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Abstract - This paper explores how companies can achieve adaptability at the highest stage in the acatech Industry 4.0 Maturity 

Index—by transitioning from isolated pilot projects to enterprise-wide digital transformation. It identifies the barriers that 

prevent scaling, such as siloed systems and cultural resistance, and outlines the structural enablers required across resources, 

information systems, organizational structure, and culture. Using a structured maturity framework, the paper illustrates how 

organizations can track progress, align capabilities, and develop targeted roadmaps. It emphasizes that adaptability is not 

purely technical but a strategic, coordinated capability essential for thriving in dynamic industrial environments. 
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1. Introduction 
Industry 4.0 represents a fundamental transformation in 

manufacturing, driven by integrating cyber-physical systems, 

real-time data processing, and digital connectivity across the 

value chain. As companies embrace this digital shift, they seek 

not just automation or digitization but the ability to respond 

rapidly and intelligently to dynamic market conditions.  

In this context, adaptability—the capability to make 

autonomous, data-driven decisions and adjust operations in 

real time emerges as a critical competitive advantage. 

Despite the growing awareness of Industry 4.0's potential, 

many organizations remain stuck in the early stages of digital 

maturity. Often, their efforts are confined to isolated pilot 

projects focused on specific technologies or processes. While 

these pilots demonstrate feasibility, they rarely scale into 

systemic transformation.  

Key barriers include siloed data, limited cross-functional 

alignment, and the absence of a cohesive digital strategy. As a 

result, companies struggle to move beyond short-term 

experimentation toward a state of continuous learning and 

enterprise-wide agility. 

The acatech Industry 4.0 Maturity Index offers a 

structured pathway to navigate this transformation. It defines 

six progressive stages—computerisation, connectivity, 

visibility, transparency, predictive capacity, and 

adaptability—each building on specific capabilities in four 

key structural areas: resources, information systems, 

organizational structure, and culture. Adaptability, the highest 

maturity stage, reflects an organization’s ability to 

autonomously adjust to internal and external changes using 

integrated digital systems and real-time data. 

This paper explores how companies can evolve from 

fragmented pilot implementations to full-scale adaptability. 

By examining the transition across the maturity stages, the 

paper highlights practical enablers, structural gaps, and 

strategic actions required for scaling Industry 4.0. It also 

discusses how the acatech Maturity Index can be used to track 

progress, align initiatives, and support long-term 

transformation goals. 

2. Pilot Projects to Systemic Transformation 
Industry 4.0 adoption typically begins with pilot 

projects—small-scale, focused initiatives aimed at testing new 

technologies such as IoT sensors, predictive maintenance 

algorithms, or digital twins. These pilots are often designed to 

demonstrate quick wins, prove technical feasibility, or explore 

niche use cases. While valuable in raising awareness and 

building momentum, such efforts frequently remain 

disconnected from the broader organizational strategy. The 

result is a fragmented landscape of standalone solutions that 

fail to deliver transformative business value [1]. 

http://www.internationaljournalssrg.org/
http://www.internationaljournalssrg.org/
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Fig. 1 Stages in the Industry 4.0 development path 

A recurring challenge in many companies is the “pilot 

trap”—a situation where innovation is confined to isolated 

environments, lacking the mechanisms to scale. These pilots 

may run successfully within one department or plant but often 

lack integration with core systems like ERP, PLM, or MES. 

Moreover, they may operate without involvement from cross-

functional teams or without consideration of long-term 

sustainability, governance, or enterprise-wide processes. As 

the acatech study points out, pilot initiatives rarely address 

critical enablers such as cultural readiness, organizational 

alignment, and consistent data governance across business 

units. 

 
Fig. 2 Critical enablers for pilot initiatives 

To understand why scaling is difficult, it is helpful to 

examine what pilots typically lack: 

• Holistic visibility: Pilot projects may generate localized 

insights, but without enterprise-wide data integration, 

those insights cannot inform upstream or downstream 

processes. 

• Digital shadow and feedback loops: Pilots often focus on 

capturing data without building a digital representation of 

the business that can evolve and be acted upon. 

• Cross-functional collaboration: Technology pilots are 

usually owned by IT or innovation teams, with limited 

involvement from operations, supply chain, or sales. 

• Scalability mindset: Technologies tested in pilots are 

rarely selected or designed with full deployment in 

mind—often due to budget, technical constraints, or 

organizational silos. 

The consequence is a plateau in maturity. As per the 

acatech Maturity Index, most companies stall between stages 

2 (Connectivity) and 3 (Visibility), where systems are 

connected, and data begins to flow—but without integration, 

analysis, or strategic use of that data. Moving beyond this 

stage requires a shift in approach: from viewing pilots as 

endpoints to positioning them as building blocks in a broader 

transformation roadmap. 

An illustrative case is the example of Harting AG, 

featured in the acatech study. Harting had implemented 

several promising Industry 4.0 pilot initiatives in its 

manufacturing operations, such as automatically detecting die 

cutter conditions [1][2].  

However, these remained isolated to specific production 

lines. The challenge was not the technology itself but the lack 

of integration with other departments and systems. To unlock 

the next maturity stage—transparency—Harting needed to 

expand the scope of its pilots, align them with enterprise 

systems, and embed them into decision-making processes 

across the organization. 

Systemic transformation is characterized not by the 

presence of digital projects but by their orchestration. It 

involves identifying repeatable value patterns from pilot 

learnings and deploying them across sites, product lines, or 

regions. This requires consistent digital governance, 

leadership commitment, and a shift from ad hoc 

experimentation to a coordinated execution model. 

Ultimately, pilots are necessary—but not sufficient. They 

serve as an ignition point, but true adaptability comes from 

embedding the principles of Industry 4.0 into the 

organization’s DNA. This means evolving pilots into 

platforms, initiatives into capabilities, and experiments into 

strategic pillars of transformation. 

3. Pathway to Adaptability 
Achieving adaptability—the sixth and final stage in the 

acatech Industry 4.0 Maturity Index—is not the result of a 

single technological implementation but the outcome of a 

coordinated transformation across multiple structural 

dimensions. This stage represents an organization's ability to 

autonomously respond to change, leverage real-time data, and 

continuously improve operations through automated decision-

making. Companies must build on the foundational stages of 

computerisation, connectivity, visibility, transparency, and 

predictive capacity to reach this state. 

The journey to adaptability involves systematically 

strengthening key capabilities across four structural areas: 

resources, information systems, organizational structure, and 

culture. Each of these areas contributes critical enablers that 

support enterprise-wide agility and responsiveness. 



Deep Manishkumar Dave & Kishan Hiteshkumar Joshi / IJIE, 12(1), 44-50, 2025 

 

46 

 
Fig. 3 acatech Industry 4.0 Maturity Index 

3.1. Resources: Enabling Intelligent Operations 

At the core of adaptability is the ability to collect and act 

upon real-time information from the physical world. This 

begins with equipping resources—machines, products, tools, 

and people—with digital capabilities [3]. 

 
Fig. 4 Capabilities of structural area ‘Resources’ 

• Sensorization and Automation: Machines and products 

must be equipped with embedded sensors and actuators 

capable of real-time monitoring, data collection, and, in 

some cases, autonomous action. This allows for instant 

feedback loops that reduce reaction times and enable 

condition-based responses. 

• Edge and Embedded Processing: Resources should 

support decentralized (pre-)processing, enabling faster 

local decisions without relying on centralized systems. 

This is especially critical for time-sensitive operations 

like quality control or predictive maintenance. 

• Task-based Interfaces: Operators must be supported by 

intuitive interfaces—such as Augmented Reality (AR) 

overlays, voice commands, or visual dashboards—that 

deliver the right information at the right moment, 

enabling rapid and accurate decisions. 

These capabilities create the foundation for a dynamic, 

data-driven environment where both human and machine 

resources contribute to intelligent, responsive workflows. 

3.2. Information Systems: Creating a Digital Nervous 

System 

Adaptability requires not just the collection of data but the 

ability to process, interpret, and act on it across the enterprise. 

Information systems act as the nervous system of a smart 

factory, turning raw data into actionable insights. 

 
Fig. 5 Capabilities of structural area ‘Information Systems’ 

• Self-learning Information Processing: At advanced 

maturity, companies use AI and machine learning to 

detect patterns, predict future states, and prescribe 

actions. These capabilities enable condition monitoring, 

predictive analytics, and scenario simulations. 

• Data Integration: Horizontal and vertical integration 

across systems (ERP, MES, PLM, CRM) ensures a single 

source of truth. This allows all business functions to 

operate on consistent, real-time information, breaking 

down silos and supporting coordinated responses. 

• Contextualized Delivery: Information is delivered based 

on the user’s role, task, and current situation—whether it 

is a technician in the field or a planner in the office. 

Mobile apps, role-based dashboards, and adaptive 

interfaces support this principle. 

• IT Infrastructure and Security: A resilient and scalable IT 

infrastructure is essential to handle high data volumes, 

ensure uptime, and maintain cybersecurity. Standards like 

OPC UA and IEC 62443 play a crucial role in building 

interoperable and secure architectures. 

By combining advanced analytics, tight integration, and 

contextual delivery, companies can enable faster, more 

reliable decisions and actions at every level. 

3.3. Organizational Structure: Enabling Agile Execution 

Technology alone cannot achieve adaptability without the 

right organizational structure to support it. The acatech model 

emphasizes organic internal organization and dynamic 

collaboration within the value network [4]. 

 
Fig. 6 Capabilities of structural area ‘Organizational Structure’ 

• Flexible Teams and Communities: Employees must be 

organized into dynamic, cross-functional teams that form 

and re-form around tasks, goals, or issues. These 

communities enable faster decision-making, better 

knowledge sharing, and increased responsiveness. 
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• Decentralized Decision Rights: Adaptable companies 

distribute decision-making authority closer to where 

events occur. This requires clear guidelines, access to 

relevant data, and trust in local teams to act in alignment 

with company goals. 

• Platform Thinking: Internally and externally, companies 

must think in terms of platforms—shared spaces (digital 

or organizational) that enable collaboration between 

partners, departments, or business units. 

• Goal Systems and Incentives: Employees should be 

evaluated not just on efficiency but also on adaptability, 

innovation, and collaboration. Multi-dimensional KPIs 

and agile performance systems reinforce the desired 

behaviors. 

These structures empower teams to respond quickly to 

disruptions and opportunities, reducing latency between 

insight and action. 

3.4. Culture: Driving Continuous Learning and Change 

Cultural readiness is often the missing link in digital 

transformation. True adaptability depends on a workforce that 

is engaged, empowered, and aligned with the vision of a 

learning organization. 
 

 
Fig. 7 Capabilities of structural area ‘Culture’ 

• Willingness to Change: Employees must see change as a 

constant and be ready to adapt their behaviors, 

workflows, and mindset. This involves embracing 

mistakes as learning opportunities and actively shaping 

transformation initiatives. 

• Data-based Mindset: Decisions should be grounded in 

evidence, not intuition. Employees across all levels must 

trust and use data as a foundation for actions. This also 

includes challenging assumptions and validating ideas 

through experimentation. 

• Open Communication and Collaboration: Hierarchical 

boundaries should not inhibit information flow. 

Employees must feel safe sharing insights, asking 

questions, and offering feedback. Leadership plays a key 

role in modelling this openness. 

• Continuous Development: Upskilling is non-negotiable. 

Adaptable organizations invest in lifelong learning, 

ensuring employees evolve alongside technologies and 

business needs. 

 

Without a supportive culture, even the most advanced 

technologies and systems will fail to deliver sustainable 

results. 

Table 1. Summary: Capabilities Aligned to Adaptability 

Structural Area Key Capabilities for Adaptability 

Resources 
Sensorized assets, edge computing, 

task-based HMI 

Information 

Systems 

Predictive analytics, integrated 

platforms, contextualized information 

Organizational 

Structure 

Cross-functional teams, decentralized 

decisions, agile KPIs 

Culture 
Willingness to change, data-driven 

mindset, continuous learning 

 
Adaptability is not a product to be installed—it is a 

capability to be cultivated. It is the outcome of deliberate 

efforts across technology, people, and processes, unified by a 

shared vision and enabled through aligned capabilities. The 

next section will examine how companies can measure and 

track this transformation journey using the acatech Maturity 

Index [5][6]. 

4. Applying the Maturity Index  
The transition from pilot initiatives to enterprise-wide 

adaptability is not a linear or one-size-fits-all process. Each 

organization has a unique starting point, a distinct set of 

strategic goals, and varying levels of maturity across its 

business functions.  

 

To manage this complexity, the acatech Industry 4.0 

Maturity Index serves as a powerful tool for systematically 

assessing current capabilities, identifying gaps, and 

formulating targeted actions. It enables companies to 

transform digital ambition into a structured, measurable, and 

staged roadmap [1][7]. 

 

This section explains how organizations can apply the 

Maturity Index to track transformation over time, highlighting 

key principles, use cases, and recommended practices. 
 

4.1. The Three-Phase Application Framework 

According to the acatech model, the Maturity Index is 

applied through a three-phase methodology: 

• Phase 1: Assessment of Current Maturity 

• Phase 2: Gap Analysis and Target Definition 

• Phase 3: Roadmap Development and Execution 
 

Each phase provides actionable insights and helps guide 

decision-making across both strategic and operational levels. 
 

4.1.1. Phase 1: Assessment of Current Maturity 

The first step involves evaluating the company’s current 

state across four structural areas (Resources, Information 

Systems, Organizational Structure, and Culture) and five 

functional areas (Development, Production, Logistics, 

Services, and Marketing and sales). This is typically done 

using structured workshops, expert interviews, and a maturity 

questionnaire that maps responses to the six development 

stages. 
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• Tools Used: A standardized set of questions aligned with 

maturity stage criteria (e.g., how data is collected, shared, 

analysed, and acted upon). 

• Process: Cross-functional representatives from different 

departments assess business processes, citing real-world 

examples. 

• Output: A visual radar chart showing maturity levels by 

structural area and business function. 
 

This creates a snapshot of where the organization stands 

today—often revealing imbalances. For instance, a company 

may show strong technical resources (e.g., sensorized 

equipment) but weak integration or cultural readiness. 

Recognizing these disparities is essential for successful 

transformation. 
 

4.1.2. Phase 2: Gap Analysis and Target Definition 

Once the current state is clear, the next step is to define 

the target state that is aligned with the business strategy. This 

involves: 

• Determining which maturity stage the organization 

aspires to reach in the short and long term. 

• Identifying which capabilities are missing and which 

structural areas need to be brought up to speed. 

• Prioritizing efforts to first achieve consistency across all 

four structural areas for the current stage before 

progressing. 

 

This phase emphasizes maturity alignment over blind 

progression. For example, a company should not attempt 

predictive analytics (Stage 5) if its data is still siloed and 

incomplete (a Stage 2 or 3 issue). The Index highlights this 

logical sequence, reducing the risk of wasted investment and 

transformation fatigue [8]. 

 

4.1.3. Phase 3: Roadmap Development and Execution 

With a gap analysis in hand, organizations can create a 

digital transformation roadmap detailing: 

• Capability-building initiatives (e.g., implementing MES, 

forming cross-functional agile teams, deploying AR for 

field services). 

• Prioritization of measures based on strategic importance, 

cost-benefit analysis, and ease of implementation. 

• Time-bound action plans with measurable KPIs tied to 

specific maturity criteria. 

 

Companies can also simulate value realization by linking 

maturity stages to performance indicators such as uptime, 

quality, on-time delivery, or customer satisfaction. The 

acatech study proposes an indicator system that quantifies the 

benefits of progressing through the stages, helping decision-

makers justify investments and track ROI [9][10]. 

 

4.2. Using the Index as a Long-Term Compass 

Digital transformation is not a “once and done” effort but 

a continuous journey. The acatech Maturity Index is designed 

to support longitudinal tracking. By conducting periodic 

reassessments (e.g., annually or biannually), organizations 

can: 

• Measure improvements in maturity by department or 

process. 

• Identify where progress has stalled and why. 

• Refine the roadmap based on lessons learned or changes 

in strategic direction. 

 

This iterative use of the Index helps institutionalize 

transformation as an ongoing discipline rather than a 

temporary project. 

 

4.3. Recommended Practices for Practitioners 

To maximize the value of the Maturity Index, 

organizations should: 

• Engage cross-functional stakeholders: Transformation is 

not just an IT or production issue—it touches all parts of 

the business. 

• Start with honest self-assessment: Avoid optimism bias; 

it is better to underestimate and exceed expectations than 

to overpromise. 

• Maintain balance across structural areas: Do not let 

technology outpace people or processes. 

• Use visuals (maturity radar, timeline maps) to 

communicate clearly across leadership and teams. 

• Continuously measure and iterate: Use the Index as a 

living tool—not a one-time diagnostic. 

 

The acatech Industry 4.0 Maturity Index offers a 

structured and proven approach to guiding and monitoring 

transformation. Breaking down complexity into assessable 

stages and actionable measures empowers companies to 

evolve from experimentation to execution—and ultimately 

toward adaptability [11][12]. With regular reassessment and a 

culture of learning, the Index becomes not just a tool for 

tracking progress but a compass for long-term digital success. 

 

5. Conclusion 
Adaptability in the context of Industry 4.0 is not just a 

technical milestone—it is a holistic state of maturity where 

people, processes, systems, and culture converge to enable 

real-time, autonomous decision-making.  

While many companies initiate their digital journey 

through pilot projects, few successfully scale those efforts into 

fully integrated, enterprise-wide transformations. This paper 

has explored how organizations can move beyond isolated use 

cases and leverage the acatech Industry 4.0 Maturity Index as 

a structured pathway toward systemic adaptability [13]. 

Key findings suggest that achieving adaptability requires 

much more than deploying advanced technologies. It calls for: 

• Digitally enabled resources that provide real-time 

visibility into operations. 
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• Information systems that are integrated, self-learning, and 

capable of contextualized decision support. 

• An organizational structure that supports flexible, cross-

functional collaboration and decentralized execution. 

• A workplace culture that embraces change values data 

and promotes continuous learning. 

 

The Maturity Index stands out as more than a 

benchmarking tool—it is a strategic compass that helps 

companies align initiatives across departments, identify 

capability gaps, and develop targeted roadmaps. By breaking 

transformation into manageable, staged progressions, the 

Index enables organizations to prioritize consistency, reduce 

risk, and build maturity at a sustainable pace [14]. 

Looking ahead, the path to widespread Industry 4.0 

adoption demands deeper insight and shared learning. 

Longitudinal studies can help track how organizations evolve 

over maturity stages, uncovering common patterns and 

pitfalls. Industry-specific benchmarks can offer tailored 

guidance for different sectors, acknowledging that 

transformation looks different in discrete manufacturing, 

pharmaceuticals, or logistics. Lastly, cross-sector 

collaboration—between academia, industry, and technology 

providers—can accelerate innovation, codify best practices, 

and raise the collective readiness of the industrial ecosystem 

[15][16]. 

As Industry 4.0 continues to reshape global 

manufacturing, adaptability will be the defining trait of 

resilient, future-ready organizations. With the right 

frameworks and a commitment to structured progress, 

transformation can move from vision to reality—step by step, 

capability by capability. 

References  
[1] Günther Schuh et al., Industrie 4.0 Maturity Index: Managing the Digital Transformation of Companies—UPDATE 2020, Acatech -

National Academy of Science and Engineering, pp. 1-64, 2020. [Google Scholar] [Publisher Link]  

[2] Christian S. Magnus, “Smart Factory Mapping and Design: Methodological Approaches,” Production Engineering, vol. 17, pp. 753-762, 

2023. [CrossRef] [Google Scholar] [Publisher Link]  

[3] Júlio C. da Silva, Eduardo R. Loures, and Eduardo A. Portela Santos, “Framework to Guide IIoT Projects Oriented towards Growth in 

I4.0 Maturity Levels,” Proceedings of the 11th International Conference on Production Research – Americas, pp. 437-444, 2023. 

[CrossRef] [Google Scholar] [Publisher Link]  

[4] Michelle Ramos et al., “Maturity Analysis for Implementation of Industry 4.0 Technologies in a Construction Company,” Proceedings of 

the 11th International Conference on Production Research – Americas, pp. 423-429, 2022. [CrossRef] [Google Scholar] [Publisher Link]  

[5] Michael Sony, and Nandakumar Mekoth, “Employee Adaptability Skills for Industry 4.0 Success: A Road Map,” Production & 

Manufacturing Research, vol. 10, no. 1, pp. 24-41, 2022. [CrossRef] [Google Scholar] [Publisher Link]  

[6] Sanjay Bhattacharya, and K.S. Momaya, “Actionable Strategy Framework for Digital Transformation in AECO Industry,” Engineering, 

Construction and Architectural Management, vol. 28, no. 5, pp. 1397-1422, 2021. [CrossRef] [Google Scholar] [Publisher Link]  

[7] Afonso Fleury et al., “Going Digital EMNEs: The Role of Digital Maturity Capability,” International Business Review, vol. 33, no. 4, 

2024. [CrossRef] [Google Scholar] [Publisher Link]  

[8] Rui M. Lima et al., “Analysis of Teachers’ Competences for Industry 4.0 Subjects: A Case of Thai Higher Education Institutions,” Applied 

Science and Engineering Progress, pp. 1-17, 2023. [CrossRef] [Google Scholar] [Publisher Link]  

[9] Marc Vila Fábrega, “Process Mining Towards Maturity in Industry 4.0,” Master Thesis, Technical University of Berlin, pp. 1-55, 2021. 

[Google Scholar] [Publisher Link]  

[10] Poliana Carneiro Gomes et al., “Industry 4.0 Maturity Model: An Assessment in Manufacturing Enterprises,” International Journal of 

Services and Operations Management, vol. 50, no. 1, pp. 23-52, 2025. [CrossRef] [Google Scholar] [Publisher Link]  

[11] Rossella Pozzi, Tommaso Rossi, and Raffaele Secchi, “Industry 4.0 Technologies: Critical Success Factors for Implementation and 

Improvements in Manufacturing Companies,” Production Planning & Control, vol. 34, no. 2, pp. 139-158, 2021. [CrossRef] [Google 

Scholar] [Publisher Link]  

[12] Bożena Gajdzik, and Radosław Wolniak, “Influence of Industry 4.0 Projects on Business Operations: Literature and Empirical Pilot 

Studies Based on Case Studies in Poland,” Journal of Open Innovation: Technology, Market, and Complexity, vol. 8, no. 1, pp. 1-20, 

2022. [CrossRef] [Google Scholar] [Publisher Link]  

[13] Kosmas Alexopoulos, Nikolaos Nikolakis, and Evangelos Xanthakis, “Digital Transformation of Production Planning and Control in 

Manufacturing SMEs-The Mold Shop Case,” Applied Sciences, vol. 12, no. 21, pp. 1-14, 2022. [CrossRef] [Google Scholar] [Publisher 

Link]  

[14] Carla Gonçalves Machado et al., “Digital Organisational Readiness: Experiences from Manufacturing Companies,” Journal of 

Manufacturing Technology Management, vol. 32, no. 9, pp. 167-182, 2021. [CrossRef] [Google Scholar] [Publisher Link]  

 

 

 

https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Industrie+4.0+Maturity+Index.+Managing+the+Digital+Transformation+of+Companies+%E2%80%93+UPDATE+2020&btnG=
https://en.acatech.de/publication/industrie-4-0-maturity-index-update-2020/
https://doi.org/10.1007/s11740-023-01193-8
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Smart+factory+mapping+and+design%3A+methodological+approaches&btnG=
https://link.springer.com/article/10.1007/s11740-023-01193-8
https://doi.org/10.1007/978-3-031-36121-0_55
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Framework+to+Guide+IIoT+Projects+Oriented+Towards+Growth+in+I4.0+Maturity+Levels&btnG=
https://link.springer.com/chapter/10.1007/978-3-031-36121-0_55
https://doi.org/10.1007/978-3-031-36121-0_53
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Maturity+Analysis+for+Implementation+of+Industry+4.0+Technologies+in+a+Construction+Company&btnG=
https://link.springer.com/chapter/10.1007/978-3-031-36121-0_53
https://doi.org/10.1080/21693277.2022.2035281
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Employee+adaptability+skills+for+Industry+4.0+success%3A+a+road+map&btnG=
https://www.tandfonline.com/doi/full/10.1080/21693277.2022.2035281
https://doi.org/10.1108/ECAM-07-2020-0587
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Actionable+strategy+framework+for+digital+transformation+in+AECO+industry&btnG=
https://www.emerald.com/insight/content/doi/10.1108/ecam-07-2020-0587/full/html
https://doi.org/10.1016/j.ibusrev.2024.102271
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Going+digital+EMNEs%3A+The+role+of+digital+maturity+capability&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0969593124000180
https://doi.org/10.14416/j.asep.2022.09.005
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=of+Teachers%E2%80%99+Competences+For+Industry+4.0+Subjects%3A+A+Case+Of+Thai+Higher+Education+Institutions&btnG=
https://repositorium.sdum.uminho.pt/handle/1822/87241
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Process+mining+towards+maturity+in+industry+4.0&btnG=
https://upcommons.upc.edu/handle/2117/349191
https://doi.org/10.1504/IJSOM.2025.144185
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Industry+4.0+maturity+model%3A+An+assessment+in+manufacturing+enterprises&btnG=
https://www.inderscienceonline.com/doi/abs/10.1504/IJSOM.2025.144185?journalCode=ijsom
https://doi.org/10.1080/09537287.2021.1891481
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Industry+4.0+technologies%3A+critical+success+factors+for+implementation+and+improvements+in+manufacturing+companies&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Industry+4.0+technologies%3A+critical+success+factors+for+implementation+and+improvements+in+manufacturing+companies&btnG=
https://www.tandfonline.com/doi/abs/10.1080/09537287.2021.1891481
https://doi.org/10.3390/joitmc8010044
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Influence+of+Industry+4.0+Projects+on+Business+Operations%3A+Literature+and+Empirical+Pilot+Studies+Based+on+Case+Studies+in+Poland&btnG=
https://www.mdpi.com/2199-8531/8/1/44
https://doi.org/10.3390/app122110788
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Digital+Transformation+of+Production+Planning+and+Control+in+Manufacturing+SMEs-The+Mold+Shop+Case&btnG=
https://www.mdpi.com/2076-3417/12/21/10788
https://www.mdpi.com/2076-3417/12/21/10788
https://doi.org/10.1108/JMTM-05-2019-0188
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Digital+organisational+readiness%3A+experiences+from+manufacturing+companies&btnG=
https://www.emerald.com/insight/content/doi/10.1108/jmtm-05-2019-0188/full/html


Deep Manishkumar Dave & Kishan Hiteshkumar Joshi / IJIE, 12(1), 44-50, 2025 

 

50 

[15] S. Ehsan Hashemi-Petroodi et al., “Workforce Reconfiguration Strategies in Manufacturing Systems: A State of the Art,” International 

Journal of Production Research, vol. 59, no. 22, pp. 6721-6744, 2020. [CrossRef] [Google Scholar] [Publisher Link]  

[16] Mohsen Soori, Behrooz Arezoo, and Roza Dastres, “Virtual Manufacturing in Industry 4.0: A Review,” Data Science and Management, 

vol. 7, no. 1, pp. 47-63, 2024. [CrossRef] [Google Scholar] [Publisher Link]  

 
 

https://doi.org/10.1080/00207543.2020.1823028
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Workforce+reconfiguration+strategies+in+manufacturing+systems%3A+a+state+of+the+art&btnG=
https://www.tandfonline.com/doi/abs/10.1080/00207543.2020.1823028
https://doi.org/10.1016/j.dsm.2023.10.006
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Virtual+Manufacturing+in+Industry+4.0%3A+A+Review&btnG=
https://www.sciencedirect.com/science/article/pii/S2666764923000498

