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Abstract 

Companies have been forced to adapt quickly to the Industry 4.0 paradigm in order to obtain, or at least maintain, their 
competitiveness. Digital Transformation has been one of the ways that companies have found to adapt their processes, 
to make them as effective and efficient as possible. For this, there is an emerging need for methodologies that guide 
this digitalisation processes in companies that already operate with traditional management methodologies, 
capitalising on the effort that companies have already put into philosophies such as Lean Manufacturing. This article 
aims to propose a roadmap to monitor the digitalisation of processes based on traditional management methodologies 
(PDCA, SDCA and Lean) and processes (BPM and BPMN), also presenting a tool that supports one of the steps of 
this methodology.  Aligned with this methodology and in this investigation context, a tool was also developed using 
Microsoft Excel, entitled DiYD (Do it Yourself Digitalization) which aims to help the digital transformation. This 
tool, based on a process-oriented language, was used to map the company's processes, facilitating the identification of 
their flaws and achieving opportunities for improvement. The construction of this roadmap (for the process of 
dematerialisation and digitalisation of processes) was based on a practical experience in the industrial context with 
the objective of contributing to the achievement of World Class Manufacturing status and operational excellence. In 
this way it is possible to fill the gap in the strategies for the development of digital transformation, integrating lean 
tools in its base. 
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1. Introduction
With the advent of Industry 4.0 many technological changes are taking place, and  many challenges for organizations 
are emerging (Salvadorinho and Teixeira 2021b). Increasingly, companies have been focusing on the concept of 
digitization, as it has proven to be essential when it comes to increasing the effectiveness and efficiency of processes. 
However, in order to achieve success in this digital transformation, it is important to improve the processes even before 
going digital, by reducing the non-added-value activities, with Lean emerging as a solution in this context.  It is 
perceivable that Lean was a wave in western industry, and since it worked so well, the future must involve preserving 
this stay, creating mechanisms to associate these tools to the digital paradigm, using Industry 4.0 paradigm 
(Salvadorinho and Teixeira 2021a; Turconi et al. 2022). 

Nowadays, taking into account the current industrial revolution, the development of strategies that outline digital 
transformation is an important issue for beginning the adoption of industry 4.0 technologies (Shaykhulova and 
Selivanov 2021). According to (Bellantuono et al. 2021), there are several digital transformation models and roadmaps 
in the literature to support companies in their transition toward Industry 4.0.  

Since “the digitalization can be assigned to the principle of standardization” (Dombrowski et al. 2017), and since the 
“digital transformation is not only a matter of technology and that the implementation of Industry 4.0 requires a 
complex change management process” (Maimone 2022),  the digitalization process can benefit from Lean practices. 
This study aims to fill the gap of the lack of strategies to guide the digitalization process, leveraging the synergies of 
companies with other management practices such as Lean, more specifically PDCA (Plan-Do-Check-Act) and SDCA 
(Standardize-Do-Check-Act) practices. In addition, this work affirms the importance of industry 4.0 for World Class 
Manufacturing, i.e. the achievement of a whole new level of operational excellence. In order to achieve the objective 
defined, a case study that aims to propose a methodology to conduct digitalization projects in processes that benefits 
from the Lean approaches, will be presented. In addition, Business Process Model and Notation (BPMN 2.0) will be 
the tool that will support the organization of the processes, in order to identify opportunities for improvement even 
before the digitalization itself. To clarify how one of the phases of the methodology takes place, the processing of 
information in a tool developed in excel will be explained.  

Thus, this article is structured as follows: section 2 focuses on presenting a theoretical basis of the concepts that will 
be touched in the practical case, explaining concepts such as: Industry 4.0 in the digitalization field; Lean 
Manufacturing, World Class Manufacturing (WCM), Lean 4.0, WCM 4.0, Business Process Management (BPM), 
Business Process Model and Notation (BPMN), PDCA, SDCA, Digitalization Roadmaps; section 3 describes the 
practical study in which these concepts are applied; and, in the end, section 4 presents the final remarks and the future 
work to continuously achieve the operational excellence in an organization. 

2. Literature Review
2.1 Industry 4.0, Lean 4.0 and WCM 4.0: The digitization process
The fourth industrial revolution is seen as a new "completely automatized and interconnected reality" (Turconi et al.
2022). This connection resulting from data analysis in real time, is able to connect people, systems and objects, which
will consequently contribute to the digitalization of the value chain, causing a radical change in the industrial
environment (Kagermann 2015; Maimone 2022). Therefore, Industry 4.0 will make it possible to redefine processes
by digitizing them (Salvadorinho and Teixeira 2020 2021a).

On the other hand comes Lean, a philosophy widely implemented in Western industry, which is characterized by 
continuous improvement through the constant elimination of activities that do not add value to the customer 
(Bittencourt et al. 2019), thus increasing operational performance (Tripathi et al. 2022). This philosophy can be used 
as a way to achieve success and the competitive advantage (Marsikova and Sirova 2018), and it can also be considered 
a pre-requisite for the implementation of Industry 4.0 (Mayr et al. 2018), through achieving the above objectives with 
lean, a streamlined and in-control process can be achieved, which can be described as an essential aspect for process 
digitization (Cifone et al. 2021). According to Kolberg et al. (2015) companies that have lean implemented have 
processes more standardized, more transparent and focused on those activities that add value (waste-free). As 
processes are simplified, it is easier to integrate Industry 4.0, moving it from science to practice, in the real world. 
Furthermore, it is possible to conclude that Lean tools can be digitized by using Industry 4.0 technologies. 

As its stated in Tripathi et al (2022), the integration of these two philosophies through the connection between the 
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technologies, tools and principles can increase the operation excellence in all types of businesses. This integration can 
be called Lean 4.0 (Mayr et al. 2018).  

Richard Keegan and Richard Schonberger used the Lean approach as one of the bases for the creation of the concept 
of World Class Manufacturing (WCM) (D’Orazio et al. 2020). This philosophy (WCM) is accompanied by the premise 
that there are no perfect processes, and there is always room for improvement (Łyp-Wrońska 2016). Currently there 
are several companies that bet in the analysis of the benefits of integration of I4.0 technologies and WCM philosophy, 
to achieve this competitive advantage (D’Orazio et al. 2020). In order to apply WCM system, is necessary a high level 
of precision and quantity of data, that can perfectly be assured by I4.0 technologies (D’Orazio et al. 2020; Ebrahimi 
et al. 2019). The same author D’Orazio, studied the impact of I4.0 in each WCM pillar, concluding that “the totality 
of the pillars can benefit significantly from an investment in I4.0 technologies.” 

2.2 Digitalization Roadmaps 
It is perceptible from the literature that more and more companies are concerned with digital transformation as a way 
to increase their competitive advantage in the market (Gomes et al. 2020). However, this path towards the adoption 
of Industry 4.0 has proven to be complex (Hughes et al. 2022), where the biggest challenges in this transformation are 
the definition of the vision for the future and the establishment of a roadmap to follow this change (Zaoui and Souissi 
2020). Therefore, while companies understand that this transformation is potentially advantageous, it is essential that 
they have a clear path to guide them in redesigning their processes (Gökalp  Martinez 2021). 

Based on the framework developed and explained by Issa (Issa et al. 2018), it is noticeable that there are steps to guide 
companies in implementing the industry 4.0 concept (phases for the roadmap creation process), which can be the basis 
for organizations to make their own digital transformation roadmap, since it is unique for each company. The phases 
for the roadmap creation process are: 1- Task Force Setup - At this stage the team is defined for the digitalization 
project; 2- Digitalization Assessment - In the meantime, the organization then moves on to understanding, through its 
members, where the technological gaps are in the information flow, as well as the missing sources of information and 
documentation; 3- Focus Definition - After the previous understanding it is essential to prioritize where it is possible 
and beneficial to digitize, thus defining key action points. Indicators are also defined, which allow monitoring and 
evaluation of opportunities; 4- Use Case Idea Generation - Once the focus of action has been defined, it is essential to 
go to each use case together with the operators to understand what the main problems and ideas for improvement are; 
5 - Use Case Impact Estimation – This is a phase where an evaluation of each use case is done taking into account the 
indicators previously defined; 6 - Use Case Selection – In this final stage the use cases to be digitized are selected 
taking into account their benefits.  

2.3 BPM and PCDA&SDCA to support digitalization 
Business Process Management (BPM) is a methodology used in the management and modelling of processes, in order 
to analyze, improve and control them (Mehdouani et al. 2019). BPMN (Business Process Model and Notation) is the 
language used to “represent the graphical layout of business processes” (Chinosi and Trombetta 2012), in a simple 
way, so that it is easy for both users and experts in the area to understand what is being described (Arevalo et al. 2016; 
Chinosi  Trombetta 2012).  

The PDCA cycle also known as Deming's cycle, is an essential part of lean thinking philosophy (Kadir et al. 2019) 
and has as its main objective to achieve continuous improvement in all types of organizations, solving problems and 
implementing new solutions (Jagusiak-Kocik 2017). The 4 steps will be following described: Plan – Answers the 
question “What to do? How to do it?” (Novická et al. 2016); Do - It focuses on “Do what was planned” (Novická et 
al., 2016); Check – “Did things happen?” (Novická et al. 2016). In this phase is where it is verified if the solutions 
implemented in the previous phase really brought positive results. If everything goes as expected, it moves on to the 
next step - Act. If not, it returns to the first step – Plan (Jagusiak-Kocik 2017); Act – “How to improve next time?” 
(Novická et al., 2016). This last step concerns previously implemented solutions, standardizing and monitoring the 
activities of that solution if the expected results have been achieved, verifying periodically if is everything as the 
standard (Jagusiak-Kocik 2017; Novická et al. 2016). 

The different stages of the SDCA (Standardize, Do, Check and Act) cycle are the same as those of the PDCA, only 
differing in the first stage, which is called Normalize and where the standard to be implemented is created (Knop and 
Mielczarek 2015; Liedtke 2014). It should be noted that in the last stage, Act, action is taken according to what has 
been learned from the standard, thus deciding whether to abandon, modify or continue with this standard (Liedtke 
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2014), and in case of any deviation, corrective action is taken (Knop and Mielczarek 2015). As stated by Liedtke 
(2014) and according to Ishikawa, "A standard that has not been reviewed, is a standard that is not being used". 
 
Digitization can be understood, in a first approach as the process of transforming manual tasks into automatic ones 
and "analogue data" into digital information. Business Process Management (BPM) contributes to this transformation, 
as it integrates the data, functions and tasks of a company (Lederer 2019). By analyzing the literature, it “seems to 
agree the digital transformation and innovation and BPM connection is almost mandatory” (Gomes et al. 2020), since 
the digitization of the processes’ company needs  to start this transformation by analyzing them and concluding which 
ones benefits the most from this new paradigm, i.e., the digitization (Retamozo-Falcon et al. 2019).  
 
According to the literature, and as previously mentioned, the PDCA cycle is used in continuous improvement for the 
implementation of new solutions (Kadir et al. 2019) and the SDCA cycle is used to stabilize and standardize the 
already improved processes (Castro and Teixeira 2020). Since the digitization of processes is something that can be 
summarized as taking the current processes and adapting and bringing them to the digital world, i.e., making a change, 
an improvement/ new implementation, using technology, the PDCA and SDCA cycles can support this change and 
adaptation of processes to the digital paradigm. 
 
3. Empirical Study 
3.1 Goals and Methods 
The practical case under analysis was developed in the WCM area of a Portuguese company, belonging to the 
construction sector, that is present in 70 countries. This company applies a WCM philosophy to its operations, in order 
to achieve operational excellence.  
 
Cost Deployment is one of the pillars of WCM and was developed in the company with the intention of finding the 
projects to implement in the forthcoming year, to reduce the company's losses. However, most of the projects could 
not be implemented due to lack of resources, and after evaluating the Factory Model (ideal factory model, which 
explains what should be treated to get to the ideal – considering for example equipment, maintenance and quality), it 
was perceptible that this lack of resources concerns with human resources. People were spending a considerable part 
of their time on repetitive tasks, using paper, email or excel, that do not add value to the customer. To mitigate or 
eliminate this problem, it was concluded that some of these processes should be digitalized, with the aim of freeing 
up people in the data and information management processes, to enable them to spend most of their working time 
adding value and managing change in accordance with the Company's objectives, in an agile and transparent manner. 
 
The case under analysis has as main objective to propose a methodology/roadmap to support the digitalization process 
using lean tools to organize the steps that support this digital transformation. Aligned with this roadmap, a support 
tool was developed, which intends to help this digital transformation, using a process-oriented language, the Business 
Process Model and Notation BPMN, to clarify the company's processes, and facilitating the identification of their 
flaws and reach improvement opportunities.  
 
Action research methodology was applied since all the development was made with the researcher inserted in a 
digitalization team, being immersed in the problem itself and participating in the solution proposals. This process 
digitalization is being developed in the company with the aim of contributing to the achievement of World Class 
Manufacturing status. 
 
4. Results and Discussion  
In order to achieve operational excellence, the company has a vision of having a team operating in a stable value 
stream that devotes more and more time to change, to become more efficient. Therefore, the company needs to strike 
a balance between stability, through the creation of standards (SDCA), and flexibility, through the ability to adapt to 
the ever-changing industrial world (PDCA). All this will be achieved through the elaboration of projects that allow 
constant improvements, and the sustainability of these improvements. 
Figure 1 schematizes how these same projects are processed in the company under study. To better explain the scheme, 
let's imagine that a given project currently presents a problem generated by the occurrence of a process failure, being 
verified that the standard previously implemented is not being followed. A SDCA cycle is executed in order to take 
corrective actions to return to the standard, and after this standard is reached, it may be concluded that there are 
opportunities for improvement, being implemented a PDCA if the improvement is more significant, (e.g., implement 
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5S – lean tool - in a new production line), and an SDCA if the improvement is "smaller" (e.g., improve the 5S 
previously implemented in some line). In addition, and in the same line of thought, to solve the problem created by 
setting a new goal, never achieved before, a PDCA is performed.  
 
Therefore, it can be said that PDCA and SDCA are used to sustain and give life to projects, being concerned with the 
current state, but also with what can be achieved further ahead. 
 

 
 

Figure 1. Problem Solving vs. Continuous Improvement (kaizen) (adapted from Hoshin Karin - Problems' 
Definition) 

 
As seen previously, the digitalization process is now a necessity for the company, thus arising the question: “Which 
processes should be digitalized?” 
 
To organize this path to digitalization, the company follows a well-defined methodology based on the lean thinking 
philosophy, PDCA and SDCA, according to the scheme presented in Figure 2, following the line of thought mentioned 
above.  

 

 
Figure 2. PDCA & SDCA explanation – the path for the digitization. 

 
S � First of all, it is essential to understand how the processes are developed at this point, since, according to Taiichi 
Onho, “Where there is no standard, there can be no kaizen” (improvements).  
 
P � Next comes the planning phase, where it is done: the task force responsible for the project; the survey of 
opportunities; the selection of processes to be digitized, according with the respective ICE (Impact, Cost and Easiness) 
indicator value; their specification; the budgeting, in order to understand the monetary need; and finally the 
implementation, where it is concluded according to the availability of CAPEX (capital expenditure) and human 
resources, which processes are priority to become digital. For this planning phase, a tool was developed based on 
support tool developed in excel, intitled DiYD (Do it Yourself Digitalization). The steps for its use are schematized 
in Figure 3. 
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Figure 3. Explanation of the steps of “Which processes should be digitized?” 

 
In the next figures, some screens of the tool can be seen: the Figure 4 presents the excel sheet where the steps 2 and 3 
are done. In the same way, Figure 5 shows the sheet to do the steps 4 and 5. The AS-IS and TO-BE models are done 
in the excel sheets of the figures 6 and 8, respectively. The Figure 7 expose the excel to do the steps 6, 8, 10, 11 and 
12. Also, in Figure 3, it can be find the steps that define the interaction between the user and the DiYD tool. 

 

 
 

Figure 4. Step 2 and 3 of "Which processes should be digitized?" 
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Figure 5. Step 4 and 5 of "Which processes should be digitized?" 
 

 
 

Figure 6. Step 7 of "Which processes should be digitized?" 
 

 
 

Figure 7. Step 6, 8, 10, 11 and 12 of "Which processes should be digitized?" 
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Figure 8. Step 9 of "Which processes should be digitized?" 
 

It is important to emphasize several aspects at this stage, one of them being the fact that each organization must 
understand what’s the target with the digitalization, to understand which processes will bring the most benefits to the 
company with its digital transformation. This could be cost minimization, increased productivity, among others. In 
the practical case studied, the company aims to increase the efficiency of processes, thus increasing productivity and 
achieving the greatest amount of information. 
 
Another aspect to highlight is the need to develop an AS-IS model and a TO-BE model for each process chosen, since 
it is important to apply improvements in them before moving on to digitalization itself. This is because this is one of 
the reasons why companies fail in the digital transformation and end up not benefiting from this transition and even 
harming themselves.  
 
D � After this phase is completed, it is time to perform the digitization of the processes or outsource this operation 
depending on their complexity and put them in a test phase with the operators that will perform these processes. 
 
C � The next step, called Check, focuses on verifying the achievement of objectives. Here a comparison is made of 
the values achieved with those we set as possible targets, using for example the Power BI platform. As a result of this 
phase, we can either start planning again if the targets have not been met or move on to the next phase. 
 
A � The next phase is Adjust, if the objectives have been achieved an operating standard is drawn up from which the 
way to perform these processes with embedded digitalization is stabilized (the lessons it is supposed to learn to perform 
these processes are listed). In addition, the operators that will perform the digitalized tasks are trained, to do the tasks 
in the best way. 
 
SDCA � To start the SDCA cycle, the standard from the adjust phase is analyzed and the question is asked: "Is the 
standard being followed? Do I have any opportunity to improve this standard?" From here two different and alternative 
situations may arise:  

1. If the standard is not being followed a corrective action plan (with corrective actions) is executed and 
carried out in the next step – do -, and consequently the check step is made to verify that everything is 
going as planned. This may result in the need to make minor adjustments to the standard (back to the 
beginning of this cycle) or even to make major changes – new functionalities (back to the PDCA cycle);  

2. If improvements that can be implemented are found, a new PDCA cycle is started to make these upgrades 
to the standard. The organization under analysis follows the idea that the SDCA is a method used both 
for stabilizing a process before further improvements are applied, and also for maintaining a new 
standard after improvements have been implemented.  
 

According to the ideas described in the literature review, this methodology explained above (in the figure 2) can be 
considered a roadmap for digital transformation, since it addresses the themes of the phases demonstrated in (Issa et 
al. 2018), and fills the gap of most models, stated by (Bellantuono et al. 2021), since the phases of implementation 
and consolidation of this digital transformation are discussed in the methodology adopted by the portuguese company 
under analysis. 
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Figure 10. PDCA & SDCA framework 

 
As can be seen in the BPMN of figure 2, the check is a phase that happens continuously and in parallel with all the 
others, since it is necessary to constantly check if what is being done meets the goal, contributing this way to the 
continuous monitorization of the results. Thus, and based on this idea, this cycle can be represented and schematized 
as in figure 10, so that it is possible to adapt the route to be followed. In the same figure it is possible to see that the 
diameter of the SDCA circle (time) is smaller than the diameter of the PDCA circle (Time), because to implement the 
PDCA cycle it takes significantly more time than to implement the SDCA. This framework is used in the company as 
the basis for sustaining any of the projects, seeking to manifest the concern not only with what is intended to be 
achieved through improvements and problem solving (future state), but also with the current state of the situation. 
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As it was stated before, it is well known in the literature that PDCA & SDCA methodologies apply the principle of 
continuous improvement to solve problems or even implement new solutions, thus becoming essential tools for 
effective change management. Therefore, the framework presented in figure 10 was developed to align these two 
methodologies in order to achieve change (PDCA) and stabilize and maintain (SDCA) its results, being this second 
one (consolidation of the change) a common limitation of the roadmaps stated in the literature. In this way, since the 
digitalization of processes is nothing more than the adaptation of processes to the digital paradigm, the framework 
turns out to be a good ally to successfully achieve the objectives. Moreover, it is stated in the literature that one of the 
essential steps of this transformation concerns the selection of priority projects to advance, which, depending on the 
company in question may be based on several criteria, such as: payback period, economic efficiency, project risks, 
among others (Shaykhulova and Selivanov 2021). The tool using excel from Microsoft was presented in order to 
contribute to the success of this step, which can be adopted by several companies, regardless of the industry in which 
they operate. 
 
Analyzing the six phases described by (Issa et al. 2018) and comparing it with the methodology presented in this 
article (PDCA & SDCA in the digital transformation process), this can also be considered a roadmap for digitization, 
since it follows the steps mentioned in section 2.4 of the literature review, from the definition of the team to act (task 
force setup), to the selection of processes to be digitized, using the tool developed in excel to the other five phases.  
 
As mentioned before in the literature review by Issa (Issa et al. 2018), each roadmap is unique to each company, and 
this methodology can be used as the basis for developing a roadmap for the digital transformation of any company 
and should be adjusted to the concept and background of that organization.  
 
With this, it is possible to see that it is essential to preserve what is already taken as a basis in the company, WCM 
(integrating lean tools and philosophies), with what are the objectives for the future, digital transformation. In 
conclusion, the methodology explained above (PDCA & SDCA in the digital transformation process) presents itself 
as a way for lean to support the integration of Industry 4.0 in the industrial environment, filling that way the gap stated 
in (Salvadorinho and Teixeira 2021b). 
 
5. Final remarks and future work 
This study shows how process modelling can support the implementation of World Class Manufacturing (WCM) tools 
(with Lean Management integrated), considering the digital paradigm. The roadmap defined using lean tools, such as 
PDCA and SDCA is proposed to achieve digitalization of processes, which can be considered a theme that fills the 
gap in the literature that Lean can support the integration of Industry 4.0 in the industrial environment.  
 
Furthermore, presented a support tool developed in Excel to assist in the application of the proposed methodology, 
using the BPMN tool as its basis. Thus, it was possible to conclude that this methodology (PDCA & SDCA in the 
digital transformation process) can be considered a roadmap for digital transformation, which fulfills the steps found 
in the literature, filling the gap that exists in that most roadmaps do not consider the phases of implementation and 
consolidation of results. 
 
This roadmap can be considered a set of best practices to be followed by organizations to accomplish digital 
transformation. This way it allows companies to adopt Industry 4.0 technologies in a structured way, preserving what 
the company already follows, the lean philosophy. Moreover, and as mentioned before, companies should adjust these 
steps to their own reality, since each roadmap concerns a company, being necessary to adapt it according to its 
background. 
 
After the analysis of the whole case study, it is important to mention that as in all projects, it is possible to find 
opportunities for improvements. Therefore, as a suggestion for future work, it would make sense to also digitize this 
process that uses the Excel tool. This way it would avoid errors and make the process more intuitive, so that the process 
is more productive and has a more robust conclusion about the processes to be digitized. That said, it has been found 
that this can be done, applying digitalization, with the development of an application in Microsoft's Power Apps tool. 
 
To sum up, it is crucial that organization invest in organizing the planning of the digital transformation process, and 
Lean tools can be used for this, preserving what already exists in the organization’s environment. 
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