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· Step 1: Document corpus.
The document corpus, the result of the structured literature review (SLR) containing 30 selected studies, was analysed to determine the factors influencing the maturity model for I4.0.
· Step 2: Terms extraction (1st Order).
We parsed and extracted the terms used in the maturity models presented in the selected studies. We filtered and removed redundant words based on string equality, and as a result, we identified 206 as the influencing factors of the whole terms found.
· Step 3: Terms categorisation (2nd Order).
We separated the 206 terms obtained in step 2 into two levels at this step. The separation of terms that fall into the level 1 (domain) and level 2 (subdomain) categories is based on the scope of the literature. We initially categorised the 206 terms into 41 domains and 165 subdomains, and we then filtered out terms with the same meaning and scope to remove redundancy.
· Step 4: New taxonomy generation (3rd Order).
In this final step of taxonomy development, we created a new taxonomy consisting of 6 domains and 16 subdomains by using the following way:
· We generalised some terms to have a term with a broader scope. For example, we created a new term: Advanced Information Technology (Advanced IT), and we moved the terms artificial intelligence (AI) and internet of things (IoT) as instances of Advanced IT.
· The domain in the new taxonomy includes technology, product, operation/process, resource, culture, and organisational governance.
· All domains and subdomains used in the new taxonomy with a multidomain focus are discussed in most selected papers (see Table 2).



Influencing factors of maturity models (MMs) for Industry4.0
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Influencing factors of MMs for Industry4.0: Domains & Sub-domains
1. Domain: Technology
The "Technology" domain within I4.0 MMs encompasses various aspects related to adopting and implementing advanced technologies in the context of I4.0 that play a fundamental role in guiding organisations through the digital transformation process. This domain describes the technologies needed and used by companies to adopt I4.0. The technology domain examines the stages of I4.0 technology in companies, consisting of two subdomains: advanced IT and data & information. 
More than 76% of selected primary studies discuss technology. It shows that advanced IT and data & information are the main requirements for I4.0, although I4.0 (Kagermann et al., 2013) stated that I4.0 does not pose an exclusively IT-related challenge. (Calabrese et al., 2020) and (Schumacher et al., 2016) considered technologies as the primary innovation factor in adopting I4.0. (Lee et al., 2017) and (Schuh et al., 2020) use the specific term information systems. However, some MMs only include advanced IT as enablers in other domains. For example, , (Agca et al., 2017) and (Akdil et al., 2018) associate advanced IT in different domains such as manufacturing and operations, and smart products and services. Nevertheless, some MMs do not include factors related to data and information, such as , (Agca et al., 2017), (Brozzi et al., 2020) and (Garzoni et al., 2020).
1.1. Sub-domain: Advanced IT
The "Advanced IT" sub-domain focuses on utilising cutting-edge information technology (IT) solutions within an organisation's manufacturing and operational processes. It involves integrating innovative IT systems to enhance automation, connectivity, and real-time data processing.
Advanced information technology plays a crucial role in Industry 4.0 by facilitating the conversion of conventional manufacturing procedures into highly interconnected, data-driven systems. This sub-domain encompasses technologies like IoT, cloud computing, and AI, which, when successfully integrated, can enhance process efficiency, enable predictive maintenance, and improve decision-making.
1.2. Sub-domain: Data and Information
The "Data and Information" sub-domain emphasises the significance of data collection, analysis, and utilisation in I4.0. It involves strategies for managing, processing and leveraging vast amounts of data generated by connected devices and systems.
This sub-domain includes data management and analytics and data-driven decision-making. In the age of I4.0, organisations must leverage data analytics to extract insights, make well-informed choices, and enhance their operations.

2. Domain: Product
The "Product" domain within I4.0 MMs deals with the aspects related to product development, enhancement, and evolution in the context of I4.0. It is critical to guide organisations in harnessing the power of digital technologies and data-driven strategies. The product domain contains features on products that support I4.0. Many features of I4.0 and other potential benefits depend on information about a product (Lichtblau et al. 2015). For example, equipment manufacturers need information about how long and often a product or its component is used to offer a predictive maintenance plan based on actual usage. This domain consists of two subdomains: ICT functionalities and data analytics features on products. 
Of 30 papers in the primary studies, 29 papers included factors related to the product domain in their maturity models. All of them involves ICT functionalities on products. Most of these papers include the factors specified in the product or service domain, such as Agca et al. (2017), Lichtblau et al. (2015), Wagire et al. (2021). However, some of them include it in other domains related to processes or operations. Calabrese et al. (2020) do not include Data analytics in their product domain.

2.1. Sub-domain: Data Analytics
The "Data Analytics" sub-domain emphasises the importance of data-driven decision-making and optimisation of product-related processes. It involves applying analytics techniques to derive valuable insights from product-related data.
Data analytics enables organisations to make informed decisions about product development, quality control, and customisation. By analysing data from sensors, production lines, and customer feedback, companies can identify improvement areas, predict maintenance needs, and tailor products to meet customer demands more effectively. 
2.2. Sub-domain: ICT Add-On Functionalities
The "ICT Add-On Functionalities" sub-domain focuses on integrating Information and Communication Technology (ICT) enhancements to the product development process. It includes incorporating digital technologies, software, and connectivity to enhance product functionality and value.
In the age of I4.0, products are becoming smarter and more connected. The incorporation of ICT add-on functionalities involves aspects like IoT integration, cloud connectivity, and software-defined features. This sub-domain acknowledges the shift from traditional, standalone products to smart, connected products that can interact with other devices, systems, and users. It enables product differentiation, personalisation, and remote monitoring, which can lead to improved customer satisfaction and competitive advantages.

3. Domain: Operation/Process
The "Operation/Process" domain within I4.0 MMs encompasses various aspects related to the optimisation and transformation of operational processes in the context of I4.0. It plays a pivotal role in guiding organisations through the digital transformation of their processes. The operation/process domain discusses how the company’s operations are prepared to implement the I4.0 system, including integration, inventory & supply chain, and quality. More than 80% or 40 of the selected studies describe operations/processes in their maturity model. This domain includes three subdomains: integration, inventory & supply chain, and quality. 
Thirty-one papers include inventory and supply chain in their MMs. However, we identified papers discussing supply chains in separate domains of their MMs, such as Facchini et al. (2020) and Garay-Rondero et al. (2020). The quality subdomain has contents related to quality in the operation/process, including digital quality management, real-time yield optimisation, and statistical and advanced process control. There are 23 papers discussing quality in their MMs. We identified that some literature does not explicitly discuss quality-related factors as independent factors. Nevertheless, some literature retains it explicitly as a domain or subdomain, such as Saad et al. (2021) and Santos & Martinho (2020).
3.1. Sub-domain: Integration
The "Integration" sub-domain emphasises the integration of various components and systems within an organisation's operational processes. It involves connecting people, processes, and technologies to streamline operations and foster collaboration.
Integration is a fundamental aspect of I4.0. It includes the seamless connection of machines, data sources, and software to enable real-time data exchange and process optimisation. Integration allows for the creation of cyber-physical systems (CPS) that enable better coordination and control of manufacturing processes. This sub-domain promotes efficient resource utilisation, reduced operational silos, and improved communication between different parts of an organisation.
3.2. Sub-domain: Inventory and Supply-Chain Management
This sub-domain focuses on the digitisation and optimisation of inventory and supply-chain processes, which includes using digital technologies to enhance visibility, control, and efficiency in managing inventory and the supply chain.
Effective inventory and supply chain management are critical for achieving operational excellence. Technologies like RFID and IoT sensors are used to track and manage inventory and goods in transit. This sub-domain enables real-time inventory tracking, demand forecasting, and the reduction of supply chain bottlenecks. It promotes leaner and more agile supply chains, which can lead to cost savings and improved customer satisfaction.
3.3. Sub-domain: Quality
The "Quality" aspect underscores improving the quality of products and processes within an Industry 4.0 setting. This requires utilising data and digital technologies to monitor and enhance the quality of both products and services.
This sub-domain leverages data analytics, sensors, and automation to monitor product quality in real-time. It enables predictive maintenance, early defect detection, and a reduction in defects, ultimately improving product quality. Organisations can enhance customer satisfaction, reduce waste, and maintain a competitive edge by focusing on quality.

4. Domain: Resource
The "Resource" domain within I4.0 MMs addresses aspects related to the efficient utilisation and management of resources, both physical and human, in the context of I4.0. This domain is instrumental in guiding organisations towards optimising resource allocation. This domain outlines the resource factors supporting the company’s I4.0 internally and externally. Besides asset utilisation, we use another subdomain, human resource or employee, as it is counted as an asset of a company. Regarding the relationship of assets, Kagermann (2015) stated that in I4.0, human resources and other assets, such as machinery and equipment, communicate in a social network.
We captured 27 articles out of 33 that discuss asset utilisation in their MMs. Most of them include asset utilisation as part of the resource domain, while some include it as a smart operation or factory, such as Akdil et al. (2018) and Lichtblau et al. (2015). Thirty-one papers discuss the employee subdomain in their MMs, while two articles that do not discuss it as part of specific influencing factors in their MMs are VDMA Industrie 4.0 Forum (2016) and Weber et al. (2017).
4.1. Sub-domain: Asset Utilisation
The "Asset Utilisation" sub-domain emphasises the effective and efficient use of physical assets, such as machinery, equipment, and facilities, within an organisation. It involves monitoring, analysing, and improving asset performance and uptime.
Asset utilisation is a critical factor in I4.0, where organisations aim to maximise the value derived from their investments in physical assets. This sub-domain encompasses predictive maintenance, condition monitoring, and asset tracking using IoT sensors. By leveraging these technologies, organisations can reduce downtime, extend the lifespan of assets, and minimise unplanned maintenance costs. Improved asset utilisation can result in enhanced operational efficiency and reduced resource waste.
4.2. Sub-domain: Employee
The "Employee" sub-domain focuses on the role of the workforce in the I4.0 landscape. It includes aspects related to employee skills, engagement, and well-being in the digitalised workplace.
The sub-domain "Employee" acknowledges the importance of upskilling and reskilling the workforce to adapt to the changing technological landscape. It also considers factors like employee engagement and well-being in a technologically advanced workplace. A motivated and well-trained workforce can contribute to increased productivity, innovation, and overall company success. This sub-domain recognises the need for a harmonious balance between technological advancements and the human element in organisations.


5. Domain: Culture
The "Culture" domain within I4.0 MMs addresses the cultural and organisational aspects that play a critical role in the successful implementation of Industry 4.0. It emphasises the need for cultural shifts and alignment within organisations. This domain describes the maturity of companies to transform to I4.0 in terms of organisational and employee culture. The domain is also included as one of the readiness indicators in I4.0 adoption (Nafchi & Mohelsk´a 2020). The culture domain consists of two subdomains: collaboration and willingness to change.
The collaboration subdomain includes dynamic collaboration within the company and networking with customers and other companies. 60% of 22 articles that include collaboration subdomain in their MMs discussed dynamic collaboration within the company, while the remaining nine papers also present the importance of networking in partnerships. The willingness to change refers to the willingness to change in the organisation’s culture, including open mindset, open innovation, and digital attitude. We found that 15 articles discuss this subdomain.
5.1. Sub-domain: Collaboration
The "Collaboration" sub-domain highlights the importance of fostering a culture of collaboration and teamwork within an organisation. It involves breaking down silos and encouraging cross-functional cooperation to drive innovation and achieve common goals.
Collaboration is fundamental in I4.0, as it enables organisations to harness the collective intelligence of their workforce. This sub-domain promotes sharing knowledge, expertise, and ideas internally and externally across departments and teams, including with the clients. By fostering a collaborative culture, organisations can tackle complex challenges, develop innovative solutions, and respond more effectively to rapidly changing market demands. Collaboration enhances adaptability and promotes a culture of continuous improvement.
5.2. Sub-domain: Willingness to Change
The "Willingness to Change" sub-domain focuses on the organisation's readiness and openness to embrace change, especially technological and process-related changes. It requires nurturing a mentality open to fresh concepts, technologies, and methods of operation.
This sub-domain recognises the necessity of overcoming resistance to change and encouraging a culture of innovation and continuous improvement. It promotes a willingness to adopt new technologies, processes, and practices that can drive operational excellence. A culture that is open to change can help organisations remain agile and competitive in an ever-evolving business landscape.

6. Domain: Organisation Governance
The "Organisation Governance" domain within I4.0 MMs deals with the governance and management aspects necessary for the successful implementation of Industry 4.0. It encompasses various sub-domains, each of which plays a vital role in shaping the strategic direction and capabilities of organisations in the digital age. This domain expresses how much management and organisational support in the transformation manifested in organisational governance towards I4.0. It contains four subdomains: digital leadership capability, innovation management, investment for I4.0, and strategy for I4.0. From 27 publications in the organisational governance domain, 14 describe digital leadership capability. Only 11 papers mention agility in their MMs, and 13 studies discuss factors related to the investment for I4.0 and innovation management. All papers describing organisation governance factors consider the strategy for I4.0.
6.1. Sub-domain: Digital Leadership Capability
The "Digital Leadership Capability" sub-domain underscores the significance of effective leadership in guiding an organisation through the digital transformation journey. It involves the cultivation of leaders who understand digital technologies, can drive change, and champion the adoption of I4.0 principles.
Digital leadership is crucial in I4.0, as leaders need to set the vision, create a digital strategy, and lead the cultural and organisational changes required for digital transformation. This sub-domain recognises the need for leaders who can navigate the complexities of the digital landscape, inspire the workforce, and make informed decisions about technology adoption.
6.2. Sub-domain: Innovation Management
The "Innovation Management" sub-domain focuses on the organisation's ability to manage and foster innovation that involves developing processes and practices that encourage and facilitate innovation, particularly in the context of I4.0.
Innovation is a driving force behind I4.0, and this sub-domain acknowledges the importance of systematically managing and supporting innovation efforts. It includes processes for idea generation, testing, and scaling innovations. Innovation management can result in developing new products, services, and processes that keep organisations competitive in a rapidly changing environment.
6.3. Sub-domain: Agility
The "Agility" sub-domain emphasises the need for organisational agility, which is the capacity to quickly respond to changing market conditions, customer needs, and technological advancements. It involves adopting agile methodologies and practices.
Agility is a fundamental aspect of I4.0, allowing organisations to adapt rapidly to changing circumstances. This sub-domain promotes adopting agile practices and methodologies such as Scrum or Kanban. Organisational agility enables quicker decision-making, faster product development, and more effective responses to disruptions or market shifts.
6.4. Sub-domain: Investment for I4.0
The "Investment for I4.0" sub-domain allocates financial resources to support I4.0 initiatives. It involves strategic financial planning and investment decisions to fund digital transformation efforts.
This sub-domain acknowledges the need for a clear investment strategy that aligns with the organisation's goals and ensures the availability of resources for digital transformation. Effective investment management can lead to adopting cost-efficient technology and improved financial performance.
6.5. Sub-domain: Strategy for I4.0
The "Strategy for I4.0" sub-domain is about developing a clear and well-defined strategy for I4.0 implementation. It includes setting objectives, defining the roadmap, and aligning digital initiatives with overall business strategy.
A well-crafted strategy is essential for navigating the complexities of I4.0. This sub-domain recognises the need for a strategic approach to digital transformation that considers long-term goals, identifies key performance indicators, and outlines the steps for achieving success. A robust strategy ensures digital initiatives align with the organisation's mission and vision.
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1Research aims, method, and theoritical foundation (bobot 25%)

1a Is the aims of the research clearly stated (QT)

1b Is the method / approach to analysis / formulation of analysis appropriate and well defined (QL)?

1c Are the assumptions/theoretical perspectives/values that have shaped the model cleared? (QL)

2Structure Accuracy – Scope of Dimensions  (bobot 25%)

2a Is the proposed model clearly state the dimensions of the model? (QT)

2b Are the dimensions used in the proposed model covers all aspects within the company? (QT)

3Structure Accuracy – Maturity leveling model  (bobot 25%)

3a Are the dimensions have clearly appropriate maturity leveling model? (QT)

3b Are the measures used in the maturity leveling model fully defined?? (QT)

4Practice Orientation  (bobot 25%)

4a Is the proposed model compared to other models? (QT)

4b Is the model applied on sufficient objects and supported by reporting results? (QT)

4c Are limitations of the model analyzed explicitly? (QT)
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MM Title MM Name Author Year Journal Source Type 1a 1b 1c Summ N-1

Products

Operations

Resource

Culture

Governance

Technology

Summ N-2 3a 3b Summ N3 4a 4b 4c Summ N4 TOTAL

MM-01 Digitizing Manufacturing; Ready, Set, Go!Digital Maturity (Bechthold and Lauenstein 2014) / Capgemini 2014Paper from IndustrySnowballing Professional Publications 1 1 1 2.50 10 0 0.5 0 1 0.5 1 1.25 5 1 1 2.5 10 0 0 0 0 0 6.25

MM-02

The Connected Enterprise Maturity Model: How ready is your company to connect people, processes, and technologies for bigger profits?
(https://literature.rockwellautomation.com/idc/groups/literature/documents/wp/cie-wp002_-en-p.pdf)

The Connected Enterprise Maturity Model Allen-Bradley and Rockwell Software; Rockwell Automation  2014Paper from IndustrySnowballing Professional Publications 1 0 1 1.676.6667 1 1 1 0.5 0.5 12.08338.3333 1 0 1.25 5 0 0.5 00.41671.6667 5.42

MM-03

IMPULS: Industrie 4.0 Readiness 
a.k.a. Industry 4.0 Readiness Online Self-Check for Businesses (https://www.industrie40-readiness.de/)

Industrie 4.0 Readiness Model Lichtblau, K.; Stich, V.; Bertenrath, R.; Blum, M.; Bleider, M.; Millack, A.; Schmitt, K.; Schmitz, E.; Schröter, M. 2015Paper from IndustrySnowballing Professional Publications 1 1 1 2.50 10 1 1 1 1 0.5 12.29179.1667 1 1 2.5 10 0 1 00.83333.3333 8.13

MM-04

Industry 4.0 - Enabling Digital Operations: Self Assessment
https://i40-self-assessment.pwc.de/i40/landing/

The Industry 4.0 / Digital Operations Self-Assessment PricewaterhouseCoopers 2016Paper from IndustrySnowballing Professional Publications 1 0 0 0.833.3333 1 1 1 0.5 0.5 12.08338.3333 1 1 2.5 10 0 0 0 0 0 5.42

MM-05 A Maturity Model for Assessing and Maturity of Manufacturing Enterprises Industry 4.0 maturity of industrial enterprisesSchumacher, A.; Erolb, S.; Sihn, W. 2016Procedia CIRPSCOPUS Conference Contributions 1 1 1 2.50 10 1 0.5 1 1 0.5 12.08338.3333 1 0 1.25 5 0 1 11.66676.6667 7.50

MM-06 Guideline Industrie 4.0: Guiding principles for the implementation of Industrie 4.0 in small and medium sized businessesGuideline Industrie 4.0 Anderl, R.; Fleischer, J. 2015Paper from IndustrySnowballing Professional Publications 1 1 1 2.50 10 1 0.5 0.5 0.5 0.5 11.66676.6667 1 1 2.5 10 0 1 00.83333.3333 7.50

MM-07 Industry 4.0 after the initial hype Where manufacturers are finding value and how they can best capture itThe McKinsey Digital Compass Maps Industry 4.0(Wee et al. 2016) 2016Paper from IndustrySnowballing Professional Publications 1 1 1 2.50 10 1 1 1 0.5 1 12.29179.1667 1 0 1.25 5 0 1 00.83333.3333 6.88

MM-08 An Industry 4 readiness assessment tool

Industry 4 readiness
assessment tool

(Agca et al. 2017) 2017Paper from IndustrySnowballing Professional Publications 1 1 0 1.676.6667 1 1 1 1 0.5 12.29179.1667 1 1 2.5 10 0 0 0 0 0 6.46

MM-09 The Singapore Smart Industry Readiness IndexThe Singapore smart Industry Readiness index(EDB 2017) 2017Paper from IndustrySnowballing Professional Publications 1 1 1 2.50 10 1 1 0 0.5 0.5 11.66676.6667 1 1 2.5 10 0 0 0 0 0 6.67

MM-10 Pathfinder I 4.0 Industry 4.0 Ready (German Innovation Centre for Industry 4.0 2018) 2018Paper from IndustrySnowballing Professional Publications 1 0 0 0.833.3333 1 0.5 1 1 0.5 12.08338.3333 1 1 2.5 10 0 0 0 0 0 5.42

MM-11 Industry 4 WRD Readiness AssessmentIndustry4WRD-RA) (MITI 2018) 2018Paper from IndustrySnowballing Professional Publications 1 1 1 2.50 10 1 1 1 0.5 0.5 12.08338.3333 1 1 2.5 10 0 0 0 0 0 7.08

MM-12 A maturity assessment approach for conceiving context-specific roadmaps in the Industry 4.0 era360 Digital Maturity Assessment (360DMA)Colli, M.; Berger, U.; Bockholt, M.; Madsen, O.; Møller, C.; Wæhrens, B.V. 2019Annual Reviews in ControlSCOPUS Academic Journals 1 1 1 2.50 10 1 0.5 1 0.5 0.5 1 1.875 7.5 1 1 2.5 10 0 1 00.83333.3333 7.71

MM-13 Indonesia Industry 4.0 Readiness IndexIndi 4.0 (MOI 2019) 2019Paper from IndustrySnowballing Professional Publications 1 1 1 2.50 10 1 1 1 1 0.5 12.29179.1667 1 1 2.5 10 0 0 0 0 0 7.29

MM-14 Key ingredients for evaluating Industry 4.0 readiness for organizations: a literature reviewIndustry 4.0 Readiness Factors for Organizations(Sony and Naik 2019) 2019Benchmarking: An International JournalSCOPUS Academic Journals 1 1 1 2.50 10 1 1 1 1 0.5 12.29179.1667 0 0 0 0 0 1 00.83333.3333 5.63

MM-15 Industry`s 4.0 transformation process : How to start, where to aim, what to be aware of Industry 4.0 Framework Calabrese et al. 2020) 2020Production Planning & ControlSCOPUS Academic Journals 1 1 1 2.50 10 0.5 1 1 1 0.5 12.08338.3333 1 1 2.5 10 0 0 10.83333.3333 7.92

MM-16 Fostering digital transformation of SMEs: a four levels approachSmart district 4.0 (Garzoni et al. 2020) 2020Management DecisionSCOPUS Academic Journals 1 1 1 2.50 10 1 0.5 0.5 0 0.5 0.5 1.25 5 1 1 2.5 10 0 0 0 0 0 6.25

MM-17 An Industry 4.0 Maturity Model ProposalIndustry 4.0 Maturity Model (Santos and Martinho 2020) 2020JMTM SCOPUS Academic Journals 1 1 1 2.50 10 1 1 1 1 0.5 12.29179.1667 1 0 1.25 5 1 1 1 2.5 10 8.54

MM-18 Industrie 4.0 Maturity Index: Managing the Digital Transformation of Companiesacatech Industrie 4.0 Maturity IndexSchuh, G.; Anderl, R., Gausemeier, J.; ten Hompel, M.; Wahlster W. (Eds.) 2020Paper from IndustrySnowballing Professional Publications 1 1 1 2.50 10 1 1 1 1 0.5 12.29179.1667 1 1 2.5 10 0 1 00.83333.3333 8.13

MM-19 A holistic model for Global Industry 4.0 readiness assessmentGRAMI4.0 (Tripathi and Gupta 2021) 2021Benchmarking : an International JournalSCOPUS Academic Journals 1 1 1 2.50 10 1 1 1 1 0.5 12.29179.1667 1 0 1.25 5 1 1 1 2.5 10 8.54

MM-20 development of an Maturity model for Industry 4.0: learning from theory and praticeIndustry 4.0 Maturity Model (Wagire et al. 2021) 2021Production Planning & ControlSCOPUS Academic Journals 1 1 1 2.50 10 1 1 1 1 0.5 12.29179.1667 1 0 1.25 5 1 0 11.66676.6667 7.71

MM-21 Development of an Assessment Model for Industry 4.0: Industry 4.0-MMIndustry 4.0–MM Gökalp, E.; Sener, U.; Eren, P.E. 2017International Conference on Software Process Improvement and Capability DeterminationSCOPUS Conference Contributions 1 1 1 2.50 10 0.5 1 0.5 0 0.5 11.45835.8333 1 0.5 1.875 7.5 0 0 0 0 0 5.83

MM-22 SIMMI 4.0 – A Maturity Model for Classifying the Enterprise-wide IT and Software Landscape Focusing on Industry 4.0SIMMI 4.0 – System Integration Maturity Model Industry 4.0Leyh, C.; Bley, K.; Schäffer, T.; Forstenhäusler, S. 2016Proceedings of the Federated Conference on Computer ScienceWoS Conference Contributions 1 1 1 2.50 10 1 1 0 0.5 0.5 11.66676.6667 1 1 2.5 10 0 0 0 0 0 6.67

MM-23 Maturity and Readiness Model for Industry 4.0 StrategyIndustry 4.0 Maturity Model Akdil, K.Y.; Ustundag, A.; Cevikcan, E. 2018Book Chapter: Industry 4.0: Managing The Digital TransformationSCOPUS Book Chapters 1 1 0 1.676.6667 1 1 1 1 1 1 2.5 10 1 1 2.5 10 0 1 00.83333.3333 7.50

MM-24 Towards a framework for Assessing the Maturity of Manufacturing Companies in Industry 4.0 AdoptionAdoption Maturity Model Scremin, L.; Armellini, F.; Brun, A.; Solar-Pelletier, L.; Beaudry, C. 2018Book Chapter: Analyzing the Impacts of Industry 4.0 in Modern Business EnvironmentsSCOPUS Book Chapters 1 1 1 2.50 10 1 0.5 1 0 0.5 11.66676.6667 1 1 2.5 10 0 1 11.66676.6667 8.33

MM-25 An Overview of a Smart Manufacturing System Readiness AssessmentSmart Manufacturing System Readiness Level (SMSRL)Jung, K.; Kulvatunyou, B.; Choi, S.; Brundage. M.P. 2016IFIP International Conference on Advances in Production Management SystemsSCOPUS Conference Contributions 1 1 1 2.50 10 0 0.5 0 0.5 0.5 11.04174.1667 1 1 2.5 10 0 1 00.83333.3333 6.88

MM-26 Three Stage Maturity Model in SME’s towards Industry 4.0Maturity Model to Industry 4.0Ganzarain, J.; Errasti, N. 2016Journal of Industrial Engineering and ManagementSCOPUS Academic Journals 1 1 0 1.676.6667 1 1 1 0 0.5 1 1.875 7.5 1 1 2.5 10 0 0 0 0 0 6.04

MM-27

A Smartness Assessment Framework for Smart
Factories Using Analytic Network Process

Smartness Assessment Model Lee, J.; Jun, S.; Chang, T.; Park J. 2017Journal of SustainabilitySCOPUS Academic Journals 1 1 1 2.50 10 1 1 1 0 0.5 1 1.875 7.5 1 1 2.5 10 0 1 00.83333.3333 7.71

MM-28 Placing the operator at the centre of Industry 4.0 design: Modelling and assessing human activities within cyber-physical systemsmethodology for modelling and assessing human activities within cyber-physical systemsFantini, P.; Pinzone, M.; Taisch, M. 2018Computers & Industrial EngineeringSCOPUS Academic Journals 1 1 1 2.50 10 0 0 0.5 0 0 00.20830.8333 1 1 2.5 10 0 1 11.66676.6667 6.88

MM-29 Industry 4.0 technologies: Implementation patterns in manufacturing companiesFramework of the adoption patterns of Industry 4.0Frank, A.G.; Dalenogare, L.S.; Ayala, N.F. 2019International Journal of Production EconomicsSCOPUS Academic Journals 1 1 1 2.50 10 0 0 0 0 0 10.41671.6667 1 0 1.25 5 0 1 11.66676.6667 5.83

MM-30 Guiding manufacturing companies towards digitalization: A methodology for supporting manufacturing companies in defining their digitalization roadmapDREAMY (Digital REadiness Assessment MaturitY model)De Carolis, Anna; MacChi, Marco; Negri, Elisa; Terzi, Sergio 2018International Conference on Engineering, Technology and InnovationSCOPUS Conference Contributions 1 1 1 2.50 10 0.5 0.5 0 0.5 0.5 1 1.25 5 1 1 2.5 10 0 1 00.83333.3333 7.08

Maturity leveling model Practice Orientation  
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Identifier Author Title Year Journal Source Type

Advance IT Data and information

MM-01 Bechthold, Jochen; Lauenstein, ChristophIndustry 4.0 Maturity Model â€“ Mirroring today to sprint into the future â€“ Capgemini Finland 2014Paper from IndustrySnowballing Professional Publications X X

MM-02 Rockwell AutomationThe Connected Enterprise Maturity Model 2014Paper from IndustrySnowballing Professional Publications X X

MM-03 Lichtblau, Karl; Volker Stich, Dr-Ing; Bertenrath, Roman; Blum, Matthias; Bleider, Martin; Millack, Agnes; Schmitt, Katharina; Schmitz, Edgar; Schr{\{o}}ter,  Moritz"INDUSTRIE 4.0-READINESS 2015Paper from IndustrySnowballing Professional Publications X X

MM-04 Geissbauer, Reinhard; Vedso, Jesper; Schrauf, StefanIndustry 4.0: Building the digital enterprise on digitization makes the supply chain more efficient, agile, and, customer-focused 2016Paper from IndustrySnowballing Professional Publications X X

MM-05 Schumacher, Andreas; Erol, Selim; Sihn, WilfriedA Maturity Model for Assessing Industry 4.0 Readiness and Maturity of Manufacturing Enterprises 2016Procedia CIRP SCOPUS Conference Contributions X X

MM-06 VDMA Industrie 4.0 Forum (Anderl, R.; Fleischer, J.)Guideline Industrie 4.0: Guiding principles for the implementation of Industrie 4.0 in small and medium sized businesses 2016Paper from IndustrySnowballing Professional Publications X X

MM-07 Wee, Dominik; Kelly, Richard; Mathis, Robert; Breunig, MatthiasIndustry 4.0 after the initial hype Where manufacturers are finding value and how they can best capture it 2016Paper from IndustrySnowballing Professional Publications X X

MM-08 Agca, Onur; Gibson, Jon; Godsell, Jan; Ignatius, Joshua; Davies, Cerys Wyn; Xu, OliviaAn Industry 4 Readiness Assessment Tool 2017Paper from IndustrySnowballing Professional Publications X X

MM-09 EDB The Smart Industry Readiness Index (SIRI) 2017Paper from IndustrySnowballing Professional Publications X X

MM-10 German Innovation Centre for Industry 4.0Pathfinder i4.0: Measure your progress. Develop your roadmap 2018Paper from IndustrySnowballing Professional Publications X X

MM-11 MITI Industry4WRD Readiness Assessment 2018Paper from IndustrySnowballing Professional Publications X X

MM-12 Colli, M.; Berger, U.; Bockholt, M.; Madsen, O.; M{\o}ller, C.; W{\ae}hrens, B. VejrumA maturity assessment approach for conceiving context-specific roadmaps in the Industry 4.0 era 2019Annual Reviews in ControlSCOPUS Academic Journals X X

MM-13 MOI Indonesia Industry 4.0 Readiness Index (INDI 4.0) 2019Paper from IndustrySnowballing Professional Publications X X

MM-14 Sony, M.; Naik, S.Key ingredients for evaluating Industry 4.0 readiness for organizations: a literature review 2019Benchmarking SCOPUS Academic Journals X X

MM-15 Calabrese, Armando; Dora, Manoj; Levialdi Ghiron, Nathan; Tiburzi, LuigiIndustry's 4.0 transformation process: how to start, where to aim, what to be aware of 2020Production Planning and ControlSCOPUS Academic Journals X X

MM-16 Garzoni, A.; De Turi, I.; Secundo, G.; Del Vecchio, P.Fostering digital transformation of SMEs: a four levels approach 2020Management DecisionSCOPUS Academic Journals X

MM-17 Santos, R. C.; Martinho, J. L.An Industry 4.0 maturity model proposal 2020Journal of Manufacturing Technology ManagementSCOPUS Academic Journals X X

MM-18 Schuh, GuÌˆnther; Anderl, Reiner; Dumitrescu, Roman; Kr{\{u}}ger, Antonio; ten Hompel Michel (Eds.)"Industrie 4.0 Maturity Index. Managing the Digital Transformation of Companies - Update 2020 2020Paper from IndustrySnowballing Professional Publications X X

MM-19 Tripathi, S.; Gupta, M.A holistic model for Global Industry 4.0 readiness assessment 2021Benchmarking SCOPUS Academic Journals X X

MM-20 Wagire, A. A.; Joshi, R.; Rathore, A. P. S.; Jain, R.Development of maturity model for assessing the implementation of Industry 4.0: learning from theory and practice 2021Production Planning and ControlSCOPUS Academic Journals X X

MM-21 Gökalp, E.; Sener, U.; Eren, P.E.Development of an Assessment Model for Industry 4.0: Industry 4.0-MM 2017International Conference on Software Process Improvement and Capability DeterminationSCOPUS Conference Contributions X X

MM-22 Leyh, C.; Bley, K.; Schäffer, T.; Forstenhäusler, S.SIMMI 4.0 – A Maturity Model for Classifying the Enterprise-wide IT and Software Landscape Focusing on Industry 4.0 2016Proceedings of the Federated Conference on Computer ScienceWoS Conference Contributions X X

MM-23 Akdil, Kartal Yagiz; Ustundag, Alp; Cevikcan, EmreMaturity and Readiness Model for Industry 4.0 Strategy 2018Industry 4.0: Managing The Digital TransformationSCOPUS Book Chapters X

MM-24 Scremin, L.; Armellini, F.; Brun, A.; Solar-Pelletier, L.; Beaudry, C.Towards a framework for assessing the maturity of manufacturing companies in industry 4.0 adoption 2018Analyzing the Impacts of Industry 4.0 in Modern Business EnvironmentsSCOPUS Book Chapters X X

MM-25 Jung, K.; Kulvatunyou, B.; Choi, S.; Brundage. M.P.An Overview of a Smart Manufacturing System Readiness Assessment 2016IFIP International Conference on Advances in Production Management SystemsSCOPUS Conference Contributions X X

MM-26 Ganzarain, J.; Errasti, N.Three stage maturity model in SME's towards industry 4.0 2016Journal of Industrial Engineering and ManagementSCOPUS Academic Journals X X

MM-27 Lee, Jeongcheol; Jun, Sungbum; Chang, Tai Woo; Park, JinwooA smartness assessment framework for smart factories using analytic network process 2017Sustainability (Switzerland)SCOPUS Academic Journals X X

MM-28 Fantini, Paola; Pinzone, Marta; Taisch, MarcoPlacing the operator at the centre of Industry 4.0 design: Modelling and assessing human activities within cyber-physical systems 2018Computers & Industrial EngineeringSCOPUS Academic Journals

MM-29 Frank, Alejandro Germ{\'{a}}n; Dalenogare, Lucas Santos; Ayala, N{\'{e}}stor Fabi{\'{a}}nIndustry 4.0 technologies: Implementation patterns in manufacturing companies 2019International Journal of Production EconomicsSCOPUS Academic Journals X X

MM-30 De Carolis, Anna; MacChi, Marco; Negri, Elisa; Terzi, SergioGuiding manufacturing companies towards digitalization: A methodology for supporting manufacturing companies in defining their digitalization roadmap 2018International Conference on Engineering, Technology and InnovationSCOPUS Conference Contributions X X

29 27

56
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Identifier Author Title Year Journal Source Type

Data analytics in usage phase ICT add-on functionalities

MM-01 Bechthold, Jochen; Lauenstein, ChristophIndustry 4.0 Maturity Model â€“ Mirroring today to sprint into the future â€“ Capgemini Finland 2014Paper from IndustrySnowballing Professional Publications X X

MM-02 Rockwell AutomationThe Connected Enterprise Maturity Model 2014Paper from IndustrySnowballing Professional Publications X X

MM-03 Lichtblau, Karl; Volker Stich, Dr-Ing; Bertenrath, Roman; Blum, Matthias; Bleider, Martin; Millack, Agnes; Schmitt, Katharina; Schmitz, Edgar; Schr{\{o}}ter,  Moritz"INDUSTRIE 4.0-READINESS 2015Paper from IndustrySnowballing Professional Publications X X

MM-04 Geissbauer, Reinhard; Vedso, Jesper; Schrauf, StefanIndustry 4.0: Building the digital enterprise on digitization makes the supply chain more efficient, agile, and, customer-focused 2016Paper from IndustrySnowballing Professional Publications X X

MM-05 Schumacher, Andreas; Erol, Selim; Sihn, WilfriedA Maturity Model for Assessing Industry 4.0 Readiness and Maturity of Manufacturing Enterprises 2016Procedia CIRP SCOPUS Conference Contributions X X

MM-06 VDMA Industrie 4.0 Forum (Anderl, R.; Fleischer, J.)Guideline Industrie 4.0: Guiding principles for the implementation of Industrie 4.0 in small and medium sized businesses 2016Paper from IndustrySnowballing Professional Publications X X

MM-07 Wee, Dominik; Kelly, Richard; Mathis, Robert; Breunig, MatthiasIndustry 4.0 after the initial hype Where manufacturers are finding value and how they can best capture it 2016Paper from IndustrySnowballing Professional Publications X X

MM-08 Agca, Onur; Gibson, Jon; Godsell, Jan; Ignatius, Joshua; Davies, Cerys Wyn; Xu, OliviaAn Industry 4 Readiness Assessment Tool 2017Paper from IndustrySnowballing Professional Publications X X

MM-09 EDB The Smart Industry Readiness Index (SIRI) 2017Paper from IndustrySnowballing Professional Publications X X

MM-10 German Innovation Centre for Industry 4.0Pathfinder i4.0: Measure your progress. Develop your roadmap 2018Paper from IndustrySnowballing Professional Publications X X

MM-11 MITI Industry4WRD Readiness Assessment 2018Paper from IndustrySnowballing Professional Publications X X

MM-12 Colli, M.; Berger, U.; Bockholt, M.; Madsen, O.; M{\o}ller, C.; W{\ae}hrens, B. VejrumA maturity assessment approach for conceiving context-specific roadmaps in the Industry 4.0 era 2019Annual Reviews in ControlSCOPUS Academic Journals X X

MM-13 MOI Indonesia Industry 4.0 Readiness Index (INDI 4.0) 2019Paper from IndustrySnowballing Professional Publications X X

MM-14 Sony, M.; Naik, S.Key ingredients for evaluating Industry 4.0 readiness for organizations: a literature review 2019Benchmarking SCOPUS Academic Journals X X

MM-15 Calabrese, Armando; Dora, Manoj; Levialdi Ghiron, Nathan; Tiburzi, LuigiIndustry's 4.0 transformation process: how to start, where to aim, what to be aware of 2020Production Planning and ControlSCOPUS Academic Journals X

MM-16 Garzoni, A.; De Turi, I.; Secundo, G.; Del Vecchio, P.Fostering digital transformation of SMEs: a four levels approach 2020Management DecisionSCOPUS Academic Journals X X

MM-17 Santos, R. C.; Martinho, J. L.An Industry 4.0 maturity model proposal 2020Journal of Manufacturing Technology ManagementSCOPUS Academic Journals X X

MM-18 Schuh, GuÌˆnther; Anderl, Reiner; Dumitrescu, Roman; Kr{\{u}}ger, Antonio; ten Hompel Michel (Eds.)"Industrie 4.0 Maturity Index. Managing the Digital Transformation of Companies - Update 2020 2020Paper from IndustrySnowballing Professional Publications X X

MM-19 Tripathi, S.; Gupta, M.A holistic model for Global Industry 4.0 readiness assessment 2021Benchmarking SCOPUS Academic Journals X X

MM-20 Wagire, A. A.; Joshi, R.; Rathore, A. P. S.; Jain, R.Development of maturity model for assessing the implementation of Industry 4.0: learning from theory and practice 2021Production Planning and ControlSCOPUS Academic Journals X X

MM-21 Gökalp, E.; Sener, U.; Eren, P.E.Development of an Assessment Model for Industry 4.0: Industry 4.0-MM 2017International Conference on Software Process Improvement and Capability DeterminationSCOPUS Conference Contributions X

MM-22 Leyh, C.; Bley, K.; Schäffer, T.; Forstenhäusler, S.SIMMI 4.0 – A Maturity Model for Classifying the Enterprise-wide IT and Software Landscape Focusing on Industry 4.0 2016Proceedings of the Federated Conference on Computer ScienceWoS Conference Contributions X X

MM-23 Akdil, Kartal Yagiz; Ustundag, Alp; Cevikcan, EmreMaturity and Readiness Model for Industry 4.0 Strategy 2018Industry 4.0: Managing The Digital TransformationSCOPUS Book Chapters X X

MM-24 Scremin, L.; Armellini, F.; Brun, A.; Solar-Pelletier, L.; Beaudry, C.Towards a framework for assessing the maturity of manufacturing companies in industry 4.0 adoption 2018Analyzing the Impacts of Industry 4.0 in Modern Business EnvironmentsSCOPUS Book Chapters X X

MM-25 Jung, K.; Kulvatunyou, B.; Choi, S.; Brundage. M.P.An Overview of a Smart Manufacturing System Readiness Assessment 2016IFIP International Conference on Advances in Production Management SystemsSCOPUS Conference Contributions

MM-26 Ganzarain, J.; Errasti, N.Three stage maturity model in SME's towards industry 4.0 2016Journal of Industrial Engineering and ManagementSCOPUS Academic Journals X X

MM-27 Lee, Jeongcheol; Jun, Sungbum; Chang, Tai Woo; Park, JinwooA smartness assessment framework for smart factories using analytic network process 2017Sustainability (Switzerland)SCOPUS Academic Journals X X

MM-28 Fantini, Paola; Pinzone, Marta; Taisch, MarcoPlacing the operator at the centre of Industry 4.0 design: Modelling and assessing human activities within cyber-physical systems 2018Computers & Industrial EngineeringSCOPUS Academic Journals

MM-29 Frank, Alejandro Germ{\'{a}}n; Dalenogare, Lucas Santos; Ayala, N{\'{e}}stor Fabi{\'{a}}nIndustry 4.0 technologies: Implementation patterns in manufacturing companies 2019International Journal of Production EconomicsSCOPUS Academic Journals

MM-30 De Carolis, Anna; MacChi, Marco; Negri, Elisa; Terzi, SergioGuiding manufacturing companies towards digitalization: A methodology for supporting manufacturing companies in defining their digitalization roadmap 2018International Conference on Engineering, Technology and InnovationSCOPUS Conference Contributions X

26 25

51

Product
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Identifier Author Title Year Journal Source Type

Integration Inventory and supply-chain Quality

MM-01 Bechthold, Jochen; Lauenstein, ChristophIndustry 4.0 Maturity Model â€“ Mirroring today to sprint into the future â€“ Capgemini Finland 2014Paper from IndustrySnowballing Professional Publications X X

MM-02 Rockwell AutomationThe Connected Enterprise Maturity Model 2014Paper from IndustrySnowballing Professional Publications X X X

MM-03 Lichtblau, Karl; Volker Stich, Dr-Ing; Bertenrath, Roman; Blum, Matthias; Bleider, Martin; Millack, Agnes; Schmitt, Katharina; Schmitz, Edgar; Schr{\{o}}ter,  Moritz"INDUSTRIE 4.0-READINESS 2015Paper from IndustrySnowballing Professional Publications X X X

MM-04 Geissbauer, Reinhard; Vedso, Jesper; Schrauf, StefanIndustry 4.0: Building the digital enterprise on digitization makes the supply chain more efficient, agile, and, customer-focused 2016Paper from IndustrySnowballing Professional Publications X X X

MM-05 Schumacher, Andreas; Erol, Selim; Sihn, WilfriedA Maturity Model for Assessing Industry 4.0 Readiness and Maturity of Manufacturing Enterprises 2016Procedia CIRP SCOPUS Conference Contributions X X

MM-06 VDMA Industrie 4.0 Forum (Anderl, R.; Fleischer, J.)Guideline Industrie 4.0: Guiding principles for the implementation of Industrie 4.0 in small and medium sized businesses 2016Paper from IndustrySnowballing Professional Publications X X

MM-07 Wee, Dominik; Kelly, Richard; Mathis, Robert; Breunig, MatthiasIndustry 4.0 after the initial hype Where manufacturers are finding value and how they can best capture it 2016Paper from IndustrySnowballing Professional Publications X X X

MM-08 Agca, Onur; Gibson, Jon; Godsell, Jan; Ignatius, Joshua; Davies, Cerys Wyn; Xu, OliviaAn Industry 4 Readiness Assessment Tool 2017Paper from IndustrySnowballing Professional Publications X X X

MM-09 EDB The Smart Industry Readiness Index (SIRI) 2017Paper from IndustrySnowballing Professional Publications X X X

MM-10 German Innovation Centre for Industry 4.0Pathfinder i4.0: Measure your progress. Develop your roadmap 2018Paper from IndustrySnowballing Professional Publications X X

MM-11 MITI Industry4WRD Readiness Assessment 2018Paper from IndustrySnowballing Professional Publications X X X

MM-12 Colli, M.; Berger, U.; Bockholt, M.; Madsen, O.; M{\o}ller, C.; W{\ae}hrens, B. VejrumA maturity assessment approach for conceiving context-specific roadmaps in the Industry 4.0 era 2019Annual Reviews in ControlSCOPUS Academic Journals X

MM-13 MOI Indonesia Industry 4.0 Readiness Index (INDI 4.0) 2019Paper from IndustrySnowballing Professional Publications X X X

MM-14 Sony, M.; Naik, S.Key ingredients for evaluating Industry 4.0 readiness for organizations: a literature review 2019Benchmarking SCOPUS Academic Journals X X X

MM-15 Calabrese, Armando; Dora, Manoj; Levialdi Ghiron, Nathan; Tiburzi, LuigiIndustry's 4.0 transformation process: how to start, where to aim, what to be aware of 2020Production Planning and ControlSCOPUS Academic Journals X X X

MM-16 Garzoni, A.; De Turi, I.; Secundo, G.; Del Vecchio, P.Fostering digital transformation of SMEs: a four levels approach 2020Management DecisionSCOPUS Academic Journals X

MM-17 Santos, R. C.; Martinho, J. L.An Industry 4.0 maturity model proposal 2020Journal of Manufacturing Technology ManagementSCOPUS Academic Journals X X X

MM-18 Schuh, GuÌˆnther; Anderl, Reiner; Dumitrescu, Roman; Kr{\{u}}ger, Antonio; ten Hompel Michel (Eds.)"Industrie 4.0 Maturity Index. Managing the Digital Transformation of Companies - Update 2020 2020Paper from IndustrySnowballing Professional Publications X X X

MM-19 Tripathi, S.; Gupta, M.A holistic model for Global Industry 4.0 readiness assessment 2021Benchmarking SCOPUS Academic Journals X X X

MM-20 Wagire, A. A.; Joshi, R.; Rathore, A. P. S.; Jain, R.Development of maturity model for assessing the implementation of Industry 4.0: learning from theory and practice 2021Production Planning and ControlSCOPUS Academic Journals X X X

MM-21 Gökalp, E.; Sener, U.; Eren, P.E.Development of an Assessment Model for Industry 4.0: Industry 4.0-MM 2017International Conference on Software Process Improvement and Capability DeterminationSCOPUS Conference Contributions X X X

MM-22 Leyh, C.; Bley, K.; Schäffer, T.; Forstenhäusler, S.SIMMI 4.0 – A Maturity Model for Classifying the Enterprise-wide IT and Software Landscape Focusing on Industry 4.0 2016Proceedings of the Federated Conference on Computer ScienceWoS Conference Contributions X X X

MM-23 Akdil, Kartal Yagiz; Ustundag, Alp; Cevikcan, EmreMaturity and Readiness Model for Industry 4.0 Strategy 2018Industry 4.0: Managing The Digital TransformationSCOPUS Book Chapters X X

MM-24 Scremin, L.; Armellini, F.; Brun, A.; Solar-Pelletier, L.; Beaudry, C.Towards a framework for assessing the maturity of manufacturing companies in industry 4.0 adoption 2018Analyzing the Impacts of Industry 4.0 in Modern Business EnvironmentsSCOPUS Book Chapters X X X

MM-25 Jung, K.; Kulvatunyou, B.; Choi, S.; Brundage. M.P.An Overview of a Smart Manufacturing System Readiness Assessment 2016IFIP International Conference on Advances in Production Management SystemsSCOPUS Conference Contributions X X

MM-26 Ganzarain, J.; Errasti, N.Three stage maturity model in SME's towards industry 4.0 2016Journal of Industrial Engineering and ManagementSCOPUS Academic Journals X

MM-27 Lee, Jeongcheol; Jun, Sungbum; Chang, Tai Woo; Park, JinwooA smartness assessment framework for smart factories using analytic network process 2017Sustainability (Switzerland)SCOPUS Academic Journals X X X

MM-28 Fantini, Paola; Pinzone, Marta; Taisch, MarcoPlacing the operator at the centre of Industry 4.0 design: Modelling and assessing human activities within cyber-physical systems 2018Computers & Industrial EngineeringSCOPUS Academic Journals

MM-29 Frank, Alejandro Germ{\'{a}}n; Dalenogare, Lucas Santos; Ayala, N{\'{e}}stor Fabi{\'{a}}nIndustry 4.0 technologies: Implementation patterns in manufacturing companies 2019International Journal of Production EconomicsSCOPUS Academic Journals

MM-30 De Carolis, Anna; MacChi, Marco; Negri, Elisa; Terzi, SergioGuiding manufacturing companies towards digitalization: A methodology for supporting manufacturing companies in defining their digitalization roadmap 2018International Conference on Engineering, Technology and InnovationSCOPUS Conference Contributions X X

26 25 20

71

Operation/ Process
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Identifier Author Title Year Journal Source Type

Asset utilizationEmployee

MM-01 Bechthold, Jochen; Lauenstein, ChristophIndustry 4.0 Maturity Model â€“ Mirroring today to sprint into the future â€“ Capgemini Finland 2014Paper from IndustrySnowballing Professional Publications X X

MM-02 Rockwell AutomationThe Connected Enterprise Maturity Model 2014Paper from IndustrySnowballing Professional Publications X X

MM-03 Lichtblau, Karl; Volker Stich, Dr-Ing; Bertenrath, Roman; Blum, Matthias; Bleider, Martin; Millack, Agnes; Schmitt, Katharina; Schmitz, Edgar; Schr{\{o}}ter,  Moritz"INDUSTRIE 4.0-READINESS 2015Paper from IndustrySnowballing Professional Publications X X

MM-04 Geissbauer, Reinhard; Vedso, Jesper; Schrauf, StefanIndustry 4.0: Building the digital enterprise on digitization makes the supply chain more efficient, agile, and, customer-focused 2016Paper from IndustrySnowballing Professional Publications X X

MM-05 Schumacher, Andreas; Erol, Selim; Sihn, WilfriedA Maturity Model for Assessing Industry 4.0 Readiness and Maturity of Manufacturing Enterprises 2016Procedia CIRP SCOPUS Conference Contributions X X

MM-06 VDMA Industrie 4.0 Forum (Anderl, R.; Fleischer, J.)Guideline Industrie 4.0: Guiding principles for the implementation of Industrie 4.0 in small and medium sized businesses 2016Paper from IndustrySnowballing Professional Publications X

MM-07 Wee, Dominik; Kelly, Richard; Mathis, Robert; Breunig, MatthiasIndustry 4.0 after the initial hype Where manufacturers are finding value and how they can best capture it 2016Paper from IndustrySnowballing Professional Publications X X

MM-08 Agca, Onur; Gibson, Jon; Godsell, Jan; Ignatius, Joshua; Davies, Cerys Wyn; Xu, OliviaAn Industry 4 Readiness Assessment Tool 2017Paper from IndustrySnowballing Professional Publications X X

MM-09 EDB The Smart Industry Readiness Index (SIRI) 2017Paper from IndustrySnowballing Professional Publications X X

MM-10 German Innovation Centre for Industry 4.0Pathfinder i4.0: Measure your progress. Develop your roadmap 2018Paper from IndustrySnowballing Professional Publications X X

MM-11 MITI Industry4WRD Readiness Assessment 2018Paper from IndustrySnowballing Professional Publications X X

MM-12 Colli, M.; Berger, U.; Bockholt, M.; Madsen, O.; M{\o}ller, C.; W{\ae}hrens, B. VejrumA maturity assessment approach for conceiving context-specific roadmaps in the Industry 4.0 era 2019Annual Reviews in ControlSCOPUS Academic Journals X X

MM-13 MOI Indonesia Industry 4.0 Readiness Index (INDI 4.0) 2019Paper from IndustrySnowballing Professional Publications X X

MM-14 Sony, M.; Naik, S.Key ingredients for evaluating Industry 4.0 readiness for organizations: a literature review 2019Benchmarking SCOPUS Academic Journals X X

MM-15 Calabrese, Armando; Dora, Manoj; Levialdi Ghiron, Nathan; Tiburzi, LuigiIndustry's 4.0 transformation process: how to start, where to aim, what to be aware of 2020Production Planning and ControlSCOPUS Academic Journals X X

MM-16 Garzoni, A.; De Turi, I.; Secundo, G.; Del Vecchio, P.Fostering digital transformation of SMEs: a four levels approach 2020Management DecisionSCOPUS Academic Journals

MM-17 Santos, R. C.; Martinho, J. L.An Industry 4.0 maturity model proposal 2020Journal of Manufacturing Technology ManagementSCOPUS Academic Journals X X

MM-18 Schuh, GuÌˆnther; Anderl, Reiner; Dumitrescu, Roman; Kr{\{u}}ger, Antonio; ten Hompel Michel (Eds.)"Industrie 4.0 Maturity Index. Managing the Digital Transformation of Companies - Update 2020 2020Paper from IndustrySnowballing Professional Publications X X

MM-19 Tripathi, S.; Gupta, M.A holistic model for Global Industry 4.0 readiness assessment 2021Benchmarking SCOPUS Academic Journals X X

MM-20 Wagire, A. A.; Joshi, R.; Rathore, A. P. S.; Jain, R.Development of maturity model for assessing the implementation of Industry 4.0: learning from theory and practice 2021Production Planning and ControlSCOPUS Academic Journals X X

MM-21 Gökalp, E.; Sener, U.; Eren, P.E.Development of an Assessment Model for Industry 4.0: Industry 4.0-MM 2017International Conference on Software Process Improvement and Capability DeterminationSCOPUS Conference Contributions X

MM-22 Leyh, C.; Bley, K.; Schäffer, T.; Forstenhäusler, S.SIMMI 4.0 – A Maturity Model for Classifying the Enterprise-wide IT and Software Landscape Focusing on Industry 4.0 2016Proceedings of the Federated Conference on Computer ScienceWoS Conference Contributions

MM-23 Akdil, Kartal Yagiz; Ustundag, Alp; Cevikcan, EmreMaturity and Readiness Model for Industry 4.0 Strategy 2018Industry 4.0: Managing The Digital TransformationSCOPUS Book Chapters X

MM-24 Scremin, L.; Armellini, F.; Brun, A.; Solar-Pelletier, L.; Beaudry, C.Towards a framework for assessing the maturity of manufacturing companies in industry 4.0 adoption 2018Analyzing the Impacts of Industry 4.0 in Modern Business EnvironmentsSCOPUS Book Chapters X

MM-25 Jung, K.; Kulvatunyou, B.; Choi, S.; Brundage. M.P.An Overview of a Smart Manufacturing System Readiness Assessment 2016IFIP International Conference on Advances in Production Management SystemsSCOPUS Conference Contributions

MM-26 Ganzarain, J.; Errasti, N.Three stage maturity model in SME's towards industry 4.0 2016Journal of Industrial Engineering and ManagementSCOPUS Academic Journals X X

MM-27 Lee, Jeongcheol; Jun, Sungbum; Chang, Tai Woo; Park, JinwooA smartness assessment framework for smart factories using analytic network process 2017Sustainability (Switzerland)SCOPUS Academic Journals X X

MM-28 Fantini, Paola; Pinzone, Marta; Taisch, MarcoPlacing the operator at the centre of Industry 4.0 design: Modelling and assessing human activities within cyber-physical systems 2018Computers & Industrial EngineeringSCOPUS Academic Journals X

MM-29 Frank, Alejandro Germ{\'{a}}n; Dalenogare, Lucas Santos; Ayala, N{\'{e}}stor Fabi{\'{a}}nIndustry 4.0 technologies: Implementation patterns in manufacturing companies 2019International Journal of Production EconomicsSCOPUS Academic Journals

MM-30 De Carolis, Anna; MacChi, Marco; Negri, Elisa; Terzi, SergioGuiding manufacturing companies towards digitalization: A methodology for supporting manufacturing companies in defining their digitalization roadmap 2018International Conference on Engineering, Technology and InnovationSCOPUS Conference Contributions

22 23

45

Resource
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Identifier Author Title Year Journal Source Type

Collaboration Willingness to change

MM-01 Bechthold, Jochen; Lauenstein, ChristophIndustry 4.0 Maturity Model â€“ Mirroring today to sprint into the future â€“ Capgemini Finland 2014Paper from IndustrySnowballing Professional Publications X X

MM-02 Rockwell AutomationThe Connected Enterprise Maturity Model 2014Paper from IndustrySnowballing Professional Publications X

MM-03 Lichtblau, Karl; Volker Stich, Dr-Ing; Bertenrath, Roman; Blum, Matthias; Bleider, Martin; Millack, Agnes; Schmitt, Katharina; Schmitz, Edgar; Schr{\{o}}ter,  Moritz"INDUSTRIE 4.0-READINESS 2015Paper from IndustrySnowballing Professional Publications X X

MM-04 Geissbauer, Reinhard; Vedso, Jesper; Schrauf, StefanIndustry 4.0: Building the digital enterprise on digitization makes the supply chain more efficient, agile, and, customer-focused 2016Paper from IndustrySnowballing Professional Publications X

MM-05 Schumacher, Andreas; Erol, Selim; Sihn, WilfriedA Maturity Model for Assessing Industry 4.0 Readiness and Maturity of Manufacturing Enterprises 2016Procedia CIRP SCOPUS Conference Contributions X X

MM-06 VDMA Industrie 4.0 Forum (Anderl, R.; Fleischer, J.)Guideline Industrie 4.0: Guiding principles for the implementation of Industrie 4.0 in small and medium sized businesses 2016Paper from IndustrySnowballing Professional Publications X

MM-07 Wee, Dominik; Kelly, Richard; Mathis, Robert; Breunig, MatthiasIndustry 4.0 after the initial hype Where manufacturers are finding value and how they can best capture it 2016Paper from IndustrySnowballing Professional Publications X

MM-08 Agca, Onur; Gibson, Jon; Godsell, Jan; Ignatius, Joshua; Davies, Cerys Wyn; Xu, OliviaAn Industry 4 Readiness Assessment Tool 2017Paper from IndustrySnowballing Professional Publications X X

MM-09 EDB The Smart Industry Readiness Index (SIRI) 2017Paper from IndustrySnowballing Professional Publications X

MM-10 German Innovation Centre for Industry 4.0Pathfinder i4.0: Measure your progress. Develop your roadmap 2018Paper from IndustrySnowballing Professional Publications X X

MM-11 MITI Industry4WRD Readiness Assessment 2018Paper from IndustrySnowballing Professional Publications X

MM-12 Colli, M.; Berger, U.; Bockholt, M.; Madsen, O.; M{\o}ller, C.; W{\ae}hrens, B. VejrumA maturity assessment approach for conceiving context-specific roadmaps in the Industry 4.0 era 2019Annual Reviews in ControlSCOPUS Academic Journals X

MM-13 MOI Indonesia Industry 4.0 Readiness Index (INDI 4.0) 2019Paper from IndustrySnowballing Professional Publications X X

MM-14 Sony, M.; Naik, S.Key ingredients for evaluating Industry 4.0 readiness for organizations: a literature review 2019Benchmarking SCOPUS Academic Journals X X

MM-15 Calabrese, Armando; Dora, Manoj; Levialdi Ghiron, Nathan; Tiburzi, LuigiIndustry's 4.0 transformation process: how to start, where to aim, what to be aware of 2020Production Planning and ControlSCOPUS Academic Journals X X

MM-16 Garzoni, A.; De Turi, I.; Secundo, G.; Del Vecchio, P.Fostering digital transformation of SMEs: a four levels approach 2020Management DecisionSCOPUS Academic Journals X X

MM-17 Santos, R. C.; Martinho, J. L.An Industry 4.0 maturity model proposal 2020Journal of Manufacturing Technology ManagementSCOPUS Academic Journals X X

MM-18 Schuh, GuÌˆnther; Anderl, Reiner; Dumitrescu, Roman; Kr{\{u}}ger, Antonio; ten Hompel Michel (Eds.)"Industrie 4.0 Maturity Index. Managing the Digital Transformation of Companies - Update 2020 2020Paper from IndustrySnowballing Professional Publications X X

MM-19 Tripathi, S.; Gupta, M.A holistic model for Global Industry 4.0 readiness assessment 2021Benchmarking SCOPUS Academic Journals X X

MM-20 Wagire, A. A.; Joshi, R.; Rathore, A. P. S.; Jain, R.Development of maturity model for assessing the implementation of Industry 4.0: learning from theory and practice 2021Production Planning and ControlSCOPUS Academic Journals X X

MM-21 Gökalp, E.; Sener, U.; Eren, P.E.Development of an Assessment Model for Industry 4.0: Industry 4.0-MM 2017International Conference on Software Process Improvement and Capability DeterminationSCOPUS Conference Contributions

MM-22 Leyh, C.; Bley, K.; Schäffer, T.; Forstenhäusler, S.SIMMI 4.0 – A Maturity Model for Classifying the Enterprise-wide IT and Software Landscape Focusing on Industry 4.0 2016Proceedings of the Federated Conference on Computer ScienceWoS Conference Contributions X

MM-23 Akdil, Kartal Yagiz; Ustundag, Alp; Cevikcan, EmreMaturity and Readiness Model for Industry 4.0 Strategy 2018Industry 4.0: Managing The Digital TransformationSCOPUS Book Chapters

MM-24 Scremin, L.; Armellini, F.; Brun, A.; Solar-Pelletier, L.; Beaudry, C.Towards a framework for assessing the maturity of manufacturing companies in industry 4.0 adoption 2018Analyzing the Impacts of Industry 4.0 in Modern Business EnvironmentsSCOPUS Book Chapters

MM-25 Jung, K.; Kulvatunyou, B.; Choi, S.; Brundage. M.P.An Overview of a Smart Manufacturing System Readiness Assessment 2016IFIP International Conference on Advances in Production Management SystemsSCOPUS Conference Contributions X

MM-26 Ganzarain, J.; Errasti, N.Three stage maturity model in SME's towards industry 4.0 2016Journal of Industrial Engineering and ManagementSCOPUS Academic Journals

MM-27 Lee, Jeongcheol; Jun, Sungbum; Chang, Tai Woo; Park, JinwooA smartness assessment framework for smart factories using analytic network process 2017Sustainability (Switzerland)SCOPUS Academic Journals

MM-28 Fantini, Paola; Pinzone, Marta; Taisch, MarcoPlacing the operator at the centre of Industry 4.0 design: Modelling and assessing human activities within cyber-physical systems 2018Computers & Industrial EngineeringSCOPUS Academic Journals

MM-29 Frank, Alejandro Germ{\'{a}}n; Dalenogare, Lucas Santos; Ayala, N{\'{e}}stor Fabi{\'{a}}nIndustry 4.0 technologies: Implementation patterns in manufacturing companies 2019International Journal of Production EconomicsSCOPUS Academic Journals

MM-30 De Carolis, Anna; MacChi, Marco; Negri, Elisa; Terzi, SergioGuiding manufacturing companies towards digitalization: A methodology for supporting manufacturing companies in defining their digitalization roadmap 2018International Conference on Engineering, Technology and InnovationSCOPUS Conference Contributions X
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Digital Leadership capability Innovation management AgilityInvestment for I4.0Strategy for I4.0

MM-01 Bechthold, Jochen; Lauenstein, ChristophIndustry 4.0 Maturity Model â€“ Mirroring today to sprint into the future â€“ Capgemini Finland 2014Paper from IndustrySnowballing Professional Publications X X X X

MM-02 Rockwell AutomationThe Connected Enterprise Maturity Model 2014Paper from IndustrySnowballing Professional Publications X X X X

MM-03 Lichtblau, Karl; Volker Stich, Dr-Ing; Bertenrath, Roman; Blum, Matthias; Bleider, Martin; Millack, Agnes; Schmitt, Katharina; Schmitz, Edgar; Schr{\{o}}ter,  Moritz"INDUSTRIE 4.0-READINESS 2015Paper from IndustrySnowballing Professional Publications X X X

MM-04 Geissbauer, Reinhard; Vedso, Jesper; Schrauf, StefanIndustry 4.0: Building the digital enterprise on digitization makes the supply chain more efficient, agile, and, customer-focused 2016Paper from IndustrySnowballing Professional Publications X X

MM-05 Schumacher, Andreas; Erol, Selim; Sihn, WilfriedA Maturity Model for Assessing Industry 4.0 Readiness and Maturity of Manufacturing Enterprises 2016Procedia CIRP SCOPUS Conference Contributions X X X

MM-06 VDMA Industrie 4.0 Forum (Anderl, R.; Fleischer, J.)Guideline Industrie 4.0: Guiding principles for the implementation of Industrie 4.0 in small and medium sized businesses 2016Paper from IndustrySnowballing Professional Publications X X

MM-07 Wee, Dominik; Kelly, Richard; Mathis, Robert; Breunig, MatthiasIndustry 4.0 after the initial hype Where manufacturers are finding value and how they can best capture it 2016Paper from IndustrySnowballing Professional Publications X X X X X

MM-08 Agca, Onur; Gibson, Jon; Godsell, Jan; Ignatius, Joshua; Davies, Cerys Wyn; Xu, OliviaAn Industry 4 Readiness Assessment Tool 2017Paper from IndustrySnowballing Professional Publications X X X X

MM-09 EDB The Smart Industry Readiness Index (SIRI) 2017Paper from IndustrySnowballing Professional Publications X X X

MM-10 German Innovation Centre for Industry 4.0Pathfinder i4.0: Measure your progress. Develop your roadmap 2018Paper from IndustrySnowballing Professional Publications X X X X

MM-11 MITI Industry4WRD Readiness Assessment 2018Paper from IndustrySnowballing Professional Publications X X

MM-12 Colli, M.; Berger, U.; Bockholt, M.; Madsen, O.; M{\o}ller, C.; W{\ae}hrens, B. VejrumA maturity assessment approach for conceiving context-specific roadmaps in the Industry 4.0 era 2019Annual Reviews in ControlSCOPUS Academic Journals X

MM-13 MOI Indonesia Industry 4.0 Readiness Index (INDI 4.0) 2019Paper from IndustrySnowballing Professional Publications X X X X

MM-14 Sony, M.; Naik, S.Key ingredients for evaluating Industry 4.0 readiness for organizations: a literature review 2019Benchmarking SCOPUS Academic Journals X X X X

MM-15 Calabrese, Armando; Dora, Manoj; Levialdi Ghiron, Nathan; Tiburzi, LuigiIndustry's 4.0 transformation process: how to start, where to aim, what to be aware of 2020Production Planning and ControlSCOPUS Academic Journals X X X

MM-16 Garzoni, A.; De Turi, I.; Secundo, G.; Del Vecchio, P.Fostering digital transformation of SMEs: a four levels approach 2020Management DecisionSCOPUS Academic Journals X

MM-17 Santos, R. C.; Martinho, J. L.An Industry 4.0 maturity model proposal 2020Journal of Manufacturing Technology ManagementSCOPUS Academic Journals X X X

MM-18 Schuh, GuÌˆnther; Anderl, Reiner; Dumitrescu, Roman; Kr{\{u}}ger, Antonio; ten Hompel Michel (Eds.)"Industrie 4.0 Maturity Index. Managing the Digital Transformation of Companies - Update 2020 2020Paper from IndustrySnowballing Professional Publications X X X X

MM-19 Tripathi, S.; Gupta, M.A holistic model for Global Industry 4.0 readiness assessment 2021Benchmarking SCOPUS Academic Journals X X X X

MM-20 Wagire, A. A.; Joshi, R.; Rathore, A. P. S.; Jain, R.Development of maturity model for assessing the implementation of Industry 4.0: learning from theory and practice 2021Production Planning and ControlSCOPUS Academic Journals X X X X

MM-21 Gökalp, E.; Sener, U.; Eren, P.E.Development of an Assessment Model for Industry 4.0: Industry 4.0-MM 2017International Conference on Software Process Improvement and Capability DeterminationSCOPUS Conference Contributions X X

MM-22 Leyh, C.; Bley, K.; Schäffer, T.; Forstenhäusler, S.SIMMI 4.0 – A Maturity Model for Classifying the Enterprise-wide IT and Software Landscape Focusing on Industry 4.0 2016Proceedings of the Federated Conference on Computer ScienceWoS Conference Contributions X

MM-23 Akdil, Kartal Yagiz; Ustundag, Alp; Cevikcan, EmreMaturity and Readiness Model for Industry 4.0 Strategy 2018Industry 4.0: Managing The Digital TransformationSCOPUS Book Chapters X X X X

MM-24 Scremin, L.; Armellini, F.; Brun, A.; Solar-Pelletier, L.; Beaudry, C.Towards a framework for assessing the maturity of manufacturing companies in industry 4.0 adoption 2018Analyzing the Impacts of Industry 4.0 in Modern Business EnvironmentsSCOPUS Book Chapters X X

MM-25 Jung, K.; Kulvatunyou, B.; Choi, S.; Brundage. M.P.An Overview of a Smart Manufacturing System Readiness Assessment 2016IFIP International Conference on Advances in Production Management SystemsSCOPUS Conference Contributions X

MM-26 Ganzarain, J.; Errasti, N.Three stage maturity model in SME's towards industry 4.0 2016Journal of Industrial Engineering and ManagementSCOPUS Academic Journals

MM-27 Lee, Jeongcheol; Jun, Sungbum; Chang, Tai Woo; Park, JinwooA smartness assessment framework for smart factories using analytic network process 2017Sustainability (Switzerland)SCOPUS Academic Journals X X X X

MM-28 Fantini, Paola; Pinzone, Marta; Taisch, MarcoPlacing the operator at the centre of Industry 4.0 design: Modelling and assessing human activities within cyber-physical systems 2018Computers & Industrial EngineeringSCOPUS Academic Journals

MM-29 Frank, Alejandro Germ{\'{a}}n; Dalenogare, Lucas Santos; Ayala, N{\'{e}}stor Fabi{\'{a}}nIndustry 4.0 technologies: Implementation patterns in manufacturing companies 2019International Journal of Production EconomicsSCOPUS Academic Journals

MM-30 De Carolis, Anna; MacChi, Marco; Negri, Elisa; Terzi, SergioGuiding manufacturing companies towards digitalization: A methodology for supporting manufacturing companies in defining their digitalization roadmap 2018International Conference on Engineering, Technology and InnovationSCOPUS Conference Contributions X X
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ALL TERMS (all influenced factors)

206

Additive Manufacturing Data-driven demand prediction Integration of sensors/ actuators Protection of intellectual property

Advanced IT Data-driven design to value Intelligent IoTs Provide digital competencies

Advanced process control (APC) Data-driven services Interdepartmental collaboration Quality

Agile management Data-driven supply-chain optimization Interdisciplinary Rapid experimentation and simulation

Agility Decentralization of processes Interfaces Real-time supply-chain optimization

Application Management Decentralized (pre-)processing of sensor data Inventories Real-time yield optimization

Application-specifi�c user interface

Decision rights management Inventory and supply-chain Recognise the value of mistakes

Artificial Intelligence Democratic leadership style Investments Remote maintenance

Asset Management Designated Personnel IT Architecture Remote monitoring and control

Asset utilization Digital attitude IT Maturity Resilient IT infrastructure

Augmented reality for MRO (maintenance, repair, and operationsDigital Capability IT Security Resource

Automated data acquisition through sensors and actuatorsDigital knowledge management IT Systems Resource/process

Automation and Industrial Robot Digital Leadership capability Knowledge sharing Resource/process/operation

Automation of knowledge work Digital Modelling KPI Routing flexibility

Autonomous process Digital performance management KPI relationship security issues of smart technology

Autonomy of employees Digital Product Development Labour Service/aftersales

Availaibility of resources for Industry 4.0 Digital quality management Labour regulations for I40 Shaping change

Batch size 1 Digitalization of products Leadership  Share of data used

Big Data and  Analytics Digitalization of sales/services Machine flexibility Share of revenues

Business models around the product Digitally modelled and controlled Machine-to-machine communication (M2M) Simulation and Modelling

Business Models, Product & Service Portfolio Dynamic collaboration Management competences and methods Skill acquisition

Business strategy Dynamic collaboration in value networks Man-machines interfaces Smart energy consumption

Cloud usage Efficiency with small batch Market & Customer Access Social collaboration

Collaboration

Efi�cient communication

Modelling and simulation Software System

Communication / Connectivity Employee Monitoring Standard data interface

Communication and Documentation of Industry 4.0-activitiesEmployee skill sets Motivational goal systems Statistical and advanced process control

Company-wide networking with the production Equipment infrastructure Networking Statistical process control (SPC)

Compatibility of Industry 4.0
with company strategies

Existence of central coordination for I40 Open communication Strategy 

Compliance, Legal, Risk, Security & Tax Existence of modern ICT Open innovation Strategy for I4.0

Concurrent engineering Existence of strategy for digital transformation Open mindset Structured communication

Confi�dence in processes and
information systems

Factory  Open-innovation and cross company collaboration Suitability of existing business models for Industry 4.0

Contextualised data delivery Flexible communities Openness of employees to new technology Suitability of technological standards

Continuous professional development

Focus on customer benefi�ts

Openness to innovation Supply/demand matcing

Cooperation within the network Functionalities for data storage and information exchangeOperation/Process Task based interface design

Costumer’s Digital media competence Governance  Operations  Technological readiness

Cross-sectional Technology Criteria Horizontal and vertical integration Operations Technology OT) Technology 

Culture Horizontal Integration Organic internal organisation Time to market

Customer cocreation/open innovation Human-machine collaboration Organization & Culture Tools & Equipment

Customers  Human-robot collaboration Organization Governance Transformation of Human resource

Cyber Physical Systems ICT add-on functionalities Organization Maturity Transformation of the basic procesesses of enterprises system

Data analysis ICT competences of employees Organizational Alignment usage of emerging business technology

Data analytics and big data tools ICT infrastructure in production Organizational structure Utilization of an Industry 4.0 roadmap

Data analytics in usage phase In situ 3D printing Output Data Format Utilization of customer data

Data collection Individualization of products People 

Utilization of machine-to-machine
communication

Data dan information Information Connectivity Maturity Performance Management Maturity Utilization of mobile devices

Data driven services Information flow Predictive maintenance Value Chains & Processes

Data governance Information processing Process Value of ICT in company

Data processing in the production Information sharing Process Transformation Vertical Integration

Data usage Information Systems Product Virtually guided self-service

Data-based learning and decision-making Information Technology (IT) Product integration into other systems Visualization technology

Innovation Management Production Willingness of leaders

Integration Product-related IT services Willingness to change
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Application Management Organization Governance

Asset Management Organization Maturity

Compliance, Legal, Risk, Security & Tax Organizational Alignment

Culture Organizational Structure

Customers  People 

Data dan information Performance Management Maturity

Data Governance Process

Digitally modelled and controlled Process Transformation

Employees Product 

Factory  Production

Governance  Quality

Information Connectivity Maturity Resource/process

Information Systems Resource/process/operation

IT Maturity Resources

IT systems Service/aftersales

Labour Strategy 

Leadership  Strategy and Organization

Market & Customer Access Technology 

Operation/Process Time to market

Operations Tools & Equipment

Organization & Culture
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165  

Additive Manufacturing Data usage Interdepartmental collaboration Software System

Advanced IT Data-based learning and decision-making Interdisciplinary Standard data interface

Advanced process control (APC) Data-driven demand prediction Interfaces Statistical process control (SPC)

Agile management Data-driven design to value Inventories Strategy

Agility Data-driven services Inventory and supply-chain Structured communication

Application-specifi�c user interface

Data-driven supply-chain optimization Investments Suitability of existing business models for Industry 4.0

Artificial Intelligence Decentralization of processes IT Architecture Suitability of technological standards

Asset utilization Decentralized (pre-)processing of sensor data IT Security Supply/demand matcing

Augmented reality for MRO (maintenance, repair, and operationsDecision rights management Knowledge sharing Task based interface design

Automated data acquisition through sensors and actuatorsDemocratic leadership style KPI Technological readiness

Automation and Industrial Robot Designated Personnel KPI relationship Transformation of Human resource

Automation of knowledge work Digital attitude Labour regulations for I40 Transformation of the basic procesesses of enterprises system

Autonomous process Digital Capability Machine flexibility usage of emerging business technology

Autonomy of employees Digital knowledge management Machine-to-machine communication (M2M)Utilization of an Industry 4.0 roadmap

Availaibility of resources for Industry 4.0 Digital Leadership capability Management competences and methodsUtilization of customer data

Batch size 1 Digital Modelling Man-machines interfaces

Utilization of machine-to-machine
communication

Big Data and  Analytics Digital performance management Modelling and simulation Utilization of mobile devices

Business models around the product Digital Product Development Monitoring Value Chains & Processes

Business Models, Product & Service Portfolio Digital quality management Motivational goal systems Value of ICT in company

Business strategy Digitalization of products Networking Vertical Integration

Cloud usage Digitalization of sales/services Open communication Virtually guided self-service

Communication / Connectivity Dynamic collaboration Open innovation Visualization technology

Communication and Documentation of Industry 4.0-activitiesDynamic collaboration in value networks Open mindset Willingness of leaders

Company-wide networking with the production Efficiency with small batch Open-innovation and cross company collaborationWillingness to change

Compatibility of Industry 4.0
with company strategiesEfi�cient communication

Openness of employees to new technology

Compliance, Legal, Risk, Security & Tax Employee skill sets Openness to innovation

Concurrent engineering Equipment infrastructure Operations Technology OT)

Confi�dence in processes and
information systems

Existence of central coordination for I40 Organic internal organisation

Contextualised data delivery Existence of modern ICT Output Data Format

Continuous professional development Existence of strategy for digital transformation Predictive maintenance

Cooperation within the network Flexible communities Product integration into other systems

Costumer’s Digital media competence

Focus on customer benefi�ts

Product-related IT services

Cross-sectional Technology Criteria Functionalities for data storage and information exchangeProtection of intellectual property

Customer cocreation/open innovation Horizontal and vertical integration Provide digital competencies

Cyber Physical Systems Horizontal Integration Rapid experimentation and simulation

Data analysis Human-machine collaboration Real-time supply-chain optimization

Data analytics and big data tools Human-robot collaboration Real-time yield optimization

Data analytics in usage phase ICT add-on functionalities Recognise the value of mistakes

Data collection ICT competences of employees Remote maintenance

Data driven services ICT infrastructure in production Remote monitoring and control

Data processing in the production In situ 3D printing Resilient IT infrastructure

Data usage Individualization of products Routing flexibility

Data-based learning and decision-making Information flow security issues of smart technology

Data-driven demand prediction Information processing Shaping change

Data-driven design to value Information sharing Share of data used

Data-driven services Information Technology (IT) Share of revenues

Data-driven supply-chain optimization Innovation Management Simulation and Modelling

Decentralization of processes Integration Skill acquisition

Decentralized (pre-)processing of sensor data Integration of sensors/ actuators Smart energy consumption

Decision rights management Intelligent IoTs Social collaboration
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Strategy and Organization Strategy Product Integration of sensors/ actuatorsOrganization Maturity Process Vertical Integration Business Models, Product & Service PortfolioStrategy  Availaibility of resources for Industry 4.0Asset ManagementIT Systems Resource/process Smart energy consumption

Govenance? Investments Product Communication / Connectivity Designated PersonnelHorizontal IntegrationMarket & Customer Access Communication and Documentation of Industry 4.0-activitiesTechnological readiness Intelligent IoTs

Innovation Management Product Functionalities for data storage and information exchangeIT Maturity Software System Digital Product DevelopmentValue Chains & Processes Suitability of existing business models for Industry 4.0usage of emerging business technology Real-time yield optimization

Factory  Digital Modelling Product Monitoring Performance Management MaturityKPI Cross-sectional Technology CriteriaIT Architecture Existence of strategy for digital transformationsecurity issues of smart technology Asset utilization Routing flexibility

Tools & Equipment Equipment infrastructure Product Product-related IT services KPI relationship Compliance, Legal, Risk, Security & Tax

Compatibility of Industry 4.0
with company strategies

Data GovernanceData collection Machine flexibility

Data usage Product Business models around the productInformation Connectivity MaturitySoftware System Organization & Culture Utilization of an Industry 4.0 roadmap Data usage Remote monitoring and control

IT systems Production Data processing in the production Output Data Format Leadership  Willingness of leaders Data analytics and big data tools Predictive maintenance

Operations Cloud usage Production Machine-to-machine communication (M2M) Management competences and methods Data driven services Augmented reality for MRO (maintenance, repair, and operations

Digitally modelled and 

controlled IT Security Production Company-wide networking with the production Existence of central coordination for I40Application ManagementInterfaces Labour Human-robot collaboration

Autonomous process Production ICT infrastructure in production Customers  Utilization of customer data Information flow Remote monitoring and control

Information sharing Production Man-machines interfaces Digitalization of sales/servicesOrganizational AlignmentOrganizational structure Digital performance management

Product  Data analytics in usage phase Production Efficiency with small batch Costumer’s Digital media competence Business strategy Automation of knowledge work

ICT add-on functionalities Products  Individualization of products Transformation of Human resource Inventories In situ 3D printing

Data-driven services Data-driven services Digitalization of productsProcess TransformationTransformation of the basic procesesses of enterprises system Real-time supply-chain optimization

Share of revenues Product integration into other systems Batch size 1

Share of data used Operations  Decentralization of processes Quality Statistical process control (SPC)

Employees Employee skill sets Modelling and simulation Advanced process control (APC)

Skill acquisition Interdisciplinary Digital quality management

Interdepartmental collaboration Supply/demand matcing Data-driven demand prediction

Culture  Knowledge sharing Data-driven design to value

Open-innovation and cross company collaboration Time to market Customer cocreation/open innovation

Culture Collaboration Dynamic collaboration Value of ICT in company Concurrent engineering

Networking People  ICT competences of employees Rapid experimentation and simulation

Openness of employees to new technology Service/aftersales Predictive maintenance

Autonomy of employees Remote maintenance

Governance  Labour regulations for I40 Virtually guided self-service

Willingness to change Open mindset

Open innovation Suitability of technological standards

Digital attitude Protection of intellectual property

Technology  Existence of modern ICT Inventory/Supply Inventories

Utilization of mobile devices Supply/demand matcing

Operation/Process Integration Horizonal integration

Vertical integration

Utilization of machine-to-machine
communication

Resource/process/operation Resource/process

Asset utilization

Inventory and supply-chain Data-driven demand prediction

Data-driven supply-chain optimization

Efficiency with small batch

Quality Digital quality management

Real-time yield optimization

Statistical and advanced process control

Organization Governance Digital Leadership capability

Innovation management

Agility

Investment for I4.0

Strategy for I4.0

Product Data analytics in usage phase

ICT add-on functionalities

Resource Asset utilization Machine flexibility

Predictive maintenance

Remote maintenance

Remote monitoring and control

Routing flexibility

Employee Digital capability

Digital performance management

Human-machine collaboration

Technology Advanced IT Additive Manufacturing

Artificial Intelligence

Automation and Industrial Robot

Big Data and  Analytics

Cloud usage

Cyber Physical Systems

Intelligent IoTs

IT security

Simulation and Modelling

Standard data interface

Visualization technology

Data dan information Data governance

Digital knowledge management
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Efficiency with small batch Business Models, Product & Service PortfolioStrategy  Availaibility of resources for Industry 4.0

Value Chains & Processes Communication and Documentation of Industry 4.0-activities

Organization & Culture Suitability of existing business models for Industry 4.0

Designated Personnel Existence of strategy for digital transformation

Designated Personnel

Compatibility of Industry 4.0
with company strategies

Operations Technology OT)Integration of sensors/ actuatorsProcess Digital Product DevelopmentBusiness Models, Product & Service Portfolio Utilization of an Industry 4.0 roadmap

Information Technology (IT)Integration of sensors/ actuatorsSoftware System Products  Individualization of products

MM-03 Operations Technology OT)Integration of sensors/ actuatorsSoftware System Digital Product DevelopmentBusiness Models, Product & Service Portfolio Digitalization of products

IMPULS, Industrie 4.0 Readiness Model Operations Technology OT)Monitoring Output Data Format Value Chains & Processes Product integration into other systems

  Operations Technology OT) Process Horizontal IntegrationIT Architecture

Resources Digital Capability Provide digital competencies Strategy Operations Technology OT) Software System

Investments Operations Technology OT)Data processing in the productionOutput Data Format Vertical Integration Value Chains & Processes Technology  Existence of modern ICT

Innovation Management Operations Technology OT) Software System Cross-sectional Technology CriteriaIT Architecture Utilization of mobile devices

Employee skill sets Operations Technology OT) Output Data Format Vertical Integration Value Chains & Processes

Utilization of machine-to-machine
communication

Skill acquisition Process Cross-sectional Technology CriteriaIT Architecture Operations  Decentralization of processes

Automated data acquisition through sensors and actuatorsAutonomous process Operations Technology OT)Man-machines interfaces Software System Vertical Integration Value Chains & Processes Modelling and simulation

ICT add-on functionalities Process Cross-sectional Technology CriteriaIT Architecture Interdisciplinary

Decentralized (pre-)processing of sensor dataICT add-on functionalities Information Technology (IT)Communication / ConnectivitySoftware System Value Chains & Processes Interdepartmental collaboration

Data analytics in usage phase Information Technology (IT)Functionalities for data storage and information exchangeOutput Data Format Cross-sectional Technology CriteriaIT Architecture

Structured communication

Efi�cient communication

Information sharing Data processing in the productionProcess

Task based interface design Digital Modelling Information Technology (IT)

Information Systems Information processing Data analysis Data analytics in usage phase Information Technology (IT)Communication / ConnectivitySoftware System Vertical Integration Value Chains & Processes Operations  Decentralization of processes

Share of data used Operations Technology OT)Functionalities for data storage and information exchangeOutput Data Format Horizontal IntegrationIT Architecture Modelling and simulation

Contextualised data delivery Information sharing Information Technology (IT)Data processing in the productionSoftware System Cross-sectional Technology Criteria Interdisciplinary

Operations Technology OT)Machine-to-machine communication (M2M)Output Data Format Interdepartmental collaboration

Application-specifi�c user interface

Digital Modelling Information Technology (IT)ICT infrastructure in productionSoftware System Technology  Existence of modern ICT

Company-wide networking with the productionProcess Utilization of mobile devices

Resilient IT infrastructure IT systems Operations Technology OT) Output Data Format Cross-sectional Technology Criteria

Utilization of machine-to-machine
communication

Data usage Information Technology (IT)Business models around the productOutput Data Format Business Models, Product & Service Portfolio

Product-related IT services Value Chains & Processes

Equipment infrastructure Data processing in the production IT Architecture

Integration Horizontal and vertical integration Cloud usage Information Technology (IT) Output Data Format Cross-sectional Technology CriteriaValue Chains & Processes

Data usage Information Technology (IT) Software System Cross-sectional Technology CriteriaIT Architecture

IT systems Leadership  Willingness of leaders

Information sharing Process Management competences and methods

IT Security Existence of central coordination for I40

Governance  Labour regulations for I40

Data governance Data usage Suitability of technological standards

Data-driven services Protection of intellectual property

Standard data interface KPI Business Models, Product & Service PortfolioCustomers  Utilization of customer data

IT security IT Security Market & Customer Access Digitalization of sales/services

Organizational StructureOrganic internal organisation Flexible communities KPI relationship Horizontal IntegrationMarket & Customer Access Costumer’s Digital media competence

Decision rights management Compliance, Legal, Risk, Security & Tax

Motivational goal systems Strategy Organization & Culture Culture  Knowledge sharing

Agile management Open-innovation and cross company collaboration

Value of ICT in company

KPI People  ICT competences of employees

Designated Personnel Horizontal Integration Openness of employees to new technology

Autonomy of employees

Dynamic collaboration in value networks

Focus on customer benefi�ts

Designated Personnel Organization & Culture Leadership  Willingness of leaders

KPI relationship Compliance, Legal, Risk, Security & Tax Management competences and methods

Cooperation within the network Share of revenues Organization & Culture Existence of central coordination for I40

Governance  Labour regulations for I40

Culture Willingness to change Recognise the value of mistakes Suitability of technological standards

Openness to innovation Innovation Management Protection of intellectual property

Data-based learning and decision-making Data usage

Continuous professional development Employee skill sets

Skill acquisition

Shaping change Innovation Management

Social collaboration Democratic leadership style

Open communication Information sharing

Confi�dence in processes and

information systems
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Outlet

Academic Journals 11 37%

Book Chapters 2 7%

Conference Contributions 5 17%

Professional Publications 12 40%

Total 30
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