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RESUMO 

 

O tema Indústria 4.0 (i4) apresenta relevância para o setor siderúrgico global gerando 

expectativas de aumento de competitividade e eficiência operacional, além do 

desenvolvimento de novos negócios por meio da transformação tecnológica. Apesar do 

potencial da i4, Neef, Hirzel and Arens (2018) mostram que o setor siderúrgico possui um gap 

de publicações acerca de sua implantação prática. Além disso, tem sido relatado na literatura 

dificuldades enfrentadas pelas organizações para implementar a Indústria 4.0. Uma maneira 

de estruturar e orientar sua implantação é por meio do uso de modelos de referência em gestão 

de Indústria 4.0 com base no conceito de avaliação de maturidade. O objetivo principal deste 

trabalho é projetar, avaliar e validar um modelo de referência descritivo em gestão para a 

implementação da Indústria 4.0 em indústrias siderúrgicas. A metodologia escolhida para ser 

aplicada é a Design Science Research (DSR) e foi adotado o método para a construção de 

modelos de referência empiricamente fundamentados e validáveis proposto por Ahlemann e 

Gastl (2007). O modelo conceitual proposto é composto por nove dimensões e 57 parâmetros 

e foi validado por gerentes de tecnologia de quatro grandes siderúrgicas no Brasil. Ficou claro 

que a implementação da Indústria 4.0 é baseada em aspectos técnicos, organizacionais e 

humanos. O modelo de gestão descritivo proposto pode potencialmente evoluir para um 

instrumento de avaliação da maturidade da Indústria 4.0 e orientar sua implantação no setor 

siderúrgico de forma estruturada. 

 

Palavras-chave: Indústria 4.0; modelo de maturidade; modelo de referência em gestão; 

Siderurgia; Modelo conceitual. 

 

 

 

 

 

 

 

 

 

 

 



ABSTRACT 

 

The theme Industry 4.0 (i4) presents relevance for the global iron and steel sector leading to 

expectations for competitiveness and operational efficiency increase and also new businesses 

development through technology transformation. Despite the potential of i4, Neef, Hirzel and 

Arens (2018) showed that the steel sector has a gap in publications about its practical 

implementation. Furthermore, it is being reported in the literature, difficulties faced by 

organizations to implement Industry 4.0. One way to structure and guide Industry 4.0 

implementation is through the use of Industry 4.0 reference management models based on 

maturity assessment concept. The main objective of this work is to design, evaluate and refine 

a descriptive management reference model for Industry 4.0 implementation in steelmaking 

industries. The chosen methodology to be applied is the Design Science Research (DSR) and 

it was adopted the method for the construction of empirically grounded and validable 

reference models proposed by Ahlemann and Gastl (2007). The proposed conceptual model is 

composed of nine dimensions and 57 parameters and it have been refined by technology 

managers from four different large steel mills in Brazil. It became clear that Industry 4.0 

implementation is based on technical, organizational and human aspects. The proposed 

descriptive management model can potentially evolve to an instrument for assessing Industry 

4.0 maturity and guide its implementation in the Iron and Steel sector in a structured manner.   

 

Keywords: Industry 4.0; Maturity Model; Management Reference Model; Steelmaking; 

Conceptual Model. 
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1 INTRODUCTION 

1.1 INDUSTRY 4.0 AND THE STEELMAKING SECTOR 

 

The steelmaking sector is a traditional industry in Brazil. The national production park 

has 32 plants that are managed by 12 business groups. There is an installed production 

capacity of 51.5 tons of steel/month in the country and an approximate generation of 122 

thousand jobs, which shows its importance for Brazilian economy and also as a significant 

supplier of steel to the country and for the rest of the world (IABr, 2020). The sector is being 

heavily challenged by an economic crisis since 2014. In 2016 and 2017 period, Brazil was 

positioned in the 9th place in a ranking led by China in the worldwide steel production. The 

steel sector was affected by global capacity excess, especially in China. Even with an increase 

in production in 2017, the industry is far from recovering from losses registered from 2014 to 

2016 (IABr, 2018).  

In 2020, due to the coronavirus pandemic, Brazilian steelmakers produced 17.9% less 

crude steel in the first half of 2020 than in the first six months of 2019. According to the 

industry's balance sheet released by “Instituto Aço Brasil”, companies produced 14.2 million 

tons of steel in 2020, against 17.3 million in 2019. Despite the strong impact of the health 

crisis, representatives of the industries believe that the worst is over and a recovery is on the 

way. The optimism of businessmen in the sector can be seen in the results of July/2020 in the 

Steel Industry Confidence Index (ICIA) that reached 62.8 points with a rise tendency. As the 

value is above 50 points, it indicates a market confidence (QUINTELLA, 2020; IABr, 2020).  

Given this scenario, it is possible to note that the Brazilian steelmaking industry has 

been experiencing economic challenges for some years to remain in the global steel market. 

One approach used by organizations and industries from steelmaking sector to deal with these 

economic challenges, is to implement the concept of Industry 4.0 or i4 (LIAO et al., 2017). 

The i4 approach is expected to bring benefits to increase processes productivity and to 

contribute to the organization's strategy and competitiveness (LIAO et al., 2017; LU, 2017; 

MARTINS, 2019; TIDD AND BESSANT, 2018; HAMMER, 2017). 

For the steelmaking sector, i4 can leverage processes efficiency and the development 

of new business models (NEEF, HIRZEL AND ARENS, 2018; MARTINS, 2019). A global 

study carried out by PricewaterhouseCoopers (PWC, 2016a; 2016b) showed that 

metallurgical industries expect to reduce costs in 3.2% per year and increase its revenue by 
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2.7% using the Industry 4.0 approach. According to Neef, Hirzel and Arens (2018), the topic 

of i4 is perceived as very important for the future of the steel industry globally.  

The innovation advance and incorporation of new technologies for the steelmaking 

plants is a reality, as well as the interaction increase between suppliers, producers and 

customers throughout the steelmaking value chain (MARTINS, 2019). According to Martins 

(2019), the iron and steel is a sector in which process innovations are relevant for the 

modernization of the technological base and the insertion of new technologies is typically 

incremental. In this sense, Holleis (1994) states that the forces that drive process innovations 

in this industry are the increase in productivity; the economy and flexibility in the use of raw 

materials; the potential for quality improvement; shortening the flow and processing times; 

the integration of the production plant; concern for the environment; energy saving; and low 

investment cost. In summary, the innovation driver to the sector is to reduce the number of 

fixed assets in steel mills, in order to obtain lower capital requirements and operating costs. 

 

1.2 STEELMAKING PLANT RESEARCH OPPORTUNITY 

 

This work was initiated from a need of one of the biggest steelmaking plants that 

operates in Brazil to organize Industry 4.0 implementation process. The studied industry is in 

the steel market for over 60 years and it attends mainly the Oil & Gas sector.  The company is 

currently managing a cost reduction program in order to be competitive in the steel market. 

To support this cost reduction challenge, the plant is investing in the Industry 4.0 and Lean 

Manufacturing (LM) approaches to accelerate the achievement of its performance goals. 

Besides i4 practical implementation, this study will also explore the LM and i4 integration. 

The study will start with the perspective from technology professionals of the 

aforementioned steelmaking plant, regarding the i4 concepts practical application. The study 

will then evolve and be enriched by the perspective from other three large steel mills 

technology experts, in order to have a broader view of Industry 4.0 implementation in 

steelmaking plants.  

Regarding Industry 4.0, there is a hype within industry, with high expectations about 

the potential of the digital transformation for leading to performance results (LIAO et al., 

2017; LU, 2017). Likewise, the studied plant expects to reduce costs, to increase its 

operational efficiency and to create new business models through the digital transformation 

and insertion of technologies foreseen by the wave of Industry 4.0. The company has a 

dedicated department for the digital transformation endeavor and it has developed several 
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strategic digital initiatives, positioning itself in Industry 4.0 implementation as an important 

player in the Brazilian steel market. Despite its recent prominence, the studied plant seeks 

references to standardize the measurement of the current state of its plants regarding the 

implementation of Industry 4.0 and also in the establishment of strategies/actions that enable 

the achievement of the benefits recommended by i4 in a transparent and structured way. 

In the company's view, the concept of Industry 4.0 is very broad and lacks a step-by-

step or a way to measure its progress or a guideline based on a desired future state. Is there a 

script? What are the next steps? Is the company on the right way? The company is, therefore, 

seeking strategic direction or metrics as a yardstick to evaluate its efforts and to develop the 

gaps towards the foundations of Industry 4.0. 

This need is also reported in the literature, with companies facing difficulties in 

general to understand and apply the concepts of Industry 4.0 into practice, from the 

establishment of a strategy to its unfolding in actions, programs and projects over time 

(EROL, SCHUMACHER and SIHN, 2016; LIAO et al., 2017; THEORIN et 

al., 2016; WEISS, ZILCH and SCHMEILER, 2014; SANDERS and WULFSBERG, 2015; 

SCHUMACHER, EROL and SIHN, 2016). 

Despite the promising results of the i4 approach to the steelmaking industry and its 

importance for the future of the steel industry, Neef, Hirzel and Arens (2018) pointed out that 

discreet manufacturing companies have been the subject of intense research, while continuous 

process industries such as iron and steel have a limited number of published studies.  

Although the literature on the subject is reduced for the steel sector, some works 

emerge to propose frameworks for Industry 4.0 implementation, such as Govender, 

Telukdarie and Sishi (2019) that designed a system architecture focused on steelmaking 

plants. The authors explored the technological aspect of i4, but did not add an organizational 

perspective to the topic, as explored by other authors (NEEF, HIRZEL AND ARENS, 2018; 

KAGERMANN, WAHLSTER AND HELBIG, 2013; TROPIA, SILVA AND DIAS, 2017). 

Additionally, regarding the Industry 4.0 implementation and maturity modeling, the 

work of Gökalp, Şener and Eren (2017) analyzed seven models and compared their 

characteristics in terms of scope, purpose, completeness, clearness and objectivity. The 

authors concluded that none of them satisfied all expected criteria and there is an elevated 

heterogeneity of maturity models for i4 implementation. This identified literature gap will 

also be explored in the current work, proposing a model that fits steelmaking needs and 

considers a holistic approach for i4 implementation. This work, therefore, initially aimed to 

act on the need presented by the company to implement the concepts of Industry 4.0 in a 
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structured way. This problem/difficulty of practical implementation is also reported in the 

literature and intensified in the case of the steel sector as aforementioned. I4 is a broad topic 

and the present work aims to contribute mainly in the consolidation of knowledge about its 

implementation based on the concepts of maturity modeling, which are presented as 

heterogeneous and diffuse for Industry 4.0 case (GÖKALP, ŞENER AND EREN, 2017). The 

choice of the steel sector came from its representativeness in the Brazilian economy and also 

for maintaining the focus of the research from a specific instantiation that may even be 

generalized in the future to other sectors of the economy. 

 

1.3  OBJECTIVES  

 

1.3.1 General Objective 

 

The main objective of this work is to design, evaluate and refine a descriptive 

management reference model for Industry 4.0 implementation in steelmaking industries. A 

descriptive model means it contains a conceptual structure with the main Industry 4.0 

attributes associated with its implementation in steelmaking plants.  

 

1.3.2 Specific Objectives 

 

The specific objectives are described below: 

 

1) Identify in the literature the main Industry 4.0 constructs and its application to iron 

and steel sector; 

2) Identify in the literature the main constructs related to Industry 4.0 maturity 

assessment; 

3) Gather from specialists practical view in the steelmaking plants, their perspective on 

the main attributes associated with Industry 4.0 implementation; and 

4) Review the applicability between Lean and Industry 4.0 approaches. 

 

 

1.4  RESEARCH JUSTIFICATION 
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As aforementioned, the studied company embarked on the Industry 4.0 approach to 

increase its competitiveness, but it still seeks references for a successful implementation. 

Likewise, according to Erol, Schumacher and Sihn (2016) and Sjödin et al. (2018), industries 

in general are facing the same difficulties while implementing Industry 4.0 concepts, since it 

is a complex and systemic transformation.  

Regarding Industry 4.0 implementation, this work can make a contribution, especially 

for the steelmaking sector. Academically, this work will further deploy the Industry 4.0 into 

practice, shortening the implementation gaps (EROL, SCHUMACHER and SIHN, 2016; 

LIAO et al., 2017;  THEORIN et al., 2016; WEISS, ZILCH and SCHMEILER, 2014; 

SANDERS and WULFSBERG, 2015; SCHUMACHER, EROL and SIHN, 2016), acting in 

the construction and application of reference models for Industry 4.0 (as proposed by 

Schumacher, Erol and Sihn (2016)); and also further discuss the gaps and applicability 

between  Lean and Industry 4.0 domains (KANG et al. , 2016; BUER et al., 2018), since that 

both approaches are used by the studied steelmaking plant. 

Additionally, the topic of Industry 4.0 is reported as very important for the future of 

steel industry globally (NEEF, HIRZEL AND ARENS, 2018), as it can leverage processes 

efficiency and the development of new business models for the sector (NEEF, HIRZEL AND 

ARENS, 2018; MARTINS, 2019). Despite the promising results of the i4 approach to the 

steelmaking industry, Neef, Hirzel and Arens (2018) also pointed out that continuous process 

industries, such as iron and steel, have a limited number of published studies and, in this way, 

this dissertation can also shorten this academic gap. 

Neef, Hirzel and Arens (2018) also showed that the focus of i4 research agenda for the 

iron and steel industry has been on the aspect of solving technical problems, making it 

necessary to include an organizational perspective to this research topic, addressing, for 

example, organizational structure transformation and employees qualification aspects. 

Considering that an i4 management reference model can potentially comprise both 

organizational and technical dimensions, this work can moreover contribute with the 

discussion of organizational aspects of Industry 4.0 for steelmaking industries.  

For the studied steelmaking plant, it is expected that this work will offer guidance in 

the Industry 4.0 approach implementation. The resultant conceptual model can be used by 

steelmaking decision makers and top managers to guide company i4 journey towards Industry 

4.0 implementation and digital transformation. Also, the designed management model can be 

tested in the future and used by other steelmaking plants or even other industries in the future.  

It is important to highlight that the conceptual structure resulting from the present work will 
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serve as a basis for a future construction of an instrument for evaluating Industry 4.0 maturity 

in the iron and steel sector.  

Finally, the researcher has a personal motivation in this research project, since this 

problem is under his main management activities. He has strong Lean Manufacturing 

background and now is in charge of leading the steelmaking plant Industry 4.0 

implementation. This can facilitate the access to data and guarantee the project continuity 

over time. 

1.5  DELIMITATIONS 

This work will have the following delimitations: 

 

1) The focus will be on the design, evaluation and refinement of a descriptive 

management reference model to steelmaking plants. The refined reference 

management model will not necessarily be applicable to other types of industries.  

2) The proposed management reference model will be a conceptual model, organizing 

the available knowledge about this research topic. The model can be used as a 

guideline and starting point for steelmaking plants i4 implementation. The main 

reason for this approach is that the literature on this research topic is still broad; the 

maturity assessment varies considerably depending on the model and lacks orientation 

towards the iron and steel sector. Another issue is that the available models are closely 

related to consulting companies and further details of models compilation are not 

entirely available. 

3) The final goal is a descriptive model. In this sense, it is not a maturity model, do not 

bringing a maturity level perspective. 
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2 THEORETICAL BACKGROUND 

 

The theoretical framework focused on building the bases for the design of a structured 

Industry 4.0 management reference model. To support this study, some key concepts were 

researched. The topics Industry 4.0 and i4 maturity models are considered central to the 

unfolding of the i4 management reference model. Regarding i4 maturity models, a systematic 

literature review will be carried out for this purpose (section 2.3.2). 

Since Lean is a management approach used by the organization to build performance 

competitive advantages, its relationship/integration with the theme of Industry 4.0 will also be 

covered.  

The relationship of all these topics is portrait in Figure 1. 

 

Figure 1: Conceptual map of knowledge 

 

Source: the author. 

 

The conceptual map above summarizes the main knowledge domains that will be 

explored throughout this work. The figure shows the final target, which is the conceptual 

management reference model in i4 to be used by steelmaking managers. In order to deliver it, 

references related to the subjects "Steelmaking Industry", "Industry 4.0", "Reference Models", 

and "i4 Maturity Models" were studied. The domains “Steelmaking Industry” and “i4 

Maturity Models” will provide support for building the criteria and dimensions of the 

reference model, considering characteristics of the steel sector as well as fundamental 

elements of Industry 4.0. The domain "Reference Models" will bring the appropriate 

i4 conceptual 
management 

reference 
model

Industry 4.0

i4 Maturity 
Modeling

Steelmaking 
Industry 

Reference 
Models
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methodological references for the construction of the management reference model. It is 

worth mentioning that the integration of “Lean” with “Industry 4.0” was also added to the 

theoretical review. It was identified as a research opportunity pointed out by the literature and 

also required by the studied industry that uses both management approaches (LEYH, 2017; 

KANG et al., 2016). 

 

2.1 INDUSTRY 4.0 

 

Technology performs a special role for building responsive supply chains 

(GUNASEKARAN, LAIB and CHENG, 2008). With technological advance, computing 

capacity is growing and powerful and autonomous microcomputers are increasingly being 

connected to each other over the internet. The convergence of physical and virtual worlds 

results in what is known as Cyber-Physical Systems (CPS). In this way, it is possible to 

connect information, resources and people to create the internet of things and services, in an 

integrated way. This technological evolution is being felt by the industry worldwide, 

especially in terms of competitiveness (KAGERMANN et al., 2013). 

This process of transformation is described by Rüßmann et al. (2015) as the fourth 

stage of industrialization, or Industry 4.0 (i4). The main Industry 4.0 concepts and the 

evolution of industrial revolutions, as well as their relationship with the steel sector were 

explored in Appendix C. 

Based on these general concepts of Industry 4.0, the following sections will detail the 

concepts of Industry 4.0 as follows: 

 

 Section 2.1.1 – Lean and Industry 4.0, as this is an approach used by the studied 

company; 

 Section 2.2 – The application of concepts of Industry 4.0 for the steelmaking sector; 

 Section 2.3.2 – Literature Review on Maturity Models for assessing Industry 4.0. The 

literature review will provide the conceptual structure for building the intended 

management reference model. 

2.1.1 Lean and I4 Integration 

 

The combination of Lean Manufacturing and Industry 4.0 approaches can be mutually 

beneficial and can increase process productivity (KOLBERG AND ZULKE, 2015; 

MRUGALSKA AND WYRWICKA, 2017; RIEZEBOS, KLINGENBERG and HICKS, 
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2009; COTTYN et al., 2011; SANDERS, ELANGESWARAN, AND WULFSBERG, 2016). 

This Industry 4.0 integration with Lean Manufacturing approach is denominated by Kolberg 

and Zulke (2015) as Lean Automation. The authors cited the end of the Computer Integrated 

Manufacturing (CIM) period, which has a similar purpose throughout the 1990s but failed due 

to its complexity of required automation technology at the time (JACKSON et al., 2011). 

Going further in the past in this concept, in the 1960s, Ohno (1988) introduced the principle 

of autonomation, in which the autonomous machines would detect defects and trained 

operators would supervise the functioning of the systems. The Industry 4.0 proposes a similar 

approach, with operators managing the process supported by technology. (SCHLICK et al., 

2014; GORECKY et al., 2014, apud KOLBERG and ZULKE, 2015). 

This research topic has recently emerged again within Industry 4.0 discussion.  

According to Leyh (2017), the Industry 4.0 can leverage implemented results from Lean 

approach. The author also stated that the combination of Lean Management and Industry 4.0 

is not well explored by literature and it is an open field for study. Bortolotti and Romano 

(2011) concluded in their work that automation should take place in streamlined processes, 

and waste reduction should take place first to fasten the processes flow, avoiding the 

automation of errors.  

In order to have a broad view of this research topic, Kang et al. (2016) has reviewed 

the existing literature regarding the relationship between Industry 4.0 and Lean 

Manufacturing and pointed out a research agenda based on the identified gaps in the literature. 

The authors showed that this is a growing research area, reflecting the current trend in the 

industrial sector (KANG et al., 2016). 

Likewise, to further exploit this research theme, Buer et al. (2018) carried out a 

literature review and suggested the implementation of a framework for moving towards 

Industry 4.0 and Lean Manufacturing integration as a future research agenda. Kolberg and 

Zulke (2015) reinforced this need, stating there is a lack of a comprehensive framework of the 

combination of Industry 4.0 technologies and Lean Manufacturing methods. The authors 

affirmed that a framework of Industry 4.0 to supplement Lean Production should contain 

recommendations of i4 solutions to support Lean with some examples. Also, the framework 

should contain the interfaces between these two approaches. 

In this regard, some implementation frameworks for Lean Manufacturing have been 

proposed (BHAMU and SANGWAN, 2014), and guidelines for implementation of Industry 

4.0 are starting to emerge (HERMANN, PENTEK and OTTO 2016). These existing 

frameworks can be used as a starting point, similar to the work of Powell et al. (2013), who 



10 
 

used existing implementation frameworks for ERP and Lean Manufacturing as a basis to 

propose a framework for a concurrent implementation of both approaches. 

The Table 1 introduced some examples of use cases of the combination of Industry 4.0 

with Lean Production principles, within the four smart manufacturing enablers. Both 

approaches can support each other, for example, the “andon” system can send failure 

messages directly to smart operators and smart operators can get information via augmented 

reality (KOLBERG and ZULKE, 2015). 

Table 1: Examples of Use Case Combining i4 and Lean 

Source: Kolberg and Zulke (2015). 

 

In their literature review regarding Lean integration with i4, Buer et al. (2018) 

concluded that Scopus by far returned the majority of results, while Science Direct and 

EBSCO returned the fewest. This indicates that Scopus is a potential academic database for 

finding articles relating to the integration of Industry 4.0 and Lean Manufacturing. 

The Figure 2 showed the categorization used by Buer et al. (2018) to study the 

interaction between Lean and Industry 4.0. There are many studies for assessing the impact of 

i4 on Lean and a few of Lean impacting i4 concepts. There are also papers studying how the 

performance is affected by the combination of both approaches and none study was found of 

the impact of environmental factors on the Lean automation system. 

 

Principle: Just-In-Time Principle: Jidoka
Method: Kanban system Method: Andon

Smart Operator
Employee gets information 

about remaining cycle time via 
augmented reality

Wearable computing systems 
receive failures and display it 
in real time to the employee

Smart Product

Smart Product contains 
information of Kanban to 
realize an order-oriented 

production

-

Smart Machine
Machines offer a standardized 

interface for receiving and 
sending Kanban

Machines send failures directly 
to Smart Operators and call 

other systems for fault-repair 
actions

Smart Planner

IT systems reconfigure 
production lines and update 
Kanban according to the new 

configuration

-

Industry 4.0
Lean Production
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Figure 2: Conceptual framework for Lean Automation 

 
      Source: Buer et al. (2018, p. 2930). 

 

In complementary studies, Wagner, Herrmann, and Thiede (2017); and Sanders, 

Elangeswaran, and Wulfsberg (2016) related the mutual impact relationship between Lean 

and i4 approach.  In their paper, Wagner, Herrmann, and Thiede (2017) investigated what 

impact Industry 4.0 will have on existing Lean practices. The authors developed and proposed 

an impact matrix (Figure 3) that can be used as a decision support tool on how to integrate 

these emerging technologies into existing Lean systems. They argued that streamlined and 

waste-free process obtained through a Lean transformation simplifies further efforts to 

automate and digitalize the manufacturing process. In Sanders, Elangeswaran, and Wulfsberg 

(2016) it was presented a framework of barriers for Lean implementation and how i4 

technologies can support Lean journey (Table 2). 
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Figure 3: Industry 4.0 impact matrix 

 
Source: Wagner, Hermann and Thiede (2017, p. 128). 

 

Finally, in the context of Lean Automation, the work of Meudt, Metternich and Abele 

(2017) presented a digitized version of the Value Stream Mapping (VSM) tool, which is a 

fundamental tool for implementing the Lean approach and it is used as a starting point for the 

process of continuous improvement (SISSON AND ELSHENNAWY, 2015; 

RYMASZEWSKA, 2017). The proposed “VSM 4.0” monitors processes performance and 

identifies of data gaps online and the method focused on the flow of information and it 

includes six steps, covering data gathering, storage, usage and KPIs. 

In this sense, it was searched at Scopus database papers regarding VSM and Industry 

4.0, using the keywords: (TITLE-ABS-KEY ("Value stream Map*") AND  TITLE-ABS-

KEY ("Industry 4.0"  OR  "i4"  OR  "smart manufacturing"  OR  "information and 

communication technology") ). Thirteen documents have been found, but all of them explored 

the digitalization of the Value Stream Map, similarly to Meudt, Metternich and Abele (2017) 

approach. No paper, though, was found exploring the use of VSM tool to identify key 

performance areas for proposing digital transformation projects, as a strategic diagnosis 

process. 
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Dimensions of 
Lean 

Manufacturing

Challenges for lean implementation from 
integration perspective

Solutions provided by Industry 4.0

Limited expertise and resources Collaborative manufacturing
Better communication mechanisms

Synchronisation of data
Incomplete goods' shipping status  Item tagging

Mismatch in quantity of transported goods Wireless tracking of goods
Unexpected delays during transportation Smart reallocation of order

Inadequate resources and expertise Standardised interfaces
Equipment compatibility between 

organisations
 Virtual organisations - synergetic cooperation

Little flexibility for product alteration Elongated freeze period
Relationship between needs and functions  Large volume QFD

Acquiring exact customer needs Usage analysis

Improper track of supplied material quantity Material replenishment monitoring

Changes in production schedule Schedule tracking and kanban updating
Errors in inventory counting Real-time inventory tracking

Capacity shortages Subcontracting
Centralised control systems  Decentralised decision making

Human experience-based process 
adaptation

 Self-optimisation & machine learning

Workpiece-machine communication
No control of machine breakdown Machine-worker communication

Unknown problem solving time  Self-maintenance assessment
Predictive maintenance control system

Ignorance of operators Workpiece-machine communication
Inability to track process variations Improved man-machine interface

Process tracking, integration & management
Improper feedback mechanisms  Smart feedback devices

Performance evaluation practices Worker support systems
Monotony in work Improved man-machine interface

Supplier feedback Difference in business models, operation 
and data maintenance practices

Employee 
involvement

Statistical process 
control

Total 
productive/preve

ntive maintenance

Setup time 
reduction

Continuous flow

Pull production

Customer 
involvement

Supplier 
development

JIT delivery by 
suppliers

Table 2: Summary of lean dimensions, challenges and solutions 

 
 

 
Source: Sanders, Elangeswaran, and Wulfsberg (2016). 
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2.2 INDUSTRY 4.0 IN STEELMAKING INDUSTRY 

 

As presented in section 1, the theme Industry 4.0 has great relevance for the global 

iron and steel sector (NEEF, HIRZEL AND ARENS, 2018). There is great expectation for 

this sector to increase its competitiveness by increasing operational efficiency and developing 

new businesses through digital transformation (NEEF, HIRZEL AND ARENS, 2018; 

MARTINS, 2019; PWC, 2016a; 2016b).  

According to Peters (2016; 2017), the biggest impacts of Industry 4.0 on the global 

steel industry refer more to operational efficiency than to changes in its modus operandi itself, 

comprising the following advantages: support for decision regarding quality control; 

intelligent control of the production chain through process automation; intelligent assessment 

of large amounts of data; reprogramming of materials; intelligent assistance systems (for 

example, drones); and intelligent (predictive) maintenance. 

In addition, Peters (2017) lists the main implications of Industry 4.0 for the steel 

industry, namely: 

1. Single plant with a cyber-physical production system (Cyber Physical Systems 

- CPS); 

2. Total traceability of intermediate and final products; 

3. “Intelligent” product with knowledge of its own quality and production history 

(an aspect of end-to-end engineering); 

4. Intensive networks and communication of all plants (“horizontal integration” 

within the company); 

5. Intensive communication throughout the supply chain (“horizontal integration” 

external to the company); 

6. Proper handling and use of all data; 

7. Decentralization (self-organization) instead of centralized solutions. 

To exemplify this potential, there is a successful case of the application of advanced 

Industry 4.0 technologies in the American Big River Steel, which started its operations in 

2017. The entire process chain of the plant is digitally mapped through over 50 thousand 

sensors, where 3 to 4 terabytes of data are monitored and collected monthly. (MPT 

INTERNATIONAL, 2017; ADJOGLE, 2018; MARTINS, 2019). Big River's high level of 

automation directly reflects the results achieved so far of high productivity in its processes 

and high energy efficiency (DE PAULA, 2017; MARTINS, 2019). 
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Furthermore, the Latin American Steel Association (Alacero) presented, at its 58th 

congress, the main developments related to the digital transformation of companies providing 

technology to the steel sector. Among specialized suppliers, the SMS Group, Primetals 

Technologies and Danieli stood out (ALACERO, 2018 apud MARTINS, 2019). 

According to Alacero (2018) apud Martins (2019), with regard to data collection and 

the efficient use of information generated during the production process, SMS Group 

announced the development of technologies that allow reaching a higher level of connectivity 

within the industry through machine to machine networks (M2M) and intelligent data 

analysis, such as: 

 

1. Digitalization of the processes of the different continuous casting 

equipment (molds and segments) in which the data transfer from the 

maintenance management system and database is used to predict the 

quality of the steel; 

2. Real-time monitoring of the steelmaking process by means of the 

detection of radiofrequency combined with infrared (RFID / IR) with 

temperature models of the body of the bucket, refractory and load, 

reaching the complete digitization of all processes related to the 

handling of the bucket;  

3. Use of Big Data and Artificial Intelligence to assemble a model of the 

LD converter process that allows predicting the content of 

temperature, carbon, iron and phosphorus at the end of the blow and 

adapting the parameters on raw materials and wear of the converter 

over one campaign (life of the refractory);  

4. Product quality analysis system through proactive monitoring and 

production control.   

 

In this context, it is interesting to highlight the importance of asset management and 

maintenance for the steel market, which are one of the main essential points of performance. 

In the case of a continuous production process, unplanned stops for repair or adjustment of 

components have a considerable cost to steel producers. To resolve this issue, the company 

Primetals presented a modern management technology, called Intelligent Maintenance and 

Asset Management (Smart Maintenance & Asset Management), which allows a dynamic 

adjustment of predictive and preventive maintenance strategies, based on continuous data 
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analysis. Machine learning and predictive maintenance are used to predict when a mechanical 

device will wear out or break, thus allowing actuators to be replaced before they break 

(ALACERO, 2018; WINTER et al., 2018; MARTINS, 2019). 

Martins (2019) also presented the approach adopted by the company Danieli, which 

developed technologies that reduce the complexity of operations in the steel industry, 

focusing especially on process automation and machine learning, highlighting: 

1) The control of the electric melt shop (EAF) with a predictive model based on 

automatic learning (machine learning) fed by the data of the process, including an adaptive 

control cycle, action on the injectors and the capture of the variables to form a database of the 

process, which allows for productivity gains, reduced time between flows and consumption of 

electricity and coal; 

2) Automatic crane management with advanced vision technologies (with 

longitudinal and transversal sensors), including exposure of a 3D image in real time; 

3) Automatic handling of intermediate deposits of plates, tubes and coils. 

Despite the aforementioned reported potential, relatively few academic works have 

been dedicated to Industry 4.0 implementation to the iron and steel sector (NEEF, HIRZEL 

AND ARENS, 2018), this GAP being one of the motivations for carrying out the present 

work. Furthermore, Neef, Hirzel and Arens (2018) also showed that the focus of i4 research 

agenda for the iron and steel industry has been on the aspect of solving technical problems, 

making it necessary to include an organizational perspective to this research topic. Driven by 

this perspective, Tropia, Silva and Dias (2017) study used a socio-technical approach to 

characterize the production system that is intended to be established by Industry 4.0 in two 

Brazilian steelmaking plants. The characterization was given from Salerno (1992), according 

to organizational parameters with four levels: level of relations in the production chain; level 

of general organization of the company; level of organization of production; and level of 

organization of work. The organizational parameters are described in the Table 3. This socio-

technical perspective will be considered while proposing the management reference model for 

Industry 4.0 in section 4. 
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Table 3: Perspectives of organizational parameters 

Organizational 
Parameter 

Description 

Level of relations in the 
production chain 

Greater integration of business units and dynamism for operations. 
Partnership formation with suppliers and risks regarding information sharing. 
Service orientation and flexibility. 

Level of general 
organization of the 
company 

Reduction of hierarchical levels and less dependence on professionals who 
have control over information. Review of the recruitment and selection 
processes due to the skill requirements and current workforce profile. 

Level of organization of 
production 

Flexibility in directing production orders. More assertive controls of 
production processes due to the development of more robust machines and 
preventive maintenance. 

Level of organization of 
work 

Transformations on the shop floor both in guaranteeing the profession and in 
the scope of work. Greater dependence on the human-machine interface and 
the need for new training to adapt current workers to new roles. 

Source: Tropia, Silva e Dias (2017). 

 

2.3 REFERENCE AND MANAGEMENT MODELS 

 

For Vernadat (1996), “modeling” is fundamental for the integration and coordination 

of productive processes in organizations. According to the author, enterprise modeling seeks 

to meet the goals of creating a more uniform representation of the company, supporting 

projects of new parts of the organization and serve as a benchmark to control and monitor the 

operations of the company. In addition, it is possible with modeling to enable a more efficient 

management of complex systems as well as knowledge management, explaining the 

organizational know-how. A system is defined by Shehabuddeen et al. (1999) as a delimited 

set of elements interrelated with emerging properties and represented in the context of a 

paradigm. For the authors, a model supports the understanding of the dynamics of the 

interactions between the elements of a system. For Bullinger (2008), a model can be defined 

as a set of propositions or statements that express relations between constructs. 

One type of organizational modeling consists of reference models. There are many 

definitions for reference models (Appendix D) and this research will follow the definition of 

Fettke and Loos (2003), in which a reference model would represent a class of domains. 
Fettke and Loos (2007) also identified three characteristics that converge from the literature 

and distinguish the reference models. The first one refers to “best practices”, indicating that a 

reference model must provide the best practices available for conducting a business. The 

second characteristic concerns the “universality” of a reference model, which should represent 

a class of domains, not just a specific situation. Finally, a reference model must also be 

reusable, meaning that it should potentially be replicable by other entities and actors. 
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Within the reference model concept, there are a subset of models known as 

management reference models that are defined by Pagliuso, Cardoso and Spiegel (2010) as 

standardized and generic models, which play a reference role for decision makers regarding 

practices to be employed in operations and processes. Companies have at their disposal 

several reference models to use as a starting point for their management practices, making the 

adaptations considering their context, needs and strategies. In this regard, Cardoso (2008) 

have presented several management reference models used by organizations.  A classic 

reference model in management is the Capability Maturity Model (CMM), which is a model 

dedicated to software and systems development companies, and it aims to support 

organizations in improving their processes maturity. Other well-known management reference 

models are the ISO 9001, which is focused on quality management and PMBOK, focused on 

best practices for project management. 

Now that the reference models were briefly conceptualized, it is important to 

understand how they are adopted by organizations. According to Pagliuso, Cardoso and 

Spiegel (2010), the reference models adoption can be motivated by a series of internal and 

external issues of an organization, such as market, customers, suppliers and other institutions 

pressures. In terms of performance, Becker and Knackstedt (2003) pointed out the positive 

benefits that reference modeling can bring to modeling processes itself, such as the decrease 

in costs, modeling time and risks. This is because the reference model is reusable, universal 

and based on good practices, which allows its reutilization by other modelers. 

From the perspective of knowledge diffusion, Shehabuddeen et al. (1999) presented 

the benefits of using reference models to communicate ideas and discoveries to a broad 

community, including both the academy and industry. It is also possible to make comparisons 

between different situations and to support the development of procedures, techniques, 

methods and tools. In a similar perspective, Zilbovicius (1999) stated that reference models 

play a fundamental role in the diffusion of practices, by establishing a way of thinking, 

addressing and articulating the problems of organizations. Finally, it is worth emphasizing the 

importance that reference models have in legitimizing management practices, which benefits 

both users and the environment that observes and legitimizes them (PAGLIUSO, CARDOSO 

and SPIEGEL, 2010). 

Despite the aforementioned benefits, Francis (2000, p. 144) warned about the use of 

reference models, considering the limitations of the type of instrument. Reference models can 

give an impression of certainty, but the reality they describe can be fluid, contingent and 

temporary (Silverman, 2000). In addition, such models tend to oversimplify reality, and may 
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induce to a reductionist view and misinterpretations. The author warned that although 

practicable, these models may not generate significant results for user organizations. 

Also according to Francis (2000), a reference model, by itself, does not provide an 

organizational tool that can be used for systematic diagnostics, but it can provide the 

foundations for the construction of an evaluation instrument. Based on these statements, 

Narcizo (2017) concluded that the conceptual models are the reference base to guide the 

assessment process.  

 

2.3.1 Reference Models Classification 

 

In order to categorize the reference models, Hay (2007) presented a perspective in 

relation to the nature of their structures, based on the context of data modeling. A model that 

seeks to describe the nature of an organization and the constructs that comprise it can be 

classified as “descriptive”. An example of this type of model is the conceptual reference 

models, which aim to describe generic concepts from the perspective of real companies. In 

another view, reference models can present a path through which an organization must go in 

order to reach a desired state. In this case, the reference models can be classified as 

prescriptive (HAY, 2007). 

Shebuddeen et al (1999) also proposed a model classification perspective but based on 

the applied-conceptual and static-dynamic axes. The first axis, applied-conceptual, classifies 

the degree of application of a model, which varies from an understanding / abstraction of a 

domain to a practical application of a concept in the real world. The second axis, static-

dynamic, classifies the degree of interaction of the elements of a system, varying from static, 

representing the positions and structures within a system, to even dynamic, representing the 

cause and effect relationships within the system. 

Considering a more practical perspective, Fettke and Loos (2004) proposed different 

scenarios for applying the reference models. The first scenario is the derivation and adaptation 

of a reference model for the context of a specific company. Another possibility would be the 

validation of a specific model practiced by a company, which can be used as a benchmark 

analysis tool. The third application scenario refers to the development of a reference model 

that represents a class of domains, providing a generic framework that can potentially be 

replicated by other organizations. The authors also presented a fourth scenario, which is 

specific to the evaluation of ERP packages within organizations. 
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Still in a more practical view about the reference models, it is important to 

conceptualize some approaches on how they are constructed. Pagliuso, Cardoso and Spiegel 

(2010) presented the four approaches to building reference models (Figure 4) as proposed by 

Von Brocke (2007), namely: specialization, aggregation, analogy and integration. 

1) Specialization: in this approach, an initial reference model is translated into a 

specific context. For example, a universal model can be refined to cover the 

characteristics or specificities of a group of companies or sectors of the economy; 

2) Analogy: this approach is similar to specialization, as it also uses an original 

reference model as a basis for its adaptation. The difference is that, instead of 

specializing, it mirrors the existing structure to reflect its new application in a new 

context; 

3) Aggregation: it is when two initial models are grouped with their constructs made 

compatible within the new reference model. The authors point out that this 

approach is less common and generally refers to reference models at an 

intermediate stage of construction; 

4) Integration: the integrative approach concerns not only the grouping and 

compatibility of two original reference models, but an effective integration of them 

with the addition of new requirements and / or guidelines. 

 

Figure 4: Approaches for Reference Models Construction 

 

Source: Adapted from Von Brocke (2007) apud Pagliuso, Cardoso and Spiegel (2010). 
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In addition to the types of construction, the reference models can be described 

according to the classification proposal made by Fettke, Loos and Zwicker (2005), as shown 

in Figure 5. This classification consists of four dimensions: Identification, Characterization, 

Construction and Application. The “Identification” dimension refers to the description of the 

scope and name of the reference model in question. The dimension “Characterization”, on the 

other hand, refers to the structural aspects of the model, considering the source, the 

construction approach used, who is responsible for the model, type of access and available 

tools involved. The “Construction” dimension refers to the content of the model itself, as well 

as the methods used for its construction and evolution. This dimension comprises the 

following aspects: the domain (represented by the perspective of users of the model), types of 

language adopted, diagrammatic representation, dimensions that make up the model and the 

methods of construction and evolution of the model. Finally, in the dimension “Application”, 

the types of application regarding the developed model must be addressed, showing, for 

example, whether the model will be applied for measuring maturity or some type of 

certification (PAGLIUSO, CARDOSO AND SPIEGEL, 2010). 

 

Figure 5: Reference Model Classification 

Source: Fettke, Loos and Zwicker (2005). 

 

Although the main output of this work is a conceptual model, it was previously 

mentioned that the present work is expected to evolve towards the construction of a maturity 
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assessment instrument. For the construction of assessment instruments, the six criteria defined 

by Francis (2000) were considered, as shown in the table below. 

 

Table 4: Francis (2000) six criteria for the construction of assessment instruments 

Criteria Logic 

Provide focus The assessment should focus attention on problems, issues or development needs 

specifically related to maturity in Industry 4.0. 

Address 

significant areas 

The assessment should address issues that are important for the company to improve 

- whether achieving strategic goals, facilitating renewal or developing necessary 

capabilities. 

Have sufficient 

validity 

The results of the assessment must be sufficiently valid to provide a reasonable basis 

for managerial decision-making (that is, data and interpretations must be at least as 

good as the company's regular intelligence data). 

Possess 

reconfiguration 

potential 

The evaluation process needs to have the potential to facilitate the structuring of the 

digital transformation present in the minds of managers, in a process of "reframing" 

or "reconfiguration". 

Being able to 

relate to action 

plans 

The results of the evaluation must be able to advance in action programs. These can 

be initiatives to develop or realize potential, an extension of ongoing initiatives or 

corrective initiatives to solve problems. 

Be easy to 

administer 

The work involved in the process needs to be acceptable to all parties and viable with 

the resources available. 

Source: Francis (2000). 

 

Francis (2000) and its application in Narcizo (2012) described four possible types of 

instrument, considering the research context and the theme of the evaluation, ranging from a 

specific evaluation to a more general one.  

The Table 5 below showed possible options for building assessment instruments. 
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Table 5: Options for building assessment instruments.  

Option Description Advantages Disadvantages 

1 

Organizations use a standardized 

tool that their company with a 

best practice model 

- Standardized 

- Low level of qualifications 

required of the consultant 

-Possibility of comparisons 

between companies 

- Lower cost 

- Little context 

sensitive 

- Made for the 

organization instead 

of doing it 

- Assume that there is 

a best practice model 

2 

Organizations articulate their 

competitive strategies and assess 

the extent to which they have the 

appropriate Industry 4.0 

maturity. 

- Driven by strategy 

- Addresses top management 

concerns 

- Relates maturity in Industry 4.0 to 

the firm's specific objectives 

- It is not oriented 

towards maturity in 

Industry 4.0 itself 

- Requires high-level 

facilitation 

- Results are not 

standardization 

-High cost 

- Requires trained 

facilitators 

3 

Organizations use a standardized 

instrument, complemented by 

the collection of other data. The 

report is specific to the company 

and is based on a model of best 

practices. 

- Semi-standard 

- Moderately sensitive to context 

- Enables comparison between 

companies 

- Average cost 

- Requires trained 

facilitators 

4 

Facilitators use the approach 

they determine to be appropriate 

for a specific company at a 

given time. 

- Highly context sensitive 

- High cost 

- High level of 

knowledge required 

- Comparisons 

between companies 

are not possible 

Source: the author, based on Francis (2000) and Narcizo (2012). 

 

2.3.2 Industry 4.0 Maturity Models 

 

Inside reference models domain, there is a type of model called maturity models, that 

can be defined as instruments or reference models used to measure the maturity and 

capabilities of an organization on a given topic, considering a desired future state and logic of 
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evolution of those capabilities in a previously defined manner (SCHUMACHER, EROL and 

SIHN, 2016; RÖGLINGER et al., 2012). In his thesis, Narcizo (2017) used the premise that a 

maturity model can be classified as a type of reference model, when aligned with the 

propositions of De Bruin et al. (2005) and Ahlemann & Gastl (2007). 

Maturity models represent theories about how organization's capabilities evolve along 

a pre-defined, desired or logical route (Röglinger et al., 2012, p. 4), considering that there are 

predictable and systematizable patterns for the process of organizational change and evolution 

over time. Maturity, in this context, can be defined as a state of being complete, perfect, or 

ready (SIMPSON & WEINER, 1989) and presupposes progress in the development of an 

intended system. Maturity models are a subcategory of reference models. Their origin began 

with the software development field, to assess the quality of implemented processes in a 

company. Some notorious examples are the CMMI (Capability Maturity Model Integration) 

and SPICE (Software Process Improvement and Capability Determination). 

The maturity models basically have three perspectives of use. The first, descriptive, in 

which the current state is mapped as a diagnosis, the second, prescriptive, identifies the 

desired levels of maturity for the future, establishing a route of change and orientation to 

reach them. Finally, the comparative perspective, in which the comparison of results and 

performance between individuals and organizations is taken using, for example, the internal 

and external benchmark mechanism (RÖGLINGER et al., 2012 apud Narcizo, 2017; 

PÖPPELBUß and RÖGLINGER, 2011 apud Narcizo, 2017). 

For Mettler et al. (2010) maturity models have some basic characteristics, containing 

the following basic components: a number of maturity levels; a description of each level; a 

synthesis of the main characteristics of each level; a number of dimensions; a number of 

elements or activities for each dimension; and a description of each activity or element, 

considering how it should be performed at each maturity level. 

Although there are currently several models available for measuring the maturity of 

business process management (Business Process Management, BPM), the vast majority 

derives from the Capability Maturity Model (CMM). This model was developed by the 

Institute of Software Engineering at Carnegie Mellon University, with the objective of 

evaluating the maturity of the processes related to the software development industry. 

(PAULK et al., 1993; ROSEMANN AND DE BRUIN, 2005; apud Narcizo, 2017). 

In the context of Industry 4.0 implementation, maturity models are applied as a 

guidance to overcome the difficulties being faced by organizations to understand and apply 

the i4 concepts into practice (EROL, SCHUMACHER and SIHN, 2016; SJÖDIN et al., 
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2018). Some of these difficulties were punctuated by Schumacher, Erol and Sihn (2016) as 

follows: 

     1) Companies consider that the concepts of Industry 4.0 are complex and there is 

no strategic direction to support deployment; 

    2) There is no clarity about the earning potential with the adoption of Industry 4.0; 

    3) Companies do not usually assess their capabilities to take the necessary steps to 

change. 

From this need, the maturity models in Industry 4.0 will be studied to compose the 

conceptual structure of the management reference model. Initially, the work of Schumacher, 

Erol and Sihn (2016) was analyzed since it is the result of a literature review on the topic and 

it is the most cited work on Google Scholar regarding Industry 4.0 maturity models. From the 

reading of Schumacher, Erol and Sihn (2016), the authors strongly recommended the 

reference of Lichtblau et al. (2015) and, therefore, their proposed maturity model was also 

analyzed. The initial idea was to use these two references to build a comprehensive view of 

Industry 4.0 and then to replicate it in the studied steelmaking plant. Although, the 

information provided in the models were not fully available for the researcher, due to 

commercial and confidentiality terms. For example, Schumacher, Erol and Sihn (2016) did 

not provided the applied questionnaire neither the full list of assessment items. Lichtblau et al. 

(2015), on the other hand, did not disclosure the compilation rules and method to compose the 

maturity levels. Since not all information was transparent and available, the decision taken 

was to carry out a systematic literature review (SLR) on maturity models in Industry 4.0. The 

SLR will build the conceptual base to make feasible, in the future, the creation of a maturity 

assessment product that considers steelmaking specific characteristics. 

2.3.2.1 Systematic Literature Review 

This systematic literature review will follow the guidelines proposed by Tranfield, 

Denyer and Smart (2003). The authors suggested three stages for the development of a 

systematic review: revision planning; conducting the review; and reporting and dissemination 

(Figure 6). 

According to these authors, the revision planning (Stage I) involves the identification 

of the need for revision, the preparation of the revision proposal and the development of a 

revision protocol. The Stage 2, which is the conduct of the review itself, includes the selection 
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of studies, evaluation of the quality of the studies, application of exclusion criteria and, 

finally, synthesis of the data collected (TRANFIELD, DENYER and SMART, 2003). 

 

Figure 6: SLR Method of Tranfield, Denyer and Smart (2003) 

 

Source: the author. 

For the review of maturity models for Industry 4.0 the Scopus and Science Direct 

bases were used as a reference, in the period of March/2020. Finally, in the Stage 3, reporting 

and dissemination, presents the results and recommendations based on literature review. The 

followed steps for the systematic literature review are presented in the Table 6 and Figure 7. 

 

Table 6: Stages for SLR 

Stage Description 

Planning the 
review 

Objective of the review: to map literature references about industry 4.0 maturity models.  
Used databases: Scopus and Science Direct. 
Key words for research: (TITLE-ABS-KEY ( "maturity model"  OR  "readiness 
model"  OR  "maturity assessment"  OR  "readiness assessment" )  AND  TITLE-ABS-
KEY ( "industry 4*"  OR  "i4"  OR  "industrie 4*" ) )  AND  DOCTYPE ( ar  OR  re ). 
Inclusion criteria 1: Does it directly address and propose dimensions and assessment 
items for industry 4.0 maturity assessment? 
Inclusion criteria 2: English language. 

Conducting the 
review 

It was screened 31 papers from Scopus and Science Direct Databases. Applying the 
inclusion criteria and eliminating duplicates, 11 papers were selected for further analysis. 
It will be analyzed nationality contribution, annual evolution, Qualis classification impact, 
maturity models approach, main dimensions and type of maturity levels. 

Reporting and 
dissemination 

Grouping the identified dimensions for assessing Industry 4.0 maturity. 

Source: the author, based on Tranfield, Denyer and Smart (2003). 
 

 

Stage I - Planning the review
Phase 0 - Identification for the need for a review
Phase 1 - Preparation of a proposal for a review
Phase 2 - Development of a review protocol

Stage II - Conducting a review

Phase 3 - Identification of research
Phase 4 - Selection of studies
Phase 5 - Study quality assessment
Phase 6 - Data extraction and monitoring progress
Phase 7 - Data synthesis

Stage III - Reporting and dissemination

Phase 8 - The report and recommendations
Phase 9 - Getting evidence into practice



27 
 

Figure 7: Systematic Literature Review 

Source: the author, based on Tranfield, Denyer and Smart (2003). 

 

After applying the inclusion criteria and eliminating the duplicates, the selected papers 

for further analysis are portrait in the Table 7. Additionally to the screened literature, the work 

of Lichtblau et al. (2015) was also included for further analysis, since it was recommended by 

Schumacher, Erol and Sihn (2016). 

In order to qualify the impact of the reviewed publications, Qualis classification will 

be considered. Qualis is a Brazilian system for evaluating journals, which is maintained by the 

Coordination for the Improvement of Higher Education Personnel (CAPES), which lists and 

classifies the vehicles used for the dissemination of the intellectual production of education 

programs. A quality grade, from A to C is given based on the assessment area. A1 is the 

highest score whilst C is the lowest.  The academic Qualis classification of the selected papers 

is summarized in the Table 8: 
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Table 7: Selected papers from SLR 

Paper Authors Year Journal Qualis 

A maturity assessment approach 
for conceiving context-specific 
roadmaps in the Industry 4.0 era 

Colli, M., Berger, U., 
Bockholt, M., Madsen, 
O., Møller, C., Wæhrens, 
B.V. 

2019 
Annual Reviews in 

Control  
ISSN: 1367-5788 

A1 

Development of an Industry 4.0 
maturity model for the delivery 
process in supply chains 

Asdecker, B., Felch, V. 2018 
Journal of Modelling 

in Management 
ISSN: 1746-5664 

B4 

Defining and assessing industry 
4.0 maturity levels–case of the 
defence sector 

Bibby, L., Dehe, B. 2018 
Production Planning 

& Control 
ISSN: 1366-5871 

A1 

Smart Factory Implementation 
and Process Innovation 

Sjödin, D.R., Parida, V., 
Leksell, M., Petrovic, A. 

2018 
Research Technology 

Management 
ISSN: 0895-6308 

No Qualis 
classificat

ion 
available 

Contextualizing the outcome of a 
maturity assessment for Industry 
4.0 

Colli, M., Madsen, O., 
Berger, U., Møller, C., 
Wæhrens, B.V., 
Bockholt, M. 

2018 
IFAC Papers Online 

ISSN: 2405-8963 
B5 

Evolution of SMEs towards 
Industrie 4.0 through a scenario 
based 
learning factory training 

Wienbruch, Thom; 
Stefan Leineweber; 
Dieter Kreimeier;Bernd 
Kuhlenkötter 

2018 
Procedia 

Manufacturing 
ISSN: 2351-9789 

B5 

Concept for an evolutionary 
maturity based Industrie 4.0 
migration model 

Leineweber Stefan; 
Wienbruch Thom;Lins 
Dominik;Kreimeier 
Dieter;Kuhlenkötter 
Bernd 

2018 
Procedia CIRP 

ISSN: 2212-8271 
B5 

Deriving essential components of 
lean and industry 4.0 assessment 
model for manufacturing SMEs 

Sri Kolla; Meysam 
Minufekr; Peter Plapper 

2019 
Procedia CIRP 

ISSN: 2212-8271 
B5 

Roadmapping towards industrial 
digitalization based on an 
Industry 4.0 
maturity model for 
manufacturing enterprises 

Andreas Schumacher; 
Tanja Nemeth; Wilfried 
Sihn 

2019 
Procedia CIRP 

ISSN: 2212-8271 
B5 

Industry 4.0 technologies: 
Implementation patterns in 
manufacturing companies 

Alejandro Germán 
Frank; Lucas Santos 
Dalenogare; Néstor 
Fabián Ayala 

2019 

International Journal 
of Production 
Economics 

ISSN: 0925-5273 

A1 

A maturity model for assessing 
Industry 4.0 readiness and 
maturity of 
manufacturing enterprises 

Andreas Schumacher, 
Selim Erol, Wilfried Sihn 

2016 
Procedia CIRP 

ISSN: 2212-8271 
B5 

IMPULS - Industrie 4.0- 
Readiness. 
 

Lichtblau K, Stich V, 
Bertenrath R, Blum M, 
Bleider M, Millack A et 
al. 

2015 
VDMA’s IMPULS-
Stiftung research 
project. 

No Qualis 
classificat

ion 
available 

Source: the author. 
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Table 8: Selected papers by Qualis Classification 

Qualis Classification Qty Papers 

A1 3 

B4 1 

B5 6 

Without Qualis classification 2 

Source: the author. 

 

According to the reviewed literature, the main countries to contribute to Industry 4.0 

maturity models are Germany and Austria, with five and two papers each. The majority of 

produced papers are concentrated in Europe, one paper was produced in America and none 

paper from Africa, Asia or Oceania was identified (Figure 8). 

Regarding the number of publications of i4 maturity models, there is a small rise in average if 

we compared 2016/2017 with 2018/2019 (Figure 9). In the researcher’s point of view, the 

number of papers for this topic is relatively low since it is a recent topic, starting in 2015. 

 

Figure 8: Nationality contribution 

Source: the author. 
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Figure 9: Annual evolution of industry 4.0 

Source: the author. 

 

Another assessment made is regarding the keywords used. It is noticed a concentration 

of occurrences about the terms "Industry 4.0" and "Maturity Model", being therefore 

recommended for works that have the purpose of exploring this subject. It is also evident the 

great dispersion and heterogeneity of terms in research with this focus, as can be seen in Table 

9. 

 

Table 9: Keywords occurrences 

Number of 
occurrences 

Keywords 

8 Industry 4.0 

6 Maturity model 

4 Digital transformation 

3 Maturity Assessment 

2 Problem based learning; Digitalization; Smart manufacturing; Industrie 4.0 

1 
Roadmapping; learning factory; Logistics; process innovation;  Supply chain 

management; lean;  Defence Sector;  Manufacturing; Manufacturing companies; learning 
concepts; Change management; self-assessment tool; scenario based; Smart factory 

Source: the author. 

 

To represent the different perspectives of the existing models in the reviewed 

literature, the articles were classified according to their type or focus of approach to their 

1
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construction: Sociotechnical; Organizational; Logistics; Strategic Deployment; Lean and i4 

integration; and technology focused. The socio-technical approach (WALKER et al, 2008) 

stood out in comparison to the other approaches presented. In this approach, maturity in 

Industry 4.0 is assessed considering technical, organizational and competence factors. The 

others have very different focuses, ranging from a model focused on assessing the maturity of 

Industry 4.0 in the Logistics process to a model that is totally focused on measuring the 

maturity of technological advancement purely (Table 10). 

 

Table 10: Models Approach 

Model approach Number of 
occurrences 

Sociotechnical 9 

Logistics 1 

Lean and i4 integration 1 

Technology focused 1 

Source: the author. 

 

As shown in the Table 10, the papers vary in terms of scope and perspective for 

Industry 4.0 implementation. The next sections will briefly present eight out of the twelve 

reviewed papers. This selection aimed to cover all approaches from Industry 4.0 maturity 

modeling identified: sociotechnical; logistics; lean and Industry 4.0 integration; and 

technology focused. 

 

2.3.2.1.1 Schumacher et al (2019) and Schumacher et al (2016) Maturity Models 

 

Both Schumacher et al (2019) and Schumacher et al (2016) models explored the 

technical and organizational aspects of Industry 4.0 transformation. Schumacher, Erol and 

Sihn (2019) proposed a model that contains 8 dimensions: Strategy, Employees, Corporate 

Standards, Data and information, Value Creation Process, Customer and Partners, Products 

and Technology. The model derives from the model proposed by Schumacher et al (2016) 

that presented nine dimensions (Strategy, Leadership, Customers, Products, Operations, 

Culture, People, Governance and Technology). 
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In short, Schumacher et al (2019) and Schumacher et al (2016) proposed, respectively, 

65 and 62 maturity items. The assessment model is carried out through a questionnaire to be 

answered by professionals who has prior knowledge about the concepts of Industry 4.0. 

 

Table 11: Dimensions and maturity items of Industry 4.0 Maturity Model 

Dimension Assessment items 

Technology Technology for information exchange; Utilization of cloud technology; Mobile devices 

on shop floor; Decentral information storage; Sensors for data collection; Integrated 

computers in machines; Integrated computers in tools; Additive manufacturing; 

Utilization of robots 

Products Product individualization; Flexibility of product characteristics; Collection of product-

use-information; Data processing components in products; Internet connection of 

products; Digital compatibility and interoperability of products; IT-services related to 

physical products 

Customer 

and partners 

Openness to new technology; Competence with modern ICT; Digitalization of customer 

contact; Customer integration in product development; Utilization of customer related 

data; IT-collaboration for product development; Digital contact with company partners; 

Company partner's degree of digitalization 

Value 

Creation 

Process 

VC-Process automation; Autonomy of machine park; Information exchange between 

machines; Remote control of machine park; Automated quality control; Databased 

machine maintenance; Automation object handling; Collaboration of humans and robots 

Data and 

information 

Digital information processes; Automated data collection; Analysis of collected data; 

Databased decision making; Automated information provision; Individualization of 

provided information; Digital process visualization; Data-driven software-simulation of 

future scenarios 

Corporate 

Standards 

Monitoring of Industry 4.0 realization; Technological standards; Recruitment for Industry 

4.0; Adjustments of works arrangements; Employee trainings for digital competences; 

Legal protection for digital products and services; Increased cyber security; Rules for 

employees in digital work environment  

Employees Openness to new technology; Competences with modern ICT; Awareness of non-IT-

employees for data; Awareness of non-IT-employees for cyber security; Willingness to 

flexibilize work arrangements; Autonomy of shop floor workers; Experience with 

interdisciplinary work; Willingness for continuous training on the job; Knowledge about 

employee competences  

Strategy 

and 

Leadership 

Roadmap for Industry 4.0 realization; Central coordination of Industry 4.0 activities; 

Financial resources to realize Industry 4.0; Communication of Industry 4.0 activities; 

Employee objectives to realize Industry 4.0; Risk assessment for Industry 4.0; 

Willingness of managers to realize Industry 4.0; Manager trainings for Industry 4.0  

Source: Schumacher et al (2019). 
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Schumacher et al (2016) used a Likert scale, ranging from 1 (lack of any attribute) to 5 

(representing the state of the art of the required attributes). Schumacher et al (2019) though, 

used a four level assessment, with a possibility for the respondent to mark the most important 

assessment items to be considered in the analysis process. 

The works of Schumacher et al (2019) and Schumacher et al (2016) are clear for the 

Industry 4.0 dimensions and the method of calculating the maturity levels. On the other hand, 

the questionnaires and the detailed description of the assessment items were not provided. 

Additionally, Schumacher et al (2019) provided the full list of assessment items (Table 11), 

on the contrary of Schumacher et al (2016) who just presented 39% of the list of assessment 

items.  

 

2.3.2.1.2 Lichtblau et al. (2015) Maturity Model 

 

Lichtblau et al. (2015) model followed the sociotechnical perspective. The Industry 

4.0 implementation status was determined empirically and categorized using a classification 

scheme, the Readiness Model, applied for the German mechanical industry. 

The model presented by the authors is a self-assessment tool that allows comparing the 

current state with the reference industry in Industry 4.0 application (benchmark profile) and 

the desired future state (target profile). In this way it is possible to evaluate not only the 

dimensions that are well structured but also the dimensions that need attention and to be 

further developed. The model hierarchy is deployed from dimension to fields and then criteria 

(Figure 10). Based on the answers, companies are classified into three categories: 

“newcomers”, “learners”, and “leaders”. The classification considered six key dimensions of 

Industry 4.0: strategy and organization; smart factory; smart operations; smart products; data-

driven services and employees (Table 12).  
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Figure 10: Dimensions and associated fields of Industry 4.0 

Source: Lichtblau et al. (2015), pag.22. 

 

Table 12: Six Dimensions for Industry 4.0 

Dimension Description 

 

 

 

 

Smart 

factory 

 

Successful implementation of Industrie 4.0 enables distributed, highly automated production. 

Unlike in traditional production, smart workpieces will control and monitor the production 

process and, in the final expansion phase, guide themselves autonomously through 

production. This happens in the environment of the smart factory. The smart factory is a 

production environment in which the production systems and logistics systems largely 

organize themselves without human intervention. 

The smart factory relies on cyber-physical systems (CPS), which link the physical and virtual 

worlds by communicating through an IT infrastructure, the Internet of Things. Industrie 4.0 

also involves digital modeling through the smart gathering, storage, and processing of data. 

In this way, the smart factory concept ensures that information is delivered and resources are 

used more efficiently. This requires the real-time, cross-enterprise collaboration between 

production systems, information systems, and people. These integrated systems produce 

huge amounts of data that are processed, analyzed, and integrated into decision-making 

models. 

Smart 

products 

Smart products are a vital component of a unified “smart factory” concept facilitating 

automated, flexible, efficient production. Physical products are equipped with ICT 
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components (sensors, RFID, communications interface, etc.) to collect data on their 

environment and their own status. Only when products gather data, know their way through 

production, and communicate with the higher-level systems can production processes be 

improved and guided autonomously and in real time. It also becomes possible to monitor and 

optimize the status of the individual products. This has potential applications beyond 

production alone. Using smart products during the usage phase makes new services possible 

in the first place – through communications between customers and manufacturers, for 

example. 

Data-

driven 

services 

The objective of data-driven services is to align future business models and enhance the 

benefit to the customer. The after-sales and services business will be based more and more 

on the evaluation and analysis of collected data and rely on enterprise-wide integration. The 

physical products themselves must be equipped with physical IT so they can send, receive, or 

process the information needed for the operational processes. This means they have a 

physical and digital component, which in turn are the basis for digitized services in the usage 

phase of the products. 

Smart 

operations 

One hallmark of Industrie 4.0 is the enterprise-wide and cross-enterprise integration of the 

physical and virtual worlds. The advent of digitization and the plethora of data it has brought 

to production and logistics have made it possible to introduce what are in some cases entirely 

new forms and approaches to production planning systems (PPS) and supply chain 

management (SCM). The technical requirements in production and production planning 

necessary to realize the self-controlling workpiece are known as smart operations. 

Strategy 

and 

organizatio

n 

Industrie 4.0 is about more than just improving existing products or processes through the 

use of digital technologies – it actually offers the opportunity to develop entirely new 

business models. For this reason, its implementation is of great strategic importance. This 

dimension has four criteria: Implementation status of Industrie 4.0 strategy, 

Operationalization and review of strategy through a system of indicators; Investment activity 

relating to Industrie 4.0; Use of technology and innovation management. 

Employees Employees are the ones most affected by the changes in the digital workplace. Their direct 

working environment is altered, requiring them to acquire new skills and qualifications. It is 

critical that companies prepare their employees for these changes through appropriate 

training and continuing education. Readiness in the dimension of employees is determined 

by analyzing employees skills in various areas and the company’s efforts to acquire new skill 

sets. 

Source: Lichtblau et al. (2015). 

 

The six dimensions of the model are assessed considering the level of maturity for 

each topic (Figure 11), where “Level 0” describes the outsiders – those companies that have 

done nothing or very little to plan or implement Industry 4.0 activities. The “Level 5” 

describes the top performers – those companies that have successfully implemented all 
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Industry 4.0 activities. The levels are grouped in three main categories: leaders, learners and 

newcomers. The leaders include the experienced, experts and top company performers. The 

learners comprise the intermediate or level 2 companies and newcomers represent the group 

of outsiders and beginners. The Annex A contains the detailed classification of each level for 

the six key dimensions. 

 

Figure 11: Six levels of Industry 4.0 Readiness Model 

Source: Lichtblau et al. (2015). 
 

In general, Lichtblau et al. (2015) pointed out for main issues regarding Industry 4.0 

development and implementation: 

1. Industry 4.0 must be rooted more firmly in the corporate strategy; 

2. Qualified personnel is already an issue; 

3. Data-driven services and smart products enable new business models; 

4. Funding of Industry 4.0 projects must be ensured. 

 

Although the dimensions and criteria are available, the questionnaire was not open for 

consultation, especially how the answers are compiled to compose the maturity levels. If 

compared to Schumacher et al (2019) and Schumacher et al (2016) studies, Lichtblau et al. 

(2015) have a complimentary approach, detailing more the criteria itself. Lichtblau et al. 

(2015) has also a more aggregated vision of Industry 4.0 implementation, for example, the 
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technical dimensions “Technology” and “Data and Information” proposed by Schumacher et 

al (2019) is distributed inside Lichtblau et al. (2015) dimensions.  

 

2.3.2.1.3 Frank, Dalenogare and Ayala (2018) Maturity Model 

 

Frank, Dalenogare and Ayala (2018) model has a different approach, focusing more on 

the technological aspect of Industry 4.0 adoption pattern. The model is divided in four front 

end and four base technologies, and structure how these technologies evolve in three stages. 

The front end and base technologies are then deployed in categories and in inner technologies. 

The Tables 13, 14 and 15 present how the front end technologies are divided and the Table 16 

show how the base technologies are divided. 

 

Table 13: Front End Technology – Smart Manufacturing 

Category Technology 

Vertical Integration Sensors, actuators and Programmable Logic 
Controllers (PLC) 
Supervisory Control and Data Acquisition (SCADA) 

Manufacturing Execution System (MES) 

Enterprise Resource Planning (ERP) 

Machine-to-machine communication (M2M) 

Virtualization Virtual commissioning 

Simulation of processes (e.g. digital manufacturing) 

Artificial Intelligence for predictive maintenance 

Artificial Intelligence for planning of production 

Automation Machine-to-machine communication (M2M) 

Robots (e.g. Industrial Robots, Autonomous Guided 
Vehicles, or similar) 

Automatic nonconformities identification in 
production 

Traceability Identification and traceability of raw materials 

Identification and traceability of final products 

Flexibility Additive manufacturing 

Flexible and autonomous lines 

Energy 

Management 

Energy efficiency monitoring system 

Energy efficiency improving system 

Source: the author. 
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Table 14: Front End Technology – Smart product technologies 

Category Technology 

Capabilities of 

Smart, connected 

products 

Product's connectivity 
Product's monitoring 
Product's control 
Product's optimization 

Product's autonomy 

Source: the author. 

 

Table 15: Front End Technology – Smart Supply Chain and Smart working 

Type of technology Technology 

Smart Supply Chain Digital platforms with suppliers 
Digital platforms with customers 
Digital platforms with other company units 

Smart working 
Remote monitoring of production 
Remote operation of production 

Augmented reality for maintenance 

Virtual reality for workers training 

Augmented and virtual reality for product 
Development 

Collaborative robots 

Source: the author. 
 

Table 16: Base Technologies 

Category Technology 

Capabilities of Smart, 

connected products 

Internet of Things (IoT) 
Cloud computing 
Big data 
Analytics 

Source: the author. 
 

If compared to Schumacher et al (2019), Schumacher et al (2016) and Lichtblau et al. 

(2015), the Frank, Dalenogare and Ayala (2018) maturity model covers technological aspects 

of a smart value chain and its connectivity in an evolutionary way. On the other hand, Frank, 

Dalenogare and Ayala (2018) do not embrace the human aspect of Industry 4.0 

implementation, emphasized by other aforementioned authors.  
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2.3.2.1.4 Bibby and Dehe (2018) Maturity Model 

Bibby and Dehe (2018) maturity model is based on a sociotechnical approach, 

proposing three areas: Factory of the Future, People and Strategy. These areas are divided in 

criteria that, in turn, are divided in maturity assessment items as shown in Table 17. 

The model used the Likert scale for the assessment items, ranging from 1 (lowest 

possible score) to 5 (highest possible score). The proposed maturity assessment classifies the 

final score in four levels: minimal, development, defined and excellence. 

Table 17: Bibby and Dehe (2018) maturity model  

Area Criteria Maturity Assessment Item 
Factory 
of the 
Future 

3DP  The organization uses a 3DP machine for the creation of tooling, prototypes or 
spare parts 
The organization’s 3DP machines use metal alloys as its raw material 

Cloud The organization store information within a cloud network 
Hard resources (e.g. machines and robots) and soft resources (e.g. data, 
documents and software) are connected to a cloud 

MES The organization has the ability to see live manufacturing systems and make 
changes immediately 
The organization uses digital media to bring information directly to the 
workforce 

IoT and CPS The organization uses advanced connectivity technology between equipment, 
products and people 
There is evidence that the organization has embraced digitalization for 
product, parts and machinery 

Big Data The organization has the ability to access data quickly and effectively from 
equipment, products, machines, facilities and systems 
The organization has the ability to analyze process data in order to make 
decisions, share information and improve negative trends 

Sensors There is evidence that the organization is using sensors on products and 
supplied parts 
Intelligent sensors are used within the organization’s manufacturing process to 
support automation 

e-value chain The level of connectivity and collaboration the organization has with its 
suppliers is high 
Customers have the ability to access the organizations systems to view 
manufacturing progress and delivery dates 

Autonomous 
robots 

The organization’s machines have the ability to be run autonomously or 
through an external system 
The level of automation is evident within the production area 

People 
and 
culture 

Innovation 
process 

There is evidence to suggest the majority of the workforce is familiar with the 
Industry 4.0 innovations 
The organization operate using ‘zero paper’ to control, display and transport 
data 

CI culture There is a sense of continuous improvement culture within the company 
Strategy Technology 

investment 
There is evidence that the organization is investing in industry 4.0 technology 
and IT infrastructure 

Agility Vision The organization has the ability to quickly and easily customize products to a 
customer’s request whilst maintaining the same service quality 
There is evidence of partnering with external organizations related to 
deploying Industry 4.0 

Manufacturing 
Strategy 

There is a clear Industry 4.0 roadmap available 

Source: the author. 
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Bibby and Dehe (2018) model presented a comprehensive maturity model, with 

detailed assessment items in aggregated areas and the compilation of scores is clearly 

explained by the authors. One issue raised is that the model focuses more in the technological 

and process aspect of the Industry 4.0 implementation, covering more people and 

competences parameters than Frank, Dalenogare and Ayala (2018), but with less detail if 

compared to Schumacher et al (2019) and Schumacher et al (2016).  

 

2.3.2.1.5 Kolla, Minufekr and Plapper (2019) Maturity Model 

Kolla, Minufekr and Plapper (2019) proposed an alternative perspective to Industry 

4.0 maturity modeling. Their model is dedicated to Small and Medium Entreprises (SMEs) 

and convers the Industry 4.0 and Lean approaches. Their conceptual model links the SMEs 

characteristics with Lean and i4 components, as shown in Table 18. There are no dimensions 

provided in the model, since it focused on the SMEs features. 

Table 18: Kolla, Minufekr and Plapper (2019) Maturity Model 

Characteristic of an SME Lean and I4.0 components 

Ability to produce customized 
products 

Lean components: Reduction of change over time (SMED); 
Continuous improvements (kaizen); Production levelling (heijunka). 
I4.0 components: Simulation models; Smart facilities. 

Lack of up to date ICT integration  I4.0 components: Vertical integration of the company-wide 
network. For example, Enterprise Resource Planning (ERP) and 
Collaborative Planning, Forecasting and Replenishment (CPFR) 

Lack of advanced manufacturing 
technologies (AMT)  

I4.0 components: Machine to machine communication; Human to 
machine interface 

A close relationship with customers  Lean components: Value Stream Mapping (VSM)  
I4.0 components: Horizontal integration of value networks. For 
example: ICT infrastructure for scheduling and controlling external 
logistics 

Lack of awareness of standards and 
decentralization of processes, as well 
as interdepartmental and 
interdisciplinary collaborations. & 
Excess storage  

Lean components: Material replenishment, VSM, and 
standardization  
I4.0 components: Horizontal and vertical integration of all the 
socio-technical systems in the company 

Knowledge gap in strategic decision 
making   

Lean components: Key Performance Indicators (KPIs), Strategic 
planning and implementation of lean tools  
I4.0 components: Big data analytics of decision making, Strategic 
planning and implementation of digital tools 

Lack of a strong collaborative 
network  

Lean components:  Multiple suppliers  
I4.0 components: Horizontal integration of value network 

Diverse qualification of employees 
& lack of mentoring, targeted 
individual training and supervision  

Lean components: Training on lean tools such as 5S, quality and 
standardization  
I4.0 components: Training on smart sensors, digital technologies, 
and data analytics etc. 

Resistance to change, Lack of open 
innovation culture & Lack of flexible 
organizational culture 

These specific characteristics hinders the transformation towards 
lean and I4.0 in a manufacturing SME. Therefore, management 
needs a long-term holistic transformation plan of above-mentioned 
dimensions. 

Source: the author. 
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2.3.2.1.6 Adecker and Felch (2018) Maturity Model 

 

Adecker and Felch (2018) also added an alternative perspective to Industry 4.0 

maturity modeling. Their model is called “Delivery Process Maturity Model 4.0 (DPMM 

4.0)” and focuses on the following three supply chain areas: order processing, warehousing 

and shipping. The maturity stages are composed of five stages: basic digitalization; cross 

departmental digitalization; horizontal and vertical digitalization; full digitalization; and 

optimized full digitalization. The model proposed nine approaches to the supply chain areas, 

as shown in Table 19.  

Table 19: Delivery Process Maturity Model 4.0 

Industry 4.0 approach Description 
Integrated database The company uses a single consistent database that integrates disparate 

sources of data from different departments 
Integrated interfaces The organization provides shared and integrated interfaces to avoid media 

discontinuities; this refers to interfaces between organizations, human-
machine interfaces and user/product interfaces 

Consistent data/ 
information flow 

An end-to-end data/information flow is built from multiple sources to enable 
real time analytics 

Mobile devices  Employees can access, edit and add information everywhere through mobile 
devices that use cloud services 

Digital mapping  
 

Data on the physical reality are compiled and formatted into a virtual image 
to create a digital twin. The digital twins create simulation models for the 
purpose of monitoring, diagnostics and prognostics 

Automated monitoring Full tracking and traceability of all processes and associated goods with 
seamless real-time feedback regarding their status is provided 

Machine learning  Systems are provided with algorithms that can learn from existing data 
without being explicitly programmed 

Self-optimization  
 

Providing decentralized systems with the ability to react autonomously to 
changing external conditions and providing optimal solutions by adapting 
objectives as well as the resulting behavior 

Partner integration 
 

Customers, suppliers and other external partners are integrated with the 
ultimate goal of creating distinct industrial digital ecosystems 

Source: Adecker and Felch (2018). 

 

 

2.3.2.1.7 Sjodin et al (2018) Maturity Model 

 

Sjodin et al (2018) model focused specifically on smart manufacturing 

implementation. Their model was built based on the experience of five factories in the 

automotive sector in Sweden, Brazil and Germany.  The maturity model is composed of four 

maturity levels, ranging from connected technologies to smart predictable manufacturing. 

Three principles (People, Process and Technology) guide the maturity model, organizing key 

activities inside the maturity levels.  
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The sociotechnical approach is clearly present in this model, with the lens in the 

smart factory implementation. If compared to Schumacher et al (2019) and Schumacher et al 

(2016), their model lacked some organizational aspects such as resources and investment, 

cyber security and smart products. The model neither presents a detailed vision of 

technologies to be used as Big Data and Cloud Computing.  

  

2.3.2.1.8 Dimensions and parameters grouping 

 

From the reading of the references, the presented constructs in the Industry 4.0 

maturity models were organized and hierarchized to build a conceptual basis that will 

subsidize the construction of the management reference model aimed by this work. The first 

level, dimensions, will be broken down in parameters that, in turn, will be translated into 

parameter descriptions. In the present section, it was detailed the grouping of Dimensions and 

Parameters. The parameter descriptions were further explored in section 4.  

The Industry 4.0 dimensions were grouped considering the context of each model 

and the description of the dimensions as well as the assessment items available for analysis. 

The purpose of the grouping was to remove the existing redundancies, based on the similarity 

of the dimensions analyzed. It is noteworthy that the works of Schumacher et al (2016) and 

Schumacher et al (2019) were those that had broader scope and detail in terms of dimension 

and, therefore, were used as a parameter to guide the groupings. The Industry 4.0 dimensions 

were then organized inside the following nine groups (Table 20): People and competences; 

Technology and Connectivity; Strategy and Leadership; Smart Products; Customer and 

Partners; Process and value creation; Data and information; Organization Culture; and 

Corporate Standards. 

For the dimension grouping, the works of Kolla et al (2019) and Asdecker and Felch 

(2018) were not included, since Kolla et al (2019) define specific parameters for SME 

Industry 4.0 implementation, without describing any dimension. Asdecker and Felch (2018) 

work, though, is dedicated for supply chain i4 implementation and then contain dimensions 

that vary considerably if compared to the remaining models (e.g. order processing and 

warehousing). 
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Table 20: Grouped dimensions 

Grouped 
Dimension 

Dimension Reference 

People and 
competences 

Organization Wienbruch et al (2018), Leineweber et al (2018) 
Employees Schumacher et al (2019), Lichtblau et al. (2015) 
People Schumacher et al (2016), Sjödin et al  (2018) 
Competences Colli et al (2018),  Colli et al (2019) 
People and Culture Bibby and  Dehe (2018) 

Technology and 
connectivity 

Technology Wienbruch et al (2018), Leineweber et al (2018), 
Schumacher et al (2019); Schumacher et al (2016), 
Colli et al (2019), Colli et al (2018), Sjödin et al  
(2018) 

Smart Manufacturing Frank et al (2019) 
Base Technologies Frank et al (2019) 
Smart Working Frank et al (2019) 
Smart Factory Lichtblau et al. (2015) 
Smart Operations Lichtblau et al. (2015) 
Connectivity Colli et al (2019), Colli et al (2018) 
Factory of the Future Bibby and  Dehe (2018) 

Strategy and 
Leadership 

Strategy and leadership Schumacher et al (2019) 
Strategy Schumacher et al (2016), Bibby and  Dehe (2018) 
Leadership Schumacher et al (2016) 
Strategy and 
Organization 

Lichtblau et al. (2015) 

Governance Colli et al (2019), Colli et al (2018) 

Smart Products 
Products Schumacher et al (2019); Schumacher et al (2016), 
Smart Products Frank et al (2019), Lichtblau et al. (2015) 
Data Driven Services Lichtblau et al. (2015) 

Customer and 
Partners 

Customer and partners Schumacher et al (2019 
Customers Schumacher et al (2016) 
Smart Supply Chain Frank et al (2019) 

Process and 
value creation 

Value Creation Process Schumacher et al (2019) 
Operations Schumacher et al (2016) 
Smart Manufacturing Frank et al (2019) 
Base Technologies Frank et al (2019) 
Smart Working Frank et al (2019) 
Value Creation Colli et al (2019), Colli et al (2018) 
Technology Sjödin et al  (2018) 
Process Sjödin et al  (2018) 

Data and 
information 

Data and information Schumacher et al (2019) 
Base technologies Frank et al (2019) 
Process Sjödin et al  (2018) 
Technology Sjödin et al  (2018) 

Organization 
Culture 

Culture Schumacher et al (2016) 
People and culture Bibby and  Dehe (2018) 

Corporate 
Standards 

Organization Wienbruch et al (2018), Leineweber et al (2018) 
Corporate Standards Schumacher et al (2019),  
Standards Schumacher et al (2016) 
Smart Operations Lichtblau et al. (2015) 

Source: the author based on SLR. 

 
Likewise the dimensions grouping, the parameters of the studied maturity models were 

also grouped by similarity. The grouping process was conducted to reduce the redundancies 

and considering the available descriptions of each parameter and parameter descriptions. The 
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author experience with Industry 4.0 was also considered for merging the Industry 4.0 

parameters that were organized inside the nine dimensions: People and competences (Table 

23); Technology and Connectivity (Table 25); Strategy and Leadership (Table 21); Smart 

Products (Table 22); Customer and Partners (Table 24); Process and value creation (Table 

26); Data and information (Table 27); Organization Culture (Table 29); and Corporate 

Standards (Table 28). 

Again it is noteworthy that the works of Schumacher et al (2016) and Schumacher et 

al (2019) covered the majority of the grouped parameters. For the parameter grouping, the 

works of Sjodin et al (2018) were not included, since the authors do not define Industry 4.0 

categories but directly actions connected with dimensions and maturity levels. These actions 

will be used to define the parameter descriptions which will be further deployed from the 

parameters in Section 4.  

The “Strategy” grouping (Table 21) is related to the measurement of the level of 

structuring and governance of the digital transformation strategy, considering the appropriate 

allocation of resources and the engagement of people for this purpose. It also refers to the 

willingness of professionals to Industry 4.0 implementation and defined objectives towards 

digital transformation. 

 

Table 21: Strategy and leadership parameter grouping 

Grouped parameter Parameter Reference 

Industry 4.0 Strategy 

Adaption of business models Schumacher et al (2016) 
Strategy and plan Colli et al (2019), Colli et al 

(2018) 
Manufacturing strategy Bibby and Dehe (2018) 
Strategic planning and implementation of 
digital tools; Long-term holistic 
transformation plan 

Kolla, Minufekr and Plapper 
(2019) 

Roadmap for Industry 
4.0 

Implementation I40 roadmap Schumacher et al (2016) 
Roadmap for Industry 4.0 realization  
 

Lichtblau et al. (2015) 

Central coordination 
of Industry 4.0 
activities 

Existence of central coordination for I40 Schumacher et al (2016) 
Monitoring of Industry 4.0 realization; 
Central coordination of Industry 4.0 
activities; Communication of Industry 4.0 
activities;  

Schumacher et al (2019) 

Implementation status of industry 4.0 
strategy; operationalization and review of 
strategy through a system of indicators 

Lichtblau et al. (2015) 

Key Performance Indicators (KPIs) Kolla, Minufekr and Plapper 
(2019) 

Resources for 
Industry 4.0 
implementation 

Available resources for realization Schumacher et al (2016) 
Financial resources to realize Industry 4.0  Schumacher et al (2019) 
Investment ability relating to Industrie 4.0 Lichtblau et al. (2015) 
Resource allocation Colli et al (2019), Colli et al 
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(2018) 
Technology investment Bibby and Dehe (2018) 

Employee Goals for 
Industry 4.0 
implementation 

Employee objectives to realize Industry 4.0;  Schumacher et al (2019) 

Industry 4.0 Risk 
Assessment 

Risk assessment for Industry 4.0 Schumacher et al (2019) 

Willingness to 
Industry 4.0 
implementation 

Willingness of leaders; Value of ICT in 
company 

Schumacher et al (2016) 

Willingness of managers to realize Industry 
4.0 

Schumacher et al (2019) 

Engagement on different hierarchical levels; 
Digital Awareness 

Colli et al (2019), Colli et al 
(2018) 

Source: the author. 

 

The Industry 4.0 transformation is not only about technological operations but also to 

the increased value aggregation to customers. The “Smart Product” grouping (Table 22) refers 

to the capacity of individualization and piece-by-piece tracking of products, as well as the 

integration of information and communication technology services to physical products, 

facilitating user data monitoring and product interconnectivity with other systems. 

 

Table 22: Smart Product parameter grouping 

Grouped parameter Parameter Reference 

Flexibility of product 
customization 

Flexibility of product 
characteristics 

Schumacher et al (2019) 

Agility vision Bibby and Dehe (2018) 
Reduction of change over time 
(SMED) 

Kolla, Minufekr and Plapper 
(2019) 

Physical Products with ICT add 
on functionalities 

Digitalization of products Schumacher et al (2016) 
Data processing components in 
products; IT-services related to 
physical products 

Schumacher et al (2019) 

ICT add on functionalities; 
Availability of data driven services 

Lichtblau et al. (2015) 

Product's connectivity; Product's 
autonomy 

Frank, Dalenogare and Ayala 
(2018) 

Product individualization 
Individualization of products Schumacher et al (2016) 
Product individualization Schumacher et al (2019) 

Source: the author. 

 

The grouped dimension “People and Competences” (Table 23) is critical for Industry 

4.0 implementation and refers to the measurement of people openness to new technologies as 

well as the digital fluency of employees. In this dimension, the employees skills related to 

Industry 4.0 technologies and competences is taken into account and the recruitment process 

considers the new set of skills to promote digital transformation. This dimension is composed 
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of seven parameters and covers some other organizational aspects such as continuous 

improvement culture and employees’ autonomy and experiences with interdisciplinary work. 

 

Table 23: People and competences parameter grouping 

Grouped parameter Parameter Reference 
Recruitment for Industry 
4.0 

Recruitment for Industry 4.0 Schumacher et al (2019) 
Skills acquisition Lichtblau et al. (2015) 

Work organization 
Adjustments of works arrangements; 
Willingness to flexibilize work 
arrangements 

Schumacher et al (2019) 

Digital skills  

ICT competences of employees; 
Management competences and methods 

Schumacher et al (2016) 

Employee trainings for digital 
competence; Competences with modern 
ICT; Knowledge about employee 
competence; Manager trainings for 
Industry 4.0 

Schumacher et al (2019) 

Employees skills set Lichtblau et al. (2015) 
Digital competences; training culture; 
learning culture. 

Colli et al (2019), Colli et al 
(2018) 

Training on smart sensors, digital 
technologies, and data analytics etc. 

Kolla, Minufekr and Plapper 
(2019) 

Openness to new 
technologies 

Openness of employees to new 
technology 

Schumacher et al (2016) 

Openness to new technology; Willingness 
for continuous training on the job. 
 

Schumacher et al (2019) 

Innovation Openness  Bibby and Dehe (2018) 

Factory worker 
autonomy 

Autonomy of employees Schumacher et al (2016) 
Autonomy of shop floor workers  
 

Schumacher et al (2019) 

Experience with 
interdisciplinary work 

Interdisciplinary, interdepartamental 
collaboration; Knowledge sharing 

Schumacher et al (2016) 

Experience with interdisciplinary work  Schumacher et al (2019) 

Continuous improvement 
culture 

CI culture Bibby and Dehe (2018) 
Continuous improvements (kaizen); 
Production levelling (heijunka); Value 
Stream Mapping (VSM); Material 
replenishment, VSM, and standardization; 
Strategic planning and implementation of 
lean tools; Multiple suppliers; Training on 
lean tools such as 5S, quality and 
standardization 

Kolla, Minufekr and Plapper 
(2019) 

Source: the author. 

 

The value chain connectivity is another key characteristic of Industry 4.0 

implementation. The “Customer and Partners” grouping (Table 24) refers to company and 

systems integration with other organizations, including customers and partners. Regarding 

customers interface, the dimension is related to the level in which they are opened to new 

technologies and are willing to pay and use data driven services. 
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Table 24: Customer and partners parameter grouping 

Grouped parameter Parameter Reference 

Revenue from Digital Solutions 
Share of revenue derived from data 
driven services 

Lichtblau et al. (2015) 

Openness to new technologies 

Costumer’s Digital media 
competence 

Schumacher et al (2016) 

Openness to new technology; 
Competence with modern ICT;  
Company partner's degree of 
digitalization 

Schumacher et al (2019) 

Share of data used Lichtblau et al. (2015) 

Customer Contact Scanning 

Digitalization of sales/services Schumacher et al (2016) 
Digitalization of customer contact; Schumacher et al (2019) 
Digital platforms with customers Frank, Dalenogare and Ayala 

(2018) 
e-value chain Bibby and Dehe (2018) 

Digital contact with company 
partners 

Digital contact with company 
partners 

Schumacher et al (2019) 

Partner integration Asdecker and Felch (2018) 
e-value chain Bibby and Dehe (2018) 
Digital platforms with suppliers; 
Digital platforms with other 
company units 

Frank, Dalenogare and Ayala 
(2018) 

Customer integration in product 
development 

Customer integration in product 
development; IT-collaboration for 
product development 

Schumacher et al (2019) 

Customer data and feedback 

Utilization of customer data 
 

Schumacher et al (2016) 

Collection of product-use-
information; Utilization of 
customer related data 

Schumacher et al (2019) 

Product's monitoring; Product's 
control; Product's optimization 

Frank, Dalenogare and Ayala 
(2018) 

Source: the author. 

 

Most of the Industry 4.0 literature covers the technological aspect. This grouped 

dimension (Table 25) refers to the existence, level of application and usage of i4 technologies 

within the organizations such as Information and Communication Technologies; cloud 

computing; additive manufacturing; augmented reality; sensoring; robotization; Big Data and 

Analytics;  IoT and Cyber Physical Systems. For this dimension, Frank, Dalenogare and 

Ayala (2018) maturity model has given a good contribution, detailing the technologies 

comprised in the Industry 4.0 journey. 
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Table 25: Technology and connectivity parameter grouping 

Grouped 
parameter 

Parameter Reference 

Information and 
Communication 
Technology 

Existence of modern ICT Schumacher et al (2016) 
Technology for information exchange Schumacher et al (2019) 
Integrated database; Integrated interfaces; 
Consistent data/ information flow 

Asdecker and Felch (2018) 

Equipment infrastructure; IT systems. Lichtblau et al. (2015) 
Enterprise Resource Planning (ERP) Frank, Dalenogare and Ayala 

(2018) 
ERP Colli et al (2019), Colli et al 

(2018) 
Vertical integration of the company-wide network. 
For example, Enterprise Resource Planning (ERP) 
and Collaborative Planning, Forecasting and 
Replenishment (CPFR); Horizontal integration of 
value networks.; Horizontal and vertical 
integration of all the socio-technical systems in the 
company; Horizontal integration of value networks 

Kolla, Minufekr and Plapper 
(2019) 

Cloud 
Technology  

Decentralization of processes Schumacher et al (2016) 
Utilization of cloud technology; Decentral 
information storage 

Schumacher et al (2019) 

Cloud usage Lichtblau et al. (2015) 
Cloud computing Frank, Dalenogare and Ayala 

(2018) 
Cloud computing platform Colli et al (2019), Colli et al 

(2018) 
Cloud Bibby and Dehe (2018) 

Sensors 

Sensors for data collection Schumacher et al (2019) 
Sensors, actuators and Programmable Logic 
Controllers (PLC) 

Frank, Dalenogare and Ayala 
(2018) 

Sensors Bibby and Dehe (2018) 

IoT and CPS  

Product integration into other systems; Utilization 
of mobile devices; Utilization of machine-to-
machine communication 

Schumacher et al (2016) 

Mobile devices on shop floor; Integrated 
computers in machines; Internet connection of 
products; Digital compatibility and interoperability 
of products; Information exchange between 
machines 

Schumacher et al (2019) 

Mobile devices Asdecker and Felch (2018) 
Machine-to-machine communication (M2M); 
Internet of Things (IoT);  

Frank, Dalenogare and Ayala 
(2018) 

Machine to machine communication Kolla, Minufekr and Plapper 
(2019) 

IoT and CPS Bibby and Dehe (2018) 

Additive 
Manufacturing 
(3D Printing) 

Additive manufacturing Schumacher et al (2019) 
Additive manufacturing Frank, Dalenogare and Ayala 

(2018) 
3DP Bibby and Dehe (2018) 

Robot Usage 

Utilization of robots Schumacher et al (2019) 
Robots (e.g. Industrial Robots, Autonomous 
Guided 
Vehicles, or similar); Collaborative robots 

Frank, Dalenogare and Ayala 
(2018) 

Autonomous robots Bibby and Dehe (2018) 

Big Data and 
Analytics 

Machine learning Asdecker and Felch (2018) 
Data analytics in usage phase Lichtblau et al. (2015) 
Big data; Analytics; Artificial Intelligence for Frank, Dalenogare and Ayala 
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planning of production (2018) 
Business intelligence tools Colli et al (2019), Colli et al 

(2018) 
Big Data Bibby and Dehe (2018) 
Big data analytics of decision making  

MES and 
process 
traceability 

Supervisory Control and Data Acquisition 
(SCADA); Manufacturing Execution System 
(MES); Identification and traceability of raw 
materials; Identification and traceability of final 
products 

Frank, Dalenogare and Ayala 
(2018) 

MES Colli et al (2019), Colli et al 
(2018), Bibby and Dehe (2018) 

Augmented and 
virtual reality 
tools 

Augmented reality for maintenance; Virtual reality 
for workers training; Augmented and virtual 
reality for product 
development 

Frank, Dalenogare and Ayala 
(2018) 

Augmented and virtual reality tools Colli et al (2019), Colli et al 
(2018) 

Source: the author. 

While “Customer and Partners” is concerned with company relationship with other 

organizations, the “Process and Value Creation” (Table 26) grouping is related to the level of 

automation and autonomous process control inside organizations. Beyond automation itself, 

this dimension is composed of some applications of technology to support data based decision 

making, such as to Quality and Maintenance Control. 

 

Table 26: Process and Value Creation parameter grouping 

Grouped parameter Parameter Reference 

Automation of value generation 
processes 

VC-Process automation Schumacher et al (2019) 
Automated monitoring Asdecker and Felch (2018) 
Automated processes Lichtblau et al. (2015) 

Machine Park Autonomy / 
Autonomous 

Autonomy of machine park Schumacher et al (2019) 
Flexible and autonomous lines Frank, Dalenogare and Ayala 

(2018) 

System self-regulation 
Self-optimization  Asdecker and Felch (2018) 
Energy efficiency improving 
system 

Frank, Dalenogare and Ayala 
(2018) 

Machine park control is done 
remotely 

Remote control of machine park Schumacher et al (2019) 
Remote monitoring of production; 
Remote operation of production 

Frank, Dalenogare and Ayala 
(2018) 

Automated Quality Control 
Automated quality control Schumacher et al (2019) 
Automatic non conformities 
identification in production 

Frank, Dalenogare and Ayala 
(2018) 

Database machine maintenance 
Data based machine maintenance Schumacher et al (2019) 
Artificial Intelligence for predictive 
maintenance 

Frank, Dalenogare and Ayala 
(2018) 

Object handling 
Computers in tools; Automation 
object handling 

Schumacher et al (2019) 

Human and robot collaboration 
Collaboration of humans and robots Schumacher et al (2019) 
Human to machine interface Kolla, Minufekr and Plapper 

(2019) 
Source: the author. 
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Data is a key component to digital transformation. The “Data and Information” 

grouping (Table 27) regards the level of transparency and digitization of information flow, 

from data collection to decision making. While information and communication technologies 

existent infrastructure such as cloud computing is covered by “Technology” grouping, “Data 

and Information” refers more to the process in which this data is transformed to offer useful 

information and insights to the organization. 

 

Table 27: Data and information parameter grouping 

Grouped parameter Parameter Reference 

Automated data collection 

Automated data collection; Automated 
information provision  

Schumacher et al (2019) 

Digital mapping Asdecker and Felch (2018) 
Energy efficiency monitoring system Frank, Dalenogare and Ayala 

(2018) 

Collected data analysis and 
database-based decision 
making 

Analysis of collected data; Databased 
decision making; Individualization of 
provided information 

Schumacher et al (2019) 

Data usage Lichtblau et al. (2015) 

Digital visualization of 
processes 

Digital information processes; Digital 
process visualization; 

Schumacher et al (2019) 

Information sharing Lichtblau et al. (2015) 
Data sharing Colli et al (2019), Colli et al 

(2018) 

Data-driven software 
simulation of future 
scenarios 

Modelling and simulation Schumacher et al (2016) 
Data-driven software-simulation of 
future scenarios 

Schumacher et al (2019) 

Digital Modeling Lichtblau et al. (2015) 
Simulation of processes (e.g. digital 
manufacturing) 

Frank, Dalenogare and Ayala 
(2018) 

Models used to generate and capture 
value from data 

Colli et al (2019), Colli et al 
(2018) 

Simulation models Kolla, Minufekr and Plapper 
(2019) 

Source: the author. 

Industry 4.0 introduced novel technologies to organizations that potentially change the 

work environment. The “Corporate Standards” grouping (Table 28) regards the availability of 

rules and standards for developing existing and new digital technologies, in an efficient and 

safe way. This safety issue lies not only inside the organization but also across company 

boundaries, such as legal protection of developed technological solutions.  
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Table 28: Corporate Standards parameter grouping 

Grouped parameter Parameter Reference 

Technology 
Standards 

Suitability of technological standards Schumacher et al (2016) 
Technological standards Schumacher et al (2019) 
Standard data structuring or data transmission 
architecture  

Colli et al (2019), Colli et 
al (2018) 

Legal protection for 
digital products and 
services 

Labour regulations for I40; Protection of 
intellectual property 

Schumacher et al (2016) 

Legal protection for digital products and services  Schumacher et al (2019) 

Cyber Security 

Increased cyber security Awareness of non-IT-
employees for cyber security;  
 

Schumacher et al (2019) 

IT security Lichtblau et al. (2015) 
Virtual commissioning Frank, Dalenogare and 

Ayala (2018) 
IT Security Colli et al (2019), Colli et 

al (2018) 
Rules for employees 
in the digital 
workplace 

Rules for employees in digital work environment  
 

Schumacher et al (2019) 

Source: the author. 

 

 
Although not well explored by the literature of Industry 4.0 maturity modeling, the 

organizational culture is pointed by some authors as an important dimension to i4 

implementation. The “Organization Culture” grouping (Table 29) refers to the level of 

innovation management implementation and company openness to collaboration with other 

organizations.  

 

Table 29: Organization Culture parameter grouping 

Grouped parameter Parameter Reference 

Open innovation culture  
Open-innovation and cross 
company collaboration 

Schumacher et al (2016) 

Innovation management  
Use of technology and innovation 
management 

Lichtblau et al. (2015) 

Source: the author. 

 

The dimensions “People and competences” and “Technology and connectivity” are the 

most frequently mentioned dimensions by the authors, meaning that when assessing the i4 

maturity, human aspects are as important as technology itself. At the same time, the 

dimension “Corporate Standards” is the least frequent mentioned dimension in the mapped 

literature. Additionally, it is also important to point out that the works of Schumacher et al 

(2019) and Schumacher et al (2016) covers the majority of the found dimensions, and it 

suggest that they have a broad view of Industry 4.0 maturity assessment topic. In terms of 
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assessment items detailing, the works of Lichtblau et al. (2015) and Bibby and Dehe (2018) 

stood out.  

It is important to note that the revised maturity models varies in terms of focus/ scope 

when assessing Industry 4.0 and propose complementary aspects of its implementation. For 

commercial reasons, the models with a broader scope were not made available to the author 

and, therefore, the construction of the theoretical basis was performed based on the available 

data and information. It is expected that the constructed conceptual basis produced by this 

review will be available in a transparent and accessible way to the literature. The Table 30 

summarizes the focus and dimensions of each studied model as well as their main identified 

limitations.  

Table 30: Compilation Industry 4.0 maturity models 

Model Author Focus and dimensions Main Limitations 

A maturity assessment 
approach for 
conceiving context-
specific roadmaps in 
the Industry 4.0 era 

Colli, M., Berger, 
U., Bockholt, M., 
Madsen, O., Møller, 
C., Wæhrens, B.V. 

Model based on the Problem-
Based Learning and it is 
comprised of  
5 dimensions and used the 5 
steps approach from  
360DMA assessment. 

The model focuses 
more on the 
digitalization aspect of 
Industry 4.0. 

Development of an 
Industry 4.0 maturity 
model for the delivery 
process in supply 
chains 

Asdecker, B., 
Felch, V. 

The Delivery Process 
Maturity Model 4.0 (DPMM 
4.0) model proposed nine 
approaches to three supply 
chain areas. The maturity 
stages are composed of five 
stages. 

The model is specific 
for supply chain and 
also explores more the 
digitalization aspect of 
Industry 4.0.  

Defining and assessing 
industry 4.0 maturity 
levels–case of the 
defence sector 

Bibby, L., Dehe, B. 

The maturity model is based 
on a sociotechnical approach, 
proposing three areas that are 
divided in criteria that, in 
turn, are divided in maturity 
assessment items. 
The model used the Likert 
scale for the assessment 
items and classifies the final 
score in four levels. 

The model focuses 
more in the 
technological and 
process aspect of the 
Industry 4.0 
implementation with 
less detail to people 
and competences. 
The used Likert scale is 
generic for all criteria. 

Smart Factory 
Implementation and 
Process Innovation 

Sjödin, D.R., 
Parida, V., Leksell, 
M., Petrovic, A. 

The model is focused on 
smart manufacturing 
implementation and it is 
composed of four maturity 
levels. Three principles 
(People, Process and 
Technology) guide the 
maturity model, organizing 
key activities inside the 
maturity levels. 

The model lacked some 
organizational aspects 
such as resources and 
investment, cyber 
security and smart 
products. The model 
neither presents a 
detailed vision of 
technologies to be used 
as Big Data and Cloud 
Computing. 

Contextualizing the 
outcome of a maturity 
assessment for Industry 
4.0 

Colli, M., Madsen, 
O., Berger, U., 
Møller, C., 
Wæhrens, B.V., 
Bockholt, M. 

The model is based on the 
Problem Based Learning 
(PBL) model with 5 steps. 
The maturity assessment is 
comprised of 5 digital 

The model focuses 
more on the 
digitalization aspect of 
Industry 4.0. 
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dimensions and 6 maturity 
levels. 

Evolution of SMEs 
towards Industrie 4.0 
through a scenario 
based 
learning factory 
training 

Wienbruch, Thom; 
Stefan Leineweber; 
Dieter 
Kreimeier;Bernd 
Kuhlenkötter 

The model comprises three 
dimensions derived from 
sociotechnical approach with 
44 criteria. They propose a 
procedure with 9 steps. 

The full list of criteria 
is not provided by the 
authors.  

Concept for an 
evolutionary maturity 
based Industrie 4.0 
migration model 

Leineweber Stefan; 
Wienbruch 
Thom;Lins 
Dominik;Kreimeier 
Dieter;Kuhlenkötter 
Bernd 

Clearly states their 
sociotechnical approach. The 
number of assorted 
characteristics is depending 
on the criteria and ranges 
from minimum three to 
maximum eight. In total the 
model contains over forty 
criteria for tactical and shop 
floor levels.  

Neither the full list of 
criteria nor the 
characteristics are 
provided by the 
authors.  

Deriving essential 
components of lean and 
industry 4.0 assessment 
model for 
manufacturing SMEs 

Sri Kolla; Meysam 
Minufekr; Peter 
Plapper 

Considerers the integration 
between Lean and Industry 
4.0 approaches for 
manufacturing SMEs. The 
model is comprised of 9 
characteristics, with 11 i4 
components and 9 Lean 
components.  

The model does not 
prescribe the levels of 
maturity neither details 
Industry 4.0 
components. The 
application aspect of 
the model is not 
explored by the 
authors.    

Roadmapping towards 
industrial digitalization 
based on an Industry 
4.0 
maturity model for 
manufacturing 
enterprises 

Andreas 
Schumacher; Tanja 
Nemeth; Wilfried 
Sihn 

Model is comprised of 8 
dimensions and 65 critical 
success factors. The authors 
provided a 10 step for 
carrying out a maturity 
assessment procedure. The 
method for calculating 
maturity is also provided. 

Does not provide the 
full list of assessment 
items or complete 
questionnaire for 
further replication. 

Industry 4.0 
technologies: 
Implementation 
patterns in 
manufacturing 
companies 

Alejandro Germán 
Frank; Lucas 
Santos Dalenogare; 
Néstor Fabián 
Ayala 

Model is focused in the 
technological aspect of 
Industry 4.0 and it is divided 
in 4 front-end and 4 base 
technologies. Maturity is 
divided in 3 stages. 

Does not embrace 
humans or 
organizational aspects 
of Industry 4.0 neither 
detail the specific items 
for implementation.  

A maturity model for 
assessing Industry 4.0 
readiness and maturity 
of 
manufacturing 
enterprises 

Andreas 
Schumacher, Selim 
Erol, Wilfried Sihn 

Model is comprised of 9 
dimensions and assigned 62 
items. Method for calculating 
maturity is provided.  

Does not provide the 
full list of assessment 
items or complete 
questionnaire for 
further replication. 

IMPULS - Industrie 
4.0- Readiness. 
 

Lichtblau K, Stich 
V, Bertenrath R, 
Blum M, Bleider 
M, Millack A et al. 

Model is comprised of 6 
dimensions and 18 fields. 
Maturity is splitted in 5 
levels. 

Does not provide how 
maturity levels are 
calculated neither 
provides specific 
assessment items. 

Source: the author. 
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Finally, the key findings from the carried SLR are summarized as follows: 

 

1. There are relatively few published papers about maturity in Industry 4.0; 

2. Germany is the country occupying the first place in publications; 

3. The majority of authors use the sociotechnical approach to measure Industry 4.0 

maturity; 

4. “Industry 4.0” and “Maturity Models” are the most frequent keywords used for this 

research topic; 

5. The Industry 4.0 constructs was organized in nine dimensions: People and 

competences; Technology and Connectivity; Strategy and Leadership; Smart Products; 

Customer and Partners; Process and value creation; Data and information; 

Organization Culture; and Corporate Standards. Each dimension was also broken 

down in 50 parameters; 

6. The dimensions “People and competences” and “Technology and connectivity” are the 

most frequently mentioned dimensions by the authors; 

7. The dimension “Corporate Standards” is the least frequent mentioned dimension in the 

mapped literature.  

8. The works of Schumacher et al (2019) and Schumacher et al (2016) covers the 

majority of the found dimensions, suggesting that they have a broad view of Industry 

4.0 maturity assessment topic.  

9. In terms of assessment items detailing, the works of Lichtblau et al. (2015) and Bibby 

and Dehe (2018) stood out.  
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3 METHODOLOGY 

Given the presented nature of the research opportunity and the proposed objectives, a 

descriptive qualitative type of research was adopted for this work. Creswell (2007) pointed 

out as basic characteristics of qualitative methods: it occurs in a natural setting; uses multiple 

methods, which are interactive and humanistic; it is emergent and not strictly preconfigured; it 

is interpretive; social phenomena are seen holistically; presents reflections on the researcher's 

role; uses complex, multifaceted, interactive and simultaneous reasoning; and uses one or 

more investigation strategies.  

Since the objective of this work is the construction of a conceptual management 

reference model in Industry 4.0, a suitable research approach to be followed would be a 

design science (HEVNER et al 2004). Therefore, the methodological strategy used was 

Design Science Research (DSR). For the work, primary sources were considered, such as 

field observation and semi-structured interviews with Industry 4.0 specialists to refine the 

management reference model. 

 

3.1 DESIGN SCIENCE RESEARCH 

 
The chosen methodology to be applied is the Design Science Research (DSR), which 

is also known as Constructive Research. This type of scientific knowledge involves the 

development of innovative constructions, intended to solve problems (or class of problems) 

faced by the real world and to develop artifacts (DRESCH et al. 2015). Dresch, Lacerda and 

Miguel (2007) describe DSR as a way to project, prescribe and guide researches for problem 

solving. The design science is not exclusively focused in understanding the problem but 

mainly to propose possible solutions. According to Dresch et al. (2015), the literature on DSR 

is still very scarce and applicable to the broad field of Management. 

In his seminal work “The Sciences of the Artificial”, Simon (1996) introduced the 

concept of Design Science and presented the difference between Natural Science and Design 

Science (or Science of the Artificial). Natural sciences are concerned to understand complex 

phenomena and to explore, describe, explain and predict facts. Design sciences are aimed to 

prescribe and the research is oriented toward solving problems (Table 31 illustrates these 

differences). Van Aken (2004) stated that a science that aims to prescribe a solution can help 

to reduce the gap between theory and practice. According to Simon (1996), in this new 
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perspective of science, the design of knowledge is more important than the object of 

knowledge. 

 

Table 31: Synthesis of natural sciences, social sciences and design science  

Characteristic Natural Sciences Social Sciences Design Sciences 

Purpose To understand complex 

phenomena. To discover 

how things are and to 

justify why they are this 

way. 

To describe, understand, 

and reflect on human 

beings and their actions. 

To design; to produce 

systems that do not yet 

exist; to modify 

existing situations to 

achieve better results. 

Focus is on solutions. 

Research Goal To explore, describe, 

explain and predict. 

To explore, describe, 

explain and predict. 

To prescribe. Research 

is oriented toward 

solving problems. 

Example of areas that 

usually employ each 

of these scientific 

paradigms 

Physics, chemistry, 

biology. 

Anthropology, 

economics, politics, 

sociology, history. 

Medicine, engineering, 

management. 

Source:  Dresch et al. (2015). 

 

Modeling is also a research method commonly applied in the field of management, 

especially in operational research. Pidd (1998) describes two types of modeling approaches: 

hard and soft. The hard approach is based primarily on mathematical ground and the soft 

approach is pluralistic and emphasizes the learning through the processes. One example of the 

soft approach is the Soft System Methodology (SSM), proposed by Checkland (1981) to study 

complex situations. The models delivered by SSM can be a reference to understand and 

support the problem solving, what is aligned with the concept of Systemic Thought 

(ANDRADE et al., 2006). 

According to Romme (2003), there are some difficulties while translating models from 

Natural Sciences to studies more related to organizational problems. The author stated that 

research work within an organizational should have a more pluralistic perspective in terms of 

methods.  

In Design Science context, it is essential to understand the concept of artifacts. Dresch 

et al. (2015) defined artifacts as things that are man-made and Simon (1996) defined as the 

organization of the inner environmental components to achieve goals in a particular outer 
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environment. In DSR, the constructed artifacts can be classified into models, methods, 

constructs and instantiations (MARCH and SMITH, 1995). 

Overall, Design Science is a rigorous type of knowledge, mainly concerned with the 

design of useful solutions or artifacts to solve existing relevant problems or address new 

artifacts to improve human performance in society or organizations (DRESCH et al., 2015; 

SIMON, 1996). Furthermore, the DSR should evaluate and validate if the developed artifact is 

performing as designed, and lastly, the DSR does not searches for optimal solutions but 

satisfactory ones to solve the problems being studied (DRESCH, LACERDA and MIGUEL, 

2007). 

Considering that Design Science Research is a rigorous research mode, Hevner et al. 

(2004) proposed seven criteria to conduct properly a DSR. These criteria establish for 

example the viability and usefulness of designed artifacts, the relevance of studied problems 

and the rigor of the applied method as well its contribution to academic development (Table 

32). 

Table 32: Criteria for conducting DSR 

 

Source: Dresch et al. 2015 based on Hevner et al. (2004, p. 83). 

 

Likewise, Dresch et al. (2015) proposed parameters to assess the rigor of the design 

science research. These metrics can help as guidance for researchers to evaluate the quality of 
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their work, from problem definition until the built of solutions and artifacts. These parameters 

are shown in Table 33. 

 

Table 33: Parameters to assess the rigor of DSR 

 

Source: Dresch et al. (2015). 

 

Dresch et al. (2015) have also proposed a method to conduct a Design Science 

Research, based on their review of methods. This method, has three main phases: abductive, 

deductive and inductive. The method begins with the identification of the problem, which is 

complemented by a systematic literature review to identify the artifacts or configurations of 

the problem classes. In this regard, Gregor and Jones (2007) stated that recurring to existent 

knowledge bases could help the researcher to validate the importance and relevance of the 

object being studied. The abductive phase consists of proposing artifacts to solve a specific 

problem, while the deductive phase comprises the design, development and evaluation of the 

artifact. Finally, the inductive step concerns the generalization of the solution for a class of 

problems, followed by the communication of results. 
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3.2 WORK METHOD 

 

The adopted method for the research was the construction of empirically grounded and 

validable reference models, as proposed by Ahlemann and Gastl (2007) and applied by 

Narcizo (2017). The Ahlemann and Gastl (2007) method has also been incremented with the 

steps of Scientific Literature Review (SLR) and communication of results based on Dresch et 

al. (2015) method proposal. The applied method was made compatible with the guidelines of 

De Bruin et al. (2005) on the general attributes, the design and use of maturity models, also 

being influenced by Hevner et al (2004) methodological approach.  

In general, the construction and validation process proposed by Ahlemann and Gastl 

(2007) is based on a cyclical logic that allows corrections in the model through feedback 

loops, based on four core process steps: 

1) Problem definition: It encompasses the definition of scope, a brief 

description of the problem domain in question, the description of the 

intended use purposes and the selection of the modeling language, as well as 

conventions adopted for the modeling. 

2) Construction of a frame of reference: Also called the conceptual 

architecture of the information system, the frame of reference can be 

considered a highly condensed and abstract version of the RM, whose main 

objective is to support navigation within the problem domain. An early start 

in the development of a frame of reference in parallel with the definition of 

the problem can be advantageous, since it can help in defining the scope of 

the project. This stage has two main functions: to systematically identify the 

elements of the model and to contribute to the structuring of the final model. 

3) Core Construction: The Reference Model is gradually refined according to 

the selected structure and language. 

4) Validation: The finished reference model is examined with regard to 

consistency and the fulfillment of user requirements. 

 

The suggested method by Ahlemann and Gastl (2007) for building an empirically 

grounded reference model consists of five phases (Figure 12). The first phase comprises the 

planning of the reference model. In this phase, the subject of the reference model is defined, 

which methods will be used, the project organization and the choice of the necessary software 

tools. The second phase comprises the construction of the reference model based on the 
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know-how of specialists selected on the subject and on the pre-existing literature. The third 

phase is aimed at validating the results. The fourth phase involves testing the reference model, 

applying it to solve a practical problem. The complete documentation is carried out in the fifth 

and final phase. 

While the first two phases are designed to configure and build the reference model, 

phases 3 to 5 focus on stabilizing, refining and assessing the model. The validation process is 

achieved by discussing and improving the model with experts on the studied subject. The 

practical testing phase should ideally be applied in practice to confirm the benefits of the 

reference model. 

Figure 12: Method of construction of empirically grounded and validable reference models 

 

Source: Adapted from Ahlemann and Gastl (2007). 

 

The adaptation of the method of Ahlemann and Gastl (2007) presented contemplates 

the abductive, inductive and deductive logics from Design Science Research, as proposed by 

Dresch et al. (2015). The abduction occurs mainly due to the SLR performed, in which a 
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synthesis of knowledge about the artifacts is consolidated. Deductive logic is present in 

phases 2, 3 and 4, in which the artifacts are designed, developed and evaluated. Finally, the 

inductive logic is embedded in phase 5 and in the conclusions of the work, being analyzed the 

generalization of the proposed solution for the class of problems studied. 

The method proposed by Ahlemann and Gastl (2007) and applied by Narcizo (2017) 

will be detailed in the next sections: 

 

3.2.1 Problem Identification 

 

This phase comprises a clear definition of the problem. As described in section 1.2, the 

present work acted in a gap of knowledge regarding the maturity in Industry 4.0 focused on 

the iron and steel sector. Difficulties faced by organizations in implementing the concepts of 

Industry 4.0 in practice have been reported in the literature (LIAO et al., 2017; THEORIN et 

al., 2016; WEISS, ZILCH and SCHMEILER, 2014; SANDERS and WULFSBERG, 2015; 

SCHUMACHER, EROL and SIHN, 2016). The steel plant under study sought a reference to 

structure the implementation of Industry 4.0 in its business units. Based on this need, several 

maturity models in Industry 4.0 were identified to measure their maturity and guide company 

i4 journey. As presented in section 2.3.2, the maturity models mapped in the researched bases 

had different levels of detail and incomplete information for their proper replication. 

Additionally, it was observed that the steel sector has relatively fewer publications on the 

practical application of Industry 4.0 (NEEF, HIRZEL AND ARENS, 2018). 

Based on this need and knowledge gaps, a research opportunity was identified, related 

to the measurement of Industry 4.0 maturity in iron and steel industries. It is worth 

mentioning, as highlighted in section 1.5, that the present work does not aim to build a 

maturity model, but rather to build an ontological structure translated into a conceptual 

management reference model. The resultant model of the present work could, therefore, 

potentially serve as a basis for the construction of a future maturity measurement instrument 

focused on steel mills. 

 

3.2.2 Planning and Model Construction 

 

In this phase, the planning for the construction of the conceptual management 

reference model was carried out, with the definition of which methods and tools was planned 

to be used throughout the work. Also the main deliveries were presented as well as model 
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construction characterization and planning. The following Table 34 described the main 

proposed activities to be employed methodologically, based on Narcizo (2012). 

 

Table 34: Main methodological activities 

Main activity Objective Method Tool 

Research planning 
Define step by step to 
develop the research 

Comparative analysis of options 
Identification and selection 
of research method 

Select proper methodologies 

Literature review on i4 
maturity assessment 

Identify the areas to be 
explored to understand 
maturity in Industry 4.0 

Systematic 
literature review 

Research in 
predefined databases 
based on keywords 

Selection and treatment of 
constructs 

Provide adequate data for 
Industry 4.0 maturity 
assessment domain 

Systematic 
literature review 

Excel spreadsheet 

Structuring the relationship 
logic between constructs 

Understand the 
interconnections between 
constructs 

Systematic 
literature review 
and field 
observation 

Construction of 
theory supported by 
acquired experience 
and knowledge. 
Discussions with 
studied company 
technology 
employees 

Construction of the 
conceptual model for 
measuring maturity in 
Industry 4.0 

Understand the logic that 
structures the concept of 
maturity in Industry 4.0 

Systematic 
literature review 
and field 
observation 

Construction of 
theory supported by 
acquired experience 
and knowledge. 
Discussions with 
studied company 
technology 
employees 

Refinement of the 
conceptual model 

Test the conceptual model 
coherence  

Content analysis 

Interviews with 
Industry 4.0 senior 
managers, 
discussions with 
studied company 
technology 
employees and 
possible future users 

Source: The author based on Narcizo (2012). 

From the phases presented by the method of Ahlemann and Gastl (2007), Table 35 

contains the main deliveries of each phase, as well as their references. In “Phase 1 - Problem 

Identification” it was expected to deliver a clear definition of the research problem / 

opportunity to be explored. In order to achieve it, a broad search and references on the subject 

were carried out, in addition to the view of the researcher who has extensive experience in this 

area in a multinational steel industry. The deliverables for this phase were present in sections 

1.2 and 3.2.1. 



63 
 

In “Phase 2 - Planning”, the methodological approach was defined as well as the 

method applied in the research. Additionally, it was expected that this stage would also carry 

out the classification and characterization of the model to be built, to guide its construction 

stages and clarify the structure planned for it. The output of this step will be presented later in 

this current section. 

The “Phase 3 - Model Construction” mainly comprised the execution of the 

Systematic Literature Review about maturity models in Industry 4.0. Based on the review 

carried out and the author's experience, a conceptual map containing the dimensions and 

evaluation parameters in Industry 4.0 was proposed, as presented in section 2.3.2. 

Additionally, the parameter descriptions, from the same literature review, were presented in 

section 4. 

In the “Refinement and Practical Test” phases, senior managers with extensive 

experience in Industry 4.0 at different steel mills were selected to refine the conceptual model 

derived from the literature review. Both refinement and updating of the model were presented 

in section 4.2. In addition, an assessment of the built model was also carried out, which was 

presented in section 4.2.2. 

Finally, the “Documentation” phase included the delivery of a summary of the work 

carried out, with the dimensions, parameters and evaluation items compiled, as well as the 

proper characterization of the developed model. The perspective of knowledge and 

publications generated from this research was also presented (section 4.2.3), complemented 

by the perspective of future works derived from the current project (section 5.3). 
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Table 35: Schedule and main deliveries 

Phase References Main Deliveries 

Problem 
Identification 

Erol, Schumacher and Sihn (2016); Liao et al. 
(2017); Neef, Hirzel and Arens (2018); 
Theorin et al. (2016); Weiss, Zilch and 
Schmeiler (2014); Sanders and Wulfsberg 
(2015); Schumacher, Erol and Sihn (2016) 

Clear definition of the problem 
and research opportunity. 

Planning 

Ahlemann and Gastl (2007);Narcizo (2017); 
Narcizo (2012); Dresch et al (2015); Creswell 
(2007); Hevner et al (2004); Von Brocke 
(2007) apud Pagliuso, Cardoso and Spiegel 
(2010); Pagliuso, Cardoso and Spiegel (2010); 
Fettke, Loos and Zwicker (2005) 

Defined methodological approach 
and research method. Model 
classification and 
Characterization.  

Model Construction 
De Bruin et al (2005); Tranfield, Denyer and 
Smart (2003) 

SLR on i4 maturity models; List 
of dimensions and parameters for 
assessing i4; Management 
reference model proposal. 

Refinement and 
Practical testing 

Ahlemann and Gastl (2007); De Bruin et al 
(2005) 

Specialists’ refinement and 
conceptual reference model 
adjustments. 

Documentation Ahlemann and Gastl (2007) 
Management reference model 
synthesis; dissertation and papers 
publication. 

Source: the author. 

3.2.3 Model Refinement Validation 

 

This stage concerned the refinement with specialists in technology and Industry 4.0 on 

the proposed management reference model. The model's refinement and adjustments will 

occur with primary sources data collection through semi-structured interviews with four 

technology experts who apply the concepts of Industry 4.0 in steelmaking plants. Section 4.2 

further detailed the applied refinement interviews, as well as the interviewee’s profile. The 

technology managers currently work in four large steel mills and they were selected 

considering the following criteria: 

 

1) by their main scope of activity in steel industry being directly related to technology 

management; 

2) by the strategic vision of technology implementation in their respective industries; 

3) by their recognized relevance and impact to iron and steel sector. 

 

According to Marconi and Lakatos (2003), interviews can be classified as Direct 

Observation Research techniques and semi-structured interviews can potentially allow the 

interviewees to express their opinions more freely (MANZINI, 2004). Likewise, Flick (2002) 

stated that semi-structured interviews method offers a possibility for the subjects' points of 
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view to be better expressed because it is a relatively open interview situation when compared 

to a structured interview or in a questionnaire. It is an efficient method when the objective is 

to collect data and concrete information on a subject (FLICK, 2002). According to this author, 

a semi-structured interview has an advantage of providing comparability and structuring of 

data. 

The interviews were conducted in person and individually with four professionals with 

the audios being recorded for further consultation. In addition, notes were taken by the 

researcher with his perceptions of the interviews. 

The set of questions used during the interviews followed a funnel model (VOSS; 

TSIKRIKTSIS; FROHLICH, 2002), in which at the beginning open questions were asked 

about the dimensions of the proposed model, followed by questions addressing the i4 

parameter descriptions of each dimension. The research instrument used in the interviews can 

be found in Appendix A, which was built from the management model presented in section 

4.1, as a result of the literature review carried out in section 2.3.2. The participants were asked 

to read and sign the Informed Consent Form, which can also be found in Appendix A. 

The intentional selection of participants represents a key decision in the qualitative 

study (CRESWELL, 1998). According to Creswell (1998), researchers who work with 

qualitative research need to have a clear criterion in mind to ensure rationality in their 

decisions. Based on the typology of 16 intentional sampling strategies proposed by Miles and 

Huberman (1994) apud Creswell (1998), the selection strategy took place for convenience, 

whose purpose was to save time, money and effort, but at the expense of information and 

credibility, sometimes for opportunity, whose purpose was to follow new leads, taking 

advantage of the unexpected.  

 The methodological approach used to analyze the data collected in the interviews was 

the content analysis. According to Shapiro and Markoff (1997), a content analysis refers to 

any methodological rule applied to the text for scientific-social purposes. The content analysis 

for the management research context can offer a replicable methodology for accessing values, 

intentions, attitudes and cognitions (HUFF, 1990). According to Duriau, Reger and Pfarrer 

(2007), a content analysis has several advantages, such as: analytical flexibility; the fact that it 

can be used in combination with other methods; low cost; creation of replicable databases; 

and methodological security, since it can be corrected when faults are detected. 

With the content analysis, the proposed management reference model was reviewed 

and updated based on professionals experience and practical insights. Due to the large volume 

of observations and considerations made by the interviewees, it was decided to compile the 
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results of the conceptual model refinement interviews in a more visual way in order to 

facilitate the visualization of the main points identified. For this, each parameter comprised in 

the interview script was classified as "green", "yellow" or "red", with green meaning that the 

interviewee agreed with the item; yellow that the interviewee made small observations or 

improvement suggestions for the item and; red, meaning that the interview disagreed with the 

presented evaluation item. 

Following the “learn by doing” concept for quality research presented by Dey (1993, 

p. 6) apud Creswell (1998, p. 61), a first pilot interview was conducted and the interview 

questionnaire was revised based on the feedback, as well as the proposed management model. 

The first interviewee partially agreed with six parameters, and for each one, proposals for 

improvement was suggested, reformulated and all accepted by the author. The proposed 

changes were related to the dimensions Strategy and Leadership; People and Competences; 

Technology and Connectivity; Corporate Standards; and Organizational Culture. The main 

changes were the inclusion of the importance of process stability to risk assessment in the 

Risk Assessment parameter description; the inclusion of artificial intelligence and analytics to 

Big Data parameter description; and intellectual property management inclusion since it is 

considered a key point for technological development in the iron and steel sector. 

 

3.2.4 Practical testing and Documentation 

 

In this phase, the refined Industry 4.0 management reference model was analyzed 

considering the parameters proposed by Dresch et al. (2015) to assess the rigor of the design 

science research methodology. These metrics was presented in section 3.1 and helped the 

quality evaluation of the current work as presented in section 4.2.2. 

Also, in this last phase, all the knowledge generated during the construction of the 

model will be documented and synthesized following the dimensions proposed by Fettke, 

Loos and Zwicker (2005). It was planned that the results and the acquired knowledge from the 

current work would be disseminated not only through this dissertation but also from papers 

and presentations to be communicated and published at events in the iron and steel sector, as 

well as technology ones.  
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4 INDUSTRY 4.0 MANAGEMENT REFERENCE MODEL 

4.1 MODEL DEVELOPMENT 

 

The developed model was constructed in the Phase 2 of the adapted method of 

Ahlemann and Gastl (2007) as described in section 3.2. Initially, the model will be 

characterized and its construction will also be described. This description aimed to clarify the 

delivery expectations of the developed model. 

It is worth noting that the model developed can be classified as “descriptive” (HAY, 

2007), which means that it described the nature of implantation of Industry 4.0, presenting the 

main attributes related to the topic, from references identified in the literature. Using the 

classification of Shebuddeen et al (1999), the model developed was characterized as 

“conceptual and static”. This is because it aimed to organize the existing knowledge on the 

Industry 4.0 subject and structured its nature, without necessarily representing any 

instrumentality or dynamic relationships or evolution of the constructs. 

The work of Fettke, Loos and Zwicker (2005) was also used as a basis for classifying 

the developed model, as presented in section 2.3.1.1. This classification has four dimensions: 

identification, characterization, construction and application. Each of these dimensions will be 

detailed below: 

 
a) Identification: the model was called “Conceptual Reference Model in Management for 

Industry 4.0 in the steel sector”. 

 

b) Characterization: Considering the classification proposed by Von Brocke (2007) apud 

Pagliuso, Cardoso and Spiegel (2010), the present work can be positioned as an 

aggregation model, as it encompasses the dimensions and parameters for measuring 

maturity in Industry 4.0 in a compatible way. As previously mentioned, it is expected 

that this work will evolve to become an instrument for evaluating maturity and, 

therefore, the aggregation process was an intermediate step necessary to build the 

conceptual-theoretical basis of it. With regard to accessibility, it was planned that the 

present model would be free and unrestricted for any audience. This definition is part of 

the research opportunity, since in the reviewed literature there was no model with 

sufficient levels of detail or sufficient content to be replicated in the steel sector. As it is 
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a conceptual model, the dimensions were organized in a diagram and its details were 

structured in tables composing the mapped parameters and evaluation items. 

 

c) Construction: With regard to construction, the model's main audience is steel plant 

technology managers who intend to structure the implementation process of Industry 4.0. 

The language used is geared towards requirements, that is, the existence or not of that 

criterion within the organization. The construction of the management reference model 

was mainly based on the systematic review of the literature on reference models for 

measuring maturity in Industry 4.0, as presented in Section 2.3.2. For SRL, the method 

of Tranfield, Denyer and Smart (2003) and the scientific bases Scopus and Science 

Direct were used as reference. From the SRL synthesis, the constructs of the reference 

model were listed in a conceptual model, as shown in Figure 13. The maturity 

dimensions were broken down into parameters that, in turn, were translated into 

parameter descriptions. The conceptual model were reviewed and complemented by 

Industry 4.0 specialists in the iron and steel sector. This empirical approach is important 

for the improvement of the management reference model, in order to gather practical 

experience. 

The body of knowledge generated in this whole process was made compatible in an 

appropriate language and adherent to the steel sector. 

 

Figure 13: Conceptual Model of the reference Model 

Source: the author. 
 

Also, in terms of construction, since the evolutionary output from this work is 

expected to be a maturity reference model, the resultant artifact should be standardized in 

order to be replicated by other organizations (FRANCIS, 2000). Furthermore, standardized 

instruments are easier to replicate and incur in reduced cost.  
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d) Application:  

Lastly, using Fettke, Loos and Zwicker (2005) classification, it is expected that the 

application of the conceptual management reference model in Industry 4.0 can be used by 

senior technology managers of steel mills, without necessarily involving any type of 

certification or grade. This is because the conceptual framework allows the identification of 

Industry 4.0 requirements, but without yet configuring a maturity assessment, which will be 

the subject of future research. Another important point is that the result of this research will be 

used as a basis for building this instrument. 

 

In the section 2.3.2, it was carried out a SLR about Industry 4.0 maturity models using 

the method of Tranfield, Denyer and Smart (2003). The content of the models were organized 

by similarity into nine evaluation dimensions: Strategy and Leadership; Technology and 

Connectivity; Smart Products; Customers and Partners; Processes and Value Creation; Data 

and information; Corporate standards; People and Competences; and Organization Culture. 

Each dimension was deployed in parameters, as also shown in the same section. The 

parameters grouping was also done by similarity and considered the information available in 

the reviewed literature and also the author's experience with the subject. For each parameter 

group (already presented in the SLR), a brief description was provided, based on the maturity 

models presented in the SLR. The parameter descriptions were described as requirements or 

attributes of the parameters, without necessarily presenting degrees of maturity.  

The next sections will detail the parameters and their descriptions for each dimension, 

raised from the reviewed literature, using the aggregation type of model construction. 

 

4.1.1 Strategy and Leadership 

 

The “Strategy and Leadership” dimension represents how Industry 4.0's strategy and 

governance are structured and also how the organization's leadership is engaged for this 

purpose. From the literature, seven parameters for this dimension were proposed, as shown in 

the Table 36. 
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Table 36: Strategy and leadership parameters synthesis 

Parameter synthesis Parameter description References 

Industry 4.0 Strategy There is a company Industry 4.0 vision with 
formulated strategy and business model, 
which is implemented and regularly 
reviewed. The strategy operationalization 
and review is carried out through a system 
of indicators. 

Schumacher et al (2016); Kolla, 
Minufekr and Plapper (2019); 
Colli et al (2019), Colli et al 
(2018); Bibby and Dehe (2018) 

Roadmap for Industry 
4.0 

There is a roadmap of digital initiatives/ 
projects and it is aligned with the 
organization's and Industry 4.0 strategy. 

Schumacher et al (2016); 
Lichtblau et al. (2015) 

Central coordination of 
Industry 4.0 activities 

Digital initiatives in the organization are 
centrally coordinated by a Technology 
Office that manage the I4 roadmap and 
communicate the implementation status to 
the company. 

Schumacher et al (2016); 
Schumacher et al (2019); 
Lichtblau et al. (2015); Kolla, 
Minufekr and Plapper (2019) 

Resources for Industry 
4.0 implementation 

There are human and financial resources 
dedicated for Industry 4.0 implementation, 
ranging from a pilot to enterprise wide 
transformation. 

Schumacher et al (2016); 
Schumacher et al (2019); 
Lichtblau et al. (2015); Colli et al 
(2019), Colli et al (2018); Bibby 
and Dehe (2018) 

Employee Goals for 
Industry 4.0 
implementation 

There are objectives and goals that 
encourage process performance 
improvement through digital 
transformation. 

Schumacher et al (2019) 

Industry 4.0 Risk 
Assessment 

There is a risk assessment study regarding 
new technology insertion and Industry 4.0 
implementation with a formulated action 
plan to mitigate the mapped risks. 

Schumacher et al (2019) 

Willingness to 
Industry 4.0 
implementation 

Digital development engage people and it is 
a practice at all hierarchical levels, within 
the whole company’s network (starting 
from management side). The managers are 
trained with Industry 4.0 strategy, 
understand the technology potentials and 
are willing to implement digital 
transformation. 

Schumacher et al (2016); 
Schumacher et al (2019); Colli et 
al (2019), Colli et al (2018) 

Source: the author. 

 

4.1.2 Smart Products 

 

The “Smart Products” dimension encompasses the level of customization of products 

and aggregation of the value offering based on information and communication technologies 

for physical products. From the literature, three parameters for this dimension were proposed, 

as shown in the Table 37. 
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Table 37: Smart Products parameters synthesis 

Parameter 

synthesis 

Parameter description References 

Flexibility of product 
customization 

The organization is flexible and able to 
frequently change to meet customer 
needs. Machine changeover and setup 
time are continually reduce to offer 
production flexibility. 

Schumacher et al (2019); Bibby and 
Dehe (2018); Kolla, Minufekr and 
Plapper (2019) 

Physical Products 
with ICT add on 
functionalities 

Physical products are tied to a digital 
product portfolio, increasing the value 
offering to customers. Products delivered 
to customers can generate data and usage 
information, which is processed to 
improve service through new / better 
products and services. 
Also, products can interact with other 
systems throughout the value chain. Data 
is collected and analyzed ranging from 
few to multiple functions (e.g. condition 
monitoring) 

Schumacher et al (2016); 
Schumacher et al (2019); Lichtblau 
et al. (2015); Frank, Dalenogare and 
Ayala (2018) 

Product 
individualization 

Products traceability is individual 
throughout the whole value chain. With 
ICT support, the exact location of 
products is always possible to identify in 
real time. (LoRa, RFID, Data Matrix, 
MES etc)  

Schumacher et al (2016); 
Schumacher et al (2019) 

Source: the author. 

 

4.1.3 People and competences 

 

The “People and Competences” dimension reinforces the importance of people for the 

implementation of Industry 4.0. Within this dimension, the recruitment and development 

process of people is evaluated, considering digital skills, as well as the organization of work 

and the autonomy experienced by workers. From the literature, five parameters for this 

dimension were proposed, as shown in the Table 38. 
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Table 38: People and competences parameters synthesis 

Parameter synthesis Parameter description References 

Recruitment for 
Industry 4.0 

The company is recruiting new employees 
already thinking of the requirements needed 
to assist in the deployment of Industry 4.0 
technologies. 

Schumacher et al (2019); 
Lichtblau et al. (2015) 

Work organization The work organization is more horizontal 
and the company has few hierarchical 
levels, or there is a willingness to make 
working arrangements more flexible. 

Schumacher et al (2019) 

Digital skills  The company is providing/developing 
digital skills for its employees. (areas: Data 
security/ communications security; IT 
infrastructure; automation technology; 
systems thinking; data analytics; 
development/ application of assistance 
systems; collaboration software). 

Schumacher et al (2016); 
Schumacher et al (2019); 
Lichtblau et al. (2015); Colli et al 
(2019), Colli et al (2018); Kolla, 
Minufekr and Plapper (2019) 

Factory worker 
autonomy 

 In the organization, the operational level 
solves problems or makes decisions with 
autonomy within their level of 
performance. 

Schumacher et al (2016); 
Schumacher et al (2019) 

Experience with 
interdisciplinary work 

In the industry, employees have experience 
in jobs that require the use of different 
spheres of knowledge and the interaction 
between people of different backgrounds 
and positions. 

Schumacher et al (2016); 
Schumacher et al (2019) 

Source: the author. 
 

4.1.4 Customer and partners 

 

The “Customers and Partners” dimension represents the company's integration with 

other institutions in its production chain, such as its customers and partners. The openness and 

use of digital solutions is evaluated here, as well as the integration of systems in the chain. 

From the literature, six parameters for this dimension were proposed, as shown in the Table 

39. 
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Table 39:  Customers and partners parameters synthesis 

Parameter synthesis Parameter description References 

Revenue from Digital 
Solutions 

Customers are willing to buy digital 
solutions and the organization has 
revenue from these solutions as provided 
in the digital strategy. 

Lichtblau et al. (2015) 

Openness to new 
technologies 

Customers already purchased digital 
solutions and use it. 

Schumacher et al (2016); 
Schumacher et al (2019); 
Lichtblau et al. (2015) 

Customer contact 
scanning 

Customer contact is digitized and the 
organization's information systems are 
integrated with customer ones.  

Schumacher et al (2016); 
Schumacher et al (2019); Frank, 
Dalenogare and Ayala (2018); 
Bibby and Dehe (2018) 

Digital contact with 
company partners 

Contact with partner companies is 
digitized and information systems are 
integrated. 

Schumacher et al (2019); 
Asdecker and Felch (2018); 
Bibby and Dehe (2018); Frank, 
Dalenogare and Ayala (2018) 

Customer integration in 
product development 

Customers and users participate in the 
development of digital products and 
solutions. 

Schumacher et al (2019) 

Customer data and 
feedback 

Customer-related data and feedback are 
used for decision making and 
customizing solutions. 

Schumacher et al (2016); 
Schumacher et al (2019); Frank, 
Dalenogare and Ayala (2018) 

Source: the author. 

 

4.1.5 Technology and connectivity 

 

The “Technology and connectivity” dimension was present in all the revised maturity 

models, because Industry 4.0 is necessarily a technological revolution. In this dimension, the 

adoption of several technologies is evaluated, such as cloud computing, additive 

manufacturing, among others. From the literature, nine parameters for this dimension were 

proposed, as shown in the Table 40. 
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Table 40: Technology and connectivity parameters synthesis 

Parameter synthesis Parameter description References 

Information and 
Communication 
Technology 

Existence of modern ICT in the company; 
Vertical integration of company-wide systems 
network. For example, Enterprise Resource 
Planning (ERP) and Collaborative Planning, 
Forecasting and Replenishment (CPFR). There 
are assets or tools that make possible to process 
data correlating and analyzing it and 
communicate it to the user or act autonomously to 
optimize performance. The IT infrastructure in 
the whole supply chain is based on standards that 
allow plug and play inter-organization 
communication, enabling interoperability. 

Schumacher et al (2016); 
Schumacher et al (2019); 
Asdecker and Felch (2018); 
Lichtblau et al. (2015); Frank, 
Dalenogare and Ayala (2018); 
Colli et al (2019);Colli et al 
(2018); Kolla, Minufekr and 
Plapper (2019) 

Cloud Technology  Utilization of cloud technology with decentralized 
information storage. The organization store 
information within a cloud network; hard 
resources (e.g. machines and robots) and soft 
resources (e.g. data, documents and software) are 
connected to a cloud. 

Schumacher et al (2016); 
Schumacher et al (2019); 
Lichtblau et al. (2015); Frank, 
Dalenogare and Ayala (2018); 
Colli et al (2019), Colli et al 
(2018); Bibby and Dehe (2018) 

Sensors There is evidence that the organization is using 
sensors on products and supplied parts for data 
collection; Intelligent sensors are used within the 
organization’s manufacturing process to support 
automation. 

Schumacher et al (2019); Frank, 
Dalenogare and Ayala (2018); 
Bibby and Dehe (2018) 

IoT and CPS  The organization uses advanced connectivity 
technology between equipment, products and 
people; There is evidence that the organization 
has embraced digitalization for product, parts and 
machinery (e.g. LoRa communication, RFID 
technology, condition monitoring devices and 
computational vision). Utilization of machine-to-
machine communication; Integrated computers in 
machines; and Integrated computers in tools. 

Schumacher et al (2016); 
Schumacher et al (2019); 
Asdecker and Felch (2018); 
Frank, Dalenogare and Ayala 
(2018); Kolla, Minufekr and 
Plapper (2019); Bibby and Dehe 
(2018) 

Additive 
Manufacturing (3D 
Printing) 

The organization uses additive manufacturing 
technology for the creation of tooling, prototypes 
or spare parts; 

Schumacher et al (2019); Frank, 
Dalenogare and Ayala (2018); 
Bibby and Dehe (2018) 

Robot Usage The organization’s machines have the ability to 
be run autonomously or through an external 
system; The level of automation is evident within 
the production area. 

Schumacher et al (2019); Frank, 
Dalenogare and Ayala (2018); 
Bibby and Dehe (2018) 

Big Data and 
Analytics 

The organization has the ability to access data 
quickly and effectively from equipment, products, 
machines, facilities and systems; 
The organization has the ability to analyze 
process data in order to make decisions, share 
information and improve negative trends. 

Asdecker and Felch (2018); 
Lichtblau et al. (2015); Frank, 
Dalenogare and Ayala (2018); 
Colli et al (2019), Colli et al 
(2018); Bibby and Dehe (2018) 

MES and process 
traceability 

The organization has the ability to see live 
manufacturing systems and make changes 
immediately; The organization uses digital media 
to bring information directly to the workforce; 

Frank, Dalenogare and Ayala 
(2018); Colli et al (2019), Colli 
et al (2018), Bibby and Dehe 
(2018) 

Augmented and 
virtual reality tools 

The organization uses augmented and virtual 
reality tools. 

Frank, Dalenogare and Ayala 
(2018); Colli et al (2019), Colli 
et al (2018) 

Source: the author. 
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4.1.6 Process and value creation 

 

The “Process and Value Creation” dimension assesses the adoption of intelligent 

systems and the automation of production processes. Quality management and data-based 

maintenance are examples that make up this dimension. From the literature, six parameters for 

this dimension were proposed, as shown in the Table 41. 

 

Table 41: Process and value creation parameters synthesis 

Parameter 

synthesis 

Parameter description References 

Automation of 
value generation 
processes 

The value creation processes are automated 
and there is automated monitoring of 
processes. 

Schumacher et al (2019); 
Asdecker and Felch (2018); 
Lichtblau et al. (2015) 

Machine Park 
Autonomy / 
Autonomous/ 
System self-
regulation 

There are intelligent systems that identify 
some problems / deviations and can solve 
them without human intervention. In the 
company, there is equipment that exchange 
information with each other in real time to 
regulate and control the production process 
and products intelligently. 

Schumacher et al (2019); Frank, 
Dalenogare and Ayala (2018); 
Asdecker and Felch (2018) 

Machine park 
control is done 
remotely 

In the organization, the sectors have areas 
with remote control of equipment, such as a 
control center without the need for operators 
physically present in the equipment. 

Schumacher et al (2019); Frank, 
Dalenogare and Ayala (2018) 

Automated Quality 
Control 

In the organization, quality control process 
data is automatically analyzed and 
deviations are made available in a 
transparent and agile manner through 
information systems. 

Schumacher et al (2019); Frank, 
Dalenogare and Ayala (2018) 

Database machine 
maintenance 

In the organization, maintenance is based on 
data, with frequency and schedule adjusted 
intelligently according to the conditions of 
use and performance results of equipment. 

Schumacher et al (2019); Frank, 
Dalenogare and Ayala (2018) 

Human and robot 
collaboration 

I realize that there is a good collaboration 
interface between humans and robots, 
respecting the ergonomic principles since 
the project conception. 

Schumacher et al (2019); Kolla, 
Minufekr and Plapper (2019) 

Source: the author. 

 

4.1.7 Data and information 

 

In the “Data and information” dimension, the organization's data flow is evaluated, 

from its collection, storage to decision making. The evaluation items include the visualization 

of data and the creation of simulations of production processes based on data. From the 

literature, four parameters for this dimension were proposed, as shown in the Table 42. 
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Table 42: Data and information parameters synthesis 

Parameter synthesis Parameter description References 

Automated data 
collection 

The industry process and operations data 
are collected in a structured and 
automated manner. 

Schumacher et al (2019); 
Asdecker and Felch (2018); 
Frank, Dalenogare and Ayala 
(2018) 

Collected data analysis 
and database-based 
decision making 

The company analyzes collected data 
from its processes and compiles it for 
KPI generation and operation controls to 
support decision making. 

Schumacher et al (2019); 
Lichtblau et al. (2015) 

Digital visualization of 
processes 

It is possible to view the main process 
variables and indicators digitally. 

Schumacher et al (2019); 
Lichtblau et al. (2015); Colli et al 
(2019); Colli et al (2018) 

Data-driven software 
simulation of future 
scenarios 

Software-based simulations of future 
scenarios are made from collected data 
from processes. 

Schumacher et al (2016); 
Schumacher et al (2019); 
Lichtblau et al. (2015); Frank, 
Dalenogare and Ayala (2018); 
Colli et al (2019), Colli et al 
(2018); Kolla, Minufekr and 
Plapper (2019) 

Source: the author. 

4.1.8 Corporate standards 

 

The “Corporate Standards” dimension assesses standards arising from technological 

transformation, encompassing items related to information security, the existence of 

technological standards and the adoption of rules by employees to work in a secure digital 

environment. From the literature, four parameters for this dimension were proposed, as shown 

in the Table 43. 

Table 43: Corporate standards parameters synthesis.   

Source: the author. 

Parameter 

synthesis 

Parameter description References 

Technology 
Standards 

There are organization standards for 
technology development, best practices and 
benchmarks for ensuring process efficiency, 
security and maintenance. 

Schumacher et al (2016); 
Schumacher et al (2019); Colli et al 
(2019); Colli et al (2018) 

Legal protection for 
digital products and 
services 

The organization is aware of local legal 
protection mechanisms for digital products 
and services. 

Schumacher et al (2016); 
Schumacher et al (2019) 

Cyber Security Security technologies are used to store, 
process and safely protect company 
information. 

Schumacher et al (2019); Lichtblau 
et al. (2015); Frank, Dalenogare and 
Ayala (2018); Colli et al (2019), 
Colli et al (2018) 

Rules for 
employees in the 
digital workplace 

Employees understand the rules and best 
practices to operate in a safe digital work 
environment. 

Schumacher et al (2019) 
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4.1.9 Organization culture 

 

Finally, the “Organization culture” dimension points to the adoption of innovation 

management in the organizational environment, given its importance for the development of 

Industry 4.0.From the literature, three parameters are evaluated for this dimension, as shown 

in the Table 44. 

 

Table 44: Organization culture parameters synthesis 

Parameter synthesis Parameter description References 

Open innovation 
culture  

The company collaborates with other 
organizations and players to develop new 
ideas. 

Schumacher et al (2016) 

Innovation 
management  

There is a structured and implemented 
innovation management process, ranging 
from pilot to enterprise-wide 
departments. 

Lichtblau et al. (2015) 

Continuous 
improvement culture 

There is a sense of continuous 
improvement culture within the 
company. 

Bibby and Dehe (2018); Kolla, 
Minufekr and Plapper (2019) 

Source: the author. 
 

4.1.10 Model dimensions compilation 

 

The Figure 14 summarized the i4 dimensions of the management model and each 

number between parentheses represented the quantity of parameters for each Industry 4.0 

dimension. There are, in total, 9 dimensions and 50 parameters and parameter descriptions. 
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Figure 14: Industry 4.0 Management Reference Model 

Source: the author. 

 

Considering the dimensions and parameters grouping presented in the SLR, the 

proposed parameter descriptions presented from sections 4.1.1. to 4.1.9, the Table 45 below 

summarized all the dimensions with a general description, and the supported literature. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Strategy and 
leadership (7)

Smart Products 
(3)

People and 
competences 

(5)

Customer and 
partners (6)

Technology 
and 

connectivity (9)

Process and 
value creation 

(8)

Data and 
information (4)

Corporate 
Standards (4)

Organization 
culture (3)
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Table 45: Industry 4.0 maturity model dimensions review 

Dimension General Description References 

Strategy and 
leadership 

Measurement of the level of structuring and 
governance of the digital transformation strategy, 
considering the appropriate allocation of resources 
and the engagement of people for this purpose. 

Schumacher et al (2016); Kolla, 
Minufekr and Plapper (2019); Colli 
et al (2019), Colli et al (2018); 
Bibby and Dehe (2018); Lichtblau et 
al. (2015); Schumacher et al (2019). 

Smart 
Products 

The capacity of individualization and piece-by-piece 
tracking of products, as well as the integration of 
information technology services with physical 
products, facilitating the collection of environment 
usage data and allowing product interconnectivity 
with each other and with the operating systems. 
According to literature, Smart Products are the 
foundation for the smart factory and smart operations 
dimensions. 

Schumacher et al (2019); Bibby and 
Dehe (2018); Kolla, Minufekr and 
Plapper (2019); Schumacher et al 
(2016); Lichtblau et al. (2015); 
Frank, Dalenogare and Ayala (2018) 

People and 
competences 

Measurement of employee’s digital fluency, with 
different levels of demand depending on the area of 
expertise. The recruitment process already considers 
different skills for digital transformation and 
employees have access to training to develop digital 
skills and competences. 

Schumacher et al (2019); Lichtblau 
et al. (2015); Schumacher et al 
(2016); Colli et al (2018); Kolla, 
Minufekr and Plapper (2019); Bibby 
and Dehe (2018) 

Customer 
and partners 

Company integration with other organizations, 
including customers and partners. The customer is 
opened to digital products and services, as measured 
by their perceived value as well as the revenue from 
the delivered solutions 

Lichtblau et al. (2015); Schumacher 
et al (2016); Schumacher et al 
(2019);  Frank, Dalenogare and 
Ayala (2018); Bibby and Dehe 
(2018) 

Technology 
and 
connectivity 

The existence, level of application and usage of 
technologies within the organization such as 
information technology, cloud computing, additive 
manufacturing, augmented reality, sensoring, 
robotization, machine to machine integration and 
communication. 

Schumacher et al (2016); 
Schumacher et al (2019); Asdecker 
and Felch (2018); Lichtblau et al. 
(2015); Frank, Dalenogare and 
Ayala (2018); Colli et al 
(2019);Colli et al (2018); Kolla, 
Minufekr and Plapper (2019); Bibby 
and Dehe (2018) 

Process and 
value 
creation 

The level of automation and autonomous process 
control and decision making supported by data. 
 

Schumacher et al (2019); Asdecker 
and Felch (2018); Lichtblau et al. 
(2015); Frank, Dalenogare and 
Ayala (2018);  Kolla, Minufekr and 
Plapper (2019) 

Data and 
information 

The level of transparency and digitization of 
information flow, from data collection to decision 
making.  

Schumacher et al (2019); Asdecker 
and Felch (2018); Frank, Dalenogare 
and Ayala (2018); Lichtblau et al. 
(2015); Colli et al (2019); Colli et al 
(2018); Kolla, Minufekr and Plapper 
(2019) 

Corporate 
Standards 

The level of rules and standards for developing 
existing and new digital technologies, in an efficient 
and safe way. 

Schumacher et al (2016); 
Schumacher et al (2019); Colli et al 
(2019); Colli et al (2018); Lichtblau 
et al. (2015); Frank, Dalenogare and 
Ayala (2018) 

Organization 
culture 

The organizational culture is geared to innovation and 
continuous improvement. 

Schumacher et al (2016); Lichtblau 
et al. (2015) 

Source: the author. 
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4.2 MODEL REFINEMENT 

The proposed dimensions presented in the previous sections were based on the 

literature regarding Industry 4.0 maturity assessment. Since this work aimed to build an 

empirically grounded and validable reference model in management, it is necessary that the 

practice was also taken into account for the refinement of the proposed model. Even if the 

main output of this work referred to a conceptual model, the author considered it would be 

relevant to gather the technology manager’s perspective from the iron and steel sector to 

properly refine the constructed theoretical structure. Firstly, because it is expected that the 

proposed theoretical structure to evolve into a maturity assessment tool. Another point is that 

the future instrument will be dedicated to the iron and steel sector. 

The first contact with the interviewees was made by e-mail and telephone. All 

managers sought willingly accepted to participate in the interviews. Individual presentations 

were made containing a brief summary of the research objectives and methodological 

procedures. The selected interviewees were asked to fill out a consent and confidentiality 

form presented in Appendix A. The indication of the professionals came from the network of 

the researcher professional contacts, who works in the technology area of a multinational in 

the steelmaking industry. 

In total, four individual interviews were carried out with four senior technology 

managers from different multinational steel mills (see Table 46), each with an average 

duration of one hour and thirty minutes. For the interviews, the Zoom platform was used, all 

of which were virtual and digitally recorded for later consultation of responses. The 

interviews were also transcribed and are available in case of further need and consultation. 

 

Table 46: Interviewees position and dates 

Steel plant name Experience 
in the plant 

(years) 

Interviewee position 

Mill 1 37 Executive Automation and Infrastructure Manager 
Mill 2 4 IT Project Portfolio Manager 
Mill 3 12 General Manager of Data Science and Automation; Chief 

Technology Office 
Mill 4 21 Corporate IT and Business Process Manager 

Source: the author. 

All respondents met the three requirements presented in section 3.2.3, thus having 

know-how and experiences with the implementation of technologies in steel mills, a systemic 

view on the implementation of Industry 4.0 and notoriety in their respective areas of activity. 
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It is worth mentioning that the endeavor of Industry 4.0 implementation in steel industries can 

start either from an automation or information technology initiative, depending on the 

implementation context. In this sense, respondents one and three are managers in the 

automation technology (TA) sector, while respondents two and four are managers in the 

information technology (IT) area. The main difference between these two areas is related to 

their perimeter of activity, with TA being responsible for industrial and shop floor systems, 

while IT is responsible for the company's business and ERP systems. 

In terms of formal education, the interviewees had graduation in information systems 

and Control and Automation Engineering. Three out of the four had carried out MBA in 

project management. 

 

4.2.1 Interview compilation 

 

The first interview used the questionnaire available in Appendix A. This first 

interview was used to test the developed research form and make final adjustments to it. After 

that, the questionnaire was adapted as also shown in Appendix A. The reviewed questionnaire 

was used for the remaining three following interviews. 

The Table 47 visually presents the compilation of the interviews in relation to the four 

interviewees. For each dimension and parameter, the respondents' positions are presented, and 

the green color means that the respondent agreed with the specific assessment and parameter 

items presented. The yellow and red color represents disagreement, while yellow means small 

suggestions for improvement, and red represents a significant disagreement with the 

parameter presented. At the end of the table, a compilation of the agreement level was 

presented for each interviewee. 
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Table 47: Interviews compilation 

Dimension Parameter I1 I2 I3 I4 

Strategy and 
leadership 

Industry 4.0 Strategy 
Roadmap for Industry 4.0 
Central coordination of Industry 4.0 activities 
Resources for Industry 4.0 implementation 
Employee Goals for Industry 4.0 implementation 
Industry 4.0 Risk Assessment 
Willingness to Industry 4.0 implementation 

Smart Products Flexibility of product customization 
Physical Products with ICT add on functionalities 
Product individualization 

People and 
competences 

Recruitment for Industry 4.0 
Work organization 
Digital skills  
Factory worker autonomy 
Experience with interdisciplinary work 

Customer and 
partners 

Revenue from Digital Solutions 
Openness to new technologies 
Customer Contact Scanning 
Digital contact with company partners 
Customer integration in product development 
Customer data and feedback 

Technology and 
connectivity 

Information and Communication Technology 
Cloud Technology  
Sensors 
IoT 
Additive Manufacturing (3D Printing) 
Robot Usage 
Big Data 
MES and process traceability 
Augmented and virtual reality tools 

Process and 
value creation 

Automation of value generation processes 
Machine Park Autonomy / Autonomous and system self-regulation 
Machine park control is done remotely 
Automated Quality Control 
Database machine maintenance 
Human and robot collaboration 

Data and 
information 

Automated data collection 
Collected data analysis and database-based decision making 
Digital visualization of processes 
Data-driven software simulation of future scenarios 
Historical data 

Corporate 
Standards 

Technology Standards 
Intellectual property 
Legal protection for digital products and services 
Cyber Security 
Change Management 
Rules for employees in the digital workplace 

Organization 
culture 

Open innovation culture  
Openness to new technology 
Innovation management  
Continuous improvement culture 

# Agree 51 38 47 39 

# Agree with observations 0 8 4 12 
# Disagree 0 5 0 0 

Source: the author. 
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As can be seen in Figure 15, respondents one and three have greater agreement with 

the concepts presented. Whereas respondents two and four have greater disagreement, 

interviewee two was the only one who disagreed with some of the parameters presented. It is 

interesting to note that respondent’s one and three are from the automation technology area, 

whereas respondents two and four are from the information technology area. This perception 

refers to a general assessment of the participants in relation to the model, and the 

disagreements were, for the most part, in different parameters/ parameter descriptions. 

 

Figure 15: Interviewee level of agreement 

 

Source: the author. 

 

As can be seen in Figure 16, the dimensions with the highest rate of disagreement were 

“Customer and partners” and “Strategy and Leadership”, with respectively nine and five 

occurrences throughout the interviews. The dimensions “Technology and connectivity”, 

“Process and Creation of Value”, “Data and Information” and “Norms of the Corporation” 

had three occurrences. Finally, the category "Intelligent Products" was a single category that 

did not represented any disagreement by the interviewees. 
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Figure 16: Level of agreement by dimension 

 

Source: the author. 

 

In order to better explore the interviewees' opinions, the raised issues and 

disagreements about the parameters and their descriptions were presented below. For each one 

of the raised issues (visually identified in yellow, when “partially agree” and red, when 

“disagree”), the author analyzed based the literature, his experience and the responses from 

other interviewees to deliberate on the suggested improvements. 

Tables 49 to 57 were organized by dimension and presented, for each parameter, the 

raised issue from the interviews, the author's analysis, the rewriting of the parameter (when 

applicable), as well as the rewriting of the parameter description (when applicable). 

Within “Strategy and leadership”, four parameters were analyzed. The first question 

was related to the implementation strategy for Industry 4.0, which should cover projects that 

aim not only to improve performance, but also projects that present a higher degree of risk 

and that do not necessarily bring results in a short period of time. Thus, the term “success 

criteria” was included in the evaluation item, to cover the scope of this type of project. 

Another aspect raised by interviewee 4 was in relation to the need of dedicated 

resources to implementing Industry 4.0 projects. In the interviewee's view, not every project 

happens to have exclusive employees’ dedication. At the same time, the interviewee believes 

that resources should at least be planned. Therefore, the term was updated in the evaluation 

item. 

Regarding risk analysis, interviewee 2 believes that it should not be part of a maturity 

study in Industry 4.0, as it is a transversal parameter of organizations and not exclusively 

related to this research topic. In the author's analysis, the parameters comprised in the 
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reference model are not necessarily exclusive to Industry 4.0, and may interface other areas of 

knowledge, as long as the criterion is an enabling characteristic of Industry 4.0 (this same 

logic will also be used throughout the interviews analysis). Thus, the questioning was 

considered, however, by the agreement of the other interviewees and also because it is a 

criterion proposed by Schumacher et al (2019), the parameter will be maintained, making it 

more explicit that it is a risk analysis specifically focused for Industry 4.0 implementation. 

The last point of analysis of “Strategy and Leadership” refers to the engagement of 

people in relation to the implementation of i4, which had two disagreements. Interviewee 2 

believes that people engagement is mainly based on their positive experiences with Industry 

4.0 technologies, this process being natural from experienced examples. Interviewee 4 

contributed to this parameter in a different perspective, proposing the inclusion of top-down 

and bottom-up approaches in the implementation of Industry 4.0, as well as “Net Promoting 

Score” surveys and including maturity assessments as instruments to measure the people's 

ability to engage in this endeavor. Interviewee 4's observations were fully included in the 

parameter descriptions, while interviewee 2's position, which presented a more practical view 

of engagement, was considered and will compose a new parameter which was presented in the 

end of the current section. 

Thus, 4 parameters that refer to “Strategy and Leadership” were updated as shown in 

Table 48. 
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Table 48: Strategy and leadership analysis 

Parameter 
I

1 

I

2 

I

3 

I

4 
Raised issue 

Author 

analysis and 

definition 

New 

paramet

er name 

(when 

applicab

le) 

New parameter 

description  

(when applicable) 

Industry 
4.0 
Strategy 

According to 
interviewee 4, not 
all projects are 
supposed to lead to 
performance 
improvement. E.g. 
blue sky innovation 
projects. 

Accepted 
and 
parameter 
description 
updated. 

Maintain
ed 

There is a business vision 
of Industry 4.0 with a 
digital strategy formulated, 
implemented and revised. 
The operationalization and 
review of the Industry 4.0 
implementation strategy is 
carried out by means of 
performance drivers or 
success criteria of the 
initiatives. 

Resources 
for 
Industry 
4.0 
implement
ation 

Interviewee 4 stated 
that human 
resources not 
necessarily can be 
dedicated but 
planned. (verb 
change) 

Accepted 
and 
parameter 
description 
updated. 

Maintain
ed 

There are human and 
financial resources planned 
for the implementation of 
Industry 4.0, ranging from 
a pilot to a company-wide 
transformation. 

Industry 
4.0 Risk 
Assessmen
t 

According to 
Interviewee 2, the 
risk analysis it is 
not only related to 
Industry 4.0 
implementation 
approach. 

Considered, 
but risk 
analysis 
should kept 
in the model 
since it is a 
relevant 
aspect. 
Parameter 
description 
changed to 
be more 
specific and 
clear 
regarding 
Industry 4.0 
implementati
on. 

Maintain
ed 

The company has a 
mechanism / process for 
analyzing the viability of 
projects in the short, 
medium and long term and 
this extends to the 
insertion of new 
technologies from Industry 
4.0. Based on this analysis, 
an action plan is 
formulated and monitored. 
The maintainability of the 
products and solutions 
developed is taken into 
account, as well as their 
impact on the stability of 
the production process. 

Willingnes
s to 
Industry 
4.0 
implement
ation 

Interviewee 2 
believes that people 
engagement is 
mainly based on 
their positive 
experiences with 
Industry 4.0 
technologies. 
Interviewee 4 
suggested that NPS 
survey and maturity 
assessment should 
be included as well 

New item 
created to 
consider the 
solving 
problems 
approach. 
The 
parameter 
description 
is 
maintained 
and updated. 

Maintain
ed and 
new item 
created 
to cope 
with 
interviwe
e 2 raised 
issue. 

The implantation of 
Industry 4.0 involves 
people and is promoted 
and practiced at all 
hierarchical levels of the 
organization, both in the 
top-down and bottom-up 
approach. Managers know 
the digital strategy of the 
organization, understand 
the potentials of Industry 
4.0 and are committed to 
implementing it. 
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as bottom-up and 
top-down 
approaches for i4 
implementation 

Engagement is measured 
from surveys such as NPS 
or maturity measures. 

Source: the author. 

The “Customer and partners” dimension had the highest number of issues raised, 

especially by respondents 2 and 4. A question raised by interviewee 4, regarding parameter 

“Customer data and feedback”, is that this parameter should be included in "Customer contact 

digitalization". In the author's view, theses items should be kept separate, as “Customer data 

and feedback” is more related to data collection and continuous monitoring of customer 

feedback, while "Customer contact digitalization" is more related to system integration with 

the clients. 

The general position of respondent 2 in this dimension, concerns the opening of the 

value chain to the technologies ofered by Industry 4.0. In his view, customers and partners are 

not looking for sophisticated solutions, but solutions that enable them to solve any practical 

problems. He stressed the idea that technology is a means and not an end. Interviewee 3, on 

the other hand, has a different view in this regard, and believes that the implementation of 

Industry 4.0 is indeed guided by technology itself and especially by the expectation that 

companies have to be perceived as modern and also to have legitimacy in the market in which 

they are involved. The author's position is that the success criteria of a project or product 

within the context of the implementation of Industry 4.0 are essential and must include the 

resolution of practical problems, such as the reduction of lead time, costs, errors, etc. As 

projects success criteria are included in the dimension of “Strategy and leadership”, the 

questioned parameters will be temporaly maintained. To cope with this divergence and high 

number of raised issues, all parameters composed in the “Customer and Partners” dimension 

will be further validated in future works, especially the parameters “Revenue from Digital 

Solutions” and “ Openness to new technologies”, that were not changed through the 

refinement process. 

The remaining observations are minor ones and related to changes in position and 

semantics of some evaluation items and parameters, as shown in Table 49. 
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Table 49: Customer and partners’ analysis 

Parameter 
I
1 

I
2 

I
3 

I
4 

Raised issue 

Author 
analysis 

and 
definition 

New 
parameter 
name 
(when 
applicable) 

New 
parameter 
description 

(when 
applicable) 

Revenue 
from 
Digital 
Solutions 

According to interviewee 2, 
a client does not necessarily 
want fancy solutions but at 
the same time Interviewee 3 
states that I4 implementation 
is also related to the 
perception of modernity.  

Parameter 
description 
maintained 
but 
changed to 
the end of 
dimension. 

Temporally 
maintained, 
but need 
further 
validation in 
the future. 

Temporally 
maintained, 
but need 
further 
validation in 
the future. 

Openness 
to new 
technologi
es 

According to interviewee 2, 
a client does not necessarily 
want fancy solutions but at 
the same time Interviewee 3 
states that I4 implementation 
is also related to the 
perception of modernity.  

Parameter 
description 
maintained 
but 
changed to 
the end of 
dimension. 

Temporally 
maintained, 
but need 
further 
validation in 
the future. 

Temporally 
maintained, 
but need 
further 
validation in 
the future. 

Customer 
contact 
digitalizati
on 

According to interviewee 2, 
a client does not necessarily 
want fancy solutions but at 
the same time Interviewee 3 
states that I4 implementation 
is also related to the 
perception of modernity.  
Interviewee 4 asked to 
change the parameter 
description to customer 
contact scanning that is more 
general. 

Parameter 
description 
maintained 
but 
changed 
the name. 

Temporally 
changed to 
Customer 
Contact 
Scanning 

Temporally 
maintained 

Digital 
contact 
with 
company 
partners 

According to interviewee 2, 
a client does not necessarily 
want fancy solutions but at 
the same time Interviewee 3 
states that I4 implementation 
is also related to the 
perception of modernity. 
Interviewee 4 asked to 
change the parameter 
description to Digitalization 
of the value chain. 

Parameter 
description 
maintained 
but 
changed 
the name. 

Temporally 
changed to 
Digitalizatio
n of the 
value chain 

Temporally 
maintained 

Customer 
integration 
in product 
developme
nt 

According to Interviewee 4, 
depending on the market, 
customers and users actively 
participate in the 
development of digital 
products and solutions. 

Accepted 
and 
parameter 
description 
updated. 

Maintained Depending 
on the 
market 
profile, 
customers 
and users 
actively 
participate in 
the 
development 
of digital 
products and 
solutions 
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Customer 
data and 
feedback 

According to Interviewee 4, 
this parameter description 
should be integrated with 
"Customer contact 
digitalization". 

These 
items have 
differences 
and it will 
be kept 
separately.  

Maintained Maintained 

Source: the author. 

 

In the dimension "Technology and connectivity", two observations were made by 

interviewee 4 and one by interviewee 2. Interviewee 4 suggested the replacement of the term 

"communication technology" to "automation", in order to better express the importance of 

integrating automation and information technology systems. In addition, he suggested the 

inclusion of the term “real time data collection” in regard to sensors. Interviewee 3 also 

suggested the inclusion of virtual and augmented reality for remote operations. In the three 

cases described, the author consented to these inclusions, besides being small; they will add 

value to the conceptual model (Table 50). 

Table 50: Technology and connectivity analysis 

Parameter 
I
1 

I
2 

I
3 

I
4 

Raised issue 

Author 
analysis 

and 
definition 

New 
parameter 

name (when 
applicable) 

New parameter 
description  

(when applicable) 

Information 
and 
Communication 
Technology 

According to 
Interviewee 4, the 
term  
"Communication 
Technology" in 
the parameter 
name should be 
changed to 
automation. 

Accepted 
and 
parameter 
description 
name and 
description 
updated. 

Information 
and 
Automation 
Technology 

Existence of modern 
information and 
automation technology 
in the company, 
allowing the vertical 
integration of the 
systems network 
throughout the 
company (connecting 
the factory floor to the 
executives), as well as 
the horizontal 
integration throughout 
the entire value chain, 
promoting 
interoperability 
systems between 
organizations. There is 
integration of 
infrastructure bases 
allowing the 
convergence of AT and 
IT networks. 
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Sensors According to 
Interviewee 4, 
sensors are related 
to real time data 
collection. 

Accepted 
and 
parameter 
description 
updated. 

Maintained Sensors are used in the 
organization's 
manufacturing 
processes, allowing full 
production tracking and 
real-time data 
collection. The 
organization also uses 
sensors in products and 
parts to improve 
production tracking and 
control. 

Augmented and 
virtual reality 
tools 

The Interviewee 3 
states the 
importance of 
augmented and 
virtual reality 
tools to remote 
operations. 

Accepted 
and 
parameter 
description 
updated. 

Maintained The organization uses 
virtual and augmented 
reality tools. (as for 
training, maintenance 
and remote operations). 

Source: the author. 

In “Process and value creation” dimension (Table 51), author 2 made two 

contributions and author 3, one improvement contribution. In the parameter “Machine park 

control is done remotely”, interviewee 2 suggested the inclusion of virtual and augmented 

reality technologies for this purpose. In the parameter “Human and robot collaboration”, the 

interviewee 2 suggested the inclusion of model insights to support humans, and interviewee 3 

suggested the inclusion of safety principles consideration to human-robot interfaces. 

Regarding the insights brought by the models, this item has already been contemplated by the 

“Data and Information” dimension. The safety principles, though, have been added to the 

model. 

Table 51: Process and value creation analysis 

Parameter 
I
1 

I
2 

I
3 

I4 Raised issue 
Author 
analysis and 
definition 

New 
parameter 
name 
(when 
applicable) 

New parameter 
description  
(when applicable) 

Machine 
park control 
is done 
remotely 

The interviewee 2 
suggested the 
inclusion of 
technologies to 
the parameter 
description 
purpose. 

Accepted and 
parameter 
description 
updated. 

Maintained In the organization, the 
sectors have areas with 
remote control of the 
equipment, without the 
need for physical 
presence of the operators 
in them. Technologies 
such as virtual and 
augmented reality can be 
applied for this purpose. 
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Human and 
robot 
collaboration 

The interviewee 2 
suggested the 
inclusion of 
model insights to 
support humans 
and interviewee 3 
suggest the 
inclusion of safety 
principles. 

Model insights 
will be 
represented in 
the Data and 
Information 
dimension. 
Safety 
principles were 
included in this 
parameter 
description. 

Maintained There is a good 
collaboration interface 
between humans and 
robots, respecting the 
ergonomic and safety 
principles at work. 

Source: the author. 

 

Within the dimension of “People and Competences” (Table 52), only one issue was 

raised, regarding the parameter of operator autonomy. Interviewee 2 stated that, in fact, the 

automation of processes reduces the autonomy of operators. The other interviewees, as well as 

the author, believe that Industry 4.0 technologies offer resources to support decision making, 

without necessarily replacing the employee's autonomy in decision making.  

 

Table 52: People and competences analysis 

Parameter 
I
1 

I
2 

I
3 

I
4 

Raised issue 
Author 
analysis and 
definition 

New 
parameter 
name (when 
applicable) 

New parameter 
description  

(when 
applicable) 

Factory 
worker 
autonomy 

Interviewee 2 believes that 
automation would in fact take 
away operators' autonomy. The 
other interviewees disagree, 
and automation would be to 
support decision making. 

Parameter 
description 
maintained. 

Maintained Maintained 

Source: the author. 

 

In the dimension “Organization Culture”, the Interviewee 3 agrees with the parameter 

“open innovation culture” but suggested the inclusion of the term "experience and knowledge 

sharing" with the community. The Interviewee 2 addressed the importance of agile approach 

of small deliveries to solve problems using MVP concept for Industry 4.0 implementation. In 

both cases, the adjustments suggestions were accepted and included in the model, as shown in 

Table 53. 
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Table 53: Organization culture analysis 

Parameter I1 I2 I3 I4 Raised issue 

Author 
analysis 
and 
definition 

New 
parameter 

name (when 
applicable) 

New parameter 
description  

(when 
applicable) 

Open 
innovation 
culture  

Interviewee 3 agrees 
with the item but 
suggested the 
inclusion of the term 
"experience and 
knowledge sharing" 
with the community. 

Accepted 
and 
parameter 
description 
updated. 

Maintained The company 
exchanges 
experiences and 
knowledge with 
other institutions 
(universities, 
other industries), 
promoting 
innovations in a 
collaborative 
way. 

Openness to 
new 
technology 

Interviewee 2 stated 
that the employee 
should be aware and 
sensitized of i4 
potential.  

Accepted 
and 
parameter 
description 
updated. 

Maintained In the industry, 
employees were 
made aware of the 
importance of 
learning and 
using new 
technologies. 

Innovation 
management  

Interviewee 2 
addressed the 
importance of agile 
approach of small 
deliveries to solve 
problems using MVP 
concept for Industry 
4.0 implementation. 

Accepted 
and 
parameter 
description 
updated. 

Maintained There is a 
structured and 
implemented 
innovation 
management 
process, ranging 
from a pilot to all 
departments in 
the organization. 
Digital initiatives 
are developed in 
organizational 
innovation units 
and are structured 
in small deliveries 
/ MVPs over 
time. 

Source: the author. 

 

Although none of the interviewees raised any issue regarding Smart Product 

dimension (Table 54), in the author's view, the “Flexibility of product customization” 

parameter, should be part of the “process and value creation” dimension, as it is more 

adherent to its description and more coherent with the others items. The flexibility of product 

customization is more related to process parameters, whereas the “Smart Products” dimension 

is more focused on the inclusion of information and communication Technologies to physical 

products. 
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Table 54: Smart Products Analysis 

Parameter 
I
1 

I
2 

I
3 

I
4 

Raised issue 

Author 
analysis 
and 
definition 

New 
parameter 
name 
(when 
applicable) 

New parameter 
description  
(when applicable) 

Flexibility of 
product 
customization 

This item is more 
related to process 
and value creation 
dimension. 

Item 
changed to 
process 
and value 
creation 
dimension. 

Maintained Maintained 

Source: the author. 

 

In the “Data and information” dimension, three questions were raised. The first was 

presented by interviewee 4, which regarding the parameter “automation data collection” 

pointed out the importance of having a long-term data storage plan. Interviewee two 

punctuated on the parameter “Collected data analysis and database-based decision making”, 

the relevance of Big Data for data analysis. Finally, interviewee 3 suggested relating historical 

data to data modeling and statistics. In all three cases, the author accepted suggestions for 

improvement, as they enriched the conceptual model (Table 55). 

Table 55: Data and information analysis 

Parameter 
I
1 

I
2 

I
3 

I4 Raised issue 
Author 
analysis and 
definition 

New parameter 
name (when 
applicable) 

New parameter 
description  
(when applicable) 

Automated 
data 
collection 

The interviewee 4 
stated the 
importance of long 
term data storage 
management. 

Accepted 
and 
parameter 
description 
updated. 

Maintained The main data of 
operations and 
processes are collected 
in a structured, 
automated and 
consistent way. The 
data is stored in a way 
that allows its growth 
and scheduling. 

Collected 
data analysis 
and 
database-
based 
decision 
making 

The interviewee 2 
pointed out the 
importance of Big 
Data for data 
analysis. 

Accepted 
and 
parameter 
description 
updated. 

Maintained The company has the 
ability to analyze large 
volumes of data 
collected from its 
processes and 
compiles them for the 
generation of KPIs and 
operation controls to 
support decision 
making. 

Source: the author. 

In the “Corporate Standards” dimension, three other issues were raised. First, 

interviewee 4 suggested adding the importance of technical documentation to the 

technological standards parameter as well as changing the name of the parameter from 
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“Information security” to “Cyber security”. The term presented “Cyber security” is a term 

commonly used in the Industry 4.0 literature and therefore this suggestion was accepted by 

the author. Regarding the technical documentation, it was added because it represents a good 

practice of technological and systems development, especially in their maintenance and 

knowledge management. 

The last point presented by interviewee 2 concerns the suggestion of reinforcing the 

importance of people in the change management process. Because the implementation of 

Industry 4.0 involves both the technical and the personal aspects, the suggestion was also 

accepted by the author (Table 56). 

Table 56: Corporate standards analysis 

Parameter 
I
1 

I
2 

I
3 

I
4 

Raised issue 

Author 
analysis 
and 
definition 

New parameter 
name (when 
applicable) 

New parameter 
description  
(when applicable) 

Technology 
Standards 

The 
interviewee 4 
pointed out the 
importance of 
documentation
. 

Accepted 
and 
parameter 
description 
updated. 

Maintained There are standards and 
frameworks of the 
organization / 
documentation for 
technology 
development, as well as 
best practices and 
references to ensure the 
efficiency, security and 
maintenance of 
technological solutions. 

Information 
security 

The 
interviewee 4 
suggested the 
change of 
parameter 
description. 

Accepted 
and name 
of 
parameter 
description 
updated. 

Cyber Security Information security 
technologies are used to 
store, process and 
protect company data 
and information to 
prevent cyber-attacks, 
from development to 
system 
decommissioning. 

Change 
Managemen
t 

The 
interviewee 2 
highlighted 
that change 
management 
involves 
directly 
people. 

Accepted 
and 
parameter 
description 
updated. 

Maintained Change management is 
practiced encompassing 
the insertion of digital 
transformation products 
and services, 
considering the risks and 
impacts to 
organizational health, 
work safety, the 
environment and the 
performance of 
processes. Change 
management directly 
involves people to carry 
out the proper 
transformation process. 

Source: the author. 
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During the refinement processes, new items were raised from the interviewees and 

their suggestion were analyzed individually as shown in Table 57. In total, six new items were 

included to compose the proposed management model. The author analyzed each suggested 

parameter and, if included in the model, a new parameter description was provided. 

Within the “Strategy and Leadership” dimension, two parameters were included, 

which are the top-down support and the focus of Industry 4.0 in solving real problems. Top-

down support appeared as a fundamental aspect for the transformation foreseen by Industry 

4.0. The focus on solving real problems, on the other hand, aims at building a positive 

experience for people in relation to i4, exposing the potential of technologies in a practical 

way. 

In the “People and competences” dimension, the suggested parameter was the 

inclusion of change management focused on people. It was not included in the model because 

it is already part of the “Corporate Standards” dimension. Likewise, the suggested parameter 

“Process horizontal integration”, which made up the dimension “Process and value creation”, 

was not included because it is already part of the dimension “Technology and Connectivity”. 

Within the “Technology and Connectivity” dimension, the “creation of digital gene” 

parameter was suggested by respondents 3 and 4. This parameter was included in the model 

because it was not previously addressed and it was considered representative in terms of 

digital transformation. The digital gene is related to the transposing of the physical world to 

the digital context. 

In the “Data and Information” dimension, the inclusion of two new parameters was 

suggested, namely, “Creation of system alert (deviations)” and “Insights generation and 

testing through predictive models”, the last of which was suggested by three of the four 

interviewed and represents a relevant aspect and not explicitly covered by the model until 

then. Both parameters were included in the model by the author. 

Finally, the last suggested parameter refers to the creation of an environment that 

promotes the autonomy and empowerment of employees. As has already been said throughout 

this work, the transformation that comes from Industry 4.0 involves especially people and, 

therefore, continuous learning and collaborative work must integrate the model as a relevant 

criterion. 
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Table 57: New items analysis. 

Dimension 
New parameter 

suggested 

Author 
analysis and 

definition 

New parameter description  
(when applicable) 

I
1 

I
2 

I
3 

I
4 

Strategy and 
leadership 

Top down 
support 

Accepted and 
included in the 
model. 

The steel industry is a traditional 
environment and, therefore, the 
company's top leadership must, in 
addition to understanding the 
concepts of Industry 4.0, strongly 
sponsor its implementation as 
well as mobilize the organization. 

Industry 4.0 
focused in 
solving real 
problems 

Accepted and 
included in the 
model. 

The implantation of Industry 4.0 
provides a real problem solution 
experience. The focus of the 
implementation is on solving 
problems or improving 
performance, with technologies 
being a means to achieve the 
expected results. 

People and 
competences 

Change 
management 
focused on people 

It is already part 
of corporate 
standards 
dimension. 

Not included. 

Technology 
and 
connectivity 

Creation of 
digital gene 

Accepted and 
included in the 
model. 

There is evidence of the creation 
of the digital gene, in which the 
physical world is represented by 
the digital one, with relevant data 
on the products available 
digitally. 

Process and 
value 
creation 

Process 
horizontal 
integration 

It is already part 
of technology 
and connectivity 
dimension. 

Not included. 

Data and 
information 

Creation of 
system alert 
(deviations) 

Accepted and 
included in the 
model. 

Predictive and real-time system 
mechanisms exist to alert and 
signal deviations of parameters 
and critical process variables for 
their control. 

Insights 
generation and 
testing through 
predictive models 

Accepted and 
included in the 
model. 

Predictive and advanced analytics 
models are developed for 
generating and testing insights. 

Organization 
culture 

Environment that 
promotes 
autonomy and 
empowerment 

Accepted and 
included in the 
model. 

The work environment promotes 
experimentation and continuous 
learning. Employees carry out 
work independently and are 
encouraged to propose solutions 
in a collaborative way. 

Source: the author. 

 

In the last question of the questionnaire, the interviewees were approached about the 

need to review the dimensions presented. Not only on this question, but also during the 

interview, the interviewees were able to express their perceptions about the proposed model. 

Interviewee 1, for example, expressed on several occasions that he saw a lot of value in the 
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model developed and that it could add a lot in the implementation of Industry 4.0 as guidance 

for the plant where he operates. Interviewee 2 also added a positive perception of the 

proposed model, but questioned the need for Industry 4.0 to be directed to solving practical 

organization problems. This position was maintained throughout the interview, especially in 

the dimension "Customers and Partners". This questioning even added the item “Industry 4.0 

focused on solving real problems”, in order to bring this more practical perspective of 

implementation. This discussion can extrapolate the walls of the present work and can be 

unfolded in future works regarding ways of applying the proposed model. 

Still in relation to general perceptions of the proposed model, interviewee 3 

positioned himself bringing the tool as very useful for the process of unfolding the 

organizational digital strategy and applicable to the steel sector since it brings an holistic view 

of Industry 4.0. Finally, interviewee 4 not only saw value in the tool, but also started the 

development of a maturity assessment tool based mainly on the model by Schuh et al (2017). 

The model designed by the author has a similar structure to that proposed in the present work. 

In the interviewee's view, the maturity assessment supports the structured implantation of 

Industry 4.0 in steel plants. 

4.2.2 Model Assessment 

The refined Industry 4.0 management reference model was analyzed considering the 

parameters proposed by Dresch et al. (2015) to assess the rigor of the Design Science 

Research. These metrics was presented in section 3.1 and was used to evaluate the quality of 

the current work. As can be seen in Table 58, the parameters and assessment items proposed 

by Dresch et al. (2015) were attended by the developed conceptual management reference 

model.  
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Table 58: Model Assessment 

Parameters - 
Dresch et al. 
(2015) 

Assessment items - 
Dresch et al. (2015) 

Proposed reference management model comments 

Research 
Problem 

Problem must be relevant The Industry 4.0 approach is being used by organizations 
and industries from steelmaking sector in Brazil to deal 
with economic challenges (LIAO et al 2017). The i4 
approach is then expected to bring benefits to increase 
processes productivity and to contribute to the 
organization's strategy and competitiveness (LU, 2017; 
MARTINS, 2019; HAMMER, SOMERS and 
RAMSAUER, 2017). 
The company under study searches a reference to guide its 
Industry 4.0 implementation process and this need is 
corroborated by the literature (EROL, SCHUMACHER 
and SIHN, 2016; LIAO et al., 2017; THEORIN et 
al., 2016; WEISS, ZILCH and SCHMEILER, 2014; 
SANDERS and WULFSBERG, 2015; SCHUMACHER, 
EROL and SIHN, 2016). Furthermore, this gap in the 
practical application of the concepts of Industry 4.0 is 
highlighted for the continuous process industries, such as 
iron and steel (NEEF, HIRZEL AND ARENS, 2018).  

Problem must contribute 
to reduce the gap 
between theory and 
practice 

Problem must contribute 
to the advance of 
knowledge 

Beyond the proposition of the management reference 
model itself, the carried out systematic literature review on 
Industry 4.0 maturity models using the method of 
Tranfield, Denyer and Smart (2003) is another 
contribution of this work for knowledge advancement. The 
SLR was broad and covered the research topic with an 
holistic approach.  

Research 
Products 

An artifact must be 
created 

An Industry 4.0 reference management model was 
designed and addressed nine dimensions to guide i4 
implementation for Iron and Steel Sector. The developed 
model delivered 52 assessment items and used a 
sociotechnical approach.  

Solutions for real 
problems must be 
developed and designed 
The solutions developed 
must be satisfactory for 
the problem under study 
The solutions must be 
presented as a design or 
prescription 

Evaluation of 
the artifact  

The artifact must be 
evaluated using adequate 
techniques and tools 

The artifact was designed based on the literature and was 
refined by four Technology managers from Iron and Steel 
sector. With their knowledge and contribution, the 
proposed management reference model was updated.  
The refinement interviews were recorded and transcribed. 
The interviewees saw the proposed artifact as relevant to 
iron and steel sector.  
The rigor of artifact construction was analyzed using the 
parameters proposed by Dresch et al. (2015). 

The utility of the artifact 
must be rigorously 
demonstrated by the 
evaluation 

Generalization 
of solutions 

The solutions proposed 
for the problem must be 
generalized for a class of 
problems  

Since the model was refined by technology specialists 
from different industries from iron and steel sector this 
work can be applied as a reference at least for the sector 
and potentially be used in other continuous process 
industries with some adaptations.  
The parameter descriptions contain some examples of how 
to implement the specific dimension and it is oriented 
towards the iron and steel context.  

The construction and 
contingency heuristics of 
the artifact must be 
generalized for a class of 
problems  

Rigor in All the steps of the The method for the construction of empirically grounded 
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conducting the 
method 

method must be 
performed 

and validable reference models was adopted, as proposed 
by Ahlemann and Gastl (2007) and applied by Narcizo 
(2017). All steps from the proposed method were 
concluded. All steps from the work is properly 
documented. 

All of the researchers 

planned and performed 

activities must be 

documented in a research 

protocol. 

Source: the author. 

4.2.3 Synthesis and Documentation 

After the construction, refinement and evaluation of the model, a summary of the 

conceptual management reference model for Industry 4.0 implementation in steel mills were 

presented. This synthesis followed the classification of Fettke, Loos and Zwicker (2005). 

Table 59 presented the classification of the model and detailed its information.  

Figure 17 summarizes the nine dimensions of Industry 4.0 proposed by the model. The 

number in parentheses represents the number of parameters present in each dimension. In 

order to improve the understanding of the dimensions, Table 60 presents the compilation of 

the descriptions from the developed SLR and the refinement with the specialists. 

 

Figure 17: i4 reference model dimensions 

Source: the author 

Strategy and 
leadership (9)

Smart Products 
(2)

People and 
competences (5)

Customer and 
partners (6)

Technology and 
connectivity (10)

Process and 
value creation 

(6)

Data and 
information (6)

Corporate 
Standards (6)

Organization 
culture (5)
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Table 59: Model synthesis 

Criteria Description 
Identification: Conceptual Management reference model for Industry 4.0 implementation in steelmaking 
plants. 

General 
characterization  

Origin 
Academic and professional. Aggregation model according to 
Von Brocke (2007) apud Pagliuso, Cardoso and Spiegel (2010). 

Responsibility Fernando Henrique da Fonseca Silva. 
Access Public, free and unrestricted. 
Sources and references Tables 20 to 29 and section 2.3.2. 

Target public 
Primary: technology managers from steelmaking plants and 
academic institutions. 
Secondary: technology managers from other industries  

Support tools None available at the moment. 

Construction 

Domain 
By object: Industry 4.0 implementation guideline. 
By type of company: steelmaking plants. 

Modeling language Conceptual maps with Industry 4.0 requisites definition. 

Modeling Framework 
Table 61 and Table 62. Full list of parameters available in 
Appendix B. 

Construction Method 

Method for the construction of empirically grounded and 
validable reference models proposed by Ahlemann and Gastl 
(2007) and applied by Narcizo (2017). The method was also 
incremented with the step of Systematic Literature Review 
based on Dresch et al (2015). 

Model Logic 

Guideline organized in 9 dimensions and 52  parameter 
descriptions to orientate steelmaking plants who seeks to 
implement Industry 4.0 concepts in a structured way. The model 
can guide technology and Industry 4.0 deployment to compose 
company strategy with action plans. 

Assessment 
The model construction was analyzed using the parameters 
proposed by Dresch et al. (2015). 

Size Long. 

Application method 

The conceptual model can be applied as a “As Is” mapping to 
Industry 4.0 strategic deployment. The i4 attributes presented in 
the model can support technology managers to find gaps and 
insights for solutions. 

Application 

Reuse and 
customization 

The proposed model can be adapted to be applied in other types 
of industries. The conceptual model can also evolve to a 
maturity assessment instrument. 

Use case 

Primary: Steelmaking plants who seeks to implement Industry 
4.0 concepts into practice. 
Secondary: Other types of industries who seeks to implement 
Industry 4.0 concepts into practice. 
Source: the author. 
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Table 60: Dimensions description compilation 

Dimension General Description 

Strategy and 
leadership 

Measurement of the level of structuring and governance of the digital transformation strategy, 
considering the appropriate allocation of resources and the engagement of people for this 
purpose. 

Smart 
Products 

The capacity of individualization and piece-by-piece tracking of products, as well as the 
integration of information technology services with physical products, facilitating the 
collection of environment usage data and allowing product interconnectivity with each other 
and with the operating systems. According to literature, Smart Products are the foundation for 
the smart factory and smart operations dimensions. 

People and 
competences 

Measurement of employee’s digital fluency, with different levels of demand depending on the 
area of expertise. The recruitment process already considers different skills for digital 
transformation and employees have access to training to develop digital skills and 
competences. 

Customer 
and partners 

Company integration with other organizations, including customers and partners. The customer 
is opened to digital products and services, as measured by their perceived value as well as the 
revenue from the delivered solutions 

Technology 
and 
connectivity 

The existence, level of application and usage of technologies within the organization such as 
information technology, cloud computing, additive manufacturing, augmented reality, 
sensoring, robotization, machine to machine integration and communication. 

Process and 
value 
creation 

The level of automation and autonomous process control and decision making supported by 
data. 

Data and 
information 

The level of transparency and digitization of information flow, from data collection to decision 
making.  

Corporate 
Standards 

The level of rules and standards for developing existing and new digital technologies, in an 
efficient and safe way. 

Organization 
culture 

The organizational culture is geared to innovation and continuous improvement. 

Source: the author. 

 

In addition, Table 61 compiled for each dimension, the parameters that compose it. It is worth 

mentioning that the description of each parameter is available in Appendix B. 
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Table 61: Parameters compilation 

Dimension Parameters 

Strategy and 
leadership (9) 

Industry 4.0 Strategy; Roadmap for Industry 4.0; Central coordination of Industry 4.0 activities; 
Resources for Industry 4.0 implementation; Employee Goals for Industry 4.0 implementation; 
Industry 4.0 Risk Assessment; Willingness to Industry 4.0 implementation; Top down support; 
Industry 4.0 focused in solving real problems. 

Smart Products 
(2) 

Physical Products with ICT add on functionalities;   Product individualization. 

People and 
competences 
(5) 

Recruitment for Industry 4.0; Work organization; Digital skills; Factory worker autonomy; 
Experience with interdisciplinary work. 

Customer and 
partners (6) 

Customer Contact Scanning; Digitalization of the value chain; Customer integration in product 
development; Customer data and feedback; Revenue from Digital Solutions; Openness to new 
technologies. 

Technology 
and 
connectivity 
(10) 

Information and Automation Technology; Cloud Technology; Sensors; IoT and CPS; Additive 
Manufacturing (3D Printing); Robot Usage; Big Data and Analytics; MES and process 
traceability; Augmented and virtual reality tools; Creation of digital gene. 

Process and 
value creation 
(6) 

Flexibility of product customization; Automation of value generation processes; Machine park 
autonomy and system self-regulation; Machine park control is done remotely; Automated 
Quality Control; Database machine maintenance; Human and robot collaboration. 

Data and 
information (6) 

Automated data collection; Collected data analysis and database-based decision making; Digital 
visualization of processes; Data-driven software simulation of future scenarios; Historical data; 
Creation of system alert (deviations). 

Corporate 
Standards (6) 

Technology Standards; Intellectual property; Legal protection for digital products and services; 
Cyber Security; Rules for employees in the digital workplace; Change Management. 

Organization 
culture (5) 

Open innovation culture; Openness to new technology; Innovation management; Environment 
that promotes autonomy and empowerment; Continuous improvement culture. 

Source: the author. 
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5 FINAL CONSIDERATIONS 

 

Industry 4.0 is a buzzword in the corporate world and in the literature. This research 

topic was shown to have potential to leverage the competitiveness of the steelmaking sector 

through technology. Despite this potential, it was also identified that companies faced 

difficulties in abstracting the concepts of Industry 4.0 and implementing them into practice. 

Within this context, reference management models emerge as one suitable way to structure 

Industry 4.0 implementation. 

The company under study was searching a reference to guide its Industry 4.0 

implementation process and this need was corroborated by the literature (EROL, 

SCHUMACHER and SIHN, 2016; LIAO et al., 2017; THEORIN et al., 2016; WEISS, 

ZILCH and SCHMEILER, 2014; SANDERS and WULFSBERG, 2015; SCHUMACHER, 

EROL and SIHN, 2016). Furthermore, this gap in the practical application of the concepts of 

Industry 4.0 is highlighted for the continuous process industries, such as iron and steel 

(NEEF, HIRZEL AND ARENS, 2018). 

The main objective of this dissertation was to design, evaluate and refine a conceptual 

management reference model for Industry 4.0 implementation in steelmaking plants. The 

developed conceptual structure of the developed model contained the main Industry 4.0 

attributes associated with its implementation in steelmaking plants. The general conceptual 

framework can potentially be used as a base for the construction of reference and maturity 

model for Industry 4.0 implementation.  Additionally, the specific objectives were to identify 

in the literature the main Industry 4.0 constructs and its application to iron and steel sector; 

identify in the literature the main constructs related to Industry 4.0 maturity assessment; 

gather from specialists practical view in the steelmaking plants, their perspective on the main 

attributes associated with Industry 4.0 implementation; and to review the applicability 

between Lean and Industry 4.0 approaches. The specific objectives were met throughout 

chapter two and section 4.2 of the present work. 

The model resulting from the current work has a general conceptual framework and 

needs to be refined to deliver prescriptive characteristics, such as the classification of 

dimensions in levels of maturity. For this, it is necessary to fill some gaps, such as the 

validation of the model by specialists in Industry 4.0 in the academy. It is also necessary that 

the descriptions of the parameters be converted in evaluation criteria, so that the answers can 

subsequently be grouped properly into maturity levels. To build the maturity levels, the same 

references used in the SLR developed in this work can be used. 
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It is also important to note that this research was based heavily on the literature in 

Industry 4.0 maturity and the refinement process of the developed model was done by 

specialists in the steel sector. This meant that examples and descriptions were targeted for that 

specific sector. The general conceptual framework, as in the case of dimensions and 

parameters, was built based on the literature that covered several sectors. It is likely that, from 

small adaptations in the parameter descriptions, the model can be replicable for other sectors 

of the economy, supporting the implementation of Industry 4.0 in a structured and clear way. 

The model developed, as it contains a global and holistic conceptual framework, could 

potentially already be used to generate insights and action plans for technology managers who 

seek to implement Industry 4.0 in a structured way. The use of both the present conceptual 

model and the future reference model could compose the process of unfolding the digital 

strategy of organizations, supported by a reference that contains the requirements and best 

practices for the implementation of Industry 4.0. For example, the model could support 

companies to position their current state in relation to the dimensions and parameters, identify 

gaps and even to define a future state or targets to reach in a predefined period.   

Both the maturity for each dimension and the assessment tool could be defined based 

on the references studied in the present work. The Lichtblau et al. (2015) work could 

contribute strongly to the maturity classification. For that, the description of each parameter 

should be rewritten for each of the proposed levels. Regarding the evaluation method, the 

work of Schumacher et al (2019) details the step-by-step application and compilation of the 

scores. In general, in their method, a questionnaire is answered by experts and a workshop is 

conducted to generate consensus and to establish a joint action plan. As previously 

mentioned, this evaluation tool could be one of the strategic deployment levers of 

organizations, with the perspective of Industry 4.0. 

 

5.1 RESEARCH MAIN CONTRIBUTIONS 

5.1.1 Managerial implications 

The proposed Industry 4.0 conceptual management reference model was refined by 

four technology managers from four different big steelmaking plants in Brazil. The general 

perception of the interviewees was that the Industry 4.0 is relevant to the sector and the 
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proposed management reference model can potentially orientate steelmaking plants in i4 

journey, integrating initiatives to achieve company strategy. This refined management 

reference model in Industry 4.0 can be used as a starting point for industries who seeks to 

implement Industry 4.0 concepts in a structured way. 

Another relevant implication is that the present model was built with a comprehensive 

sociotechnical perspective of Industry 4.0, allowing its replication considering a holistic 

approach to the subject. With regard to replication, this work aimed to make the i4 evaluation 

parameters available in an accessible, objective and transparent way, since its domain today is 

guided by commercial interests, especially by consulting companies. 

Finally, it is worth mentioning that the present work can facilitate a structured 

discussion of Industry 4.0, especially in the steel sector, with the potential to become a 

benchmark tool to share good practices between steel mills. 

5.1.2 Academic implications 

Academically, likewise the work of Gökalp, Şener and Eren (2017) regarding the 

Industry 4.0 maturity modeling, the present work identified an elevated heterogeneity of 

maturity models for i4 implementation. A relevant contribution of this work was, therefore, 

the consolidation of the existing i4 parameters contained in the models, in order to make 

available the knowledge generated in this research area for future works. It is worth 

mentioning that the models identified in the literature had different levels of granularity and 

availability of information about the dimensions and parameters of Industry 4.0. 

Based on the literature and specialists refinement, the current work had proposed a 

conceptual management reference model composed of nine Industry 4.0 dimensions: Strategy 

and Leadership; Technology and Connectivity; Smart Products; Customers and Partners; 

Processes and Value Creation; Data and information; Corporate standards; People and 

Competences; and Organization Culture. The management reference model is also composed 

of 57 parameters and parameter descriptions. 

Finally, this work also showed that Industry 4.0 journey is expected to be systemic and 

it is based on technical, organizational and human aspects. The Lean approach also appears as 

beneficial for Industry 4.0 implementation.  
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5.2 RESEARCH MAIN LIMITATIONS 

 

The main limitations of the current research are listed below: 

 

1) In the “Organization Culture” dimension, the “Innovation Management” parameter 

was not well explored, since it is a broad and wide theme and not part of the main 

issue of the present work. It was clear that Innovation has a close relationship with 

Industry 4.0 but this connection was not further developed in the current work; 

2) The refined reference management model is not necessarily applicable to other types 

of industries, since the focus was in the steelmaking plants. The proposed dimensions 

are generic but the parameters can greatly vary and this customization should be 

considered whilst replicating it to other industries contexts; 

3) The proposed conceptual management reference model is not yet a maturity model, 

not bringing a level perspective for each dimension; 

4) This work did not well explore the model application or the connection between 

strategic deployments with Industry 4.0 implementation process. The premise of the 

current work is that managers who would use the proposed model should connect 

company strategic drivers with the guidelines proposed in the model. But this process 

is still vague and can potentially be further explored; 

5) The model refinement did not considered the perspective from specialists from the 

academy. It could have added value for the model; 

6) The interviewees experience could have been used not only for the refinement process 

but also for the construction of the model itself. This could have added a practical/ 

empirical perspective in the model since the frame of construction; 

7) Considering the use of the method of Ahlemann and Gastl (2007), the work could 

have explored more the empirical and practical aspect for the construction of the 

model. Despite the participation of technology experts, it is clear that the inclusion of 

more technology experts could have further enriched the work; 

8) There was no consensus in the “Customer and Partners” dimension, especially in the 

parameters “Revenue from Digital Solutions” and “ Openness to new technologies”. 

The interviewees 2 and 3 have different opinions in wether these two parameters 

should be part of the model  or not. If maintained it would mean that customers 
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utilization of digital products are key to Industry 4.0 implementation. This is a 

limitation but could also be further validated in future works.  

 

 

5.3 FUTURE WORK SUGGESTIONS 

 

Based on the current work and insights of opportunities generated along the research, 

the author suggested as potential future works: 

 

1) To detail the parameter descriptions into specific assessment items. 

2) To evolve the present conceptual model to an Industry 4.0 maturity model. It is also 

suggested that the model be translated into Industry 4.0 maturity levels in a specific 

instrument. The developed artifact can potentially be used not only as guidance but 

also as a benchmark tool to level Industry 4.0 implementation and promote a 

structured discussion on this topic in the iron and steel sector. 

3) To develop a management model to be applied in a steelmaking plant for Industry 4.0 

strategic deployment and creation of a practical implementation roadmap. The 

management model can potentially use the maturity model concept and also be 

translated and validated in other industries.  

A management model can potentially guide steelmaking industries to define key 

initiatives and projects to compose company strategy, especially with a technological 

perspective. A foreseen suggestion of application based on author experience can be 

seen in Figure 18. A maturity model along with company strategy and its context can 

be used to raise solutions and prioritize actions for Industry 4.0 implementation and 

digital transformation process. 

4) To study the relationship between Industry 4.0 with Innovation Management in order 

to establish frameworks for joint/ integrated implementation. 

5) The current work emerged from a need of a specific steelmaking plant but the current 

state of Industry 4.0 implementation of the iron and steel sector is a potential area of 

research. The developed conceptual management reference model could be used as a 

starting point parameter for this research.  
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Figure 18: i4 Management reference model application suggestion 

 

Source: the author. 

 

 

 



109 
 

REFERENCES 

(ACERO), ASOCIACIÓN LATINOAMERICANA DEL ACERO. Aplicaciones específicas 

de la manufactura digital em la indústria del acero. Revista Acero Latino Americano, n.567, 

marzo-abril, 2018. 

 

(IABr), INSTITUTO AÇO BRASIL. A siderurgia em números 2020: pocket yearbook. Rio 

de janeiro, 2020. Disponível em: https://acobrasil.org.br/site/publicacao/mini-anuario-aco-

brasil-2020/. Acesso em: 1 jan. 2021. 

 

(IABr), INSTITUTO AÇO BRASIL. Relatório de Sustentabilidade 2018. Rio de janeiro, 

2018. Disponível em: http://www.acobrasil.org.br/sustentabilidade/. Acesso em: 1 jan. 2021. 

 

(MPT), METALLURGICAL PLANT AND TECHNOLOGY INTERNATIONAL. Big River 

Steel’s Flat Steel Complex on it Way to Become a Learning Steel Mill. Mettalurgical Plant 

and Technology. 2017; V.6, p. 41-45. Disponível em: https://bigriversteel.com/wp-

content/uploads/2017/12/MPT-Int.-2017-6_BRS_SMS-group_Learning-steel-mill.pdf. 

Acesso em: 15 dez. 2020. 

 

(PWC), PRICEWATERHOUSE COOPERS (ed.). Industry 4.0: Building the digital 

enterprise. Metal key findings. Munich: PWC, 2016. 

 

(PWC), PRICEWATERHOUSE COOPERS (ed.). The Industry 4.0 / Digital Operations Self 

Assessment. [S.l.]: PWC, 2016. 

 

(PWC), PRICEWATERHOUSE COOPERS (ed.). Industry 4.0: building the digital 

enterprise. [S. l.]: PWC, 2016. 36 p. Disponível em: 

https://www.pwc.com/gx/en/industries/industry-4.0.html. Acesso em: 01 jan. 2021. 

 

ADJOGBLE, Franck. Big River Steel: the world’s first learning steel mill. [S. l.]: SMS 

Group, 2018. 25 slides, color. Disponível em: https://futuresteelforum.com/content-

images/speakers/Franck-Adjogable-Big-River-Steel.pdf. Acesso em: 05 jan. 2021. 

 



110 
 

AHLEMANN, F.; GASTL, H. Process model for an empirically grounded reference model 

construction. In: Fettke, P.; Loos, P. (eds). Reference modeling for business systems 

analysis. Hershey, Idea Group Pub., 2007. 

 

ALTURKI, A.; GABLE, G. G.; BANDARA, W. A Design Science Research Roadmap. In:  

Jain, H.; Sinha, A.P.; Vitharana, P. (eds.). DESRIST, 2011. LNCS, v. 6629, p. 107–123. 

Springer, Heidelberg (2011)  

 

ANDRADE, L. A. et al. Pensamento Sistêmico: Caderno de Campo. Porto Alegre: 

Bookman, 2006. 

 

ASDECKER, Björn; FELCH, Vanessa. Development of an Industry 4.0 maturity model for 

the delivery process in supply chains. Journal of Modelling in Management, [S.l.], v. 13, n. 

4, p. 840-883, 5 nov. 2018. 

 

BASKERVILLE, R. PRIES-HEJE, J. VENABLE, J. (2009). Soft design science 

methodology. DESRIST Proceedings. Malvern: ACM. 

 

BASL, Josef; DOUCEK, Petr. A Metamodel for Evaluating Enterprise Readiness in the 

Context of Industry 4.0. Information, [S.l.], v. 10, n. 3, p. 1-13, 28 fev. 2019. 

 

BHAMU, Jaiprakash; SANGWAN, Kuldip Singh. Lean manufacturing: literature review and 

research issues. International Journal of Operations & Production Management, [S.l.], v. 

34, n. 7, p. 876-940, 1 jul. 2014. 

 

BIBBY, Lee; DEHE, Benjamin. Defining and assessing industry 4.0 maturity levels – case of 

the defence sector. Production Planning & Control, [S.l.], v. 29, n. 12, p. 1030-1043, 10 set. 

2018. 

 

BORTOLOTTI, Thomas; ROMANO, Pietro. ‘Lean first, then automate’: a framework for 

process improvement in pure service companies. a case study. Production Planning & 

Control, [S.L.], v. 23, n. 7, p. 513-522, 4 jan. 2012. 

 



111 
 

BUER, Sven-Vegard; STRANDHAGEN, Jan Ola; CHAN, Felix T. S. The link between 

Industry 4.0 and lean manufacturing: mapping current research and establishing a research 

agenda. International Journal of Production Research, [S.l.], v. 56, n. 8, p. 2924-2940, 2 

mar. 2018. 

 

BULLINGER, A. C. Innovation and ontologies: structuring the early stages of innovation 

management. Wiesbaden: Gabler, 2008. 

 

BUNGE, M. Epistemologia. São Paulo: TA Queiroz Editora Ltda, 1980. 

 

CARDOSO, R. Construção de modelos de gestão articulados por modelos de referência: 

uma investigação sobre o uso de modelos de referência de qualidade e excelência. Tese 

(Doutorado em Engenharia de Produção), – COPPE, Universidade Federal do Rio de Janeiro, 

Rio de Janeiro, 2008.  

 

CHECKLAND, P. Systems thinking, systems practice. Michigan: Wiley, 1981. 

COLE, R. et al. Being proactive: Where action research meets design research. In: TWENTY-

SIXTH INTERNATIONAL CONFERENCE ON INFORMATION SYSTEMS. 

Proceedings… Las Vegas, 2005, p. 1-21. 

 

COLLI, M. et al. A maturity assessment approach for conceiving context-specific roadmaps 

in the Industry 4.0 era. Annual Reviews in Control, [S.l.], v. 48, p. 165-177, 2019. 

 

COLLI, M. et al. Contextualizing the outcome of a maturity assessment for Industry 4.0. Ifac-

Papersonline, [S.l.], v. 51, n. 11, p. 1347-1352, 2018. 

 

COTTYN, J.; VAN LANDEGHEM, H.; STOCKMAN, K.; DERAMMELAERE, S. A 

method to align a manufacturing execution system with Lean objectives. International 

Journal of Production Research, [S.l.], v. 49, n. 14, p. 4397-4413, 15 jul. 2011.  

 

CRESWELL, John W. Projeto De Pesquisa: métodos qualitativo, quantitativo e misto. 2. ed. 

Porto Alegre: Artmed: Bookman, 2007. 

 



112 
 

CRESWELL, John W. Qualitative inquiry and research design: choosing among five 

traditions. Thousand Oaks, California.: Sage Publications, 1998. 

 

DE BRUIN, T. et al. Understanding the main phases of developing a maturity assessment 

model. In: AUSTRALASIAN CONFERENCE ON INFORMATION SYSTEMS, 16., 2005, 

Sydney. Article…Sydney, Australia: ACIS, 2005. 

 

DE PAULA, G. M. Nota técnica do sistema produtivo insumos básicos e foco setorial 

siderurgia. Relatório do projeto indústria 2027: Riscos e oportunidades para o Brasil diante 

de inovações disruptivas. UFRJ, Unicamp, 2017. 

 

DEY, I. Qualitative data analysis. A user-friendly guide for social scientists. London: 

Routledge, 1993. 

 

DRESCH, A; LACERDA, D. P.; ANTUNES JR., J. A. V. Design Science Research a 

Method for Science and Technology Advancement. Springer Cham Heidelberg New York 

Dordebrecht London, 2015. 

 

DRESCH, A; LACERDA, D; MIGUEL, P. Uma análise distintiva entre o Estudo de Caso, A 

Pesquisa-Ação e a Design Science Research. Revista Brasileira de Gestão de Negócios, 

2015.  

 

DURIAU, Vincent J.; REGER, Rhonda K.; PFARRER, Michael D. A Content Analysis of the 

Content Analysis Literature in Organization Studies: research themes, data sources, and 

methodological refinements. Organizational Research Methods, [S.l.], v. 10, n. 1, p. 5-34, 

jan. 2007.  

 

EEKELS, J.; ROOZENBURG, N. F. M. A methodological comparison of the structures of 

scientific research and engineering design: their similarities and differences. Design Studies, 

[S.l.], v. 12, n. 4, p. 197-203, out. 1991.  

 

EROL, S; SCHUMACHER, A; SIHN, W. Strategic Guidance Towards Industry 4.0: a Three-

Stage Process Model. In: INTERNATIONAL CONFERENCE ON COMPETITIVE 

MANUFACTURING. Conference Paper. 2016. Stellenbosch, South Africa. 



113 
 

 

EUROPEAN COMISSION. Germany: industrie 4.0. [S.l.]: Digital Transformation Monitor, 

2017. 8 p. Disponível em: https://ec.europa.eu/growth/tools-

databases/dem/monitor/sites/default/files/DTM_Industrie%204.0.pdf. Acesso em: 1 jan. 2021. 

 

FERREIRA, C.G. Os traços principais da evolução das normas técnicas de produção na 

siderurgia: texto para discussão do Centro de Desenvolvimento e Planejamento Regional.  

Universidade Federal de Minas Gerais. n. 54. Belo Horizonte: CEDEPLAR/ UFMG, 1989. 

 

FETTKE, P., & LOOS, P. Classification of reference models: A methodology and its 

application. Information Systems and E-Business Management, 1(1), 35-53, 2003. 

 

FETTKE P.; LOOS, P. Reference Modeling for Business Systems Analysis. Hershey, Pa: 

Idea Group Pub., 2007. 

 

FLICK, U. Métodos qualitativos na investigação científica. Lisboa: Monitor, 2002. 

 

FRANCIS, D. Assessing and Improving Innovation Capability in Organisations. Tese de 

Doutorado, University of Brighton, Brighton, UK, 2000. 

 

FRANK, Alejandro Germán; DALENOGARE, Lucas Santos; AYALA, Néstor Fabián. 

Industry 4.0 technologies: implementation patterns in manufacturing 

companies. International Journal of Production Economics, [S.l.], v. 210, p. 15-26, abr. 

2019.  

 

GANZARAIN, J.; ERRASTI, N. Three stage maturity model in SME’s towards industry 4.0 

Journal of Industrial Engineering and Management. 2016; 9, 5. 

 

GÖKALP, Ebru; ŞENER, Umut; EREN, P. Erhan. Development of an Assessment Model for 

Industry 4.0: industry 4.0-mm. Communications In Computer And Information Science, 

[S.l.], p. 128-142, 2017. 

 

GORECKY, Dominic; SCHMITT, Mathias; LOSKYLL, Matthias. Mensch-Maschine-

Interaktion im Industrie 4.0-Zeitalter. Handbuch Industrie 4.0 Bd.4, [S.l.], p. 219-236, 2017. 



114 
 

 

GOVENDER, E.; TELUKDARIE, A.; SISHI, M. N. Approach for Implementing Industry 4.0 

Framework in the Steel Industry. 2019 Ieee International Conference On Industrial 

Engineering and Engineering Management (Ieem), [S.l.], p. 1314-1318, dez. 2019. 

 

GUNASEKARAN, A.; LAI, K; EDWINCHENG, T. Responsive supply chain: a competitive 

strategy in a networked economyc. Omega, [S.l.], v. 36, n. 4, p. 549-564, ago. 2008. 

 

HAMMER, Markus et al. Profit Per Hour as a Target Process Control Parameter for 

Manufacturing Systems Enabled by Big Data Analytics and Industry 4.0 

Infrastructure. Procedia Cirp, [S.l.], v. 63, p. 715-720, 2017. 

 

HERMANN, M.; PENTEK, T.; OTTO, B. Design Principles for Industrie 4.0 Scenarios. In: 

HAWAII INTERNATIONAL CONFERENCE ON SYSTEM SCIENCES, 49., 2016, Koloa, 

Hawaii. Paper. HICSS. 2016. p. 3928–3937.  

 

HEVNER; MARCH; PARK; RAM. Design Science in Information Systems Research. Mis 

Quarterly, [S.L.], v. 28, n. 1, p. 75-105, 2004. 

 

HOLLEIS, G. Global trends in the iron and steel industry. Revue de Métallurgie, [S.l.], v. 

91, n. 1, p. 145-160, jan. 1994. 

 

HUFF, A. S. Mapping strategic thought. Chichester, NY: John Wiley and Sons, 1990. 

 

JACKSON, Mats et al. Lean Automation: Requirements and Solutions for Efficient Use of 

Robot Automation in the Swedish Manufacturing Industry. International Journal of 

Engineering Research and Innovation, [S.l.], v. 3, n. 2, p 36–43, 2011. 

 

JONES, David; GREGOR, Shirley. The Anatomy of a Design Theory. Journal of The 

Association for Information Systems, [S.l.], v. 8, n. 5, p. 312-335, maio 2007. 

 

KAGERMANN H. et al. Recommendations for implementing the strategic initiative 

Industrie 4.0: Securing the future of German manufacturing industry; final report of the 

Industrie 4.0 Working Group. Frankfurt: Forschungsunion, 2013. 



115 
 

 

KANG, Hyoung Seok et al. Smart manufacturing: past research, present findings, and future 

directions. International Journal of Precision Engineering and Manufacturing-Green 

Technology, [S.l.], v. 3, n. 1, p. 111-128, jan. 2016. Springer Science and Business Media 

LLC. 

 

KOLBERG, Dennis; ZÜHLKE, Detlef. Lean Automation enabled by Industry 4.0 

Technologies. Ifac-Papersonline, [S.l.], v. 48, n. 3, p. 1870-1875, 2015.  

 

KOLLA, Sri; MINUFEKR, Meysam; PLAPPER, Peter. Deriving essential components of 

lean and industry 4.0 assessment model for manufacturing SMEs. Procedia Cirp, [S.l.], v. 

81, p. 753-758, 2019.  

 

LANZA, Gisela et al. Befähigungs- und Einführungsstrategien für Industrie 4.0. Zwf 

Zeitschrift Für Wirtschaftlichen Fabrikbetrieb, [S.l.], v. 111, n. 1-2, p. 76-79, 24 fev. 

2016. 

 

LEINEWEBER, Stefan et al. Concept for an evolutionary maturity based Industrie 4.0 

migration model. Procedia Cirp, [S.l.], v. 72, p. 404-409, 2018. 

 

LEYH, Christian; MARTIN, Stefan; SCHÄFFER, Thomas. Industry 4.0 and Lean 

Production: A Matching Relationship? An analysis of selected Industry 4.0 

models. Proceedings of The 2017 Federated Conference On Computer Science and 

Information Systems, [S.l.], p. 989-999, 24 set. 2017.  

 

LIAO, Yongxin et al. Past, present and future of Industry 4.0 - a systematic literature review 

and research agenda proposal. International Journal of Production Research, [S.l.], v. 55, 

n. 12, p. 3609-3629, 28 mar. 2017. 

 

LICHTBLAU, Karl et al. IMPULS: industrie 4.0 readiness. Impuls-Stiftung des Vdma. 

Aachen-Köln, Germany, 2015. 

 

LORENZ, Markus et al. Industry 4.0: the future of productivity and growth in manufacturing 

industries. The Future of Productivity and Growth in Manufacturing Industries. 2015. 



116 
 

Disponível em: https://www.bcg.com/pt-

br/publications/2015/engineered_products_project_business_industry_4_future_productivity_

growth_manufacturing_industries. Acesso em: 01 jan. 2021. 

 

LU, Yang. Industry 4.0: a survey on technologies, applications and open research 

issues. Journal of Industrial Information Integration, [S.l.], v. 6, p. 1-10, jun. 2017. 

 

MANZINI, E.J. Entrevista semi-estruturada: análise de objetivos e de roteiros. In: 

SEMINÁRIO INTERNACIONAL SOBRE PESQUISA E ESTUDOS QUALITATIVOS, 2, 

2004, Bauru. A pesquisa qualitativa em debate. Anais... Bauru: USC, 2004. 10p. 

 

MARCH, Salvatore T.; SMITH, Gerald F. Design and natural science research on information 

technology. Decision Support Systems, [S.l.], v. 15, n. 4, p. 251-266, dez. 1995. 

 

MARCONI, M. A.; LAKATOS, E. M. Fundamentos de Metodologia Científica. São Paulo: 

Atlas. 2003. 

 

MARTINS, M. S. Inovações Tecnológicas da Indústria 4.0: Aplicações e implicações para 

a Siderurgia Brasileira. 2019. 110 f. Dissertação (Mestrado em Economia) – Instituto de 

Economia e Relações Internacionais, Universidade Federal de Uberlândia. Uberlândia, 2019. 

 

MATOOK, Sabine; INDULSKA, Marta. Improving the quality of process reference models: a 

quality function deployment-based approach. Decision Support Systems, [S.l.], v. 47, n. 1, p. 

60-71, abr. 2009. 

 

METTLER, T.; ROHNER, P.; WINTER, R. Towards a Classification of Maturity Models in 

Information Systems. In: Management of the Interconnected World. Heidelberg: Physica-

Verlag HD, 2010. p. 333–340. 

 

MEUDT, T.; METTERNICH, J.; ABELE, E. Value stream mapping 4.0: Holistic 

examination of value stream and information logistics in production. CIRP Ann. Manuf. 

Technol., v. 66, n. 1, p. 413–416, 2017.  

 



117 
 

MILES, M. B.; HUBERMAN, A. M. Qualitative data analysis: a sourcebook of new 

methods. 2. ed. California: Sage. 1994. 

 

MITTAL, Sameer et al. A critical review of smart manufacturing & Industry 4.0 maturity 

models: implications for small and medium-sized enterprises (smes). Journal Of 

Manufacturing Systems, [S.L.], v. 49, p. 194-214, out. 2018.  

 

MRUGALSKA, Beata; WYRWICKA, Magdalena K. Towards Lean Production in Industry 

4.0. Procedia Engineering, [S.l.], v. 182, p. 466-473, 2017. 

 

NARCIZO, R. B. Desenvolvimento de um método orientado para a avaliação da 

capacidade de inovação das micro e pequenas empresas instaladas na região da Bacia de 

Campos (RJ). 2012. 268 f. Dissertação (Mestrado em Engenharia de Produção) – Programa 

de Pós-Graduação em Engenharia de Produção, COPPE, Universidade Federal Do Rio De 

Janeiro. Rio de Janeiro: 2012. 

 

NARCIZO, R. B. Um modelo de referência para a maturidade da capabilidade de 

inovação em micro e pequenas empresas de baixa tecnologia. 2017. 245 f. Tese 

(Doutorado em Engenharia de Produção) – Programa de Pós-Graduação em Engenharia de 

Produção, COPPE, Universidade Federal do Rio de Janeiro, Rio de Janeiro: 2017. 

 

NEEF, Christoph; HIRZE, Simon; ARENS, Marlene. Industry 4.0 in the European Iron 

and Steel Industry: towards an overview of implementations and perspectives. [S. l.]: 

Fraunhofer Institute for Systems and Innovation Research ISI, 2018. 32 p. Working 

document. 

 

OHNO, T. Toyota Production System: Beyond Large-Scale Production. Boca Raton: 

Productivity Press, 1988. 

 

PAGLIUSO, A.; CARDOSO, R.; SPIEGEL, T. Gestão Organizacional: o desafio da 

construção do modelo de gestão. São Paulo: Instituto Chiavenato, 2010. 

 

PAULK, M.C. et al. Capability maturity model, version 1.1. Ieee Software, [S.l.], v. 10, n. 4, 

p. 18-27, jul. 1993. Institute of Electrical and Electronics Engineers (IEEE). 



118 
 

 

PEFFERS, Ken; TUUNANEN, Tuure; ROTHENBERGER, Marcus A.; CHATTERJEE, 

Samir. A Design Science Research Methodology for Information Systems Research. Journal 

of Management Information Systems, [S.L.], v. 24, n. 3, p. 45-77, dez. 2007. Informa UK 

Limited. 

 

PETERS, H. et al. Roadmap of integrated intelligent manufacturing in steel industry. 

Brussels: European Steel Technology Platform (ESTEP), 2016. 

 

PETERS, H. How could Industry4.0 transform the steel industry? Future Steel Forum. 

Warsaw: Steel Times International, 2017. 

 

PIDD, M. Modelagem Empresarial: Ferramentas para tomada de decisão. Porto Alegre: 

Artes Medicas, 1998. 

 

PÖPPELBUß, J., RÖGLINGER, M., “What makes a useful maturity model? A framework of 

general design principles for maturity models and its demonstration in business process 

management”, ECIS 2011 Proceedings, Paper 28, 2011. 

 

POSADA, Jorge et al. Visual Computing as a Key Enabling Technology for Industrie 4.0 and 

Industrial Internet. Ieee Computer Graphics and Applications, [S.l.], v. 35, n. 2, p. 26-40, 

mar. 2015. Institute of Electrical and Electronics Engineers (IEEE). 

 

POWELL, Daryl; ALFNES, Erlend; STRANDHAGEN, Jan Ola; DREYER, Heidi. The 

concurrent application of lean production and ERP: towards an ERP-based lean 

implementation process. Computers in Industry, [S.l.], v. 64, n. 3, p. 324-335, abr. 2013. 

 

QUINTELLA, Felipe. Siderurgia produz 17,9% menos no primeiro semestre, mas indica que 

o pior já passou. Estado de Minas. Minas Gerais, 27 jul. 2020. Economia, Seção. Disponível 

em: 

https://www.em.com.br/app/noticia/economia/2020/07/27/internas_economia,1170579/sideru

rgia-produz-17-9-menos-no-primeiro-semestre-mas-pior-ja-passou.shtml. Acesso em: 01 jan. 

2021. 

 



119 
 

RIEZEBOS, Jan; KLINGENBERG, Warse; HICKS, Christian. Lean Production and 

information technology: connection or contradiction?. Computers in Industry, [S.l.], v. 60, 

n. 4, p. 237-247, maio 2009. 

 

ROBLEK, V.; MESKO, M.; KRAPEZ, A. A Complex View of Industry 4.0. SAGE Open, v. 

6, n. 2, p. 1–11, 2016. 

 

RÖGLINGER, Maximilian; PÖPPELBUB, Jens; BECKER, Jörg. Maturity models in 

business process management. Business Process Management Journal, [S.L.], v. 18, n. 2, p. 

328-346, 13 abr. 2012. 

 

ROMME, A. Georges L. Making a Difference: organization as design. Organization 

Science, [S.l.], v. 14, n. 5, p. 558-573, out. 2003. Institute for Operations Research and the 

Management Sciences (INFORMS). 

 

ROSEMANN, M.; DE BRUIN, T. Towards a Business Process Management Maturity 

Model. In: EUROPEAN CONFERENCE ON INFORMATION SYSTEMS, 13., 2005. 

Regensburg, Germany. 

 

RYMASZEWSKA, Anna. Lean implementation and a process approach – an exploratory 

study. Benchmarking: An International Journal, [S.L.], v. 24, n. 5, p. 1122-1137, 3 jul. 2017. 

 

SALERNO, Mário. Reestruturação industrial e novos padrões de produção. São Paulo em 

Perspectiva. São Paulo, v.6, n.3., p.100-108, jul./set. 1992. 

 

SANDERS, Adam; ELANGESWARAN, Chola; WULFSBERG, Jens. Industry 4.0 

implies lean manufacturing: Research activities in industry 4.0 function as enablers for 

lean manufacturing. Journal of Industrial Engineering and Management, [S.l.], v. 9, 

n. 3, p. 811-833, sep. 2016. 

 

SANDERS, Adam; WULFSBERG, Jens. Industrie 4.0: shopfloor management im 

wandel. Zwf Zeitschrift Für Wirtschaftlichen Fabrikbetrieb, [S.L.], v. 110, n. 10, p. 653-

656, 27 out. 2015. Walter de Gruyter GmbH. http://dx.doi.org/10.3139/104.111407. 

 



120 
 

SCHLICK, Jochen; STEPHAN, Peter; LOSKYLL, Matthias; LAPPE, Dennis. Industrie 4.0 in 

der praktischen Anwendung. Industrie 4.0 In Produktion, Automatisierung Und Logistik, 

[S.l.], p. 57-84, 2014. Springer Fachmedien Wiesbaden. 

 

SCHUH G, ANDERL R, GAUSEMEIER J, TEN HOMPEL M, WAHLSTER W, editors. 

Acatech Study - Industrie 4.0 Maturity Index: Managing the Digital Transformation of 

Companies. Munich: Herbert Utz Verlag; 2017.  

 

SCHUMACHER, Andreas; EROL, Selim; SIHN, Wilfried. A Maturity Model for Assessing 

Industry 4.0 Readiness and Maturity of Manufacturing Enterprises. Procedia Cirp, [S.L.], v. 

52, p. 161-166, 2016. Elsevier BV. 

 

SCHUMACHER, Andreas; NEMETH, Tanja; SIHN, Wilfried. Roadmapping towards 

industrial digitalization based on an Industry 4.0 maturity model for manufacturing 

enterprises. Procedia Cirp, [S.l.], v. 79, p. 409-414, 2019. 

 

SHAPIRO, G.; MARKOFF, G. A Matter of Definition. In: ROBERTS, C. W. (Ed.). Text 

analysis for the social science. Mahwah, NJ: Lawrence Erlbaum Associates, 1997. p. 9–31. 

 

SHEHABUDDEEN, N. et al. Representing and approaching complex management issues: 

part 1 role and definition. Centre for Technology Management, Working Paper Series (USA), 

University of Cambridge Institute for Manufacturing, 1999. 

 

SILVERMAN, D. Doing Qualitative Research. London: Sage, 2000. 

 

SIMON, H. A. The sciences of the artificial. 3.ed. USA: MIT Press, 1996. 

 

SIMPSON, J. A.; WEINER, E. S. C. The Oxford English Dictionary. 2. ed. Oxford: 

Clarendon Press, 1989. 

 

SISSON, Julie; ELSHENNAWY, Ahmad. Achieving success with Lean. International 

Journal of Lean Six Sigma, [S.l.], v. 6, n. 3, p. 263-280, 3 ago. 2015. Emerald. 

 



121 
 

SJÖDIN, David R. et al. Smart Factory Implementation and Process Innovation. Research 

Technology Management. v. 61, n. 5, p. 22-31. 12 sep. 2018. 

 

THEORIN, Alfred et al. An event-driven manufacturing information system architecture for 

Industry 4.0. International Journal of Production Research, [S.l.], v. 55, n. 5, p. 1297-

1311, 5 jul. 2016. Informa UK Limited. 

 

TIDD, J.; BESSANT, J.R. Managing Innovation: integrating technological, market and 

organizational change. John Wiley & Sons: Chichester, 2018. Disponível em: 

http://www.innovation-portal.info/. Acesso em: 01 jan. 2021. 

 

TRANFIELD, D.; DENYER, D.; SMART, P. Towards a Methodology for Developing 

Evidence-Informed Management Knowledge by Means of Systematic Review. British 

Journal of Management. 2003; 14, 3: 207–222.  

 

TROPIA, C. E. Z.; SILVA, P. P.; DIAS, A. V. C. Indústria 4.0: Uma caracterização do 

sistema de produção. In: CONGRESO LATINO-IBEROAMERICANO DE GESTIÓN 

TECNOLÓGICA, 17., 2017. Cidade do México, México. Altec. 2017. 

 

VAN AKEN, J. E. (2004). Management research based on the paradigm of the design 

sciences: The quest for field-tested and grounded technological rules. Journal of 

Management Studies, 41(2), 219–246. 

 

VAN AKEN, J. E., BERENDS, H. VAN DER BIJ, H. Problem solving in organizations. 2. 

ed. Cambridge: University Press Cambridge, 2012. 235 p. 

 

VERNADAT, F. B., Enterprise Modeling and Integration: principles and applications. 

Chapman & Hall: London, 1996. 

 

VOSS, Chris; TSIKRIKTSIS, Nikos; FROHLICH, Mark. Case research in operations 

management. International Journal of Operations & Production Management, [S.l.], v. 

22, n. 2, p. 195-219, fev. 2002. Emerald. http://dx.doi.org/10.1108/01443570210414329. 

 



122 
 

WAGNER, Tobias; HERRMANN, Christoph; THIEDE, Sebastian. Industry 4.0 Impacts on 

Lean Production Systems. Procedia Cirp, [S.l.], v. 63, p. 125-131, 2017. Elsevier BV. 

 

WALKER, Guy H. et al. A review of sociotechnical systems theory: a classic concept for new 

command and control paradigms. Theoretical Issues in Ergonomics Science, [S.l.], v. 9, n. 

6, p. 479-499, nov. 2008. Informa UK Limited. 

 

WEISS M.; ZILCH A.; SCHMEILER, F. Industrie 4.0 Status Quo Und Entwicklungen in 

Deutschland. Eine Analyse der Experton Group. 2014. 

 

WIENBRUCH, Thom et al. Evolution of SMEs towards Industrie 4.0 through a scenario 

based learning factory training. Procedia Manufacturing, [S.l.], v. 23, p. 141-146, 2018. 

Elsevier BV. 

 

WINTER, G.; KURKA, G.; ANKERMANN, K.; BINDER, A.; RINGHOFER, M. The 

digital transformation of steel production. Primetals Technologies: Austria, 2018. 

 

WINTER, R.; SCHELP, J. Reference Modeling and Method Construction: a design science 

perspective. In: PROCEEDINGS OF THE 2006 ACM SYMPOSIUM ON APPLIED 

COMPUTING. ACM, 2006. Dijon, France. 

 

ZILBOVICIUS, M. Modelos para a produção, produção de modelos: gênese, lógica e 

difusão do modelo japonês nas organizações de produção. São Paulo: Fapesp, 1999. 

 

 

 

 

 

 

 

 

 

 

 



123 
 

 

 

 



124 
 

ANNEX A 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



125 
 

Lichtblau Et Al (2015) Readiness Model 

 

    
 

 

 



126 
 

 
 

    
 



127 
 

 

 

 

 

 

 

 

 

  



128 
 

APPENDIX A 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



129 
 

Reseach Instrument Before Pilot Interview (Eng Version) 

RESEARCH INSTRUMENT – INDUSTRY 4.0 MANAGEMENT REFERENCE MODEL 

REFINEMENT  

 

This questionnaire is part of the research project named A MANAGEMENT REFERENCE 

MODEL TO GUIDE INDUSTRY 4.0 IMPLEMENTATION IN STEELMAKING 

PLANTS, which has the main objective to design, evaluate and refine a management 

reference model for digital transformation implementation in steelmaking industries. This is a 

research project defined as a partial requirement for obtaining the title of master of Fernando 

Henrique da Fonseca Silva, a master student at MESC/ UFF. The current questionnaire seeks 

to refine and improve the proposed management reference model based your experience with 

Industry 4.0 approach and technology management. 

 

  The survey instrument questions will be presented below: 

 

1) The proposed management reference model is based on literature and it is composed 

of Technical and Organizational Dimensions. I will read all the dimensions and I want 

you to: 

1.1) State if you totally agree with the dimension “Strategy and Leadership”. If negative, 

why and what is your improvement suggestions? 

Dimension General Description 

Strategy and 
leadership 

Measurement of the level of structuring and governance of the digital transformation 
strategy, considering the appropriate allocation of resources and the engagement of 
people for this purpose. 
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1.2) State if you totally agree with the dimension “Smart Products”. If negative, why and 

what is your improvement suggestions? 

 

Dimension General Description 

Smart Products 

The capacity of individualization and piece-by-piece tracking of products, as well as the 
integration of information technology services with physical products, facilitating the 
collection of environment usage data and allowing product interconnectivity with each 
other and with the operating systems. According to literature, Smart Products are the 
foundation for the smart factory and smart operations dimensions. 

 

1.3) State if you totally agree with the dimension “People and competences”. If negative, 

why and what is your improvement suggestions? 

 

Dimension General Description 

People and 
competences 

Measurement of people openness to new technologies as well as the digital fluency of 
employees, with different levels of demand depending on the area of expertise. The 
recruitment process already considers different skills for digital transformation and 
employees have access to training to develop digital skills and competences. 

 

1.4) State if you totally agree with the dimension “Customer and partners”. If negative, 

why and what is your improvement suggestions? 

 

Dimension General Description 

Customer and 
partners 

Company integration with other organizations, including customers and partners. The 
customer is opened to digital products and services, as measured by their perceived value 
as well as the revenue from the delivered solutions 

 

1.5) State if you totally agree with the dimension “Technology and connectivity”. If 

negative, why and what is your improvement suggestions? 

 

Dimension General Description 

Technology and 
connectivity 

The existence, level of application and usage of technologies within the organization 
such as information technology, cloud computing, additive manufacturing, augmented 
reality, sensoring, robotization, machine to machine integration and communication. 
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1.6) State if you totally agree with the dimension “Process and value creation”. If negative, 

why and what is your improvement suggestions? 

 

Dimension General Description 

Process and value 
creation 

The level of automation and autonomous process control and decision making supported 
by data. 

 

 

1.7) State if you totally agree with the dimension “Data and information”. If negative, why 

and what is your improvement suggestions? 

Dimension General Description 

 
Data and information 
 

The level of transparency and digitization of information flow, from data collection to 
decision making.  

 

1.8) State if you totally agree with the dimension “Corporate Standards”. If negative, why 

and what is your improvement suggestions? 

 

Dimension General Description 

Corporate Standards 
The level of rules and standards for developing existing and new digital technologies, in 

an efficient and safe way. 

 

1.9) State if you totally agree with the dimension “Organization Culture”. If negative, why 

and what is your improvement suggestions? 

 

Dimension General Description 

Organization 

culture 
The organizational culture is geared to innovation and continuous improvement. 

 

1.10)  State if you see the need of new dimensions to complement the presented model. If 

positive, which dimension it would be and why? 
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2) Each dimension of the proposed management reference model is composed of 

parameters to facilitate measurement of Industry 4.0 maturity in the steelmaking plant. 

I will read all the parameter descriptions and I for each I want you to: 

 

2.1 State if you totally agree with the proposed parameter description for “Strategy and 

Leadership” dimension. If negative, why and what is your improvement suggestions? 

Dimension Parameter synthesis Parameter description 

Strategy and Leadership 

Industry 4.0 Strategy 

There is a company Industry 4.0 vision with 
formulated strategy and business model, 
which is implemented and regularly 
reviewed. The strategy operationalization 
and review is carried out through a system of 
indicators. 

Roadmap for Industry 4.0 
There is a roadmap of digital initiatives/ 
projects and it is aligned with the 
organization's and Industry 4.0 strategy. 

Central coordination of Industry 4.0 
activities 

Digital initiatives in the organization are 
centrally coordinated by a Technology 
Office that manage the I4 roadmap and 
communicate the implementation status to 
the company. 

Resources for Industry 4.0 
implementation 

There are human and financial resources 
dedicated for Industry 4.0 implementation, 
ranging from a pilot to enterprise wide 
transformation. 

Employee Goals for Industry 4.0 
implementation 

In my industry there are objectives and goals 
that encourage process performance 
improvement through digital transformation. 

Industry 4.0 Risk Assessment 

There is a risk assessment study regarding 
new technology insertion and Industry 4.0 
implementation with a formulated action 
plan to mitigate the mapped risks. 

Willingness to Industry 4.0 
implementation 

Digital development engage people and it is 
a practice at all hierarchical levels, within 
the whole company’s network (starting from 
management side). The managers are trained 
with Industry 4.0 strategy, understand the 
technology potentials and are willing to 
implement digital transformation. 

 

2.1.1 State if you see the need of new parameters to complement the “Strategy and 

Leadership” dimension. If positive, which parameter it would be and why? 
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2.2 State if you totally agree with the proposed parameters for “Smart Products” dimension. If 

negative, why and what is your improvement suggestions? 

Dimension Parameter synthesis Parameter description 

Smart Products Flexibility of product 
customization 

The organization is flexible and able to 
frequently change to meet customer needs. 
Machine changeover and setup time are 
continually reduce to offer production 
flexibility. 

Physical Products with ICT 
add on functionalities 

Physical products are tied to a digital 
product portfolio, increasing the value 
offering to customers. Products delivered to 
customers can generate data and usage 
information, which is processed to improve 
service through new / better products and 
services. 
Also, products can interact with other 
systems throughout the value chain. Data is 
collected and analyzed ranging from few to 
multiple functions (e.g. condition 
monitoring) 

Product individualization Products traceability is individual 
throughout the whole value chain. With 
ICT support, the exact location of products 
is always possible to identify in real time. 
(LoRa, RFID, Data Matrix, MES etc)  

 

2.2.1 State if you see the need of new parameters to complement the “Smart Products” 

dimension. If positive, which parameters it would be and why? 

 

2.3 State if you totally agree with the proposed parameters for “People and competences” 

dimension. If negative, why and what is your improvement suggestions? 

 

Dimension Parameter synthesis Parameter description 

People and competences Recruitment for Industry 4.0 The company is recruiting new employees already 
thinking of the requirements needed to assist in the 
deployment of Industry 4.0 technologies. 

Work organization The work organization is more horizontal and the 
company has few hierarchical levels, or there is a 
willingness to make working arrangements more 
flexible. 

Digital skills  The company is providing/developing digital skills 
for its employees. (areas: Data security/ 
communications security; IT infrastructure; 
automation technology; systems thinking; data 
analytics; development/ application of assistance 
systems; collaboration software). 

Openness to new 
technologies 

In the industry, employees are open to learning and 
using new technologies. 

Factory worker autonomy  In the organization, the operational level solves 
problems or makes decisions with autonomy within 
their level of performance. 
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Experience with 
interdisciplinary work 

In the industry, employees have experience in jobs 
that require the use of different spheres of 
knowledge and the interaction between people of 
different backgrounds and positions. 

Continuous improvement 
culture 

There is a sense of continuous improvement culture 
within the company. 

 

2.3.1 State if you see the need of new parameters to complement the “People and 

Competences” dimension. If positive, which parameters it would be and why? 

 

2.4 State if you totally agree with the proposed parameters for “Customer and partners” 

dimension. If negative, why and what is your improvement suggestions? 

 

Dimension Parameter synthesis Parameter description 

Customer and 
partners 

Revenue from Digital Solutions Customers are willing to buy digital solutions and 
the organization has revenue from these solutions 
as provided in the digital strategy. 

Openness to new technologies Customers already purchased digital solutions and 
use it. 

Customer Contact Scanning Customer contact is digitized and the organization's 
information systems are integrated with customer 
ones.  

Digital contact with company 
partners 

Contact with partner companies is digitized and 
information systems are integrated. 

Customer integration in product 
development 

Customers and users participate in the development 
of digital products and solutions. 

Customer data and feedback Customer-related data and feedback are used for 
decision making and customizing solutions. 

 

2.4.1 State if you see the need of new parameters to complement the “Customer and 

partners” dimension. If positive, which parameter it would be and why? 

 

2.5 State if you totally agree with the proposed parameters for “Technology and connectivity” 

dimension. If negative, why and what is your improvement suggestions? 

 

Dimension Parameter synthesis Parameter description 

Technology and 
connectivity 

Information and Communication 
Technology 

Existence of modern ICT in the company; Vertical 
integration of company-wide systems network. For 
example, Enterprise Resource Planning (ERP) and 
Collaborative Planning, Forecasting and 
Replenishment (CPFR). There are assets or tools that 
make possible to process data correlating and 
analyzing it and communicate it to the user or act 
autonomously to optimize performance. The IT 
infrastructure in the whole supply chain is based on 
standards that allow plug and play inter-organization 
communication, enabling interoperability. 

Cloud Technology  Utilization of cloud technology with decentralized 
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information storage. The organization store 
information within a cloud network; hard resources 
(e.g. machines and robots) and soft resources (e.g. 
data, documents and software) are connected to a 
cloud. 

Sensors There is evidence that the organization is using 
sensors on products and supplied parts for data 
collection; Intelligent sensors are used within the 
organization’s manufacturing process to support 
automation. 

IoT and CPS  The organization uses advanced connectivity 
technology between equipment, products and people; 
There is evidence that the organization has embraced 
digitalization for product, parts and machinery (e.g. 
LoRa communication, RFID technology, condition 
monitoring devices and computational vision). 
Utilization of machine-to-machine communication; 
Integrated computers in machines; and Integrated 
computers in tools. 

Additive Manufacturing (3D 
Printing) 

The organization uses additive manufacturing 
technology for the creation of tooling, prototypes or 
spare parts; 

Robot Usage The organization’s machines have the ability to be 
run autonomously or through an external system; The 
level of automation is evident within the production 
area. 

 Big Data The organization has the ability to access data 
quickly and effectively from equipment, products, 
machines, facilities and systems; 
The organization has the ability to analyze process 
data in order to make decisions, share information 
and improve negative trends. 

 MES and process traceability The organization has the ability to see live 
manufacturing systems and make changes 
immediately; The organization uses digital media to 
bring information directly to the workforce; 

 Augmented and virtual reality 
tools 

The organization uses augmented and virtual reality 
tools. 

 

2.5.1 State if you see the need of new parameters to complement the “Technology and 

connectivity” dimension. If positive, which parameters it would be and why? 

 

2.6 State if you totally agree with the proposed parameters for “Process and value creation” 

dimension. If negative, why and what is your improvement suggestions? 

 

Dimension Parameter synthesis Parameter description 

Process and value 
creation 

Automation of value 
generation processes 

The production processes are automated. 

Process continuous 
improvement 

The processes are streamlined using the Lean approach 
prior to automation. 

Machine Park Autonomy / 
Autonomous 

There are intelligent systems that identify some 
problems / deviations and can solve them without 
human intervention. 

System self-regulation In the company, there is equipment that exchange 
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information with each other in real time to regulate and 
control the production process and products 
intelligently. 

Machine park control is 
done remotely 

In the organization, the sectors have areas with remote 
control of equipment, such as a control center without 
the need for operators physically present in the 
equipment. 

Automated Quality 
Control 

In the organization, quality control process data is 
automatically analyzed and deviations are made 
available in a transparent and agile manner through 
information systems. 

Database machine 
maintenance 

In the organization, maintenance is based on data, with 
frequency and schedule adjusted intelligently according 
to the conditions of use and performance results of 
equipment. 

Object handling  In the organization the materials and tools are moved 
autonomously. 

Human and robot 
collaboration 

I realize that there is a good collaboration interface 
between humans and robots, respecting the ergonomic 
principles since the project conception. 

 

2.6.1 State if you see the need of new parameters to complement the “Process and value 

creation” dimension. If positive, which parameters it would be and why? 

 

2.7 State if you totally agree with the proposed parameters for “Data and information” 

dimension. If negative, why and what is your improvement suggestions? 

 

Dimension Parameter synthesis Parameter description 

Data and information Automated data collection The industry process and operations data are 
collected in a structured and automated 
manner. 

Collected data analysis and 
database-based decision making 

The company analyzes collected data from its 
processes and compiles it for KPI generation 
and operation controls to support decision 
making. 

Digital visualization of 
processes 

It is possible to view the main process variables 
and indicators digitally. 

Data-driven software simulation 
of future scenarios 

Software-based simulations of future scenarios 
are made from collected data from processes. 

Historical data The industry uses past data to develop process / 
routine improvements. 

 

2.7.1 State if you see the need of new parameters to complement the “Data and information” 

dimension. If positive, which parameters it would be and why? 

 

2.8 State if you totally agree with the proposed parameters for “Corporate Standards” 

dimension. If negative, why and what is your improvement suggestions? 
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Dimension Parameter synthesis Parameter description 

Corporate Standards 

Technology Standards There are organization standards for 
technology development, best practices and 
benchmarks for ensuring process efficiency, 
security and maintenance. 

Legal protection for digital 
products and services 

The organization is aware of local legal 
protection mechanisms for digital products 
and services. 

Cyber Security Security technologies are used to store, 
process and safely protect company 
information. 

Rules for employees in the 
digital workplace 

Employees understand the rules and best 
practices to operate in a safe digital work 
environment. 

 

2.8.1 State if you see the need of new parameters to complement the “Corporate Standards” 

dimension. If positive, which parameters it would be and why? 

2.8.2 State if you totally agree with the proposed parameters for “Organization Culture” 

dimension. If negative, why and what is your improvement suggestions? 

 

Dimension Parameter synthesis Parameters description 

Organization culture Open innovation culture  The company collaborates with other 
organizations and players to develop new 
ideas. 

Innovation management  There is a structured and implemented 
innovation management process, ranging from 
pilot to enterprise-wide departments. 

Continuous improvement 
culture 

There is a continuous improvement 
culture, with employees engaged with 
frequent implementation of process 
improvement ideas. 

 

2.8.3 State if you see the need of new parameters to complement the “Organization 

culture” dimension. If positive, which parameters it would be and why? 
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Reseach Instrument Before Pilot Interview (Port Version) 

INSTRUMENTO DE PESQUISA - VALIDAÇÃO DO MODELO DE REFERÊNCIA 

EM GESTÃO DE INDÚSTRIA 4.0 (ANTES DO PILOTO) 

 

Este questionário faz parte do projeto de pesquisa A MANAGEMENT REFERENCE 

MODEL TO GUIDE INDUSTRY 4.0 IMPLEMENTATION IN A STEELMAKING 

PLANTS, que tem como objetivo principal desenhar, avaliar e validar um modelo de 

referência em gestão para a implementação da transformação digital na indústria 

siderúrgica. Este é um projeto de pesquisa e um requisito parcial para a obtenção do 

título de mestre de Fernando Henrique da Fonseca Silva, aluno de mestrado do MESC / 

Universidade Federal Fluminense. O questionário atual busca validar e aprimorar o 

modelo de referência em gestão proposto com base em sua experiência com a 

abordagem Indústria 4.0 e gestão de tecnologia. O modelo proposto poderá ser utilizado 

como referência para indústrias que pretendem realizar a transformação digital de forma 

estruturada. 

 

Nome do entrevistado: 

Cargo/ função: 

Empresa: 

Data: 

 

As questões do instrumento de pesquisa serão apresentadas a seguir: 

 

O modelo de referência de gestão proposto é baseado na literatura e é 

composto por dimensões técnicas e organizacionais. Vou ler todas as dimensões e os 

itens de avaliação que as compõem.  

 

1) Estratégia e Liderança 

 

1.1) Avalie se concorda totalmente com a dimensão “Estratégia e 

Liderança”. Se negativo, por que e quais são suas sugestões de 

melhoria? 
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Dimensão Descrição Geral 

Estratégia e 

Liderança 

Mensuração do nível de estruturação e governança da estratégia de transformação 

digital, considerando a adequada alocação de recursos e o engajamento das pessoas 

para esse fim. 

 

Agora vou ler os itens de avaliação dentro de “Estratégia e Liderança” e para 

cada um peço que você: 

1.2) Avalie se concorda totalmente com os itens de avaliação propostos. Se 

negativo, por que e quais são suas sugestões de melhoria? 

Dimensão Síntese dos parâmetros Itens de avaliação 

Estratégia e 

Liderança 

Estratégia Indústria 4.0 Existe uma visão empresarial da Indústria 4.0 

com estratégia digital formulada, implementada 

e regularmente revista. A operacionalização e 

revisão da estratégia digital é realizada por 

meio de direcionadores de performance. 

Roadmap para Indústria 4.0 Existe um roadmap de iniciativas / projetos 

digitais o qual está alinhado à estratégia da 

organização e da Indústria 4.0. 

Coordenação central para as 

atividades em Indústria 4.0 

As iniciativas digitais na organização são 

coordenadas de forma centralizada por uma 

estrutura que gerencia o roadmap de 

transformação digital e que comunica o status 

de sua implementação à organização. 

Recursos para implementação 

de Indústria 4.0 

Existem recursos humanos e financeiros 

dedicados à implementação da Indústria 4.0, 

que variam desde um piloto até uma 

transformação que abrange toda a empresa. 

Metas dos empregados para 

implementação de Indústria 

4.0 

Na organização existem objetivos e metas que 

incentivam a excelência operacional por meio 

da transformação digital. 

Análise de riscos para 

Indústria 4.0 

Existe um estudo de avaliação de riscos acerca 

da inserção de novas tecnologias e implantação 

da Indústria 4.0 com um plano de ação 

formulado e monitorado. 

Disposição para a 

implementação da Indústria 

4.0 

A transformação digital envolve as pessoas e é 

fomentada e praticada em todos os níveis 

hierárquicos da organização. Os gestores 

conhecem a estratégia digital da organização, 
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entendem os potenciais da Indústria 4.0 e estão 

engajados para implementar a transformação 

digital. 

 

1.3) Avalie se você vê a necessidade de novos itens de avaliação para 

complementar a dimensão “Estratégia e Liderança”. Se positivo, quais 

itens de avaliação seriam e por quê? 

2. Produtos Inteligentes  

2.1) Avalie se concorda totalmente com a dimensão “Produtos Inteligentes”. 

Se negativo, por que e quais são suas sugestões de melhoria? 

Dimensão Descrição Geral 

Produtos 

Inteligentes 

Capacidade de individualização e rastreamento peça a peça dos produtos, bem 

como a integração dos serviços de tecnologia da informação com os produtos 

físicos, facilitando a coleta de dados de uso do ambiente e permitindo a 

interconectividade dos produtos entre si e com os sistemas em operação.  

 

2.2) Avalie se concorda totalmente com os itens de avaliação propostos para a 

dimensão “Produtos Inteligentes”. Se negativo, por que e quais são suas sugestões de 

melhoria? 

 

Dimensão Síntese dos parâmetros Itens de avaliação 

Produtos 

Inteligentes 

Flexibilidade de 

personalização do produto 

A organização da produção é flexível e pode mudar 

com frequência para atender às necessidades do 

cliente. O tempo de troca e configuração da máquina 

é continuamente reduzido para oferecer flexibilidade 

de produção. 

Produtos físicos com 

funcionalidades adicionais 

de tecnologia da informação 

Os produtos físicos estão vinculados a um portfólio 

de produtos digitais, aumentando a oferta de valor 

aos clientes. Os produtos entregues aos clientes 

podem gerar dados e informações de uso, que são 

processados para melhorar o serviço por meio de 

novos / melhores produtos e serviços. Além disso, os 

produtos podem interagir com outros sistemas em 

toda a cadeia de valor. Os dados são coletados e 

analisados variando de poucas a múltiplas funções 

(por exemplo, monitoramento de condição). 

Individualização do produto A rastreabilidade dos produtos é individual em toda 
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a cadeia de valor. Com o suporte das tecnologias de 

informação e comunicação, é possível identificar a 

localização exata dos produtos em tempo real. 

(LoRa, RFID, Data Matrix, MES etc). 

 

2.3) Avalie se você vê a necessidade de novos itens de avaliação para 

complementar a dimensão “Produtos Inteligentes”. Se positivo, quais 

itens de avaliação seriam e por quê? 

3. Pessoas e competências 

3.1) Avalie se concorda totalmente com a dimensão “Pessoas e Competências”. Se 

negativo, por que e quais são suas sugestões de melhoria? 

 

Dimensão Descrição Geral 

Pessoas e 

Competências 

Mensuração da abertura das pessoas às novas tecnologias e também da fluência 

digital dos colaboradores, conforme suas áreas de atuação. O processo de 

recrutamento já considera habilidades e competências visando à transformação digital 

e os funcionários têm acesso a treinamentos para desenvolver habilidades e 

competências digitais. 

 

3.2) Avalie se concorda totalmente com os itens de avaliação propostos para a 

dimensão “Pessoas e Competências”. Se negativo, por que e quais são suas 

sugestões de melhoria? 

 

Dimensão Síntese dos parâmetros Itens de avaliação 

Pessoas e 

Competências 

Recrutamento para 

Indústria 4.0 

A empresa está recrutando novos funcionários já 

pensando nos requisitos necessários para 

subsidiar a implantação das tecnologias da 

Indústria 4.0. 

Organização do Trabalho A organização do trabalho é mais horizontal, 

flexível e a empresa tem poucos níveis 

hierárquicos.  

Habilidades digitais A empresa está fornecendo / desenvolvendo 

habilidades digitais para seus funcionários.  

Abertura a novas 

tecnologias 

Na indústria, os funcionários estão abertos e 

dispostos para aprender e usar novas tecnologias. 

Autonomia do operário  Na organização, o nível operacional resolve 
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problemas ou toma decisões com autonomia 

dentro de seu nível de atuação. 

Experiência com trabalho 

interdisciplinar 

Na indústria, os funcionários são estimulados a 

realizar trabalhos interdisciplinares. 

Cultura de melhoria 

contínua 

Existe uma cultura de melhoria contínua dentro 

da empresa, em que os problemas são expostos 

com naturalidade.  

 

3.3) Avalie se vê necessidade de novos itens de avaliação para complementar a 

dimensão “Pessoas e Competências”. Se positivo, quais itens de avaliação seriam e por 

quê? 

4) Cliente e Parceiros 

4.1) Avalie se concorda totalmente com a dimensão “Clientes e Parceiros”. Se 

negativo, por que e quais são suas sugestões de melhoria? 

 

Dimensão Descrição Geral 

Clientes e 

Parceiros 

Integração e parceria da empresa com outras organizações, incluindo clientes e 

parceiros. O cliente está aberto a produtos e serviços digitais, sendo seu valor medido 

pela receita oriunda das soluções entregues.  

 

4.2) Avalie se concorda totalmente com os itens de avaliação propostos para a 

dimensão “Clientes e Parceiros”. Se negativo, por que e quais são suas sugestões de 

melhoria? 

 

Dimensão Síntese dos parâmetros Itens de avaliação 

Clientes e 

Parceiros 

Receita de soluções digitais Os clientes estão dispostos a comprar soluções 

digitais e a organização obtém receita dessas 

soluções conforme previsto na estratégia digital. 

Abertura a novas tecnologias Os clientes já adquiriram soluções digitais e as 

utilizam. 

Digitalização de contato do 

cliente 

O contato com o cliente é digitalizado e os sistemas 

de informação da organização são integrados aos do 

cliente. 

Contato digital com parceiros 

da empresa 

O contato com as empresas parceiras é digitalizado 

e os sistemas de informação são integrados. 

Integração do cliente no Clientes e usuários participam ativamente do 
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desenvolvimento de produtos desenvolvimento de produtos e soluções digitais. 

Dados e feedback do cliente Dados relacionados ao cliente e seus feedbacks são 

continuamente monitorados e utilizados para 

aprimoramento das soluções entregues assim como 

para o desenvolvimento de novas soluções. 

 

4.3) Avalie se vê necessidade de novos itens de avaliação para complementar a 

dimensão “Clientes e Parceiros”. Se positivo, quais itens de avaliação seriam e por quê? 

 

5) Tecnologia e conectividade 

5.1) Avalie se concorda totalmente com a dimensão “Tecnologia e 

Conectividade”. Se negativo, por que e quais são suas sugestões de melhoria? 

Dimensão Descrição Geral 

Tecnologia e 

Conectividade 

Mede a existência e nível de aplicação/ uso de tecnologias dentro do espectro da 

Indústria 4.0 na organização, como computação em nuvem, manufatura aditiva, 

realidade aumentada, sensoriamento, robotização, internet das coisas, Big Data e 

Analytics, drones e integração horizontal e vertical dos sistemas. 

 

5.2) Avalie se concorda totalmente com os itens de avaliação propostos para a 

dimensão “Tecnologia e Conectividade”. Se negativo, por que e quais são suas 

sugestões de melhoria? 

 

Dimensão Síntese dos parâmetros Itens de avaliação 

Tecnologia e 

Conectividade 

Tecnologia da informação e 

Comunicação 

Existência de tecnologia de informação e 

comunicação modernas na empresa, permitindo a 

integração vertical da rede de sistemas em toda a 

empresa (conectando o chão de fábrica aos 

executivos), como também a integração horizontal 

ao longo de toda a cadeia de valor, promovendo a 

interoperabilidade dos sistemas entre organizações. 

Tecnologia em Nuvem Utilização de tecnologia em nuvem com 

armazenamento descentralizado de informações.  

Sensores Sensores são utilizados nos processos de 

fabricação da organização, permitindo o total 

rastreamento da produção. A organização utiliza 

também sensores em produtos e peças para 

aprimoramento do rastreamento e controle da 
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produção. 

IoT e CPS A organização usa tecnologia de conectividade 

avançada entre equipamentos, produtos e partes. 

Há evidências de que a organização adota 

tecnologias de IoT (por exemplo, comunicação 

LoRa, tecnologia RFID, dispositivos de 

monitoramento de condição e visão 

computacional). 

Manufatura aditiva (impressão 

3D) 

A organização utiliza tecnologia de manufatura 

aditiva para a criação, por exemplo, de 

ferramentas, protótipos ou peças de reposição. 

Uso de robôs O nível de automação é evidente dentro da área de 

produção. As máquinas da organização têm a 

capacidade de funcionar de forma autônoma ou 

por meio de uma central de controle. 

Big Data Através de Big Data, organização tem a 

capacidade de acessar dados de forma rápida e 

eficaz de equipamentos, produtos, máquinas, 

instalações e sistemas. A organização tem também 

a capacidade de analisar dados de processo para 

tomar decisões, compartilhar informações e 

melhorar tendências negativas. 

MES e rastreabilidade do 

processo 

A organização tem a habilidade de ver sistemas de 

manufatura e fazer intervenções em tempo real e 

de forma online.  

Ferramentas de realidade 

virtual e aumentada 

A organização utilização ferramentas de realidade 

virtual e aumentada. 

 

5.3) Avalie se você vê a necessidade de novos itens de avaliação para 

complementar a dimensão “Tecnologia e Conectividade”. Se positivo, quais itens de 

avaliação seriam e por quê? 

 

6)Processos e criação de valor 

 

6.1) Avalie se concorda totalmente com a dimensão “Processo e Criação de 

Valor”. Se negativo, por que e quais são suas sugestões de melhoria? 
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Dimensão Descrição Geral 

Processo e 

criação de valor 

O nível de automação e controle de processos com autonomia e tomada de decisão 

baseada em dados. 

 

6.2) Avalie se concorda totalmente com os itens de avaliação propostos para a 

dimensão “Processo e Criação de Valor”. Se negativo, por que e quais são suas 

sugestões de melhoria? 

 

Dimensão Síntese dos parâmetros Itens de avaliação 

Processo e criação de 

valor 

Automação de 

processos de geração de 

valor 

Os processos de produção são automatizados. 

Melhoria contínua de 

processos 

Os processos são simplificados usando, por exemplo, 

a abordagem Lean antes de automatizá-los.  

Autonomia do parque 

de máquinas e auto 

regulação do sistema 

Existem sistemas inteligentes que identificam 

problemas / desvios e podem resolvê-los sem a 

necessidade de intervenção humana. Existem 

equipamentos que trocam informações entre si em 

tempo real para regular e controlar o processo 

produtivo e os produtos de forma inteligente. 

O controle do parque de 

máquinas é feito 

remotamente 

Na organização, os setores possuem áreas com 

controle remoto dos equipamentos, sem a 

necessidade de presença física dos operadores nos 

mesmos. 

Controle de qualidade 

automatizado 

Na organização, os dados do processo de controle de 

qualidade são analisados automaticamente e os 

desvios são disponibilizados de forma transparente e 

ágil por meio de sistemas de informação. 

Manutenção da 

máquina de banco de 

dados 

Na organização, a manutenção é baseada em dados, 

com frequência e cronograma ajustados de forma 

inteligente de acordo com as condições de uso e 

resultados de desempenho dos equipamentos. 

Colaboração humana e 

robô 

Existe uma boa interface de colaboração entre 

humanos e robôs, respeitando os princípios 

ergonômicos. 
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6.3) Avalie se vê a necessidade de novos itens de avaliação para complementar 

a dimensão “Processo e criação de valor”. Se positivo, quais itens de avaliação seriam e 

por quê? 

 

7)Dados e informação 

 

7.1) Avalie se concorda totalmente com a dimensão “Dados e Informação”. Se 

negativo, por que e quais são suas sugestões de melhoria? 

 

Dimensão Descrição Geral 

Dados e 

informação 

O nível de transparência e digitalização do fluxo de informação, desde a coleta de 

dados até a tomada de decisão. 

 

7.2) Avalie se concorda totalmente com os itens de avaliação propostos para a 

dimensão “Dados e Informação”. Se negativo, por que e quais são suas sugestões de 

melhoria? 

 

Dimensão Síntese dos parâmetros Itens de avaliação 

Dados e informação Coleta de dados automatizada Os dados de operações e processos são 

coletados de maneira estruturada e 

automatizada. 

Análise de dados coletados e 

tomada de decisão baseada 

em banco de dados 

A empresa analisa os dados coletados de seus 

processos e os compila para geração de KPIs 

e controles de operação para dar suporte à 

tomada de decisões. 

Visualização digital de 

processos 

É possível visualizar as principais variáveis e 

indicadores do processo digitalmente. 

Simulação computacional 

baseada em dados 

Simulações computacionais de cenários 

futuros são realizadas a partir de dados 

coletados de processos. 

Dados históricos A indústria utiliza dados históricos para 

desenvolvimento de melhorias de processo e 

da rotina. 
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7.3) Avalie se vê a necessidade de novos itens de avaliação para complementar 

a dimensão “Dados e informação”. Se positivo, quais itens de avaliação seriam e por 

quê? 

8) Padrões corporativos 

8.1) Avalie se concorda totalmente com a dimensão “padrões corporativos”. Se 

negativo, por que e quais são suas sugestões de melhoria? 

Dimensão Descrição Geral 

Padrões 

corporativos 

O nível de regras e padrões para o desenvolvimento de tecnologias digitais existentes 

e novas, de forma eficiente e segura. 

8.2) Avalie se concorda totalmente com os itens de avaliação propostos para a 

dimensão “padrões corporativos”. Se negativo, por que e quais são suas sugestões de 

melhoria? 

Dimensão Síntese dos parâmetros Itens de avaliação 

Padrões corporativos 

Padrões de Tecnologia Existem padrões de organização para 

desenvolvimento de tecnologia, melhores 

práticas e referências para garantir a 

eficiência, segurança e manutenção de 

processos. 

Proteção legal para 

produtos e serviços 

digitais 

A organização está ciente dos mecanismos 

de proteção legal local para produtos e 

serviços digitais. 

Segurança da informação As tecnologias de segurança da informação 

são usadas para armazenar, processar e 

proteger as informações da empresa, desde 

o desenvolvimento até o 

descomissionamento do sistema.   

Regras para funcionários 

no local de trabalho 

digital 

Os funcionários entendem as regras e 

práticas recomendadas para operar em um 

ambiente de trabalho digital seguro. 

 

8.3) Avalie se vê necessidade de novos itens de avaliação para complementar a 

dimensão “Padrões corporativos”. Se positivo, quais itens de avaliação seriam e por 

quê? 

 

9)Cultura Organizacional 
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9.1)Avalie se concorda totalmente com a dimensão “cultura organizacional”. 

Se negativo, por que e quais são suas sugestões de melhoria? 

 

Dimensão Descrição Geral 

Cultura 

Organizacional 
A cultura organizacional é voltada para inovação e melhoria contínua. 

 

9.2)Avalie se concorda totalmente com os itens de avaliação propostos para a 

dimensão “cultura da organização”. Se negativo, por que e quais são suas sugestões de 

melhoria? 

 

Dimensão Síntese dos parâmetros Itens de avaliação 

Cultura organizacional  Cultura de inovação aberta A empresa colabora com outras 

organizações para desenvolver novas ideias. 

Gestão de inovação Há um processo de gestão da inovação 

estruturado e implementado, que vai desde 

um piloto até todos os departamentos da 

organização.  

Cultura de melhoria contínua Existe uma cultura de melhoria contínua, 

com funcionários engajados na 

implementação frequente de ideias de 

melhoria de processos e com resultados 

mensurados. 

 

9.3)Avalie se vê necessidade de novos itens de avaliação para complementar a 

dimensão “Cultura da organização”. Se positivo, quais itens de avaliação seriam e por 

quê? 

 

10)AVALIAÇÃO GERAL  

 

10.1) Avalie se vê a necessidade de outras dimensões para complementar o 

modelo apresentado. Se positivo, qual dimensão seria e por quê? 
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Reseach Instrument Reviewed After Pilot Interview (Port Version) 

 

INSTRUMENTO DE PESQUISA - VALIDAÇÃO DO MODELO DE REFERÊNCIA 
EM GESTÃO EM INDÚSTRIA 4.0 
 
Este questionário faz parte do projeto de pesquisa A MANAGEMENT REFERENCE 
MODEL TO GUIDE INDUSTRY 4.0 IMPLEMENTATION IN A STEELMAKING 
PLANTS, que tem como objetivo principal desenhar, avaliar e validar um modelo de 
referência em gestão para a implementação da transformação digital na indústria 
siderúrgica. Este é um projeto de pesquisa e um requisito parcial para a obtenção do 
título de mestre de Fernando Henrique da Fonseca Silva, aluno de mestrado do MESC / 
Universidade Federal Fluminense. O questionário atual busca validar e aprimorar o 
modelo de referência em gestão proposto com base em sua experiência com a 
abordagem Indústria 4.0 e gestão de tecnologia. O modelo proposto poderá ser utilizado 
como referência para indústrias que pretendem realizar a transformação digital de forma 
estruturada. 
 
Nome do entrevistado: 
Cargo/ função: 
Empresa: 
Data: 
 
As questões do instrumento de pesquisa serão apresentadas a seguir: 
 
O modelo de referência de gestão proposto é baseado na literatura e é composto por 
dimensões técnicas e organizacionais: Estratégia e Liderança, Produtos Inteligentes, 
Pessoas e competências, Clientes e parceiros, Tecnologia e conectividade, Processos e 
criação de valor, Dados e informação, Padrões corporativos e Cultura organizacional. 
Vou ler todas as dimensões e os itens de avaliação que as compõem.  
 

1) ESTRATÉGIA E LIDERANÇA 
 
1.1) Avalie se concorda totalmente com a dimensão “estratégia e liderança” e os itens 

de avaliação propostos. Se negativo, por que e quais são suas sugestões de 
melhoria? 

  

Dimensão Descrição Geral 

Estratégia e 
Liderança 

Mensuração do nível de estruturação e governança da estratégia de transformação 
digital, considerando a adequada alocação de recursos e o engajamento das pessoas 
para esse fim. 

 
Dimensão Síntese dos parâmetros Itens de avaliação 

Estratégia e 
Liderança 

Estratégia Indústria 4.0 Existe uma visão empresarial da Indústria 4.0 
com estratégia digital formulada, implementada 
e regularmente revista. A operacionalização e 
revisão da estratégia digital é realizada por 
meio de direcionadores de performance. 

Roadmap para Indústria 4.0 Existe um roadmap de iniciativas / projetos 
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digitais o qual está alinhado à estratégia da 
organização e da Indústria 4.0. 

Coordenação central para as 
atividades em Indústria 4.0 

As iniciativas digitais na organização são 
coordenadas de forma centralizada por uma 
estrutura que gerencia o roadmap de 
transformação digital e que comunica o status 
de sua implementação à organização. 

Recursos para implementação 
de Indústria 4.0 

Existem recursos humanos e financeiros 
dedicados à implementação da Indústria 4.0, 
que variam desde um piloto até uma 
transformação que abrange toda a empresa. 

Metas dos empregados para 
implementação de Indústria 
4.0 

Na organização existem objetivos e metas que 
incentivam a excelência operacional por meio 
da transformação digital. 

Análise de riscos para 
Indústria 4.0 

Existe um estudo de avaliação de riscos acerca 
da inserção de novas tecnologias e implantação 
da Indústria 4.0 com um plano de ação 
formulado e monitorado. A manutentabilidade 
dos produtos e soluções desenvolvidos é levada 
em consideração, assim como o impacto das 
mesmas na estabilidade do processo produtivo. 

Disposição para a 
implementação da Indústria 
4.0 

A transformação digital envolve as pessoas e é 
fomentada e praticada em todos os níveis 
hierárquicos da organização. Os gestores 
conhecem a estratégia digital da organização, 
entendem os potenciais da Indústria 4.0 e estão 
engajados para implementar a transformação 
digital. 

 
1.2) Avalie se você vê a necessidade de novos itens de avaliação para complementar 

a dimensão “Estratégia e Liderança”. Se positivo, quais itens de avaliação 
seriam e por quê? 

 
2) Produtos Inteligentes 

 
2.1) Avalie se concorda totalmente com a dimensão “Produtos Inteligentes” e os itens 
de avaliação propostos. Se negativo, por que e quais são suas sugestões de melhoria? 
 

Dimensão Descrição Geral 

Produtos 
Inteligentes 

Capacidade de individualização e rastreamento peça a peça dos produtos, bem 
como a integração dos serviços de tecnologia da informação com os produtos 
físicos, facilitando a coleta de dados de uso do ambiente e permitindo a 
interconectividade dos produtos entre si e com os sistemas em operação.  

 
Dimensão Síntese dos parâmetros Itens de avaliação 
Produtos 
Inteligentes 

Flexibilidade de 
personalização do produto 

A organização da produção é flexível e pode mudar 
com frequência para atender às necessidades do 
cliente. O tempo de troca e configuração da máquina 
é continuamente reduzido para oferecer flexibilidade 
de produção. 

Produtos físicos com 
funcionalidades adicionais 
de tecnologia da informação 

Os produtos físicos estão vinculados a um portfólio 
de produtos digitais, aumentando a oferta de valor 
aos clientes. Os produtos entregues aos clientes 
podem gerar dados e informações de uso, que são 
processados para melhorar o serviço por meio de 
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novos / melhores produtos e serviços. Além disso, os 
produtos podem interagir com outros sistemas em 
toda a cadeia de valor. Os dados são coletados e 
analisados variando de poucas a múltiplas funções 
(por exemplo, monitoramento de condição). 

Individualização do produto A rastreabilidade dos produtos é individual em toda 
a cadeia de valor. Com o suporte das tecnologias de 
informação e comunicação, é possível identificar a 
localização exata dos produtos em tempo real. 
(LoRa, RFID, Data Matrix, MES etc). 

2.2) Avalie se você vê a necessidade de novos itens de avaliação para complementar a 
dimensão “Produtos Inteligentes”. Se positivo, quais itens de avaliação seriam e por 
quê? 
 

3) Pessoas e competências 
 

3.1) Avalie se concorda totalmente com a dimensão “Pessoas e Competências” e os 
itens de avaliação propostos. Se negativo, por que e quais são suas sugestões de 
melhoria? 

Dimensão Descrição Geral 

Pessoas e 
Competências 

Mensuração da abertura das pessoas às novas tecnologias e também da fluência 
digital dos colaboradores, conforme suas áreas de atuação. O processo de 
recrutamento já considera habilidades e competências visando à transformação digital 
e os funcionários têm acesso a treinamentos para desenvolver habilidades e 
competências digitais. 

 
Dimensão Síntese dos parâmetros Itens de avaliação 
Pessoas e 
Competências 

Recrutamento para 
Indústria 4.0 

A empresa está recrutando novos funcionários já 
pensando nos requisitos necessários para 
subsidiar a implantação das tecnologias da 
Indústria 4.0. 

Organização do Trabalho A organização do trabalho é mais horizontal, 
flexível e a empresa tem poucos níveis 
hierárquicos.  

Habilidades digitais A empresa está fornecendo / desenvolvendo 
habilidades digitais para seus funcionários.  

Autonomia do operário  Na organização, o nível operacional resolve 
problemas ou toma decisões com autonomia 
dentro de seu nível de atuação. 

Experiência com trabalho 
interdisciplinar 

Na indústria, os funcionários são estimulados a 
realizar trabalhos interdisciplinares. 

Cultura de melhoria 
contínua 

Existe uma cultura de melhoria contínua dentro 
da empresa, em que os problemas são expostos 
com naturalidade.  

 
3.2) Avalie se vê necessidade de novos itens de avaliação para complementar a 
dimensão “Pessoas e Competências”. Se positivo, quais itens de avaliação seriam e por 
quê? 
 

4) Cliente e Parceiros 
 
4.1) Avalie se concorda totalmente com a dimensão “Clientes e Parceiros” e os itens de 
avaliação propostos. Se negativo, por que e quais são suas sugestões de melhoria? 
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Dimensão Descrição Geral 

Clientes e 
Parceiros 

Integração e parceria da empresa com outras organizações, incluindo clientes e 
parceiros. O cliente está aberto a produtos e serviços digitais, sendo seu valor medido 
pela receita oriunda das soluções entregues.  

 
Dimensão Síntese dos parâmetros Itens de avaliação 
Clientes e 
Parceiros 

Receita de soluções digitais Os clientes estão dispostos a comprar soluções 
digitais e a organização obtém receita dessas 
soluções conforme previsto na estratégia digital. 

Abertura a novas tecnologias Os clientes já adquiriram soluções digitais e as 
utilizam. 

Digitalização de contato do 
cliente 

O contato com o cliente é digitalizado e os sistemas 
de informação da organização são integrados aos do 
cliente. 

Contato digital com parceiros 
da empresa 

O contato com as empresas parceiras é digitalizado 
e os sistemas de informação são integrados. 

Integração do cliente no 
desenvolvimento de produtos 

Clientes e usuários participam ativamente do 
desenvolvimento de produtos e soluções digitais. 

Dados e feedback do cliente Dados relacionados ao cliente e seus feedbacks são 
continuamente monitorados e utilizados para 
aprimoramento das soluções entregues assim como 
para o desenvolvimento de novas soluções. 

 
4.2) Avalie se vê necessidade de novos itens de avaliação para complementar a 
dimensão “Clientes e Parceiros”. Se positivo, quais itens de avaliação seriam e por quê? 
 

5) Tecnologia e conectividade 
 
5.1) Avalie se concorda totalmente com a dimensão “Tecnologia e Conectividade” e os 
itens de avaliação propostos. Se negativo, por que e quais são suas sugestões de 
melhoria? 
 

Dimensão Descrição Geral 

Tecnologia e 
Conectividade 

Mede a existência e nível de aplicação/ uso de tecnologias dentro do espectro da 
Indústria 4.0 na organização, como computação em nuvem, manufatura aditiva, 
realidade aumentada, sensoriamento, robotização, internet das coisas, Big Data e 
Analytics, drones e integração horizontal e vertical dos sistemas. 

 
Dimensão Síntese dos parâmetros Itens de avaliação 
Tecnologia e 
Conectividade 

Tecnologia da informação e 
Comunicação 

Existência de tecnologia de informação e 
comunicação modernas na empresa, permitindo a 
integração vertical da rede de sistemas em toda a 
empresa (conectando o chão de fábrica aos 
executivos), como também a integração horizontal 
ao longo de toda a cadeia de valor, promovendo a 
interoperabilidade dos sistemas entre organizações. 
Há integração de bases de infraestrutura 
permitindo a convergência das redes de TA e TI. 

Tecnologia em Nuvem Utilização de tecnologia em nuvem com 
armazenamento descentralizado de informações.  
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Sensores Sensores são utilizados nos processos de 
fabricação da organização, permitindo o total 
rastreamento da produção. A organização utiliza 
também sensores em produtos e peças para 
aprimoramento do rastreamento e controle da 
produção. 

IoT A organização usa tecnologia de conectividade 
avançada entre equipamentos, produtos e partes. 
Há evidências de que a organização adota 
tecnologias de IoT (por exemplo, comunicação 
LoRa, tecnologia RFID, dispositivos de 
monitoramento de condição e visão 
computacional). 

Manufatura aditiva (impressão 
3D) 

A organização utiliza tecnologia de manufatura 
aditiva para a criação, por exemplo, de 
ferramentas, protótipos ou peças de reposição. 

Uso de robôs O nível de automação é evidente dentro da área de 
produção. As máquinas da organização têm a 
capacidade de funcionar de forma autônoma ou 
por meio de uma central de controle. 

Big Data e Analytics Através de Big Data e Data Analytics, a 
organização tem a capacidade de acessar dados de 
forma rápida e eficaz, assim como analisa-los para 
dar suporte à tomada de decisão, utilizando 
técnicas avançadas de modelagem e ciência de 
dados e inteligência artificial. 

MES e rastreabilidade do 
processo 

A organização tem a habilidade de ver sistemas de 
manufatura e fazer intervenções em tempo real e 
de forma online.  

Ferramentas de realidade 
virtual e aumentada 

A organização utiliza ferramentas de realidade 
virtual e aumentada. (como para treinamentos e 
realização de manutenções). 

 
5.2) Avalie se você vê a necessidade de novos itens de avaliação para complementar a 
dimensão “Tecnologia e Conectividade”. Se positivo, quais itens de avaliação seriam e 
por quê? 
 

6) Processos e criação de valor 
 
6.1) Avalie se concorda totalmente com a dimensão “Processo e Criação de Valor” e os 
itens de avaliação propostos. Se negativo, por que e quais são suas sugestões de 
melhoria? 
 

Dimensão Descrição Geral 

Processo e 
criação de valor 

O nível de automação e controle de processos com autonomia e tomada de decisão 
baseada em dados. 

 
Dimensão Síntese dos parâmetros Itens de avaliação 
Processo e criação de 
valor 

Automação de 
processos de geração de 
valor 

Os processos de produção são automatizados. 

Melhoria contínua de 
processos 

Os processos são simplificados usando, por exemplo, 
a abordagem Lean antes de automatizá-los.  
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Autonomia do parque 
de máquinas e auto 
regulação do sistema 

Existem sistemas inteligentes que identificam 
problemas / desvios e podem resolvê-los sem a 
necessidade de intervenção humana. Existem 
equipamentos que trocam informações entre si em 
tempo real para regular e controlar o processo 
produtivo e os produtos de forma inteligente. 

O controle do parque de 
máquinas é feito 
remotamente 

Na organização, os setores possuem áreas com 
controle remoto dos equipamentos, sem a 
necessidade de presença física dos operadores nos 
mesmos. 

Controle de qualidade 
automatizado 

Na organização, os dados do processo de controle de 
qualidade são analisados automaticamente e os 
desvios são disponibilizados de forma transparente e 
ágil por meio de sistemas de informação. 

Manutenção baseada 
em dados 

Na organização, a manutenção é baseada em dados, 
com frequência e cronograma ajustados de forma 
inteligente de acordo com as condições de uso e 
resultados de desempenho dos equipamentos. 

Colaboração humana e 
robô 

Existe uma boa interface de colaboração entre 
humanos e robôs, respeitando os princípios 
ergonômicos. 

 
6.2) Avalie se vê a necessidade de novos itens de avaliação para complementar a 
dimensão “Processo e criação de valor”. Se positivo, quais itens de avaliação seriam e 
por quê? 
 

7) Dados e informação 
 
7.1) Avalie se concorda totalmente com a dimensão “Dados e Informação” e os itens de 
avaliação propostos. Se negativo, por que e quais são suas sugestões de melhoria? 
 

Dimensão Descrição Geral 

Dados e 
informação 

O nível de transparência e digitalização do fluxo de informação, desde a coleta de 
dados até a tomada de decisão. 

 
Dimensão Síntese dos parâmetros Itens de avaliação 

Dados e informação 

Coleta de dados automatizada Os principais dados de operações e processos 
são coletados de maneira estruturada, 
automatizada e consistente. 

Análise de dados coletados e 
tomada de decisão baseada 
em dados 

A empresa analisa os dados coletados de seus 
processos e os compila para geração de KPIs 
e controles de operação para dar suporte à 
tomada de decisões. 

Visualização digital de 
processos 

É possível visualizar as principais variáveis e 
indicadores do processo digitalmente. 

Simulação computacional 
baseada em dados 

Simulações computacionais de cenários 
futuros são realizadas a partir de dados 
coletados de processos. 

Dados históricos A indústria utiliza dados históricos para 
desenvolvimento de melhorias de processo e 
da rotina. 

 
7.2) Avalie se vê a necessidade de novos itens de avaliação para complementar a 
dimensão “Dados e informação”. Se positivo, quais itens de avaliação seriam e por quê? 
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8) Padrões corporativos 

 
8.1) Avalie se concorda totalmente com a dimensão “padrões corporativos” e os itens de 
avaliação propostos. Se negativo, por que e quais são suas sugestões de melhoria? 
 

Dimensão Descrição Geral 

Padrões 
corporativos 

O nível de regras e padrões para o desenvolvimento de tecnologias digitais existentes 
e novas, de forma eficiente e segura. 

 
Dimensão Síntese dos parâmetros Itens de avaliação 

Padrões corporativos 

Padrões de Tecnologia Existem padrões da organização para 
desenvolvimento de tecnologia, assim 
como melhores práticas e referências para 
garantir a eficiência, segurança e 
manutenção das soluções tecnológicas. 

Propriedade intelectual  A organização possui uma política de 
propriedade intelectual que abrange os 
produtos e serviços da transformação 
digital. Essa política é amplamente 
difundida e entendida na empresa.  

Proteção legal para produtos 
e serviços digitais 

A organização está ciente dos mecanismos 
de proteção legal local para produtos e 
serviços digitais. 

Segurança da informação As tecnologias de segurança da informação 
são usadas para armazenar, processar e 
proteger os dados e informações da 
empresa, desde o desenvolvimento até o 
descomissionamento dos sistemas.   

Gestão de mudanças A gestão de mudanças é praticada 
abrangendo a inserção de produtos e 
serviços da transformação digital, 
considerando os riscos e impactos à saúde 
organizacional, à segurança do trabalho, ao 
meio ambiente e a performance dos 
processos.  

Regras para funcionários no 
local de trabalho digital 

Os funcionários entendem as regras e 
práticas recomendadas para operar em um 
ambiente de trabalho digital seguro. 

 
8.2) Avalie se vê necessidade de novos itens de avaliação para complementar a 
dimensão “Padrões corporativos”. Se positivo, quais itens de avaliação seriam e por 
quê? 
 

9) Cultura Organizacional 
 
9.1) Avalie se concorda totalmente com a dimensão “cultura organizacional” e os itens 
de avaliação propostos. Se negativo, por que e quais são suas sugestões de melhoria? 
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Dimensão Descrição Geral 

Cultura 
Organizacional 

A cultura organizacional é voltada para inovação e melhoria contínua. 

 
 
 
Dimensão Síntese dos parâmetros Itens de avaliação 
Cultura organizacional  Abertura a novas tecnologias Na indústria, os funcionários estão abertos 

e dispostos para aprender e usar novas 
tecnologias. 

Cultura de inovação aberta A empresa colabora com outras 
organizações para desenvolver novas 
ideias. 

Gestão de inovação Há um processo de gestão da inovação 
estruturado e implementado, que vai desde 
um piloto até todos os departamentos da 
organização.  

Cultura de melhoria contínua Existe uma cultura de melhoria contínua, 
com funcionários engajados na 
implementação frequente de ideias de 
melhoria de processos e com resultados 
mensurados. 

 
9.2)Avalie se vê necessidade de novos itens de avaliação para complementar a 
dimensão “Cultura da organização”. Se positivo, quais itens de avaliação seriam e por 
quê? 
 

10) AVALIAÇÃO GERAL  
 
10.1) Avalie se vê a necessidade de outras dimensões para complementar o modelo 
apresentado. Se positivo, qual dimensão seria e por quê? 
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Reseach Instrument Reviewed After Pilot Interview (English Version)  

RESEARCH INSTRUMENT - REFINEMENT OF THE REFERENCE MODEL 

IN INDUSTRY MANAGEMENT 4.0 

 

This questionnaire is part of the research project A MANAGEMENT REFERENCE 

MODEL TO GUIDE INDUSTRY 4.0 IMPLEMENTATION IN A 

STEELMAKING PLANTS, whose main objective is to design, evaluate and refine a 

reference management model for the implementation of digital transformation in the 

steel industry. This is a research project and a partial requirement to obtain the title of 

master of Fernando Henrique da Fonseca Silva, master's student at MESC / 

Universidade Federal Fluminense. The current questionnaire seeks to refine and 

improve the proposed management reference model based on its experience with the 

Industry 4.0 approach and technology management. The proposed model can be used as 

a reference for industries that intend to carry out the digital transformation in a 

structured way. 

 

Name of interviewee: 

Position / function: 

Company: 

Date: 

 

The questions of the research instrument will be presented below: 

 

The proposed management reference model is based on the literature and is composed 

of technical and organizational dimensions: Strategy and Leadership, Smart Products, 

People and competences, Customers and partners, Technology and connectivity, 

Processes and value creation, Data and information, Corporate standards and 

organizational culture. I will read all the dimensions and the parameters that make up 

them. 

 

 

 

1) STRATEGY AND LEADERSHIP 
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1.1) Assess whether you fully agree with the “strategy and leadership” dimension 

and the proposed parameters. If not, why and what are your suggestions for 
improvement? 

 

 Dimension General Description 

Strategy and 
Leadership 

Measurement of the level of structuring and governance of the digital 
transformation strategy, considering the appropriate allocation of resources and the 
engagement of people for this purpose. 

 
Dimension Parameter synthesis Parameter description 

Strategy and 
Leadership 

Industry 4.0 Strategy There is a business vision of Industry 4.0 with a 
digital strategy formulated, implemented and 
regularly reviewed. The operationalization and 
review of the digital strategy is carried out 
through performance drivers. 

Industry 4.0 Roadmap There is a roadmap of digital initiatives / 
projects which is aligned with the strategy of 
the organization and Industry 4.0. 

Central coordination for 
activities in Industry 4.0 

Digital initiatives in the organization are 
centrally coordinated by a structure that 
manages the digital transformation roadmap 
and communicates the status of its 
implementation to the organization. 

Resources for implementing 
Industry 4.0 

There are human and financial resources 
dedicated to the implementation of Industry 
4.0, ranging from a pilot to a company-wide 
transformation. 

Employee goals for 
implementing Industry 4.0 

In the organization, there are objectives and 
goals that encourage operational excellence 
through digital transformation. 

Risk analysis for Industry 4.0 There is a risk assessment study on the 
insertion of new technologies and the 
implementation of Industry 4.0 with an action 
plan formulated and monitored. The 
maintainability of the products and solutions 
developed is taken into account, as well as their 
impact on the stability of the production 
process. 

Provision for the 
implementation of Industry 4.0 

Digital transformation involves people and is 
fostered and practiced at all hierarchical levels 
in the organization. Managers know the digital 
strategy of the organization, understand the 
potentials of Industry 4.0 and are committed to 
implementing the digital transformation. 

 
1.2) Assess whether you see the need for new parameters to complement the 

“strategy and leadership” dimension. If so, what parameters would they be and 
why? 

 
2) SMART PRODUCTS 

 
2.1) Assess whether you fully agree with the “Smart Products” dimension and the 
proposed parameters. If not, why and what are your suggestions for improvement? 
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Dimension General Description 

Smart Products 

Capacity for individualization and tracking piece by piece of products, as well as 
the integration of information technology services with physical products, 
facilitating the collection of data on the use of the environment and allowing the 
interconnectivity of products with each other and with the systems in operation. 

 
Dimension Parameter synthesis Parameters description 

Smart Products 

Flexibility of product 
customization 

The organization of production is flexible and can 
change frequently to meet customer needs. The time 
for changing and configuring the machine is 
continually reduced to offer production flexibility. 

Physical products with 
additional information 
technology features 

Physical products are linked to a portfolio of digital 
products, increasing the offer of value to customers. 
Products delivered to customers can generate data 
and usage information, which are processed to 
improve service through new / better products and 
services. In addition, products can interact with other 
systems across the value chain. Data is collected and 
analyzed ranging from few to multiple functions (for 
example, condition monitoring). 

Product individualization Product traceability is individual throughout the 
value chain. With the support of information and 
communication technologies, it is possible to 
identify the exact location of products in real time. 
(LoRa, RFID, Data Matrix, MES etc.). 

 
2.2) Assess whether you see the need for new parameters to complement the 

“Smart Products” dimension. If so, what parameters would they be and 
why? 

 
3) PEOPLE AND COMPETENCES 

 
3.1) Assess whether you fully AGREE WITH THE “PEOPLE AND COMPETENCES” 
dimension and the proposed parameters. If not, why and what are your suggestions for 
improvement? 
 

Dimension General Description 

People and 
competences 

Measurement of people's openness to new technologies and also the digital fluency of 
employees, according to their areas of expertise. The recruitment process already 
considers skills and competences aimed at digital transformation and employees have 
access to training to develop digital skills and competences. 

 
Dimension Parameter synthesis Parameters description 
People and 
competences 

Recruitment for Industry 
4.0 

The company is recruiting new employees 
already thinking about the necessary 
requirements to subsidize the implantation of the 
Industry 4.0 technologies. 

Work Organization The organization of work is more horizontal, 
flexible and the company has few hierarchical 
levels. 

Digital skills The company is providing / developing digital 
skills for its employees. 

Worker autonomy  In the organization, the operational level solves 
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problems or makes decisions with autonomy 
within its level of performance. 

Experience with 
interdisciplinary work 

In the industry, employees are encouraged to 
perform interdisciplinary work. 

Culture of continuous 
improvement 

There is a culture of continuous improvement 
within the company, in which problems are 
exposed naturally. 

 
3.3) Assess whether you see the need for new parameters to complement the “People 

and competences” dimension. If so, what parameters would they be and why? 
 

4) CUSTOMER AND PARTNERS 
 

4.1) Assess whether you fully agree with the “Customers and Partners” dimension and 
the proposed parameters. If not, why and what are your suggestions for improvement? 

Dimension General Description 

Customer and 
partners 

Integration and partnership of the company with other organizations, including 
customers and partners. The customer is open to digital products and services, and its 
value is measured by the revenue from the solutions delivered. 

 
Dimension Parameter synthesis Parameters description 
Customer and 
partners 

Digital Solutions Revenue Customers are willing to buy digital solutions and 
the organization earns revenue from these solutions 
as provided for in the digital strategy. 

Openness to new technologies Customers have already purchased digital solutions 
and are using them. 

Customer contact scanning Customer contact is digitized and the organization's 
information systems are integrated with those of the 
customer. 

Digital contact with company 
partners 

Contact with partner companies is digitalized and 
information systems are integrated. 

Customer integration in 
product development 

Customers and users actively participate in the 
development of digital products and solutions. 

Customer data and feedback Customer-related data and feedback is continuously 
monitored and used to improve the solutions 
delivered as well as to develop new solutions. 

 
4.2) Assess whether you see the need for new parameters to complement the 
“Customers and Partners” dimension. If so, what parameters would they be and why? 
 

5) TECHNOLOGY AND CONNECTIVITY 
 

5.1) Assess whether you fully agree with the “Technology and Connectivity” dimension 
and the proposed parameters. If not, why and what are your suggestions for 
improvement? 
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Dimension General Description 

Technology and 
Connectivity 

Measures the existence and level of application / use of technologies within the 
spectrum of Industry 4.0 in the organization, such as cloud computing, additive 
manufacturing, augmented reality, sensing, robotization, internet of things, Big Data 
and Analytics, drones and integration horizontal and vertical systems. 

 
Dimension Parameter synthesis Parameter description 
Technology and 
Connectivity 

Information and 
communication technology 

Existence of modern information and communication 
technology in the company, allowing the vertical 
integration of the systems network throughout the 
company (connecting the factory floor to the 
executives), as well as the horizontal integration 
throughout the entire value chain, promoting 
interoperability systems between organizations. 
There is integration of infrastructure bases allowing 
the convergence of AT and IT networks. 

Cloud Technology Use of cloud technology with decentralized 
information storage. 

Sensors Sensors are used in the organization's manufacturing 
processes, allowing total production tracking. The 
organization also uses sensors in products and parts 
to improve production tracking and control. 

IoT The organization uses advanced connectivity 
technology between equipment, products and parts. 
There is evidence that the organization adopts IoT 
technologies (for example, LoRa communication, 
RFID technology, condition monitoring devices and 
computer vision). 

Additive manufacturing (3D 
printing) 

The organization uses additive manufacturing 
technology to create, for example, tools, prototypes 
or replacement parts. 

Use of robots The level of automation is evident within the 
production area. The organization's machines have 
the ability to operate autonomously or through a 
control center. 

Big Data and Analytics Through Big Data and Data Analytics, the 
organization has the ability to access data quickly 
and effectively, as well as analyze them to support 
decision making, using advanced modeling 
techniques, data science and artificial intelligence. 

MES and process 
traceability 

The organization has the ability to view 
manufacturing systems and make interventions in 
real time and online. 

Virtual and augmented 
reality tools 

The organization uses virtual and augmented reality 
tools. (as for training and maintenance). 

 
5.2) Assess whether you see the need for new parameters to complement the 
“Technology and Connectivity” dimension. If so, what parameters would they be and 
why? 
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6) PROCESS AND VALUE CREATION 
 
6.1) Assess whether you fully agree with the “Process and Value Creation” dimension 
and the proposed parameters. If not, why and what are your suggestions for 
improvement? 
 

Dimension General Description 

Process and value 
creation  

The level of automation and process control with autonomy and decision-making 
based on data. 

 
Dimension Parameter synthesis Parameter description 
Process and value 
creation 

Automation of value 
generation processes 

Production processes are automated. 

Continuous process 
improvement 

Processes are simplified using, for example, the Lean 
approach before automating them. 

Machine park 
autonomy and system 
self-regulation 

There are intelligent systems that identify problems / 
deviations and can solve them without the need for 
human intervention. There are equipment that 
exchange information with each other in real time to 
regulate and control the production process and 
products intelligently. 

Control of the machine 
park is done remotely 

In the organization, the sectors have areas with 
remote control of the equipment, without the need for 
physical presence of the operators in them. 

Automated quality 
control 

In the organization, the data of the quality control 
process are automatically analyzed and the deviations 
are made available in a transparent and agile way 
through information systems. 

Data-based 
maintenance 

In the organization, maintenance is based on data, 
with frequency and schedule adjusted intelligently 
according to the conditions of use and performance 
results of the equipment. 

Human and robot 
collaboration 

There is a good collaboration interface between 
humans and robots, respecting ergonomic principles. 

 
6.2) Assess whether you see the need for new parameters to complement the “Process 
and value creation” dimension. If so, what parameters would they be and why? 
 

7) DATA AND INFORMATION 
 

7.1) Assess whether you fully agree with the “Data and Information” dimension and the 
proposed parameters. If not, why and what are your suggestions for improvement? 
 

Dimension General Description 

Data and 
information 

The level of transparency and digitalization of the information flow, from data 
collection to decision making. 

 

Dimension Parameter synthesis Parameter description 

Data and information Automated data collection The main data of operations and processes 
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are collected in a structured, automated and 
consistent manner. 

Collected data analysis and 
data-based decision making 

The company analyzes the data collected 
from its processes and compiles them for the 
generation of KPIs and operation controls to 
support decision making. 

Digital process visualization 
It is possible to view the main variables and 
indicators of the process digitally. 

Computer simulation based 
on data 

Computer simulations of future scenarios are 
performed from data collected from 
processes. 

Historical data 
The industry uses historical data to develop 
routine and process improvements. 

 
7.2) Assess whether you see the need for new parameters to complement the “Data and 
information” dimension. If so, what parameters would they be and why? 
 

8) CORPORATE STANDARDS 
 
8.1) Assess whether you fully agree with the “corporate standards” dimension and the 
proposed parameters. If not, why and what are your suggestions for improvement? 
 

Dimension General Description 

Corporate 
standards 

The level of rules and standards for the development of existing and new digital 
technologies, efficiently and safely. 

 
Dimension Parameter synthesis Parameter description 

Corporate standards 

Technology Standards There are organization standards for technology 
development, as well as best practices and 
references to ensure the efficiency, security and 
maintenance of technological solutions. 

Intellectual property The organization has an intellectual property 
policy that covers digital transformation 
products and services. This policy is widely 
disseminated and understood in the company. 

Legal protection for 
digital products and 
services 

The organization is aware of local legal 
protection mechanisms for digital products and 
services. 

Information security Information security technologies are used to 
store, process and protect company data and 
information, from development to system 
decommissioning. 

Change management Change management is practiced encompassing 
the insertion of digital transformation products 
and services, considering the risks and impacts 
to organizational health, work safety, the 
environment and the performance of processes. 

Rules for employees in 
the digital workplace 

Employees understand the rules and best 
practices for operating in a secure digital work 
environment. 

 
8.2) Assess whether you see the need for new parameters to complement the “Corporate 
standards” dimension. If so, what parameters would they be and why? 
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9) ORGANIZATION CULTURE 
 
9.1) Assess whether you fully agree with the “organizational culture” dimension and the 
proposed parameters. If not, why and what are your suggestions for improvement? 
 

Dimension General Description 

Organization 
Culture 

The organizational culture is geared towards innovation and continuous 
improvement. 

 
Dimension Parameter synthesis Parameter description 

Organization Culture 

Openness to new 
technologies 

In the industry, employees are open and 
willing to learn and use new technologies. 

Culture of open innovation The company collaborates with other 
organizations to develop new ideas. 

Innovation management There is a structured and implemented 
innovation management process, ranging 
from a pilot to all departments in the 
organization. 

Culture of continuous 
improvement 

There is a culture of continuous 
improvement, with employees engaged in 
the frequent implementation of process 
improvement ideas and with measured 
results. 

9.2) Assess whether there is a need for new parameters to complement the 
“Organization culture” dimension. If so, what parameters would they be and why? 
 

10) GENERAL ASSESSMENT 
 

10.1) Assess whether you see the need for other dimensions to complement the model 
presented. If so, what dimension would it be and why? 
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Termo De Livre Consentimento E Esclarecimento 

 

Este termo de consentimento refere-se à sua participação no projeto de Pesquisa A CONCEPTUAL 

MANAGEMENT REFERENCE MODEL TO GUIDE INDUSTRY 4.0 IMPLEMENTATION IN 

STEELMAKING PLANTS, o objetivo principal deste trabalho é projetar, avaliar e validar um modelo 

de referência de gestão para implementação de transformação digital em uma indústria siderúrgica. Trata-

se de um projeto de pesquisa definido como requisito parcial para obtenção do título de mestre de 

Fernando Henrique da Fonseca Silva, aluno do MESC / UFF. Nesta pesquisa, você participará como 

gerente de tecnologia e especialista da Indústria 4.0 na indústria siderúrgica com os objetivos de: 

1) Rever e validar as dimensões do modelo de referência de gestão proposto na Indústria 4.0 com 

base na sua experiência prática; 

2) Revisar e validar os itens de avaliação do modelo de referência de gestão proposto na 

Indústria 4.0 com base em sua experiência prática. 

Os gestores especialistas que assinarem o Termo de Consentimento Livre e Esclarecido participarão de 

reuniões online que serão gravadas para documentação. Para fins de pesquisa, os pesquisadores garantem 

que seu nome será preservado e que nenhum dado individual ou conteúdo de sua entrevista será 

divulgado. 

Eu, ______________________________________________________________________, fui 

informado dos objetivos da pesquisa acima de forma clara e detalhada. Fui informado da garantia de 

resposta a quaisquer questões sobre os procedimentos, da liberdade de retirar o meu consentimento a 

qualquer momento e da garantia de que não serei identificado quando os resultados forem divulgados e 

que as informações obtidas serão utilizadas apenas para fins científicos vinculados a este projeto de 

pesquisa. 

 

__________________________________________________________________ 
Assinatura do profissional 

 
 

Belo Horizonte, _____ de____________ 2020. 
 
 

__________________________________________________________________ 
Fernando Henrique da Fonseca Silva 

Mestrando MESC/ UFF 
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Term of Free Consent and Clarification (English Version) 

This consent term refers to your participation in the Research project A CONCEPTUAL 

MANAGEMENT REFERENCE MODEL TO GUIDE INDUSTRY 4.0 IMPLEMENTATION IN 

STEELMAKING PLANTS, with the main objective of this work is to design, evaluate and refine a 

management reference model for digital transformation implementation in a steelmaking industry. This is 

a research project defined as a partial requirement for obtaining the title of master of Fernando Henrique 

da Fonseca Silva, a student at MESC/ UFF. In this research, you will participate as a technology manager 

and Industry 4.0 specialist in the steelmaking industry with the purposes of: 

 

Review and refine the dimensions of the proposed management reference model in Industry 4.0 based on 

their practical experience; 

 

Review and refine the assessment items of the proposed management reference model in Industry 4.0 

based on their practical experience. 

 

The specialist managers who sign the Term of Free Consent and Clarification will participate in online 

meetings which will be recorded for documentation. For research purposes, researchers guarantee that 

your name will be preserved and that no individual data or content of your interview will be disclosed. 

 

I, ______________________________________________________________________, was informed 

of the research objectives above in a clear and detailed way. I have been informed of the guarantee to 

receive an answer to any questions about the procedures, the freedom to withdraw my consent at any time 

and the guarantee that I will not be identified when the results are disclosed and that the information 

obtained will be used only for scientific purposes linked to this research project. 

 

__________________________________________________________________ 

Signature of the professional 

 

Belo Horizonte, _____ of ____________ 2020 

 

__________________________________________________________________ 

Fernando Henrique da Fonseca Silva 

Researcher MESC/ UFF 
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APPENDIX B 

Complete List of Parameters And Parameters Descriptions Of Refined Model 

 

Strategy and leadership parameters Parameter description 

Industry 4.0 Strategy There is a business vision of Industry 4.0 with a digital strategy 
formulated, implemented and revised. The operationalization 
and review of the Industry 4.0 implementation strategy is 
carried out by means of performance drivers or success criteria 
of the initiatives. 

Roadmap for Industry 4.0 There is a roadmap of digital initiatives/ projects and it is 
aligned with the organization's and Industry 4.0 strategy. 

Central coordination of Industry 4.0 
activities 

Digital initiatives in the organization are centrally coordinated 
by a Technology Office that manage the I4 roadmap and 
communicate the implementation status to the company. 

Resources for Industry 4.0 
implementation 

There are human and financial resources planned for the 
implementation of Industry 4.0, ranging from a pilot to a 
company-wide transformation. 

Employee Goals for Industry 4.0 
implementation 

There are objectives and goals that encourage process 
performance improvement through digital transformation. 

Industry 4.0 Risk Assessment The company has a mechanism / process for analyzing the 
viability of projects in the short, medium and long term and this 
extends to the insertion of new technologies from Industry 4.0. 
Based on this analysis, an action plan is formulated and 
monitored. The maintainability of the products and solutions 
developed is taken into account, as well as their impact on the 
stability of the production process. 

Willingness to Industry 4.0 
implementation 

The implantation of Industry 4.0 involves people and is 
promoted and practiced at all hierarchical levels of the 
organization, both in the top-down and bottom-up approach. 
Managers know the digital strategy of the organization, 
understand the potentials of Industry 4.0 and are committed to 
implementing it. Engagement is measured from surveys such as 
NPS or maturity measures. 

Top down support The steel industry is a traditional environment and, therefore, 
the company's top leadership must, in addition to understanding 
the concepts of Industry 4.0, strongly sponsor its 
implementation as well as mobilize the organization. 

Industry 4.0 focused in solving real 
problems 

The implantation of Industry 4.0 provides a real problem 
solution experience. The focus of the implementation is on 
solving problems or improving performance, with technologies 
being a means to achieve the expected results. 

 

Smart Products Parameters Parameter description 

Physical Products with ICT add on 
functionalities 

Physical products are tied to a digital product portfolio, 
increasing the value offering to customers. Products delivered to 
customers can generate data and usage information, which is 
processed to improve service through new / better products and 
services. 
Also, products can interact with other systems throughout the 
value chain. Data is collected and analyzed ranging from few to 
multiple functions (e.g. condition monitoring) 

Product individualization Products traceability is individual throughout the whole value 
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chain. With ICT support, the exact location of products is always 
possible to identify in real time. (LoRa, RFID, Data Matrix, 
MES etc)  

 

People and competences Parameters  Parameter description 

Recruitment for Industry 4.0 The company is recruiting new employees already thinking of 
the requirements needed to assist in the deployment of Industry 
4.0 technologies. 

Work organization The work organization is more horizontal and the company has 
few hierarchical levels, or there is a willingness to make 
working arrangements more flexible. 

Digital skills  The company is providing/developing digital skills for its 
employees. (areas: Data security/ communications security; IT 
infrastructure; automation technology; systems thinking; data 
analytics; development/ application of assistance systems; 
collaboration software). 

Factory worker autonomy  In the organization, the operational level solves problems or 
makes decisions with autonomy within their level of 
performance. 

Experience with interdisciplinary work In the industry, employees have experience in jobs that require 
the use of different spheres of knowledge and the interaction 
between people of different backgrounds and positions. 

 

 

Customer and partners Parameters Parameter description 

Revenue from Digital Solutions 
 
 

Customers are willing to buy digital solutions and the 
organization has revenue from these solutions as provided in 
the digital strategy. 

Openness to new technologies Customers already purchased digital solutions and use it. 
Customer contact scanning Customer contact is digitized and the organization's 

information systems are integrated with customer ones.  
Digitalization of the value chain Contact with partner companies is digitized and information 

systems are integrated. 
Customer integration in product 
development 

Depending on the market profile, customers and users 
actively participate in the development of digital products 
and solutions 

Customer data and feedback Customer-related data and feedback are used for decision 
making and customizing solutions. 

 

Technology and connectivity 

Parameters 

Parameter description 

Information and Automation 
Technology 

Existence of modern information and automation technology in 
the company, allowing the vertical integration of the systems 
network throughout the company (connecting the factory floor to 
the executives), as well as the horizontal integration throughout 
the entire value chain, promoting interoperability systems 
between organizations. There is integration of infrastructure 
bases allowing the convergence of AT and IT networks. 

Cloud Technology  Utilization of cloud technology with decentralized information 
storage. The organization store information within a cloud 
network; hard resources (e.g. machines and robots) and soft 
resources (e.g. data, documents and software) are connected to a 
cloud. 

Sensors Sensors are used in the organization's manufacturing processes, 
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allowing full production tracking and real-time data collection. 
The organization also uses sensors in products and parts to 
improve production tracking and control. 

IoT and CPS  The organization uses advanced connectivity technology between 
equipment, products and people; There is evidence that the 
organization has embraced digitalization for product, parts and 
machinery (e.g. LoRa communication, RFID technology, 
condition monitoring devices and computational vision). 
Utilization of machine-to-machine communication; Integrated 
computers in machines; and Integrated computers in tools. 

Additive Manufacturing (3D 
Printing) 

The organization uses additive manufacturing technology for the 
creation of tooling, prototypes or spare parts; 

Robot Usage The organization’s machines have the ability to be run 
autonomously or through an external system; The level of 
automation is evident within the production area. 

Big Data and Analytics The organization has the ability to access data quickly and 
effectively from equipment, products, machines, facilities and 
systems. 
The organization has the ability to analyze process data in order 
to make decisions, share information and improve negative 
trends. 

MES and process traceability The organization has the ability to see live manufacturing 
systems and make changes immediately; The organization uses 
digital media to bring information directly to the workforce; 

Augmented and virtual reality tools The organization uses virtual and augmented reality tools. (as for 
training, maintenance and remote operations). 

Creation of digital gene There is evidence of the creation of the digital gene, in which the 
physical world is represented by the digital one, with relevant 
data on the products available digitally. 

 

 

Process and value creation 

Parameters 

Parameter description 

Flexibility of product 
customization 
 

The organization is flexible and able to frequently change to meet 
customer needs. Machine changeover and setup time are 
continually reduce to offer production flexibility. 

Automation of value generation 
processes 

The value creation processes are automated and there is automated 
monitoring of processes. 

Machine Park Autonomy / 
Autonomous/ System self-
regulation 

There are intelligent systems that identify some problems / 
deviations and can solve them without human intervention. In the 
company, there is equipment that exchange information with each 
other in real time to regulate and control the production process and 
products intelligently. 

Machine park control is done 
remotely 

In the organization, the sectors have areas with remote control of 
the equipment, without the need for physical presence of the 
operators in them. Technologies such as virtual and augmented 
reality can be applied for this purpose. 

Automated Quality Control In the organization, quality control process data is automatically 
analyzed and deviations are made available in a transparent and 
agile manner through information systems. 

Database machine maintenance In the organization, maintenance is based on data, with frequency 
and schedule adjusted intelligently according to the conditions of 
use and performance results of equipment. 
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Human and robot collaboration There is a good collaboration interface between humans and robots, 
respecting the ergonomic and safety principles at work. 

 

 

Data and information Parameters Parameter description 

Automated data collection The main data of operations and processes are collected in a 
structured, automated and consistent way. The data is stored 
in a way that allows its growth and scheduling. 

Collected data analysis and database-
based decision making 

The company has the ability to analyze large volumes of 
data collected from its processes and compiles them for the 
generation of KPIs and operation controls to support 
decision making. 

Digital visualization of processes It is possible to view the main process variables and 
indicators digitally. 

Data-driven software simulation of future 
scenarios 

Software-based simulations of future scenarios are made 
from collected data from processes. 

Historical data The industry uses past data to develop process / routine 
improvements. 

Insights generation and testing through 
predictive models 

Predictive and advanced analytics models are developed for 
generating and testing insights. 

Creation of system alert (deviations) Predictive and real-time system mechanisms exist to alert 
and signal deviations of parameters and critical process 
variables for their control. 

 

 

 

Organization Culture Parameters Parameter description 

Open innovation culture  
 

The company exchanges experiences and knowledge with 
other institutions (universities, other industries), promoting 
innovations in a collaborative way. 

Innovation management  There is a structured and implemented innovation 

Corporate Standards Parameters Parameter description 

Technology Standards 
 
 

There are organization standards for technology development, 
best practices and benchmarks for ensuring process efficiency, 
security and maintenance. 

Intellectual property The organization has an intellectual property policy that covers 
digital transformation products and services. This policy is widely 
disseminated and understood in the company. 

Legal protection for digital products and 
services 

The organization is aware of local legal protection mechanisms 
for digital products and services. 

Cyber Security Security technologies are used to store, process and safely protect 
company information. 

Rules for employees in the digital 
workplace 

Employees understand the rules and best practices to operate in a 
safe digital work environment. 

Change Management Change management is practiced encompassing the insertion of 
digital transformation products and services, considering the risks 
and impacts to organizational health, work safety, the 
environment and the performance of processes. Change 
management directly involves people to carry out the proper 
transformation process. 
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management process, ranging from a pilot to all departments 
in the organization. Digital initiatives are developed in 
organizational innovation units and are structured in small 
deliveries / MVPs over time. 

Continuous improvement culture There is a sense of continuous improvement culture within 
the company. 

Openness to new technology In the industry, employees were made aware of the 
importance of learning and using new technologies. 

Environment that promotes autonomy 
and empowerment 

The work environment promotes experimentation and 
continuous learning. Employees carry out work 
independently and are encouraged to propose solutions in a 
collaborative way. 
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APPENDIX C 

Industry 4.0 Main Concepts 

The term Industry 4.0 was coined in 2011 in the German High Tech 2020 

Strategy (EUROPEAN COMMISSION, 2017).  According to the Rüßmann et al. 

(2015), the fourth wave of the Industrial Revolution was pioneered by Germany and is 

powered mainly by 9 main foundational technologies (Figure 19 and Table 62): 

simulation; horizontal and vertical system integration; internet of things; cybersecurity; 

cloud computing; additive manufacturing; augmented reality; big data & analytics; and 

autonomous robots.  

In the industry, there are high expectations about the potential of Industry 4.0 for 

results generation (LIAO et al., 2017; LU, 2017) and to positively benefit national 

performance increasing productivity, revenue growth, employment and investment 

(RÜßMANN et al., 2015). 

According to Industrie 4.0 Platform (2015) apud Lichtblau et al. (2015, p.12) the 

term “Industrie 4.0” has the following definition: 

 

The term Industrie 4.0 stands for the fourth industrial revolution, a 
new level of organizing and controlling the entire value chain across 
product lifecycles. This cycle focuses on increasingly personalized 
customer wishes and extends from the concept to the order, 
development, production, and shipping of a product to the end 
customer and ultimately to its recycling, including all associated 
services 
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Figure 19: Foundational technologies of Industry 4.0 Era 

               
Source: Rüßmann et al. (2015, p. 2). 

 
 
 

To position and understand the current period of industrialization that we are 

experiencing, Kagermann et al. (2013) deployed the Industrial Revolution in four 

historical stages, evolving from water and steam mechanical manufacturing facilities, to 

electric power mass production, followed by electronics and IT and, finally, to current 

cyber-physical systems (Figure 20).  
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Table 62: Industry 4.0 technologies description 

Technology Description 
Big Data 
and 
Analytics  
 

Analytics is based on large data sets. In an Industry 4.0 context, the collection and 
comprehensive evaluation of data from many different sources—production 
equipment and systems as well as enterprise- and customer-management systems—
will become standard to support real-time decision making.  

Autonomou
s Robots  
 

Robots are becoming more autonomous, flexible, and cooperative. Eventually, they 
will interact with one another and work safely side by side with humans and learn 
from them. These robots will cost less and have a greater range of capabilities than 
those used in manufacturing today.  

Simulation  
 

In the engineering phase, 3D simulations of products, materials, and production 
processes are already used, but in the future, simulations will be used more 
extensively in plant operations as well. These simulations will leverage real-time data 
to mirror the physical world in a virtual model, which can include machines, 
products, and humans. This allows operators to test and optimize the machine 
settings for the next product in line in the virtual world before the physical 
changeover, thereby driving down machine setup times and increasing quality.  

Horizontal 
and 
Vertical 
System 
Integration  
 

Most of today’s IT systems are not fully integrated. Companies, suppliers, and 
customers are rarely closely linked. Nor are departments such as engineering, 
production, and service. Functions from the enterprise to the shop floor level are not 
fully integrated. Even engineering itself -from products to plants to automation- lacks 
complete integration. But with Industry 4.0, companies, departments, functions, and 
capabilities will become much more cohesive, as cross-company, universal data-
integration networks evolve and enable truly automated value chains. 

The 
Industrial 
Internet of 
Things  
 

Today, only some of a manufacturer’s sensors and machines are networked and make 
use of embedded computing. They are typically organized in a vertical automation 
pyramid in which sensors and field devices with limited intelligence and automation 
controllers feed into an overarching manufacturing-process control system. But with 
the Industrial Internet of Things, more devices—sometimes including even 
unfinished products—will be enriched with embedded computing and connected 
using standard technologies. This allows field devices to communicate and interact 
both with one another and with more centralized controllers, as necessary. It also 
decentralizes analytics and decision making, enabling real-time responses. 

Cybersecuri
ty  
 

Many companies still rely on management and production systems that are 
unconnected or closed. With the increased connectivity and use of standard 
communications protocols that come with Industry 4.0, the need to protect critical 
industrial systems and manufacturing lines from cybersecurity threats increases 
dramatically. As a result, secure, reliable communications as well as sophisticated 
identity and access management of machines and users are essential.  

The Cloud  
 

Companies are already using cloud-based software for some enterprise and analytics 
applications, but with Industry 4.0, more production-related undertakings will require 
increased data sharing across sites and company boundaries. At the same time, the 
performance of cloud technologies will improve, achieving reaction times of just 
several milliseconds. As a result, machine data and functionality will increasingly be 
deployed to the cloud, enabling more data-driven services for production systems. 
Even systems that monitor and control processes may become cloud based.  

Additive 
Manufactur
ing  
 

Companies have just begun to adopt additive manufacturing, such as 3D printing, 
which they use mostly to prototype and produce individual components. With 
Industry 4.0, these additive-manufacturing methods will be widely used to produce 
small batches of customized products that offer construction advantages, such as 
complex, lightweight designs. High-performance, decentralized additive 
manufacturing systems will reduce transport distances and stock on hand.  

Augmented 
Reality  
 

Augmented-reality-based systems support a variety of services, such as selecting 
parts in a warehouse and sending repair instructions over mobile devices. These 
systems are currently in their infancy, but in the future, companies will make much 
broader use of augmented reality to provide workers with real-time information to 
improve decision making and work procedures. Another application is virtual 
training. 

Source: Rüßmann et al. (2015). 
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Figure 20: Four waves of Industrial Revolution  

Source: Adapted from Kagermann et al (2013, p.13). 

  

The first industrial revolution was initiated in England in the middle of the 19th 

century and the application of new production techniques to the textile industry was a 

milestone. This first revolution changed the world paradigm by accelerating the 

production processes, which were completely handmade, using coal, steam and iron. 

Production reached levels never before seen at the time. The second industrial 

revolution, on the other hand, occurred in the middle of the 19th century and propelled 

the use of electricity, expanding the scientific division of labor and the use of mass 

production concepts. The third industrial revolution occurred in the second half of the 

20th century, with the growth of computing, electronics, information technology and 

industrial automation (KAGERMANN et al; 2013). 

For the iron and steel sector, according to Martins (2019) and Ferreira (1989), 

the technological evolution of industrial revolutions also contributed massively to the 

increase in iron and steel production from the 18th century onwards, switching from 

rudimentary techniques to mass production methods. In the first Industrial Revolution, 

the use of iron was predominant over steel. In the second Industrial Revolution, this 

predominance was reversed, making the steel industry to play an essential role in this 

transformation, through the dissemination in the use of steel. In general, all stages of 

steel production underwent significant innovations during the first two revolutions, 

being highlighted: 
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1) Reduction step: pig iron production using mineral coal instead of charcoal, 

creating the coke steel industry (FERREIRA, 1989). 

2) Refining stage: steel production using the refining methods using the 

furnace refining methods - Siemens-Martin process and electric melt shop - and the 

converter production methods - Bessemer and Thomas processes. 

3) Lamination stage: conformation of the final product using mechanical 

processes (automatic laminator) instead of manual processes. 

Martins (2019) and Ferreira (1989) presented two disruptive methods that 

emerged in the steel industry in the 20th century: the oxygen converter and continuous 

casting process. These methods allowed the reduction of process cycle time and made a 

significant increase in productivity. The authors also pointed out that, due to the rapid 

expansion of industrialized economies in the 50s and 60s, the capacity of the global 

steel industry had a considerable jump in this period, introducing new economies of 

scale for the sector, without necessarily having technological disruptions. 

Finally, the fourth and last industrial revolution, or Industry 4.0, is a reality 

defended by several theorists (RÜßMANN et al., 2015; EUROPEAN COMMISSION, 

2017) envisioning the integration of different technologies and cyber physical systems 

(KAGERMANN et al, 2013). Exploring the evolution of the fourth stage of Industrial 

Revolution, Liao (2017) carried out a systematic literature review regarding Industry 

4.0. According to the author, the theme is growing a lot in the literature and there is a 

gradual increase in the number of conferences related to Industry 4.0 from 2013 (5 

conferences) to 2015 (63 conferences). Liao (2017) also stated that Computer Science 

and Engineering were the main areas producing papers about i4. In this scenario, Brazil 

produced a scarce literature when compared to other countries. Regarding the literature, 

the authors found out that the main four keywords used for enabling i4 technologies are: 

modeling; virtualization and visualization; Big Data; and Cloud. In terms of i4 features, 

the main four keywords clusters are: automation, integration, collaboration and 

flexibility. Moreover, his paper confirmed and emphasized the huge gap between 

Industry 4.0 laboratory experiments (95.1%) and industrial applications (4.9%), 

reinforcing the research opportunity presented in section 1.2. 

According to Roblek et al. (2016) and Posada et al. (2015) Industry 4.0 has five 

major features: digitization, optimization, and customization of production; Automation 

and adaptation; human machine interaction (HMI); value-added services and 

businesses; and automatic data exchange and communication. Likewise, in their study, 
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Kolberg and Zulke (2015) mentioned four enablers for the smart factory of the German 

Reasearch Center for Artificial Intelligence: Smart Product (to monitor the production 

processes online), Smart Machine (to identify processes failures and trends), Smart 

Operator (highly trained personal in technology) and Smart Planner (to optimize 

production supported by intelligent models). In general, integration appears as 

fundamental characteristic in the context of Industry 4.0 (KOLBERG AND ZULKE, 

2015).  

Going beyond Kolberg and Zulke (2015)’s four enablers for smart factory, Lu 

(2017) proposed a framework of interoperability of Industry 4.0 (Figure 21), including 

the integration of services, things, data and people (Figure 4). The Cyber-Physical 

Systems, using the internet, can potentially transform not only factories in smart 

organisms but also cities, products, buildings, home, facilities, transportation and grids 

(LU, 2017). These smart entities can benefit from i4 performance results, such as 

productivity, revenue growth and employment (RÜßMANN et al., 2015).  
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Figure 21: Framework of interoperability of Industry 4.0 

Source: Lu (2017, p.5). 

 

It is important to notice that Industry 4.0 is more than technology itself, being 

also a management and organizational approach (ROBLEK et al., 2016; POSADA et 

al., 2015). According to Kagermann et al. (2013), Industry 4.0 demands strong skills for 

complexity management, abstraction, and problem solving. It is also expected that 

employee’s updated profile should contain high communication skills and autonomy. In 

this sense, the authors suggested the adoption of a socio-technical approach for i4 

implementation, combining professional development combined with technology 

development (KAGERMANN et al., 2013). 

 

 

 

 

 

 

 

 

 



179 
 

APPENDIX D 

Reference Model Definitions 

Author(s) Definition 

Bernus (1999) Reference models “capture characteristics common to many enterprises within 
or across one or more industrial sectors.” (p. 7) 

Castano, 
Antonellis 
de, Fugini, and 
Pernici 
(1998) 

“Reference components provide normalized descriptions of key concepts of a 
given domain. They can be used as the starting point for developing a new 
application similar to applications developed before in the domain, thus 
extending reuse to the early development phases. Reference components can 
also be used as a validation tool, to check the quality of existing schemas and 
promote their standardization.” (p. 309) 

Fettke and Loos 
(2003a) 

“A reference model represents a class of domains.” (p. 35) 

Frank (1999) “A generic reference model represents a class of domains.” (p. 695) 

Mertins and 
Bernus 
(1998) 

“An information system reference model is... a typical, or paradigmatic model, 
which describes the information system or a well identified part of it.” (p. 615) 

Mišic and Zhao 
(2000) 

A “reference model is a conceptual framework for describing system 
architecture, thus providing a high-level specification for a class of systems.” 
(p. 484) 

Rosemann 
(2003a) 

“Reference models are generic conceptual models that formalise 
recommended practices for a certain domain.” (p. 595) 

Schütte (1998) 

“A reference information model is the result of a construction created by a 
modeler who declares for IT and business people universal elements and 
relationships of a system as a recommendation with the help of a language in 
one point of time so that a point of reference is created.” [translation by the 
authors] (p. 69) 

von Brocke 
(2003) 

“A reference model ... is an information model that people develop or use for 
supporting the construction of application models, though the relationship 
between the reference and application model can be characterized by the fact 
that object or content of the reference model is reused by the construction of 
the object or content of the application model.” [translation by the authors] (p. 
34) 

“What is a 
process 
reference 
model?” (1998) 

A process reference model “integrates best practices into a cross-functional 
framework.” (p. 52) 

Source: Fettke and Loos (2007). 

 


