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Abstract: The increasing complexity of software-intensive systems, particularly in safety-critical and highly regulated 

industries, has intensified the need for sustainable quality engineering practices that ensure long-term process capability, 

organizational resilience, and continuous improvement. Traditional quality management approaches frequently address isolated 

dimensions of quality, such as process compliance, defect reduction, or organizational maturity, thereby creating fragmented 

improvement initiatives with limited sustainability outcomes. This study proposes an integrated Sustainable Quality 

Engineering Framework (SQEF) that combines Automotive Software Process Improvement and Capability Determination 

(ASPICE), Capability Maturity Model Integration (CMMI), and Six Sigma methodologies to establish a holistic approach for 

continuous quality enhancement. ASPICE provides structured process capability assessment mechanisms for engineering 

lifecycle activities, CMMI offers organizational maturity guidance for process institutionalization, and Six Sigma delivers 

statistically driven defect prevention and variation reduction capabilities. Although these frameworks have independently 

demonstrated substantial benefits across industrial sectors, limited research has investigated their integrated implementation 

from a sustainability perspective. This research employs a qualitative conceptual methodology supported by systematic 

literature analysis, comparative framework evaluation, and synthesis-based model development. The proposed framework 

aligns ASPICE process capability levels, CMMI maturity dimensions, and the Six Sigma DMAIC cycle to create an adaptive 

quality engineering ecosystem. The integration enables organizations to establish sustainable process governance, optimize 

resource utilization, improve product quality, reduce waste, and strengthen long-term competitiveness. The findings indicate 

that integrated implementation can significantly enhance process predictability, defect containment efficiency, knowledge 

retention, customer satisfaction, and organizational learning. Furthermore, the framework contributes to economic, operational, 

and environmental sustainability through reduced rework, improved process efficiency, and optimized engineering resource 

consumption. The study advances existing quality engineering literature by introducing a unified perspective that bridges 

process assessment models and data-driven improvement methodologies. The proposed framework offers practical guidance 

for organizations seeking to achieve sustainable excellence in software and systems engineering environments. 
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1. Introduction 
The rapid evolution of digital transformation, autonomous technologies, artificial intelligence, cloud computing, and 

connected systems has significantly increased the complexity of contemporary software-intensive products. Organizations 

operating in domains such as automotive systems, aerospace, healthcare, telecommunications, industrial automation, and 

embedded software development face unprecedented pressure to deliver high-quality products while simultaneously reducing 

costs, shortening development cycles, and meeting stringent regulatory requirements. 

 

Quality engineering has consequently evolved beyond conventional defect detection activities toward a broader strategic 

discipline encompassing process optimization, lifecycle management, organizational learning, and sustainability. Sustainable 

quality engineering refers to the systematic design, implementation, and continuous improvement of quality processes that 

deliver enduring value across economic, operational, environmental, and social dimensions. 

 

Despite substantial advancements in quality management methodologies, many organizations continue to encounter 

challenges related to fragmented improvement initiatives. Process capability assessments are frequently performed 

independently from organizational maturity programs, while statistical quality improvement efforts often remain disconnected 

from engineering governance structures. This fragmentation leads to duplicated efforts, inconsistent metrics, excessive 

documentation burdens, and limited long-term sustainability. 

 

Three widely recognized frameworks have emerged as dominant approaches for quality improvement in software-

intensive industries: Automotive Software Process Improvement and Capability Determination (ASPICE), Capability Maturity 

Model Integration (CMMI), and Six Sigma. 

  

ASPICE provides a comprehensive framework for assessing engineering process capability across software and systems 

development lifecycles. Initially developed for the automotive industry, ASPICE has increasingly influenced process 
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improvement initiatives across broader software engineering domains due to its rigorous assessment mechanisms and 

capability measurement structure. 

 

CMMI offers a process maturity model that guides organizations in institutionalizing best practices across project 

management, engineering, support, and organizational process domains. The framework emphasizes continuous improvement, 

knowledge management, and process standardization. 

Six Sigma complements these approaches through a data-driven methodology focused on reducing process variation, 

minimizing defects, and improving customer satisfaction using statistical analysis techniques. 

 

Although each framework independently contributes significant value, organizations frequently struggle with overlapping 

requirements, inconsistent terminology, duplicated assessments, and implementation complexity. Consequently, integrating 

these frameworks into a unified sustainable quality engineering model represents an important research challenge. 

 

This study addresses the following research questions: 

• How can ASPICE, CMMI, and Six Sigma be integrated to support sustainable quality engineering? 

• What synergies exist among process capability, organizational maturity, and statistical quality improvement 

approaches? 

• How can an integrated framework improve long-term organizational sustainability? 

 

The major contributions of this research include: 

• Development of a Sustainable Quality Engineering Framework integrating ASPICE, CMMI, and Six Sigma. 

• Identification of complementary relationships among the three methodologies. 

• Establishment of a mapping mechanism between process capability, maturity levels, and DMAIC phases. 

• Analysis of sustainability outcomes associated with integrated quality engineering implementation. 

 

The remainder of this article presents the literature review, research methodology, framework development, results and 

discussion, future research directions, and conclusions. 

 

2. Literature Review 
2.1. Evolution of Quality Engineering 

Quality management has evolved substantially over the last century. Early quality approaches focused primarily on 

inspection and defect detection. Subsequently, statistical process control introduced preventive mechanisms aimed at reducing 

variation. 

 

The contributions of quality pioneers such as Deming, Juran, Crosby, Ishikawa, and Taguchi established the foundation 

for modern quality engineering. Their collective work shifted organizational focus from product inspection toward process 

excellence and continuous improvement. 

 

With the emergence of software-intensive systems, traditional manufacturing quality methods proved insufficient due to 

the intangible nature of software products, increasing system complexity, and rapidly changing requirements. Consequently, 

software-specific process improvement frameworks emerged to address these challenges. 

 

Modern quality engineering integrates technical processes, organizational governance, statistical methods, and 

sustainability considerations. This broader perspective recognizes that sustainable quality cannot be achieved solely through 

compliance mechanisms but requires continuous learning and adaptive organizational capabilities. 

 

2.2. ASPICE and Process Capability Improvement 

ASPICE, based on the ISO/IEC 330xx series, provides a structured process assessment model for software and systems 

engineering. 

 

The framework defines process capability across six levels: 

• CL0: Incomplete Process 

• CL1: Performed Process 

• CL2: Managed Process 

• CL3: Established Process 

• CL4: Predictable Process 

• CL5: Innovating Process 

 

ASPICE emphasizes objective evidence, process performance indicators, and systematic assessment practices. 
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Its process reference model encompasses multiple categories including: 

• System engineering processes 

• Software engineering processes 

• Supporting processes 

• Management processes 

• Acquisition processes 

 

Research demonstrates that organizations adopting ASPICE experience improved process visibility, enhanced traceability, 

reduced defect leakage, and stronger compliance capabilities. 

 

However, existing studies also highlight challenges such as high implementation costs, extensive documentation 

requirements, and limited support for statistical optimization. 

 

2.3. CMMI and Organizational Maturity 

CMMI was developed to improve organizational capability through structured process institutionalization. 

The maturity model comprises five levels: 

• Initial 

• Managed 

• Defined 

• Quantitatively Managed 

• Optimizing 

 

Unlike project-centric improvement initiatives, CMMI focuses on organization-wide process standardization and 

governance. 

 

Several studies report that higher CMMI maturity levels are associated with improved schedule performance, reduced 

defect density, enhanced productivity, and greater customer satisfaction. 

 

CMMI promotes: 

• Organizational process assets 

• Quantitative management 

• Knowledge sharing 

• Risk management 

• Continuous improvement 

 

Nevertheless, critics argue that CMMI implementations may become excessively documentation-oriented if organizations 

prioritize assessment outcomes over genuine process improvement. 

 

2.4. Six Sigma and Statistical Quality Management 

Six Sigma emerged as a data-driven methodology for reducing process variation and improving business performance. 

 

The methodology primarily utilizes the DMAIC cycle: 

• Define 

• Measure 

• Analyze 

• Improve 

• Control 

 

Six Sigma emphasizes statistical rigor through tools such as: 

• Hypothesis testing 

• Design of experiments 

• Regression analysis 

• Failure mode and effects analysis 

• Statistical process control 

• Control charts 

 

The objective of Six Sigma is to achieve process performance equivalent to 3.4 defects per million opportunities. 
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Numerous studies have demonstrated the effectiveness of Six Sigma in reducing costs, improving customer satisfaction, 

and enhancing process efficiency. 

 

However, Six Sigma implementations often encounter sustainability challenges when projects remain isolated from 

broader organizational processes. 

 

2.5. Sustainability in Quality Engineering 

Sustainability has become a critical consideration in quality management due to increasing environmental, economic, and 

social expectations. 

 

Sustainable quality engineering extends traditional quality objectives beyond defect reduction to include: 

• Resource efficiency 

• Energy optimization 

• Knowledge retention 

• Long-term process resilience 

• Workforce capability development 

• Continuous organizational learning 

 

Contemporary organizations increasingly recognize that sustainable quality initiatives contribute directly to competitive 

advantage. 

 

Several researchers have proposed integrating sustainability principles into process improvement frameworks. However, 

most studies focus on individual methodologies rather than cross-framework integration. 

 

2.6. Research Gap 

• The literature reveals several important gaps. 

• First, existing studies predominantly investigate ASPICE, CMMI, and Six Sigma independently. 

• Second, limited research examines the alignment between process capability levels and statistical improvement 

methodologies. 

• Third, sustainability considerations remain insufficiently integrated into software quality engineering frameworks. 

• Fourth, organizations lack practical guidance for combining process assessment, maturity management, and data-

driven optimization into a unified improvement ecosystem. 

• This study addresses these limitations by proposing an integrated Sustainable Quality Engineering Framework. 

 

3. Research Methodology 
This research adopts a qualitative conceptual design supported by systematic literature analysis and framework synthesis. 

 

The study methodology consists of four phases. 

 

3.1. Phase 1: Literature Identification 

Peer-reviewed articles, industry reports, standards documents, conference proceedings, and technical white papers were 

collected from major databases, including: 

• Scopus 

• Web of Science 

• IEEE Xplore 

• ScienceDirect 

• SpringerLink 

• ACM Digital Library 

 

The search included publications related to ASPICE, CMMI, Six Sigma, sustainable quality engineering, and process 

improvement integration. 

 

3.2. Phase 2: Comparative Framework Analysis 

The identified frameworks were evaluated according to the following dimensions: 

• Process orientation 

• Improvement mechanisms 

• Assessment structure 

• Measurement capability 

• Sustainability contribution 
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• Organizational applicability 

 

3.3. Phase 3: Framework Mapping 

Conceptual relationships among ASPICE capability levels, CMMI maturity levels, and Six Sigma DMAIC phases were 

established. 

 

3.4. Phase 4: Integrated Model Development 

A unified Sustainable Quality Engineering Framework was synthesized using the insights obtained from literature analysis 

and framework mapping. 

 

Table 1: Comparative Analysis of ASPICE, CMMI, and Six Sigma 

Dimension ASPICE CMMI Six Sigma 

Primary Focus Process capability assessment Organizational maturity Defect reduction 

Origin Automotive industry Software engineering Manufacturing 

Measurement Basis Capability levels Maturity levels Statistical metrics 

Improvement Approach Process standardization Institutionalization DMAIC cycle 

Assessment Method External/internal audits Appraisals Project evaluation 

Quantitative Analysis Moderate High Very high 

Sustainability Support Medium High High 

Key Outcome Process predictability Organizational excellence Variation reduction 

 

 
Figure 1: Integrated Sustainable Quality Engineering Framework 

 

4. Results and Discussion 
4.1. Framework Integration Strategy 

The proposed Sustainable Quality Engineering Framework establishes complementary relationships among ASPICE, 

CMMI, and Six Sigma. 
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• ASPICE defines what processes must be performed and assessed. 

• CMMI establishes how these processes should be institutionalized across the organization. 

• Six Sigma determines how process performance can be quantitatively improved. 

• This layered integration creates a comprehensive quality ecosystem capable of supporting sustainable organizational 

excellence. 

 

4.2. Alignment between Capability and Maturity Models 

ASPICE capability levels exhibit strong conceptual alignment with CMMI maturity levels. 

 

Lower capability levels focus on process execution and management, while higher levels emphasize predictability, 

optimization, and innovation. 

 

Similarly, CMMI progresses from ad hoc practices toward quantitatively managed and continuously optimized processes. 

 

Six Sigma complements these maturity stages by providing statistical methods that enable evidence-based decision-making. 

 

Table 2: aMapping of ASPICE, CMMI, and Six Sigma 

ASPICE Capability Level CMMI Maturity Level Six Sigma Focus Sustainability Outcome 

CL1 Performed Level 2 Managed Define Process visibility 

CL2 Managed Level 2 Managed Measure Resource optimization 

CL3 Established Level 3 Defined Analyze Standardization 

CL4 Predictable Level 4 Quantitatively Managed Improve Predictability 

CL5 Innovating Level 5 Optimizing Control Continuous innovation 

 

The mapping demonstrates that the three frameworks reinforce one another rather than compete for organizational attention. 

 

4.3. Sustainability Dimensions of the Integrated Framework 

The proposed framework contributes to sustainability across multiple dimensions. 

 

4.3.1. Economic Sustainability 

• Economic sustainability is achieved through reduced rework, lower defect correction costs, improved productivity, 

and optimized resource allocation. 

• Defect prevention reduces maintenance expenditures and accelerates product delivery cycles. 

• Quantitative management improves forecasting accuracy and minimizes schedule overruns. 

 

4.3.2. Operational Sustainability 

• Operational sustainability depends on stable, repeatable, and continuously improving processes. 

• ASPICE establishes process discipline through capability assessments. 

• CMMI institutionalizes best practices through governance mechanisms. 

• Six Sigma reduces process variability and enhances operational predictability. 

• Together, these mechanisms create resilient engineering systems capable of adapting to evolving requirements. 

 

4.3.3. Environmental Sustainability 

Although software engineering is not traditionally associated with environmental impact, inefficient development 

processes generate significant waste through unnecessary computation, redundant testing activities, duplicated documentation, 

and excessive rework. 

 

The integrated framework reduces environmental impact by: 

• Minimizing defect-related waste 

• Optimizing testing activities 

• Reducing resource consumption 

• Improving engineering efficiency 

 

Consequently, sustainable quality engineering indirectly supports organizational environmental objectives. 

 

4.3.4. Social Sustainability 

• Knowledge management, employee development, and collaborative learning are essential dimensions of sustainable 

organizations. 
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• CMMI facilitates organizational knowledge retention through process assets and training mechanisms. 

• ASPICE promotes role clarity and process transparency. 

• Six Sigma enhances analytical competencies and problem-solving capabilities. 

• Collectively, these practices strengthen workforce engagement and organizational learning. 

 

4.4. Implementation Considerations 

Despite its benefits, integrated implementation presents several challenges. 

Organizations frequently encounter resistance to change due to increased documentation requirements and perceived 

process complexity. 

 

Framework integration also requires significant investment in training, tooling, and governance mechanisms. 

 

Additional challenges include: 

• Terminology inconsistencies 

• Metric harmonization difficulties 

• Assessment overlap 

• Cultural resistance 

• Limited statistical expertise 

 

Successful implementation therefore depends on executive commitment, phased deployment strategies, and strong change 

management practices. 

 

4.5. Recommended Implementation Roadmap 

Organizations seeking to adopt the integrated framework should consider a phased approach. 

 

The recommended sequence includes: 

• Conduct baseline process capability assessments using ASPICE. 

• Establish organizational governance structures aligned with CMMI. 

• Identify high-priority improvement opportunities. 

• Apply Six Sigma DMAIC projects to targeted processes. 

• Implement integrated metrics and dashboards. 

• Institutionalize lessons learned and continuous improvement mechanisms. 

 

A phased implementation strategy minimizes disruption and facilitates gradual capability development. 

 

4.6. Theoretical Contributions 

• This research contributes to quality engineering literature in several ways. 

• First, it extends existing process improvement research by integrating capability, maturity, and statistical quality 

perspectives. 

• Second, it introduces sustainability as a central objective of quality engineering. 

• Third, it establishes a conceptual mapping mechanism among ASPICE, CMMI, and Six Sigma. 

• Fourth, it demonstrates how integrated frameworks can enhance organizational resilience and long-term 

competitiveness. 

 

4.7. Practical Implications 

• The proposed framework provides practical value for organizations operating in software-intensive environments. 

• Managers can use the framework to align strategic objectives with operational improvement initiatives. 

• Quality professionals can leverage the integration model to reduce assessment redundancy and optimize resource 

utilization. 

• Engineering teams can apply the framework to improve collaboration, enhance process visibility, and reduce defect 

rates. 

 

The framework is particularly relevant for organizations in: 

• Automotive software engineering 

• Aerospace systems 

• Medical device software 

• Industrial automation 

• Telecommunications 
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• Embedded systems development 

 

 

5. Conclusion 
The increasing complexity of software-intensive systems requires organizations to adopt sustainable approaches to quality 

engineering that extend beyond traditional compliance-oriented initiatives. 

 

This study proposed an integrated Sustainable Quality Engineering Framework that combines ASPICE, CMMI, and Six 

Sigma to establish a comprehensive model for continuous quality improvement. 

 

The findings demonstrate that the three frameworks exhibit strong complementarities. 

  

ASPICE provides structured process capability assessment mechanisms. 

 

CMMI supports organizational maturity and institutionalization. 

 

Six Sigma delivers quantitative tools for defect reduction and process optimization. 

 

Their integration creates a unified quality ecosystem capable of improving process predictability, enhancing organizational 

learning, reducing waste, and strengthening long-term competitiveness. 

 

The framework also contributes to sustainability by supporting economic efficiency, operational resilience, environmental 

responsibility, and workforce development. 

 

Although implementation challenges exist, organizations adopting a phased integration strategy can achieve significant 

benefits. 

 

This research advances the field of sustainable quality engineering by demonstrating how capability models, maturity 

frameworks, and statistical improvement methodologies can be combined into a cohesive approach for achieving enduring 

organizational excellence. 

 

6. Future Scope 
Future research should focus on empirical validation of the proposed framework through industrial case studies and 

longitudinal investigations. 

 

Potential research directions include: 

• Development of quantitative sustainability metrics for quality engineering. 

• Investigation of framework implementation in non-automotive domains. 

• Integration with artificial intelligence and predictive analytics. 

• Exploration of digital twins for quality monitoring. 

• Application within agile and DevOps environments. 

• Development of automated assessment and dashboard tools. 

• Investigation of environmental impact indicators in software quality engineering. 

 

Future studies may also examine the relationship between sustainable quality engineering and emerging paradigms such as 

Industry 5.0, autonomous systems, and human-centric digital transformation. 

 

References 
[1] Antony, J. (2014). Readiness factors for the Lean Six Sigma journey in the higher education sector. International Journal 

of Productivity and Performance Management, 63(2), 257–264. https://doi.org/10.1108/IJPPM-04-2013-0077 

[2] Chrissis, M. B., Konrad, M., & Shrum, S. (2011). CMMI for development: Guidelines for process integration and product 

improvement (3rd ed.). Addison-Wesley. 

[3] Deming, W. E. (1986). Out of the crisis. MIT Press. 

[4] Harry, M., & Schroeder, R. (2000). Six Sigma: The breakthrough management strategy revolutionizing the world's top 

corporations. Currency. 

[5] Humphrey, W. S. (1989). Managing the software process. Addison-Wesley. 

[6] ISO/IEC. (2015). ISO/IEC 33020: Information technology—Process assessment—Process measurement framework for 

assessment of process capability. International Organization for Standardization. 

[7] Juran, J. M., & Godfrey, A. B. (1999). Juran's quality handbook (5th ed.). McGraw-Hill. 

https://doi.org/10.1108/IJPPM-04-2013-0077


Dhanush / IJMIDSAI 1(1), 1-9, 2026 

 

9 

[8] Kwak, Y. H., & Anbari, F. T. (2006). Benefits, obstacles, and future of Six Sigma approach. Technovation, 26(5–6), 708–

715. https://doi.org/10.1016/j.technovation.2004.10.003 

[9] Montgomery, D. C. (2020). Introduction to statistical quality control (8th ed.). Wiley. 

[10] Paulk, M. C., Curtis, B., Chrissis, M. B., & Weber, C. V. (1993). Capability maturity model for software, version 1.1. 

IEEE Software, 10(4), 18–27. https://doi.org/10.1109/52.219617 

[11] Pyzdek, T., & Keller, P. A. (2018). The Six Sigma handbook (5th ed.). McGraw-Hill Education. 

[12] Röglinger, M., Pöppelbuß, J., & Becker, J. (2012). Maturity models in business process management. Business Process 

Management Journal, 18(2), 328–346. https://doi.org/10.1108/14637151211225225 

[13] Siviy, J., Penn, M. L., & Stoddard, R. W. (2007). CMMI and Six Sigma: Partners in process improvement. SEI Technical 

Report CMU/SEI-2007-TN-005. Carnegie Mellon University. 

[14] Software Quality Systems AG, Procurement Forum, & Volkswagen Group. (2017). Automotive SPICE process assessment 

model version 3.1. VDA QMC Working Group 13. 

[15] Tarí, J. J., Molina-Azorín, J. F., & Heras, I. (2012). Benefits of the ISO 9001 and EFQM model: The view of Spanish 

organizations. Total Quality Management & Business Excellence, 23(7–8), 741–761. 

https://doi.org/10.1080/14783363.2012.669549 

 

https://doi.org/10.1016/j.technovation.2004.10.003
https://doi.org/10.1109/52.219617
https://doi.org/10.1108/14637151211225225
https://doi.org/10.1080/14783363.2012.669549

