did not incorporate longitudinal performance records or objective audit data for all constructs, which
may have strengthened causal inference and reduced reliance on perceptual measures. These
limitations suggest that the findings should be interpreted within the context of the study’s
methodological and contextual boundaries while recognizing the value of the integrated framework as
a structured analytical representation of project quality management practices.
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