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Digital transformation presents both opportunities and challenges for
traditional manufacturing operations; however, limited research exists on how
these firms navigate the adoption of innovation. This qualitative study
examines the key drivers, barriers, and strategies influencing digital
transformation in traditional manufacturing environments. Using a case study
approach, the research collected data through semi-structured interviews with
20 participants across five manufacturing firms, supplemented by document
analysis. Thematic analysis revealed that cost constraints (65%), legacy
system incompatibility (70%), and workforce resistance (55%) were the most
significant barriers, while strong leadership commitment (45%) and pilot
projects emerged as critical success factors. The findings align with and
extend the Technology-Organization-Environment (TOE) framework by
highlighting the understudied role of organizational culture in digital
adoption. The study contributes to theory by proposing a contextualized
model for digital transformation in traditional manufacturing, emphasizing the
need for balanced technological and human-centric approaches. Practical
implications suggest that manufacturers should prioritize change
management, modular upgrades for legacy systems, and leadership
development to facilitate smoother transitions. Policymakers may use these
insights to design targeted support programs for small and medium-sized
manufacturers. Future research should explore sector-specific adoption
patterns and develop standardized assessment tools for digital maturity.
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1. INTRODUCTION

The global manufacturing sector is undergoing a profound shift driven by digital transformation, yet
traditional manufacturing operations continue to struggle with adopting Industry 4.0 technologies. The Fourth
Industrial Revolution has introduced disruptive innovations such as the Internet of Things (1oT), artificial
intelligence (Al), and big data analytics, fundamentally reshaping production processes worldwide (Schwab,
2017). However, many traditional manufacturers remain hesitant or ill-equipped to integrate these
advancements, risking obsolescence in an increasingly digital economy. According to the World Economic
Forum (2022), only 30% of manufacturing firms have successfully implemented Industry 4.0 solutions,
highlighting a significant gap in digital maturity across the sector.

Recent data underscores the urgency of addressing this adoption lag. A 2023 McKinsey & Company
report found that while 70% of manufacturing executives recognize the importance of digital transformation,
only 20% have deployed scalable solutions, citing high costs, workforce resistance, and unclear return on
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investment as primary barriers (McKinsey, 2023). Deloitte’s 2022 study further revealed that traditional
manufacturers trail high-tech industries in digital adoption, with just 35% utilizing advanced automation
compared to 65% in tech-driven sectors. These disparities emphasize the need to explore the unique challenges
faced by traditional manufacturing firms in embracing digital innovation.

While digital transformation has been extensively studied in high-tech industries, qualitative insights
into traditional manufacturing remain scarce. Many of these firms operate with legacy systems, rigid
organizational structures, and a workforce resistant to change, creating distinct hurdles for digital integration
(Zheng et al., 2021). Existing research has predominantly employed quantitative models to assess technological
readiness and financial investments (Frank et al., 2019) or highlighted cultural and leadership barriers in digital
adoption (Kane et al., 2018). However, few studies have used qualitative methods to examine the lived
experiences of managers and employees in traditional manufacturing environments (Muller et al., 2021). A
Scopus-indexed study by Arnold et al. (2020) stressed the need for case-study approaches to uncover nuanced
adoption challenges, suggesting that current frameworks may not fully address the realities of legacy industries.

A critical research gap persists in understanding the socio-technical dynamics of digital transformation
in traditional manufacturing. Most literature focuses on high-tech or agile sectors, overlooking the constraints
of legacy operations (Gurbaxani & Dunkle, 2019). This study addresses that gap by investigating micro-level
decision-making processes, employee perceptions, and organizational adaptations required for successful
innovation adoption. The urgency of this research is amplified by the widening digital divide between early
adopters and lagging manufacturers. Firms that fail to adapt risk declining competitiveness, operational
inefficiencies, and long-term viability (Westerman et al.,, 2014). Given that traditional manufacturing
contributes over 16% of global GDP (World Bank, 2023), delayed digital adoption could have severe economic
repercussions.

This study offers novelty by employing a qualitative, case-study approach to explore digital
transformation in traditional manufacturing a perspective often overshadowed by quantitative or high-tech
sector analyses. By capturing firsthand accounts from industry practitioners, it provides a grounded
understanding of adoption barriers and facilitators, enriching existing theoretical frameworks. The research
aims to investigate how traditional manufacturing firms navigate digital transformation, identifying key
challenges, strategies, and success factors in innovation adoption. Using semi-structured interviews and
thematic analysis, it seeks to uncover patterns in organizational behavior, leadership approaches, and workforce
adaptation.

The study contributes to academia and industry by expanding theoretical knowledge on digital
transformation in legacy sectors, offering actionable insights for manufacturing leaders, and proposing a
contextualized framework for sustainable adoption. It also informs policymakers on strategies to support digital
transitions in traditional industries. Practically, the findings will assist manufacturing firms in developing
tailored digital strategies, mitigating resistance, and optimizing technology investments. For scholars, the
research provides a foundation for further qualitative and mixed-methods studies in understudied industrial
contexts. Ultimately, this work supports the broader goal of inclusive and equitable digital progress across
global manufacturing ecosystems.

2. METHOD

This study employs a qualitative research approach with a case study design to explore the adoption of
digital innovations in traditional manufacturing operations. Qualitative methods are appropriate for capturing
in-depth insights into complex organizational phenomena, allowing researchers to examine the lived
experiences, perceptions, and decision-making processes of key stakeholders (Creswell & Poth, 2018). The
population consists of managers, engineers, and operational staff from traditional manufacturing firms
undergoing digital transformation. A purposive sampling technique is used to select 15-20 participants from
diverse roles to ensure a comprehensive perspective on innovation adoption. The sample includes firms from
different manufacturing subsectors (e.g., automotive, textiles, and machinery) to enhance generalizability while
maintaining contextual relevance.

Data collection involves semi-structured interviews, which provide flexibility to probe deeper into
participants’ responses while maintaining focus on key themes such as technological barriers, organizational
culture, and leadership influence (Saunders et al., 2019). Additionally, company documents (e.g., digital
strategy reports and internal training materials) are analyzed to triangulate findings. To ensure validity, member
checking is conducted by sharing interview summaries with participants for verification, while reliability is
strengthened through an audit trail documenting methodological decisions (Lincoln & Guba, 1985). Data
collection follows a structured procedure: (1) securing ethical approval, (2) recruiting participants via industry
networks, (3) conducting virtual or on-site interviews, and (4) transcribing recordings verbatim. NVivo 12
software is used to organize and code qualitative data systematically.
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Data analysis follows thematic analysis (Braun & Clarke, 2006), involving (1) familiarization with
transcripts, (2) initial coding of recurring patterns, (3) theme development through iterative refinement, and (4)
interpretation of findings in relation to existing literature. This approach ensures rigor in identifying key factors
influencing digital transformation, such as workforce readiness and strategic alignment. The study’s qualitative
design prioritizes depth over breadth, enabling rich, context-specific insights that quantitative methods may
overlook.

3. RESULTS AND DISCUSSION

The study collected qualitative data from 20 participants across five traditional manufacturing firms to
examine digital transformation adoption. Key themes emerging from the analysis were categorized into
adoption drivers, barriers, and strategic responses. As shown in Table 1, cost constraints (65%), workforce
resistance (55%), leadership commitment (45%), and legacy system incompatibility (70%) emerged as the
most significant factors influencing digital transformation efforts. These findings are supported by
representative quotes from participants, such as a Plant Manager from Firm A noting "Budget limitations delay
lIoT implementation™ and an Engineer from Firm B explaining "Retrofitting old machines is costly."

Table 1. Key Themes in Digital Transformation Adoption

Theme Frequency (%) Representative Quotes

"Budget limitations delay loT implementation”

i 0,
Cost Constraints 65% (Plant Manager, Firm A)
Workforce Resistance 550 "Older employees fear job displacement™ (HR
0 Director, Firm C)
. . "CEO advocacy accelerated our Al pilot"
0,
Leadership Commitment 45% (Operations Lead, Firm D)
Legacy System Incompatibility 20% "Retrofitting old machines is costly” (Engineer,

Firm B)

(Source: Primary Data, 2024)

Thematic analysis revealed important patterns in the data. Cost barriers and legacy system challenges
were cited by 70% of participants, aligning closely with McKinsey's (2023) finding that 60% of traditional
manufacturers face significant ROl uncertainties when implementing new technologies. Interestingly, firms
with strong leadership support (45%) reported smoother digital transitions, which corroborates Kane et al.'s
(2018) emphasis on the critical role of executive sponsorship in technology adoption. The prevalence of
workforce resistance (55%) was frequently linked to inadequate training programs, echoing Zheng et al.'s
(2021) call for more comprehensive upskilling initiatives in traditional manufacturing environments.

Interpreting these findings suggests that successful digital transformation in traditional manufacturing
requires addressing both technological and human factors. The socio-technical nature of this change is evident
in cases like Firm D, where successful Al adoption was achieved through phased training and structured change
management programs. This supports Muller et al.'s (2021) framework for implementing incremental
innovation in established industrial settings. The data particularly highlights how legacy systems create
significant barriers, with 70% of firms reporting compatibility issues - a finding consistent with Arnold et al.'s
(2020) research on Industry 4.0 adoption challenges.

Several specific findings merit attention. The prevalence of legacy system challenges (70%) confirms
existing research while adding new contextual understanding about traditional manufacturing environments.
The importance of top-down leadership in facilitating adoption mirrors Westerman et al.'s (2014) case studies
on digital transformation. Additionally, the success of pilot projects (such as Firm A's loT sensor
implementation) in building organizational confidence aligns with Deloitte's (2022) recommendations for
starting digital transformation with small-scale, manageable initiatives.

When compared to previous research, some interesting similarities and differences emerge. The cost
barriers identified in this study (65%) closely match Frank et al.'s (2019) finding that 58% of SMEs delay
digitization due to financial constraints. However, unlike Gurbaxani and Dunkle's (2019) work focusing on
technology companies, this research highlights generational resistance to change as a unique challenge in
traditional manufacturing settings, where long-tenured employees may be more apprehensive about
technological disruptions.

Several practical solutions emerge from these findings. Modular upgrades, such as retrofitting legacy
machines with 10T adapters (Zheng et al., 2021), could help overcome compatibility issues. Comprehensive
change management programs (Kane et al., 2018) may address workforce resistance, while public-private
partnerships could provide financial support similar to initiatives urged by the World Economic Forum (2022).
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These solutions align well with the Technology-Organization-Environment (TOE) framework (Tornatzky &
Fleischer, 1990), which helps explain the adoption patterns observed in this study.

The theoretical implications are significant. The TOE framework effectively categorizes the challenges
identified: technological (legacy system issues affecting 70% of firms), organizational (leadership's role
highlighted by 45% of participants), and environmental (competitive pressure mentioned by 50% of firms).
However, the study also reveals limitations in existing theories, particularly regarding cultural resistance
factors that may require additional dimensions in traditional adoption frameworks.

This research extends previous work by Arnold et al. (2020) through its detailed examination of cultural
inertia as a barrier. A telling example comes from Firm B, where an ERP system implementation failed
primarily due to employee pushback, underscoring the need for more human-centric design approaches in
digital transformation - an aspect not fully addressed in traditional TOE theory. These findings suggest that
future theoretical models may need to incorporate more robust change management components.

The practical implications of this study are substantial for multiple stakeholders. Manufacturing firms
should prioritize pilot projects to demonstrate tangible ROI before large-scale implementation (McKinsey,
2023). Policymakers might consider funding digital literacy programs (World Bank, 2023) to ease workforce
transitions. For researchers, these findings suggest the value of hybrid quantitative-qualitative methods to
validate and expand upon these insights across broader industry samples.

4. CONCLUSION

This study concludes that digital transformation in traditional manufacturing is a multifaceted process
requiring technological upgrades, leadership commitment, and cultural adaptation to overcome key barriers
like cost constraints, legacy system incompatibility, and workforce resistance. While the findings validate and
extend existing frameworks like the Technology-Organization-Environment (TOE) model, they also reveal the
need for more human-centric approaches to change management in industrial settings. For future research, we
recommend mixed-methods studies to enhance generalizability, longitudinal analyses to track transformation
trajectories, sector-specific investigations to identify unique challenges, and the development of standardized
digital maturity assessment tools to help traditional manufacturers benchmark and strategize their adoption
efforts more effectively
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