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Abstract 
This study proposes and validates a framework integrating Lean Six Sigma (LSS) 

methodologies with the United Nations Sustainable Development Goals (SDGs) within 

India's software sector[1][2]. Employing a mixed-methods design—comprising 90 survey 

responses and 12 expert interviews—the research demonstrates a strong positive 

correlation (r = 0.98) between LSS maturity and organizational alignment with SDG 

targets[3][4]. Structured tools such as DMAIC and Value Stream Mapping (VSM) emerge 

as highly adaptable for tracking environmental indicators, particularly those linked to 

SDG 9 (Industry, Innovation, and Infrastructure), SDG 12 (Responsible Consumption and 

Production), and SDG 13 (Climate Action)[5][6][7]. The resulting LSS–SDG framework 

offers practitioners a step-by-step roadmap for embedding sustainability metrics into 

software quality initiatives, thereby extending the theoretical and practical boundaries of 

LSS in digital enterprises[8][9]. 
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1. Introduction 
The convergence of operational excellence and environmental sustainability has 

emerged as a strategic priority for knowledge-based industries, especially within the 

software sector[10][11]. As organizations increasingly align with global sustainability 

imperatives such as the United Nations Sustainable Development Goals (SDGs), there is 

a pressing need to re-engineer quality frameworks to incorporate ecological and social 

dimensions[12][13]. Traditional software process improvement models, while effective in 

delivering consistency and performance, often neglect the carbon footprint of computing 

resources, the energy overhead of deployments, and the broader environmental impact of 

digital services[11][14]. 

Lean Six Sigma (LSS), a synergistic fusion of Lean thinking and Six Sigma analytics, 

has historically demonstrated success in optimizing process performance across 

manufacturing and service sectors[1][8]. However, its application in the software 

industry—especially in pursuit of sustainability outcomes—remains under-

explored[9][15]. The sector's abstract workflows, rapid release cycles, and minimal 

physical waste pose unique challenges in translating LSS tools such as DMAIC, VSM, and 

5S to meaningful environmental or social impact[16][17]. 

YMER || ISSN : 0044-0477

VOLUME 24 : ISSUE 06 (June) - 2025

http://ymerdigital.com

Page No:1464



 

 

India's emergence as a global hub for software exports and digital infrastructure has 

heightened the importance of sustainability performance within its software 

sector[14][18]. Regulatory bodies, investors, and clients alike are demanding adherence to 

Environmental, Social, and Governance (ESG) standards[19][20]. Yet, most Indian IT 

firms lack structured methodologies for embedding sustainability metrics within their 

quality systems[18][20]. In this context, the integration of LSS and SDGs offers a 

promising yet underutilized pathway toward responsible software innovation[3][4]. 

 

2. Literature Review 
Multiple studies have examined the role of Lean Six Sigma in improving operational 

efficiency, particularly in manufacturing and healthcare domains[16][21]. However, its 

adoption in the software sector has been comparatively limited[1][9]. Aboelmaged 

demonstrated the feasibility of using DMAIC cycles to reduce defect rates in agile software 

projects, but the study lacked a sustainability focus[8][17]. Sony and Naik were among the 

first to propose a sustainability-extended LSS framework for IT services, emphasizing the 

potential for integrating green metrics into process improvement[12][4]. 

Recent research by Dubey et al. and Wong et al. reinforces the idea that structured tools 

like VSM and FMEA can be adapted to include environmental indicators such as energy 

consumption, resource usage, and digital waste[3][13]. Chatterjee and Chakraborty 

introduced multi-criteria decision-making techniques for prioritizing Green Six Sigma 

projects in digital ecosystems[4][22]. Meanwhile, studies in service-dominant sectors 

(e.g., education, public IT infrastructure) reveal that critical enablers of success include 

leadership commitment, data transparency, and cross-functional sustainability 

governance[23][12]. 

The integration of ESG indicators with digital operations is gaining significant traction, 

as seen in works by Laux et al. and Elshamy and Elsayed, who link LSS maturity with 

environmental transparency in cloud-native environments[19][18]. The software 

industry's relationship with SDGs 9, 12, and 13 is particularly noteworthy, as these goals 

directly address innovation infrastructure, responsible consumption, and climate action—

all areas where software development practices have substantial impact[5][24][7]. 

Despite this progress, most existing frameworks remain theoretical or lack validation in 

Indian software enterprises[14][18]. The need of the hour is a practical, field-tested 

framework that maps specific LSS tools to actionable SDG targets relevant to the software 

life cycle[3][4]. Our study aims to fill this gap through empirical insights, tool-level 

mapping, and a sector-specific framework validated via industry inputs[13][22]. 

 

2.1. Lean Six Sigma in Software Development 

Lean Six Sigma has evolved from its manufacturing origins to become increasingly 

relevant in software development contexts[1][8]. The DMAIC (Define, Measure, Analyze, 

Improve, Control) methodology provides a structured approach to identifying and 

eliminating defects in software processes, while Lean principles focus on removing waste 

and optimizing value streams[17][25]. Research indicates that when properly adapted, 

these methodologies can significantly improve software quality, reduce development cycle 

times, and enhance customer satisfaction[9][15]. 

Recent studies have demonstrated that LSS tools can be effectively tailored to address 

the unique characteristics of software development, including its intangible nature, rapid 

iteration cycles, and complex stakeholder requirements[16][26]. For instance, Value 

Stream Mapping (VSM) has been adapted to visualize information flows and identify 

bottlenecks in software delivery pipelines, while Failure Mode and Effects Analysis 
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(FMEA) has proven valuable in proactively identifying potential defects in code and 

architecture[17][25]. 

 

2.2. Sustainable Development Goals in the Software Industry 

The United Nations Sustainable Development Goals provide a comprehensive 

framework for addressing global challenges, with several goals having direct relevance to 

the software industry[5][6]. SDG 9 (Industry, Innovation, and Infrastructure) emphasizes 

the role of technological innovation in building resilient infrastructure and promoting 

inclusive industrialization[27][5]. SDG 12 (Responsible Consumption and Production) 

focuses on achieving sustainable management of resources and minimizing waste 

generation[6][24]. SDG 13 (Climate Action) calls for urgent measures to combat climate 

change and its impacts, including through technological solutions[24][7]. 

Software development practices can significantly impact these goals through energy-

efficient coding, optimized algorithms, sustainable cloud infrastructure, and digital 

solutions that enable environmental monitoring and resource management[11][13]. Recent 

research highlights the growing recognition among software companies of their 

responsibility to align development practices with sustainability objectives, though 

systematic approaches to this alignment remain underdeveloped[27][28]. 

 

 
Figure 1. Distribution of Lean Six Sigma Tool Adoption Among Surveyed 

Firms 
 

3. Research Methodology 
To investigate the integration of Lean Six Sigma (LSS) tools with Sustainable 

Development Goals (SDGs) in software organizations, this study employed a mixed-

methods design comprising quantitative surveys and qualitative interviews[12][29]. A 

structured questionnaire was disseminated to quality managers, process consultants, and 

sustainability leads in Indian software firms[2][30]. The design of the instrument drew 
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upon validated LSS maturity models and prior sustainability-aligned process 

metrics[3][4]. 

The survey consisted of three sections: (i) tool usage frequency and perceived relevance 

to SDG targets; (ii) LSS maturity assessment using a 5-level scale adapted from Antony 

and Garza-Reyes et al.; and (iii) firm-level indicators on ESG tracking, dashboard 

practices, and sustainability KPIs[4][29]. In total, 92 responses were received, with a 68% 

response rate[30]. Descriptive statistics and correlation analyses were conducted using 

SPSS, while content coding was performed manually on interview transcripts[26][29]. 

To supplement survey findings, 12 in-depth interviews were conducted with process 

improvement leads from CMMI Level 5 and ISO 14001-certified software firms[2][32]. 

Thematic coding techniques inspired by Braun and Clarke were applied to extract 

recurring barriers, enablers, and implementation narratives[29]. Tools such as DMAIC, 

VSM, FMEA, and Kaizen were selected for detailed mapping based on literature 

frequency and relevance to software workflows[16][17]. 

 

3.1. Data Collection and Sampling Techniques 

The research employed a combination of stratified and systematic sampling methods to 

ensure representation across firm sizes and organizational roles[2]. Surveys were 

administered digitally using standardized questions to ensure reliability and minimize bias. 

For the qualitative phase, interview participants were selected based on their expertise in 

both quality management and sustainability initiatives, with a minimum requirement of 

five years of experience in software quality management[29]. 

Data collection was conducted over a six-month period, allowing for comprehensive 

coverage of the target population and in-depth exploration of emerging themes. The survey 

instrument was pilot-tested with a small group of quality professionals to ensure clarity 

and relevance of questions before full-scale deployment[2]. Interview guides were 

developed based on preliminary survey findings, enabling targeted exploration of key 

issues identified in the quantitative phase[29]. 

 

3.2. Data Analysis 

Quantitative data analysis involved descriptive statistics to characterize the sample and 

identify patterns in LSS tool adoption and SDG alignment[26][29]. Correlation analysis 

was employed to examine the relationship between LSS maturity levels and SDG 

alignment scores, revealing a strong positive correlation (r = 0.98)[4][29]. This statistical 

finding was further explored through qualitative interviews to understand the underlying 

mechanisms and contextual factors influencing this relationship[29]. 

Qualitative data from interviews underwent thematic analysis following a systematic 

coding process[29]. Initial codes were developed inductively from the data, then organized 

into broader themes related to barriers, enablers, and implementation strategies for 

integrating LSS with sustainability objectives. Cross-case analysis was conducted to 

identify patterns across different organizational contexts and maturity levels, providing 

rich insights into the practical challenges and opportunities in LSS-SDG integration[29]. 
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Figure 2. Relationship Between LSS Maturity and SDG Alignment 

 
Ethics Statement 

This research was conducted in accordance with ethical guidelines for academic studies 

involving human participants. All survey and interview participants were informed of the 

study’s objectives and provided their voluntary consent prior to participation. Data were 

collected anonymously and handled confidentially to ensure the privacy and rights of all 

respondents. No personally identifiable information was gathered or disclosed at any stage 

of the research. 

 

4. Results and Discussion 
4.1. Overview of Respondent Profiles 

Among the 92 respondents, 61% were from mid-sized enterprises (200–1000 employees), 

while 39% represented large firms[30][31]. Roles included quality managers (46%), 

project leads (32%), and sustainability officers (22%)[31][32]. On average, respondents 

had 8.6 years of experience[30][31]. A majority (73%) had prior exposure to LSS 

practices, confirming the sector's gradual adoption of process improvement 

strategies[1][9]. 

 

4.2. Adoption of LSS Tools 

DMAIC, VSM, and FMEA were the most commonly used tools across organizations, 

as illustrated in Figure 1[16][17]. These tools have previously been shown to support waste 

reduction, defect control, and value flow analysis in software delivery chains[1][9]. In 

contrast, 5S and Kaizen had lower adoption rates, likely due to their origin in physical 

environments and the difficulty of translating their principles to intangible 

workflows[16][21]. 

 

4.3. SDG Alignment Scores of LSS Tools 
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Respondents rated LSS tools on their perceived alignment with SDGs, especially SDG 

9, 12, and 13[5][7]. DMAIC scored the highest, followed by VSM and FMEA[17][25]. 

These findings reinforce earlier work suggesting that structured, data-centric tools are 

more adaptable to sustainability tracking in non-manufacturing domains[3][4]. 

 

 

 

 

 

Table 1. SDG Alignment Scores of Common LSS Tools 

Tool SDG 9 SDG 12 SDG 13 Overall Score 

DMAIC 4.2 4 3.8 4 

VSM 3.9 3.8 3.5 3.7 

FMEA 3.7 3.5 3.3 3.5 

Kaizen 2.8 2.7 2.5 2.7 

5S 2.5 2.4 2.2 2.4 

 

4.4. Correlation Between LSS Maturity and SDG Alignment 

A Pearson correlation analysis revealed a strong positive relationship (r = 0.98) between 

a firm's LSS maturity level and its alignment with SDG-related metrics, as shown in Figure 

2[3][4]. This aligns with earlier research by Dubey et al. and Souza et al., who found that 

firms with structured LSS deployments reported higher environmental and social 

accountability[12][22]. 

The evidence suggests that SDG integration is not an ad hoc outcome but evolves 

alongside process maturity and leadership-driven cultural transformation[4][22]. 

Organizations with higher LSS maturity levels demonstrated more sophisticated 

approaches to sustainability, including dedicated metrics, integrated dashboards, and 

cross-functional governance structures[19][18]. 

 

4.5. Qualitative Insights 

Three key themes emerged from qualitative interviews[29][33]: 

1. Tool–Goal Misalignment: Several tools were perceived as hard to adapt to software-

based sustainability KPIs, corroborating concerns raised by Ghosh et al. and Elshamy & 

Elsayed[13][20]. 

2. Lack of Executive Mandates: Without explicit ESG KPIs for senior management, 

sustainability tracking was often siloed or treated as peripheral[19][20]. 

3. Metric Gaps: While process metrics were well-tracked (e.g., defects per sprint), very 

few teams tracked carbon cost per release or cloud infrastructure emissions[13][18]. 

 

High-maturity firms, however, reported using dashboards that tracked metrics like 

"Deployment Carbon Footprint" or "Digital Energy Efficiency", showcasing the growing 

integration of LSS with smart ESG frameworks[19][20]. 

 

5. Conclusion and Future Work 
This study proposed and validated a framework that integrates Lean Six Sigma (LSS) 

tools with Sustainable Development Goals (SDGs) in India's software sector[3][4]. 

Leveraging a mixed-methods approach, the research uncovered a strong, statistically 

significant correlation between LSS maturity and SDG alignment, affirming that 

structured process improvement is a key enabler of sustainability performance in digital 

enterprises[12][22]. 
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From a theoretical standpoint, this work extends the application of LSS into 

sustainability-centered software environments, a domain underrepresented in both Six 

Sigma and SDG literature[3][13]. It confirms the adaptability of traditional tools like 

DMAIC and VSM when applied to abstract digital processes, particularly when supported 

by organizational maturity and strategic leadership[17][25]. 

From a managerial perspective, the findings underscore the critical role of executive 

alignment, ESG-linked KPIs, and cross-functional collaboration in embedding 

sustainability into quality systems[19][20]. While some firms continue to view 

sustainability as peripheral to core operations, this study reveals that mature organizations 

embed environmental metrics such as deployment-level energy use or digital waste 

reduction directly into their dashboards and workflows[13][18]. 

 

5.1. Contributions to Literature and Practice 

This paper contributes to both research and practice in three distinct ways[12][3]: 

 Framework Contribution: It develops and validates a contextualized LSS–SDG 

integration framework tailored to software enterprises[3][4]. 

 Empirical Insight: It offers primary data from Indian software firms—an 

understudied population in the sustainability quality management 

domain[14][18]. 

 Strategic Direction: It provides actionable guidance for quality heads, DevOps 

leads, and ESG officers seeking to operationalize sustainability through proven 

LSS tools[19][20]. 

 

5.2. Policy and Sectoral Implications 

Given India's rapid digitalization and increasing ESG regulations (e.g., BRSR, SEBI 

mandates), this research has direct relevance for policymakers and industry consortia such 

as NASSCOM and STPI[14][18]. The proposed framework can inform future 

sustainability-linked certification standards and process excellence benchmarks in IT and 

related services[19][20]. 

 

5.3. Limitations 

While rich in insight, the study is geographically limited to India[30][14]. It also relies 

on self-reported perceptions, which may introduce response bias[32][29]. Future studies 

should explore automated data collection from CI/CD pipelines, energy profiling systems, 

and real-time process dashboards to improve objectivity[13][20]. 

 

5.4. Future Research Directions 

Several directions emerge for future investigation[12][22]: 

 Development of LSS toolkits specifically tailored for sustainability in 

Agile/DevOps environments[9][11]. 

 Comparative studies across global regions to validate the framework's 

scalability[3][4]. 

 Quantitative impact assessments of SDG-aligned quality programs on firm 

innovation, customer retention, and brand equity[19][22]. 

 

In summary, Lean Six Sigma—when thoughtfully integrated with sustainability 

imperatives—can evolve from a process efficiency tool into a powerful catalyst for 

responsible innovation[3][22]. The proposed framework provides a practical foundation 

for software enterprises seeking to align operational excellence with environmental and 

social stewardship in an increasingly climate-conscious global economy[11][13]. 
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