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This study presents a structured grey literature review to develop a digital 

transformation framework for Industry 4.0 in Indonesia’s manufacturing sector. The 

analysis draws from national policy documents such as Making Indonesia 4.0, the 

Indonesia Industry 4.0 Readiness Index (INDI), and the Performance Accountability 

Report (LAKIP), complemented by qualitative insights from Focus Group Discussions 

with stakeholders from Digital Industry 4.0 Center (PIDI 4.0) and Badan Standardisasi 

dan Kebijakan Jasa Industri (BKSJI). Using grounded theory techniques—open, axial, 

and selective coding—relevant themes were extracted from these non-academic 

sources and organized into four perspectives: Adaptation, Technologies for 

Transformation, Key Success Factors, and Implementation Steps. These were 

operationalized into 25 dimensions and four detailed activity tables. A gap analysis 

with PIDI 4.0 partner industries was conducted to validate the framework and reveal 

implementation challenges such as fragmented strategies, limited technical skills, and 

a lack of performance monitoring. The review method integrates institutional evidence 

and stakeholder knowledge into a practical model for digital transformation, offering 

transferability to other developing countries. This research highlights the 

methodological value of grey literature in constructing context-sensitive frameworks 

for complex industrial innovation. 
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1. Introduction 

While Indonesia's manufacturing sector is transitioning towards Industry 4.0, the adoption rate 

remains relatively low. Only 21% of the country's 32,193 manufacturing companies have adopted 

Industry 4.0 technologies, primarily in sectors such as automotive, electronics, chemicals, textiles, and 

food and beverage. Agriculture and small and medium-sized enterprises (SMEs) lag behind in this 

technological shift [1]. Recognizing the need to expedite the adoption of Industry 4.0, the Indonesian 

government has taken a proactive approach. A key initiative is "Making Indonesia 4.0," a national 

roadmap designed to guide the country's digital transformation. The Ministry of Industry has also 

established the Indonesia Industry 4.0 Readiness Index (INDI 4.0) to assess companies' preparedness 

for Industry 4.0 technologies. Furthermore, the Ministry provides training and support through the 

Digital Industry 4.0 Center (PIDI 4.0) to assist companies in their transition [2]. Figure 1 illustrates the 

roadmap for the Indonesian manufacturing industry. 

Globally, the manufacturing sector is at a pivotal point with Industry 4.0 technologies reshaping 

production paradigms. However, the process of digital transformation differs markedly between 

developed and developing countries. Developed nations benefit from superior infrastructure quality, 

skilled human resources, and supportive cultural attitudes toward technology adoption [3]. Thus, their 

Industry 4.0 frameworks often focus on optimizing technological integration. Conversely, developing 

countries like Indonesia face infrastructural limitations, vendor dependency, and cultural barriers that 

complicate their digital transformation frameworks [4]. Most existing frameworks are developed based 
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on conditions in developed countries, which reduces their applicability in contexts such as Indonesia. 

Díaz-Arancibia et al. [5] emphasize the need for an adaptive perspective to unify digital transformation 

frameworks suitable for developing countries. This highlights a critical gap and the necessity for a 

structured framework that addresses Indonesia’s specific challenges while leveraging local opportunities 

[6]. 

 
Figure 1. Roadmap for the Indonesian Manufacturing Industry 

Notably, much of Indonesia's policy landscape on Industry 4.0 remains undocumented in academic 

literature, making grey literature, such as government reports, industry whitepapers, and institutional 

documents, an essential source for a comprehensive understanding and analysis. This reliance 

underscores the importance of integrating formal and informal sources to capture the complete picture 

of Indonesia's digital transformation efforts [7]. 

The framework developed in this study aims to provide a practical and contextually relevant tool 

to support Indonesia’s manufacturing sector in transitioning more effectively and efficiently to Industry 

4.0. The development process involved a systematic approach, beginning with situational analysis 

through surveys, expert interviews, and discussions to identify existing barriers. This was followed by 

material preparation with the research team, and subsequent phases of guidance, monitoring, 

implementation, and evaluation within industrial settings, ensuring continuous improvement and 

validation of the framework [8].  

The primary objective of this research is to develop a comprehensive digital transformation 

framework tailored to the Indonesian manufacturing sector that addresses its unique challenges while 

capitalizing on local strengths [9]. The novelty of this study lies in creating a framework that is not only 

practical for the local context but also provides insights with potential global relevance. By adhering to 

established principles of conceptual framework construction, this study offers a robust theoretical 

foundation guiding the design and implementation of Industry 4.0 systems [10]. Figure 2 illustrates this 
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conceptual framework, serving as a blueprint for understanding, interpreting, and evaluating the 

complexities inherent in the digital transformation process. 

 
Figure 2. Conceptual Framework 

Establishing this structured conceptual framework is vital for a successful Industry 4.0 transition, 

offering a solid foundation for deploying advanced technologies. This approach empowers Indonesian 

manufacturing industries to effectively leverage government initiatives and incentives, thereby 

maximizing the benefits of digital transformation under Industry 4.0. 

2. Methods 

Qualitative research focuses on gaining deep insights into a phenomenon using non-numerical data 

like text and images, employing an inductive approach to develop theory through case studies, 

observation, interviews, and narrative analysis [11]. For example, in analyzing the implementation of 

digital transformation in Indonesia, researchers might explore grey literature like the Peta Jalan 

Indonesia Digital 2021–2024 [12] and Indeks Daya Saing Digital Indonesia (INDI), which provide 

narrative and contextual data on policy direction, digital ecosystem readiness, and sectoral strategies. 

This method emphasizes credibility and transferability, making it suitable for exploring complex 

processes such as Industry 4.0 transformation. In this context, a qualitative approach was chosen over 

quantitative methods to thoroughly explore Industry 4.0's transformation in Indonesia. The research 

methodology involved three stages [13], beginning with case studies and observations using grey 

literature from previous frameworks, INDI 4.0 assessments (2021–2024), and Performance 

Accountability Report of Government Agencies – Ministry of Industry 2023 [14] to ensure relevance to 

Indonesia's manufacturing industries [15]. 

The second stage consists of a Focus Group Discussion (FGD), conducted by the research team in 

collaboration with stakeholders from the Ministry of Industry—specifically, the Indonesia Digital 

Industry Center (PIDI 4.0) program, the Standardization and Industrial Services Policy Agency 

(BKSJI), and industry partners affiliated with PIDI 4.0. The FGD is scheduled for June 2024 in Ciawi, 

Bogor, West Java. The objective is to gather insights into the challenges, opportunities, and determinants 

influencing the adoption of Industry 4.0 technologies in Indonesia. In addition, the FGD aims to validate 

the proposed framework by obtaining feedback on its comprehensiveness, relevance, clarity, and 

applicability within the Indonesian manufacturing context. The discussion also seeks to uncover 

unanticipated factors based on participants’ expertise and foster consensus on key priorities, barriers, 

enablers, and strategies for effective digital transformation [16]. 

In the third stage, data from the FGD was analyzed through a three-step qualitative coding 

process—open, axial, and selective coding—to derive the conceptual framework. This approach 

identified key themes such as technology adoption challenges, workforce readiness, and infrastructure 

gaps, which were then grouped into broader categories like technological enablers and regulatory 

support. The most recurring and significant themes formed the core pillars of the framework, ensuring 

it was empirically grounded in stakeholder insights and aligned with the strategic and contextual realities 

of Industry 4.0 transformation in Indonesia’s manufacturing sector [17]. 

To construct detailed activity table corresponding to each framework perspective, qualitative data 

from FGD transcripts were further analyzed using the grounded theory approach. The process began 

with open coding to extract recurring phrases, ideas, and actions described by participants. These were 

then organized using axial coding to form meaningful dimensions under broader conceptual categories 

(e.g., adaptation, technologies, success factors). Finally, selective coding was applied to identify and 
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prioritize representative key activities associated with each dimension. These systematic coding stages 

formed the technical foundation for translating abstract themes into practical, actionable components, 

as presented in the resulting tables [18]. 

 
Figure 3. Research Methodology Flowchart 

Subsequently, the framework was validated with PIDI 4.0 industry partners that had undergone 

Industry 4.0 transformations, ensuring its practical relevance, clarity, and applicability to the Indonesian 

manufacturing sector [19]. A Gap Analysis was then conducted, comparing the pre- and post-

implementation performance of PIDI 4.0 partner industries. This analysis assessed the effectiveness of 

the framework in achieving digital transformation goals and identified areas for improvement. The 

results of this Gap Analysis provided insights into challenges encountered during implementation and 

served as a basis for refining the framework and offering strategic recommendations to enhance Industry 

4.0 adoption in Indonesia [20]. Figure 3 illustrates the research process through a flowchart diagram. 

3. Results and Discussions 

In the first stage, this study collected data from various sources, including previous research, INDI 

4.0 data (2021–2024), and Performance Accountability Report of Government Agencies – Ministry of 

Industry 2023 [14], to ensure the relevance of the Industry 4.0 framework in the context of Indonesia's 

manufacturing sector. Based on the literature, [21] proposed a framework with nine key blocks, such as 

Big Data and Cloud, emphasizing vertical system integration. Studies [22] and [23] in Europe 

highlighted the importance of supporting technologies, such as adaptive robotics and cybersecurity. The 

framework [24] assesses manufacturing readiness through four layers covering all operational aspects. 

In developing countries like Turkey, [25] identified limitations in technology, resources, and 

infrastructure as key challenges. Overall, adopting Industry 4.0 requires coordinated strategies and 

policies, particularly in developing countries like Indonesia, to support effective digital transformation. 
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The second stage involved a Focus Group Discussion (FGD) with the Ministry of Industry, BKSJI, 

and PIDI 4.0 partners, which identified key challenges and opportunities in adopting Industry 4.0 in 

Indonesia’s manufacturing sector. The FGD outlined strategic approaches, success factors, and the 

phases of digital transformation, emphasizing the need for technological readiness, workforce skills, and 

clear regulations. It also highlighted the differences between developed and developing countries, where 

Indonesia faces gaps in digital strategies and infrastructure [26].  

To transform the insights gained from the FGD into a coherent and actionable conceptual 

framework, a grounded qualitative analysis approach was employed. This process consisted of three 

sequential coding steps. First, open coding was conducted to extract raw data elements and highlight 

recurring issues from the FGD transcripts, such as resistance to change, insufficient training, digital 

infrastructure challenges, and fragmented digital strategies [27]. Next, through axial coding, these codes 

were grouped into broader thematic categories, such as regulatory support, technological readiness, and 

organizational alignment. Finally, selective coding was used to identify the most dominant and 

integrative themes that frequently appeared across multiple stakeholder perspectives. This iterative and 

evidence-driven approach allowed the construction of a framework that accurately reflects the key 

drivers, enablers, and barriers of Industry 4.0 transformation in Indonesia’s manufacturing sector [28]. 

The conceptual framework was directly derived from these coding results and consists of four 

overarching perspectives: (1) Adaptation — encompassing policy, infrastructure, and organizational 

transformation; (2) Technologies for Transformation — focused on key enabling technologies (KETs); 

(3) Key Success Factors (KSFs) — emphasizing strategy, governance, and change management; and (4) 

Implementation Steps — capturing action-oriented pathways recommended by FGD participants. Each 

of these perspectives maps directly to major thematic clusters that emerged from the FGD and represents 

collective expert insights from public and industrial stakeholders [29]. 

Following the framework development, validation was conducted with PIDI 4.0 industry partners 

that had already implemented Industry 4.0 initiatives. This involved detailed discussions and site visits. 

Feedback from these partners led to refinements for better clarity and applicability, resulting in a more 

concise and practical framework for use in the Indonesian manufacturing sector [30]. The final 

framework integrates critical elements of adaptation, including digital infrastructure development, 

technological innovation, governance regulation, stakeholder collaboration, cybersecurity, and 

organizational change management [31]. It emphasizes the role of Key Enabling Technologies (KETs) 

such as Big Data, Cloud Computing, Robotics, 3D Printing, and IoT in driving intelligent manufacturing 

systems [32]. The Key Success Factors (KSFs) consist of a robust digital transformation strategy, 

prioritization of initiatives, effective communication, and performance governance mechanisms [33]. 

The final dimension, Implementation Steps, identifies operational priorities including productivity 

tracking automation, employee upskilling, system integration (ERP), maintenance optimization, and 

energy efficiency. Together, these four perspectives and their dimensions form a comprehensive 

roadmap to guide Industry 4.0 transformation [34]. 

The final step involved a Gap Analysis applied to PIDI 4.0 industry partners. This analysis revealed 

several key discrepancies between the conceptual framework and the on-the-ground implementation. 

Many firms lacked integrated digital strategies, and while awareness of technologies like IoT and 

robotics existed, actual implementation was hindered by limited technical capacity. Additionally, 

change resistance and the absence of structured employee training posed significant barriers. However, 

tools such as automated tracking were in place, but deeper integration (e.g., ERP, customer portals) 

remained underdeveloped. Importantly, the framework lacked clearly defined performance indicators, 

limiting the ability to monitor progress. As a result, refinements are proposed to enhance the framework 

with more holistic strategies, technology expansion, structured change management, and built-in 

performance evaluation tools [35]. Figure 4 presents the proposed conceptual framework, encompassing 

the three perspectives discussed. 
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Figure 4. Conceptual Framework for Industry 4.0 Digital Transformation 
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Table 1. Key Activities for the Adaptation Dimensions 

Perspective Dimensions Key Activities 

Adaptation 

Digital Infrastructure Development The development of fast and affordable internet networks 

is a key step. The focus is on providing connectivity in 

remote and rural areas through the development of optical 

fiber infrastructure and 5G networks. 

Facilitate the construction of secure local data centres and 

promote the adoption of cloud computing to store and 

process industrial data, enhancing efficiency and 

accessibility. 

Technological Innovation and 

Industry Adoption 

Focus on the adoption of core technologies such as IoT, AI, 

machine learning, big data, and robotics for process 

automation, supply chain optimization, and efficiency 

improvements in the manufacturing and agriculture 

sectors. 

Provide incentives and technological assistance to Small 

and Medium Enterprises (SMEs) to adopt digital solutions 

in their operations, such as e-commerce platforms, digital 

payments, and business process automation. 

Technology Regulation and 

Governance 

Establish flexible regulations that still protect data security 

and privacy. Encourage the adoption of international 

standards in cybersecurity to safeguard digital 

infrastructure. 

The government needs to accelerate the licensing process 

and deregulation to enable innovation and the adoption of 

new technologies, such as in the development of fintech, 

smart mobility, or renewable energy. 

Collaboration and Ecosystem Strengthen collaboration between the government, private 

sector, and academia to share resources and create a robust 

innovation ecosystem. Encourage joint projects in 

technology research and infrastructure development. 

Develop technology hubs and industrial clusters that allow 

local companies to access global technology and create a 

supportive, innovative environment. 

Strengthening Cybersecurity Adopt international cybersecurity standards, and raise 

awareness of the importance of cybersecurity among the 

government, businesses, and the general public. 

Strengthen law enforcement related to cybercrime and data 

theft by enhancing investigation capacities and providing 

protection for users. 

Management and Change in 

Employee Awareness 

Conduct public awareness campaigns on the importance of 

digital transformation at all levels of society to encourage 

technology adoption. 

Launch change management programs that support 

organizations and individuals in adapting to new 

technologies through adequate training and socialization. 

 

Building upon these findings, the Industry 4.0 Digital Transformation Framework was refined and 

finalized. It comprises four interconnected perspectives and 25 key dimensions, providing an integrated 

structure for managing transformation initiatives in the manufacturing sector. To enhance the 
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operational utility of this framework, each perspective was further translated into detailed activity tables 

to guide execution and business process alignment in real-world settings [36]. 

This operationalization was achieved through a structured coding process applied to the FGD 

transcripts. Specifically, open coding was used to identify raw insights and frequently mentioned issues 

from participants. These were then grouped through axial coding into thematic dimensions reflecting 

strategic focus areas, such as adaptation, enabling technologies, success factors, and implementation 

processes. Finally, selective coding helped extract the most impactful and actionable content from each 

theme, formulating 25 validated dimensions associated with one or more key activities [37]. The result 

of this rigorous process is presented in four structured tables (Tables 1–4), each corresponding to one of 

the framework's main perspectives. 

Table 2. Key activities for the KET perspective dimensions 

Perspective Dimensions Key Activities 

Key Enabling 

Technology 

Cyber-Physical Systems (CPS) Integration of physical and computational components 

enables intelligent interaction and control. 

Internet of Things (IoT) Networks of physical objects are connected and 

embedded with sensors, software, and electronic for data 

exchange. 

Big Data and Analytics Large volumes of data are collected, analysed, and 

transformed into valuable insights for decision making. 

Cloud Computing Data storage and processing are delivered through 

internet-based services, promoting scalability and 

flexibility. 

Additive Manufacturing (3D 

Printing) 

Layer-by-layer construction enablers the creation of 

complex geometries, reducing costs and enhancing 

customization. 

Augmented Reality (AR) Virtual information is superimposed onto the real world, 

enhancing interaction and providing real-time guidance. 

Simulation and Virtualization Digital models and visual representations allow the testing 

optimization of processes and products. 

Horizontal and Vertical System 

Integration 

Integration of system within an organization (vertical) and 

across organization (horizontal enhances collaboration 

and efficiency. 

Autonomous Robots Robots that can operate and interact with their 

environment without direct human control, improving 

productivity and safety. 

Industrial Internet of Services (IoS) Services are digitally integrated with industrial processes, 

enabling new business models and value creation. 

 

Ultimately, this refined framework not only captures high-level strategic directions but also 

provides practical guidance through concrete actions, ensuring its relevance across diverse 

manufacturing settings in Indonesia. The first perspective, Adaptation, is especially critical for ensuring 

smooth transitions during transformation and minimizing operational disruption. It includes six detailed 

dimensions: digital infrastructure development, technological innovation and adoption, regulation and 

governance, collaboration and ecosystem building, cybersecurity, and change management [38]. Each 

dimension is operationalized through specific key activities, as outlined in Table 1. 

The digital transformation framework focuses on six critical areas for adaptation. First, Digital 

Infrastructure Development prioritizes affordable, high-speed internet and extends connectivity to 

remote areas through fiber optic and 5G infrastructure, supported by secure local data centers and cloud 

computing. Second, Technological Innovation and Industry Adoption integrates key technologies like 
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IoT, AI, and robotics, supporting SMEs to adopt digital solutions. Third, Technology Regulation and 

Governance promotes flexible regulations and streamlined licensing to foster innovation in fintech and 

renewable energy. Fourth, Collaboration and Ecosystems encourages partnerships among government, 

industry, and academia to create innovation hubs. Fifth, Strengthening Cybersecurity focuses on 

adopting international standards and improving legal enforcement against cybercrime. Lastly, 

Management and Change in Employee Awareness emphasizes public awareness campaigns and change 

management programs to facilitate adaptation to new technologies [39]. This framework aligns with 

established practices and highlights Key Enabling Technologies (KETs) such as Big Data, Cloud 

Computing, IoT, Robotics, and others as vital for modernizing manufacturing, with specific activities 

outlined to enhance their adoption in Indonesian industries. Table 2 provides a comprehensive overview 

of these activities. 

The adoption of Key Enabling Technologies (KETs) is essential for Industry 4.0 transformation, 

enabling smart manufacturing environments where machines, production modules, and products can 

autonomously exchange information and control processes. This fosters an intelligent ecosystem that 

enhances productivity and efficiency while providing economic and social opportunities for companies 

[40]. Effective implementation requires a tailored approach, avoiding unnecessary technology adoption, 

and ensuring alignment with the company’s vision and mission to support growth [41]. The Key Success 

Factors (KSF) perspective includes five dimensions: a robust digital transformation strategy, 

comprehensive business cases for key initiatives, effective prioritization processes, a clear strategy for 

people adoption, and efficient governance. Each dimension involves specific key activities, detailed in 

Table 3, that guide successful digital transformation. 

Table 3. Key activities for the KSF perspective dimensions 

Perspective Dimensions Key Activities 

Key Success 

Factors 

Robust Digital Transformation 

Strategy and Plan 

Define digital transformation strategic objectives 

Identify initiatives to reach the objectives 

Allocate necessary human and financial resources 

Comprehensive Business Case for 

Key Initiatives 

Clearly define the initiative’s objectives, scope, and 

approach 

Outline expected deliverables and business outcomes 

Provide cost-benefit analysis and net present value 

Effective Process to Prioritize 

Initiatives 

Assess the impact (e.g., cost savings, revenue) and 

effort (e.g., time, resources) of each initiative 

Position initiatives on a 2x2 matrix and focus on high-

impact, low-effort project 

Clear Strategy to Ensure People 

Adoption 

Conduct an impact assessment 

Develop a comprehensive change management plan, 

including communication, training, and resistance 

management 

Effective and Efficient 

Governance 

Assign accountability for the success of each initiative 

Establish weekly meetings and user-friendly dashboards 

at the program and initiative levels 

Visually display dashboards on a wall for easy tracking 

and management 

Each Key Success Factor (KSF) dimension includes essential activities for ensuring successful 

digital transformation, such as setting strategic goals, allocating resources, conducting cost-benefit 

analyses, prioritizing high-impact projects, developing change management plans, and establishing 

accountability. Javaid Butt [42], emphasize that a robust digital transformation strategy requires a deep 

understanding of how technology can create value for the business and its customers. Success depends 

not only on technology but also on the organization's ability to manage change and integrate new 
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technologies effectively. McKie et al [43] add that organizations with higher technology adoption levels 

are more adaptable and responsive to market changes, thereby gaining a competitive edge. 

Consequently, implementing KSFs is critical for Industry 4.0 transformation. The final perspective, 

Implementation for Industry 4.0 in Manufacturing, outlines ten dimensions detailing the necessary steps 

for digital transformation within the Indonesian manufacturing sector, with the key activities listed in 

Table 4. 

Table 4. Key activities for the implementation for industry 4.0 in manufacturing perspective dimensions 

Perspective Dimensions Key Activities 

Implementation 

for Industry 4.0 

in Manufacturing 

Improve Employee Competence Implement AR/VR and learning management system for 

training 

Encourage self-training and development of industry 4.0 

mindset 

Automate Productivity Tracking Utilize PLC, HMI and IoT technology 

Train employees on PLC, IoT and Industry 4.0 mindset 

Expand Industri 4.0 Committee 

with Cross-Functional 

Departments 

Train employees on industry 4.0 mindset and basic data 

analytics 

Collaborate with the Industry 4.0 ecosystem 

Enhance Internal Supply Chain Implement QR, RFID and Warehouse Management 

System technology 

Train employee on RFID/IoT and Warehouse 

Management 

Enhance Maintenance 

Management System 

Implement Computerized Maintenance Management 

System (CMMS) and Condition-Based Maintenance 

Train employee on CMMS, Total Productive 

Maintenance (TPM), and data analytics 

Improve Quality Level Implement Camera Inspection and Quality Management 

System technologies 

Train employees on camera inspection and data 

analytics 

Achieve ERP Full Integration Integrate MES and ERP system 

Train employees on ERP and MES software 

Implement Integrated Customer-

Supplier Portal 

Develop Supplier Integration System and Digital 

Customer Order System 

Train employees on web-based system integration and 

data analytics 

Enhance Energy Efficiency Implement Energy Monitor and Control technologies 

Train employees on IoT, energy management and data 

analytics 

Increase Productive Level Implement Digital Work Instruction and Manufacturing 

Execution System 

Train employee on digital standard operating procedures 

and MES software 

Each dimension within the Implementation for Industry 4.0 in the Manufacturing perspective aims 

to enhance efficiency, productivity, and human resource competency. Implementation steps should be 

tailored to the specific needs and vision of each company. Prioritization of implementation efforts is 

recommended. This implementation approach aligns with previous literature, including McKie et al [43] 

on competency enhancement, Serrano-Ruiz [44] on productivity tracking automation, Barata et al [45] 

on supply chain improvement, Ghobakhloo et al [46] on energy conservation, and Jaskó Szilárd [47] on 
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the integration of ERP and Manufacturing Execution Systems (MES). All these studies connect to the 

broader theme of Industry 4.0 transformation. 

A Gap Analysis conducted with PIDI 4.0 partner companies revealed critical discrepancies between 

the conceptual framework and its field-level implementation. First, the absence of integrated digital 

strategies across departments led to fragmented technology adoption, highlighting the need for cross-

functional coordination and enterprise-wide planning. Second, although awareness of enabling 

technologies such as IoT, robotics, and big data is relatively high, adoption remains limited due to 

insufficient technical skills and organizational understanding—suggesting a strong need for workforce 

reskilling and technical support. Third, resistance to change remains a significant barrier, underlining 

the role of structured change management programs in digital transformation strategies. Fourth, system 

integration (e.g., ERP, customer-supplier portals) is at a nascent stage, requiring further investment and 

interoperability standards. Lastly, the lack of performance evaluation mechanisms inhibits effective 

monitoring of progress, making it difficult for companies to adapt their strategies dynamically. These 

findings reinforce the need for a refined framework with a holistic approach, inclusive of broader 

technology applications, structured training, integrated systems, and embedded KPIs for continuous 

performance measurement [48]. 

In reviewing implementation across partner industries, the findings align not only with academic 

studies but also with grey literature, including agency reports, government frameworks (e.g., PIDI 4.0, 

INDI) [12], and institutional documents [14]. This convergence underscores the importance of 

integrating structured grey literature review methodology into future work. Although this study applied 

selective literature review strategies to incorporate relevant policy and institutional references, further 

research should apply a formalized search strategy—including predefined inclusion criteria, source 

databases, and quality assessments—if the article is to be reframed as a grey literature review. 

Moreover, the developed Industry 4.0 Digital Transformation Framework shows adaptability for 

other developing economies, provided that contextual challenges are addressed. Similar issues—such 

as fragmented adoption, limited infrastructure, and resistance to change—have been observed in Turkey 

[25]. Studies in Europe, Canas et al. [22] and by Sun et al. [23] emphasized the importance of enabling 

technologies (e.g., AI, IoT, big data) and government-backed innovation ecosystems. These findings are 

consistent with the Indonesian context, where institutional capacity, infrastructure gaps, and limited 

performance monitoring hinder widespread adoption.  

In summary, while the PIDI 4.0 framework offers a solid foundation tailored for Indonesia’s 

manufacturing sector, its scalability depends on strategic government intervention, capacity-building 

programs, and localized implementation strategies. For broader applicability, the framework must be 

continuously adapted using evidence from both empirical implementation and policy-oriented grey 

literature, underpinned by a systematic methodology for evidence integration [49]. 

4. Conclusion 

This study developed a comprehensive and contextually grounded framework for Industry 4.0 

digital transformation, specifically tailored to the Indonesian manufacturing sector. By employing a 

qualitative methodology supported by grounded theory and grey literature analysis—including national 

roadmaps, readiness indices (INDI), and government reports (LAKIP)—the research identified four core 

perspectives: Adaptation, Technologies for Transformation, Key Success Factors, and Implementation 

Steps. These were further operationalized into 25 dimensions and structured into four actionable tables 

to support real-world execution. 

Validation through Focus Group Discussions and gap analysis with PIDI 4.0 industry partners 

revealed both strengths and critical implementation barriers, such as fragmented digital strategies, 

limited technical capacity, and inadequate performance evaluation. As a response, the framework was 

refined to integrate holistic strategies, structured training, system integration, and measurable KPIs. 
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The resulting framework not only enhances the practical readiness of Indonesian industries to adopt 

Industry 4.0 but also serves as a replicable model for other developing countries facing similar 

challenges. Future research is encouraged to expand the model through cross-sector validation and to 

embed systematic review methods for grey literature to strengthen its academic and policy impact. 
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