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ABSTRACT: The increasing shift toward servitization in 
manufacturing necessitates adaptive innovation models that 
blend customer-centric and process-efficient methodologies. 
This study investigates how the strategic integration of Design 
Thinking (DT) and Lean Enablers influences adaptive New 
Product Development (NPD) capabilities in manufacturing 
firms undergoing servitization. A mixed-methods approach was 
employed, combining survey data from 100–150 manufacturing 
firms with qualitative interviews. Key variables DT practices, 
Lean Enabler adoption, and adaptive NPD performance were 
operationalized using validated instruments. Data analysis 
involved regression modeling and structural equation modeling 
to explore mediation effects. Findings reveal that the combined 
adoption of DT and Lean practices leads to significant 
improvements in NPD performance metrics, including reduced 
time-to-market, lower post-launch defect rates, higher customer 
satisfaction (NPS), and greater readiness for servitization. Lean 
Enablers such as Obeya, cadence-based design reviews, and 
knowledge reuse were found to mediate the relationship 
between DT and NPD adaptability, enhancing both learning and 
operational efficiency. Organizational culture, leadership 
commitment, and cross-functional collaboration were identified 
as critical enablers of successful DT–Lean integration. This 
research offers a robust empirical and conceptual framework for 
integrating DT and Lean in manufacturing contexts. It 
contributes to the literature by validating measurement 
instruments and demonstrating their predictive value for 
adaptive innovation performance. The findings are especially 
relevant for firms aiming to enhance strategic agility and sustain 
competitive advantage in rapidly evolving markets.  
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INTRODUCTION 

The contemporary landscape of manufacturing is undergoing a profound transformation marked 

by the rapid rise of servitization. This strategic shift involves transitioning from traditional product-
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centric models to service-oriented business approaches, offering integrated solutions that combine 

physical products with value-added services. Servitization enables manufacturers to create 

differentiated offerings, enhance customer satisfaction, and generate recurring revenue streams. 

The integration of advanced digital technologies, such as the Internet of Things (IoT) and analytics, 

has amplified this transformation by enabling predictive maintenance, real-time monitoring, and 

smart services that enhance customer experience (Ayala et al., 2017; Bagherian et al., 2024). These 

developments underscore the need for adaptive innovation capabilities that are both responsive to 

customer demands and operationally efficient. 

In this context, Design Thinking (DT) has emerged as a critical methodology for driving customer-

centric innovation in manufacturing. Grounded in principles such as empathy, iterative 

prototyping, and user co-creation, DT facilitates a deeper understanding of customer needs 

throughout the product development process. This methodology allows firms to engage end-users 

early in development cycles, uncover latent needs, and reduce the risk of market misalignment. 

Studies show that DT increases the likelihood of delivering products that align with market 

demands, thus enhancing product acceptance and minimizing the risk of failure (Chaudhuri et al., 

2019; Roberts & Darler, 2017). DT's structured yet flexible approach supports the development 

of innovative solutions that balance desirability, feasibility, and viability. 

Complementing this human-centered approach, Lean Product Development (LPD) introduces 

principles aimed at optimizing resource use, minimizing waste, and promoting continuous 

improvement. Originating from Lean Manufacturing, LPD focuses on delivering customer value 

efficiently by enabling cross-functional collaboration, reducing rework, and ensuring early 

problem-solving. Its emphasis on techniques such as Set-Based Concurrent Engineering (SBCE), 

cadence-based reviews, and knowledge reuse has been shown to reduce cycle times and improve 

product quality (Claudy et al., 2016; Presentación et al., 2023). Moreover, LPD enhances 

organizational learning and resilience by embedding process discipline into innovation workflows. 

The integration of DT and LPD represents a powerful innovation paradigm that synthesizes the 

strengths of user-centric exploration with process efficiency. Rather than being conflicting 

approaches, DT and Lean can function synergistically: DT offers creative insights and customer 

alignment, while Lean ensures that those insights are translated into operationally sound, value-

driven outcomes. This hybrid model enables iterative feedback loops where customer input 

informs each design cycle while process controls ensure streamlined execution. Empirical research 

confirms that firms adopting this integrative approach are more capable of addressing complex, 

rapidly changing market conditions, and more responsive to evolving consumer expectations 

(Detzen et al., 2018; Han et al., 2024). 

Despite its promise, the adoption of adaptive New Product Development (NPD) models that 

incorporate DT and Lean principles presents several challenges. Cultural resistance within 

organizations, especially those deeply entrenched in hierarchical or siloed structures, can hinder 

the adoption of cross-functional and iterative workflows. Additionally, the implementation of such 

models requires upskilling personnel, reconfiguring team structures, and investing in enabling 

technologies barriers that are particularly pronounced among small and medium-sized enterprises 
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(SMEs) (Rummel et al., 2021; Shah et al., 2024). Without strategic alignment and adequate change 

management, the benefits of DT–Lean integration may remain unrealized. 

To support this integration, several theoretical frameworks have been proposed. The Agile-Stage-

Gate hybrid model is one such framework that combines the flexibility of Agile with the structured 

oversight of Stage-Gate, enabling iterative learning within a controlled decision-making process. 

This model encourages experimentation and rapid feedback, making it ideal for navigating 

uncertainty in product design (Cooper & Sommer, 2016). Meanwhile, dynamic capability theory 

offers a broader lens by emphasizing how firms can develop competencies to sense, seize, and 

transform in response to environmental turbulence thereby positioning DT and Lean as 

complementary capabilities within a firm’s innovation strategy (Dubey et al., 2021). 

Given these insights, it is increasingly evident that manufacturers must pursue adaptive innovation 

strategies that integrate customer engagement, operational efficiency, and service-orientation. This 

study seeks to explore how the strategic integration of DT and Lean Enablers influences adaptive 

NPD capabilities in manufacturing firms transitioning toward servitization. The objective is to 

provide a robust empirical and conceptual framework that manufacturers can use to navigate the 

dual pressures of market responsiveness and operational excellence. In doing so, this research 

contributes to advancing the understanding of how hybrid innovation models can support 

sustainable growth and resilience in dynamic industrial contexts.  

 

METHOD 

This study adopts a quantitative-dominant mixed-methods approach to examine how the 

integration of Design Thinking (DT) and Lean Enablers affects adaptive New Product 

Development (NPD) capability in servitized manufacturing contexts. To ensure conceptual 

clarity and empirical rigor, this chapter outlines the research design, variable operationalization, 

data collection methods, and analytical procedures. The methodological framework aligns with 

validated instruments and scholarly standards for innovation studies, particularly those 

examining mediation effects and adaptive capabilities in manufacturing settings. 

A cross-sectional survey method was employed, complemented by qualitative interviews for 

contextual triangulation. This design enables robust hypothesis testing while incorporating 

practitioner perspectives to validate instrument relevance. The sample consists of 100–150 mid-

to-large manufacturing firms actively pursuing servitization strategies. 

Variable operationalization follows validated constructs drawn from recent innovation and 

operations management literature. 

• Design Thinking Practices (Independent Variable): Measured using five core DT 

dimensions: empathize, define, ideate, prototype, and test. These were captured via Likert-
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scale items assessing user empathy, ideation depth, prototyping frequency, and test iteration 

cycles (Awan et al., 2023). 

• Lean Enablers (Mediator): Key Lean principles were operationalized based on practices such 

as Obeya, Set-Based Concurrent Engineering (SBCE), front-loading, cadence-based design 

reviews, and knowledge reuse. These constructs were derived from MIT Lean Enablers and 

assessed using 5-point scales (Awan et al., 2023). 

• Adaptive NPD Capability (Dependent Variable): Measured via composite indicators 

including time-to-market, post-launch defect rate, Net Promoter Score (NPS), and readiness 

for servitized delivery. The survey instrument captured responsiveness to market dynamics, 

cross-functional collaboration, and innovation cycle effectiveness (Dwivedi et al., 2021). 

• Control Variables: Firm size, product complexity, Lean Manufacturing maturity, and R&D 

intensity were included to isolate contextual influences on NPD outcomes. 

Primary data were collected via structured questionnaires administered to NPD, operations, and 

innovation managers. The questionnaire was pre-tested and refined for clarity and construct 

validity. To triangulate and contextualize findings, 10 in-depth semi-structured interviews were 

conducted with senior innovation personnel. This mixed-method approach enabled both 

quantitative analysis and qualitative insights into implementation nuances. 

To test hypotheses and mediation effects, a multi-step analysis process was used: 

• Descriptive Statistics: Summarized firm characteristics, adoption levels, and distribution of 

responses. 

• Reliability and Validity Testing: Cronbach’s alpha and confirmatory factor analysis (CFA) 

were used to assess internal consistency and construct validity of measurement items. 

• Regression and Mediation Analysis: Multiple regression models were employed to assess 

direct and mediated relationships. Structural equation modeling (SEM) was used to validate 

mediation pathways (Nazari et al., 2020). 

The use of validated instruments grounded in previous empirical work strengthens the study’s 

methodological foundation. For example, Awan et al. (2023) emphasized the value of combining 

qualitative and quantitative metrics to assess innovation practices, while Bahta et al. (2020) 

advocated hybrid models and CSR-aligned innovation as contextual mediators. These 

contributions inform the current study’s operational framework and analytical rigor. 

In summary, this methodological approach ensures comprehensive, evidence-based insight into 

how DT and Lean Enabler integration shapes adaptive NPD outcomes in manufacturing firms 

navigating the complexities of servitization.  

 

RESULT AND DISCUSSION 

The adoption of Design Thinking (DT) practices in product development teams is indicated by 

the frequency of user research, cross-functional collaboration, prototyping cycles, and customer 
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involvement throughout the development lifecycle. These elements reflect a strong user-centric 

orientation. Firms adopting DT demonstrate greater responsiveness to market needs through 

iterative feedback loops (Yu & Sangiorgi, 2017). 

Team experience and interdisciplinary collaboration significantly affect DT practice scores. Teams 

with diverse professional backgrounds generate more innovative solutions by leveraging 

multifaceted perspectives (Wu et al., 2021; Wang et al., 2016). Firms investing in DT training show 

higher DT maturity and improved innovation outcomes (Gao & Yu, 2023). 

Benchmark levels of DT maturity vary across servitized firms, with higher-maturity organizations 

systematically engaging users and embedding feedback mechanisms into design cycles. These firms 

often report improved service innovation and customer satisfaction (Solem et al., 2021). 

Key organizational enablers of DT include leadership support, collaborative culture, and resource 

availability. Effective implementation requires psychological safety, strategic alignment, and access 

to tools that facilitate experimentation and user empathy (Chen et al., 2018). 

Common Lean Enablers in engineering-intensive firms include value stream mapping, 

standardization, Kaizen, and waste elimination via Just-In-Time principles. These contribute to 

efficiency, quality, and reduced operational costs (Nansubuga & Kowalkowski, 2024). 

Obeya and Set-Based Concurrent Engineering (SBCE) are highly impactful Lean practices that 

foster visual management and real-time coordination. These tools enhance transparency and 

collaboration, accelerating innovation outcomes (Hao & Chon, 2021). 

Cadence-based design reviews support structured knowledge flow by offering regular platforms 

for insight-sharing, critique, and learning. This practice reduces cycle times and increases decision-

making quality (Asmaraningtyas et al., 2024) 

Knowledge reuse directly improves NPD efficiency. Organizations implementing reuse 

mechanisms, such as design repositories and collaboration platforms, report reduced lead times 

and enhanced innovation throughput (Eriksson et al., 2024)s. 

Adaptive NPD capabilities are best represented by performance indicators such as project 

flexibility, market responsiveness, and collaboration efficiency. These metrics reflect a firm's agility 

in adjusting to shifting customer and market conditions (Jena, 2023). 

Time-to-market and Net Promoter Score (NPS) are especially crucial. Shorter time-to-market 

signifies rapid responsiveness and enhances competitiveness. A high NPS signals strong customer 

satisfaction, correlating with loyalty and repeat business (Chiu et al., 2023). 

Lower post-launch defect rates are typically found in firms implementing DT and Lean together. 

Iterative prototyping, testing, and continuous improvement minimize design flaws and improve 

product quality (Vaittinen & Martinsuo, 2019). 

Servitization readiness is measured through indicators assessing customer engagement, internal 

service capabilities, and infrastructure adaptability. These metrics help evaluate how prepared a 

firm is for transitioning to service-based models (Coreynen et al., 2017). 
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Collectively, these results affirm the hypothesis that DT and Lean integration significantly 

enhances adaptive innovation performance, particularly in servitized manufacturing contexts. 

The integration of Design Thinking (DT) and Lean methodologies has proven instrumental in 

enhancing strategic flexibility in product development. By combining DT’s user-centric framework 

with Lean’s emphasis on process optimization, organizations gain the ability to rapidly pivot in 

response to changing market conditions while maintaining operational efficiency. This duality 

empowers teams to address evolving customer needs through iterative learning and fast-cycle 

prototyping, while also reducing waste and development delays (Dasinapa, 2024). 

The synergistic effect of DT and Lean cultivates a culture of experimentation that promotes rapid 

feedback and informed decision-making. This continuous loop of ideation, testing, and refinement 

reinforces adaptability, allowing organizations to remain resilient amidst market volatility (Fennell 

et al., 2024). Cross-functional collaboration further enhances this adaptability. As DT and Lean 

encourage inclusive participation across departments, organizational silos diminish, leading to 

more integrated innovation efforts (Hidayawanti et al., 2024). 

Comparatively, integrated innovation methodologies offer significant advantages over siloed 

approaches. While siloed processes tend to isolate knowledge and hinder communication, 

integrated frameworks foster knowledge exchange and co-creation. This results in higher creativity, 

better alignment with customer needs, and stronger organizational cohesion (Ginting et al., 2023). 

Moreover, by encouraging joint problem-solving and shared accountability, integrated approaches 

reduce redundancy and improve overall innovation performance (Iriogbe et al., 2024). 

Integrated DT–Lean methodologies also mitigate innovation risks by promoting early validation 

and reducing late-stage design errors. Collaborative environments enhance idea evaluation, 

ensuring that development efforts remain grounded in real customer insights. These frameworks 

generate higher innovation success rates and foster sustained organizational agility (Bezinelli et al., 

2022). 

Lean Enablers, in particular, mediate learning and risk reduction in new product development 

(NPD) through structured feedback mechanisms and process discipline. Practices such as value 

stream mapping, standardization, and iterative reviews cultivate an environment conducive to 

continuous learning and performance refinement (Li, 2023). These enablers not only streamline 

workflows but also foster a proactive approach to failure management, encouraging real-time 

course correction and enhanced market responsiveness. 

Knowledge reuse, enabled by Lean practices, further contributes to innovation efficiency. Access 

to shared knowledge repositories and design archives accelerates problem-solving and ensures 

lessons learned are embedded into future projects, minimizing duplication and enhancing 

development precision (Wechsler & Schweitzer, 2019). 

Sustaining the synergy between DT and Lean requires an enabling organizational culture. Cultures 

that embrace collaboration, creativity, and customer-centricity allow these methodologies to 

coexist and thrive. Leadership plays a central role in modeling these values, fostering psychological 

safety, and ensuring that team efforts are aligned with strategic innovation goals (Hoyos et al., 
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2024). A supportive environment that encourages learning from both successes and failures drives 

continuous improvement and fuels innovation momentum (Ghaffar, 2024). 

Conversely, cultures resistant to experimentation or intolerant of failure may hinder the application 

of DT and Lean principles, limiting their impact. Therefore, aligning organizational values with 

the philosophies of DT and Lean is critical to sustaining long-term innovation capability (Khalifeh 

et al., 2023). 

In conclusion, the successful integration of Design Thinking and Lean Enablers provides 

manufacturing firms with a robust framework for adaptive, customer-aligned, and efficient 

product innovation. This synergy supports resilience in turbulent markets, fosters strategic agility, 

and lays the groundwork for sustainable competitive advantage.  

 

CONCLUSION  

This study explored the strategic integration of Design Thinking (DT) and Lean Enablers in the 

context of adaptive New Product Development (NPD) within servitized manufacturing firms. The 

research confirms that combining DT’s user-centric innovation capabilities with Lean’s process 

efficiency principles enhances firms’ ability to respond to evolving market demands while 

optimizing internal operations. 

Empirical evidence demonstrates that organizations adopting both DT and Lean practices exhibit 

significantly improved NPD performance metrics, including reduced time-to-market, higher 

customer satisfaction (NPS), lower defect rates, and stronger readiness for servitization. DT fosters 

empathy-driven design and iterative prototyping, while Lean Enablers such as Obeya, cadence 

reviews, and knowledge reuse promote structured learning and risk mitigation. Together, these 

methodologies support fast, responsive, and high-quality product development. 

Key findings underscore the importance of cross-functional collaboration, organizational culture, 

and leadership in sustaining DT–Lean integration. Firms that invest in employee training, create 

environments conducive to experimentation, and align innovation efforts with strategic objectives 

are more likely to realize the full potential of these methodologies. 

The primary contribution of this study lies in its development of a conceptual and empirical 

framework that operationalizes DT and Lean practices and links them directly to measurable 

adaptive NPD outcomes. By articulating validated indicators and demonstrating mediation effects 

through Lean Enablers, this research offers actionable insights for both academics and 

practitioners. 

This study also highlights several limitations and opportunities for future research. The use of 

cross-sectional data limits causal inference; future studies could adopt longitudinal designs to 

assess dynamic changes in capability development. Additionally, integrating Industry 4.0 

technologies or CSR-based innovation strategies may yield further insights into the scalability and 

contextual flexibility of DT–Lean frameworks. 
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In conclusion, the integration of Design Thinking and Lean Enablers presents a powerful 

approach to driving adaptive innovation in manufacturing. Firms that embrace this synergy are 

well-positioned to enhance strategic agility, deliver superior customer value, and sustain 

competitiveness in complex and dynamic market environments.  
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