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Abstract. There are several benefits reported in the literature regarding the Lean 

approach and Industry 4.0 integration. In general, the most significant justifica-

tion for integrating these two concepts is that incorporating new technologies in 

a production system should only occur once the system is operating without waste 

and in an optimized way. Thus, implementing the Lean approach represents an 

excellent opportunity for organizations that want to use the technologies of In-

dustry 4.0 (I4.0). Although Industry 4.0 brings new opportunities for digitalizing 

production systems, machines and equipment cannot suggest improvements in-

dependently. In this way, employees will continue to be an integral part of pro-

duction systems. However, when analyzing the specialized literature, it was pos-

sible to observe that the discussion about workers' participation to effectively im-

plement the new technologies of I4.0 in the productive systems is incipient. Thus, 

this work presents a new framework developed called Systematic for Process Im-

provement Using Cyber-Physical Systems and Toyota Kata that use the Improve-

ment Kata and Coaching Kata routines and the cadence of activities from the 

training of employees to the development of the Cyber-Physical System of the 

organization to implement the new technologies of Industry 4.0. The systematic 

was tested in a theoretical case study, and the results showed that it was possible 

to develop a Cyber-Physical System using SIMIO® software. Improvements 

could be developed and simulated in the digital environment with data from the 

actual process.  

 

Keywords: Lean, Toyota Kata, Cyber-Physical Systems, Industry 4.0. 

1 Introduction 

The benefits reported in the literature regarding the integration of the Lean approach 

and Industry 4.0 (I4.0) are real-time communication of the worker at the workstation 

and the Cyber-Physical System (CPS), real-time recognition of errors, and the conse-

quent elimination of process waste and mutual transfer of knowledge between senior 
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managers and shop floor workers, among others [1], [2], [3], [4]. However, there is an 

absence of frameworks that describe the role of shop floor workers to actively imple-

ment the new technologies of I4.0 on the process level and develop the organization 

CPS. Besides that, the sustainability of changes arising from the Lean approach is often 

inefficient, and the improvements get lost over time because they are not part of the 

routine of workers [5]. 

When investigating how Toyota maintains its improvement standards over time, [6] 

described the Toyota Kata (TK) approach. This method consists of two complementary 

routines that, when repeated constantly, can make the continuous improvement part of 

the culture of organizations. TK approach can establish routines that can conduct work-

ers towards the same direction, stimulate organizational learning, and make the contin-

uous improvements process daily for the organization. Based on this scenario, this pa-

per aims to demonstrate how the TK approach can be used with the technologies of I4.0 

to develop the CPS of an organization and present the initial results of its application 

on a theoretical case study.  

2 Methodology 

Initially, an extended Structured Bibliographic Research (SBR) following the System-

atic Search Flow (SSF) [7] method was conducted to gather information about the in-

tegration of Lean and TK approach with I4.0. We search leading journals and confer-

ence proceedings using the keywords that the online databases Scopus, Web of 

Knowledge, EBSCO, Engineering Village, ProQuest, and Google Scholar offer. The 

query string used was (("Lean” OR "Value Stream Management” OR “Toyota Kata”) 

AND (“Industr* 4.0" OR "Smart Factory" OR "Cyber-Physical Systems")).  The re-

search was also complemented with exploratory research. 

Based on the SBR, the literature gaps were identified. The constructs and best char-

acteristics were selected to develop a framework for applying the Toyota Kata approach 

to integrate I4.0 technologies and develop the CPS on the production systems of organ-

izations.  

In order to demonstrate the result of the framework developed, a theoretical case 

study was performed. As recommended by [8] and [9], we opted to use a case study as 

a research strategy. We intended through the case investigate the research object crucial 

characteristics, being our analyses unity. The manufacturing field is an area in which 

process simulation tools are essential to validate methods and architectures before ap-

plying them to the shop floor [10]. For [11], simulations bring benefits such as low cost, 

ease of use, and the wealth of details concerning a natural system. 

The article is organized as follows: initially, state-of-the-art on integrating the Lean 

approach, TK, and Industry 4.0 is presented. Then, the Toyota Kata approach is briefly 

described. Then, the new framework is presented, and its phases are described. Finally, 

the theoretical case study, discussion, and conclusions are presented. 
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3 Integration of Industry 4.0 and Lean 

By analyzing the studies referring to I4.0 and the Lean approach in the literature, it was 

possible to verify how these concepts worked in theory and practice. I4.0 is a contrib-

utor to the activities of an organization, as it focuses on optimizing and improving the 

efficiency of processes. The use of the technologies of I4.0 aims to acquire and present 

new data and information about the production environment to assist the decision-mak-

ing of employees. To convert resources into intelligent objects, I4.0 uses a set of tech-

nologies based on the concepts and interactions between the Cyber-Physical Systems 

(CPS) [12] and the Internet of Things (IoT) [13]. 

The motivations for integrating I4.0 and Lean concepts are diverse, but they can be 

summed up with the statement by [14], which says that "the automation of inefficient 

processes will continue to make the process inefficient." Thus, [15], [16], and [17] sug-

gest a progressive order, in which first the Lean approach is implemented, which is 

responsible for optimizing and organizing the manufacturing environment, and then the 

technologies of I 4.0 can be used to connect and digitize processes. 

According to [4], the use of sensors on the shop floor generates performance data 

and metrics transmitted in real-time to the organization's Cyber-Physical System. Thus, 

through the Value Stream Mapping (VSM) tool, these data can optimize production 

systems. [18]. Furthermore, [19] presented the use of the VSM tool in conjunction with 

the I4.0 technologies in detail. According to the authors, its use allows a comprehensive 

visualization of socio-technical systems, including technologies, organizations, and 

people. 

According to [2], [4], [14], [20], excessive automation may not be beneficial since, 

currently, machines and equipment are unable to suggest improvements on their own. 

Therefore, the human factor should be better described in the existing models for inte-

grating the two approaches since employees will continue to participate actively in add-

ing value.  

Some authors like [21], [22], [23], [24], [25], present the Toyota Kata approach as a 

contributor to Industry 4.0. According to the works, the TK approach can characterize 

the current condition and design the future states of production systems. Besides that, 

the TK approach is presented to implement the continuous improvement process with 

PDCA cycles.  

Although the works mentioned above cited the TK approach as a contributor to in-

dustry 4.0, some opportunities for improvement were observed. None of the authors 

discuss using the Value Stream Mapping tool in conjunction with the Toyota Kata ap-

proach and the Cyber-Physical Systems of the organization to characterize how the 

production system behaves and the possibility of simulating optimized future states. 

Furthermore, no work has shown the step-by-step that an organization must take to 

effectively implement Industry 4.0 on its production process and develop the Cyber-

Physical System of the organization. 
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4 Toyota Kata approach 

When investigating how Toyota maintains its continuous improvement standards, [6] 

presented an investigated approach within the company called Toyota Kata. 

Kata means routine or "way of doing" and is described as a repeated pattern and 

develops skills and a new mindset for improvement. This pattern directly interferes with 

the reasoning and behavior of employees, as it is a routine of continuous improvement 

that provides the training of people through the application of the scientific method for 

sustainably solving problems [6]. The practice of Kata is based on two concepts, as 

shown in Figure 1: Improvement Kata and Coaching Kata [6] and [26]. 

 

Fig. 1. Improvement Kata and Coaching Kata [6], [26]. 

4.1 Improvement Kata 

The Improvement Kata routine is performed by an apprentice and can be used at all 

organizational levels, but the process level is where much of the continuous improve-

ment occurs [6]. The Improvement Kata routine is divided into four steps, as shown in 

Figure 3 and described below. 

 

Fig. 1. Four steps of Improvement Kata [6]. 

1. Understand the Direction: This is what the organization seeks in the long run. The 

challenge pursued by the teams is usually selected by the leadership and is in line 

with the company's vision. 

2. Grasp the Current Condition: The purpose of this step is not to discover potential 

problems or improvements but to analyze and understand the Current Condition of 
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the process and obtain the facts and data necessary to establish an appropriate Target 

Condition for the following process. 

3. Establish the Next Target Condition: After understanding the Current-Condition, a 

Target Condition is established, that is, a better future state that can be reached in a 

short time. 

4. Interact towards the Target Condition: It is at this stage that the Apprentice and his 

team carry out small experiments, using the scientific method for solving problems 

through the PDCA (Plan, Do, Check and Act, in English), to exit from the Current-

Condition and go towards the Target-Condition. The obstacles that prevent the team 

from reaching the Target Condition are lifted, and one obstacle at a time is chosen 

to be addressed. After each stage, a reflection is made, and the next stage is planned. 

4.2 Coaching Kata 

Coaching Kata is how the Improvement Kata routine is taught. The coach is respon-

sible for guiding the learner through the learning cycle. The Coach performs cycles 

with the Apprentice next to a Storyboard board, where notes and information from the 

PDCA cycles are taken, guided by five questions. Often these cycles are performed 

aided by a card, with the script for the Coaching Kata cycle, as shown in Figure 4. 

 

Fig. 2. Card with the five questions for the Coaching Kata Cycle [6].  

As mentioned before, [21], [22], [23], [24] and [25] presented the TK approach as a 

contributor to I4.0. Nevertheless, there are several applications of the TK approach in 

different environments. [27] used the TK approach to implement the Value Stream 

Mapping in an organization. [28] combined the TK approach with the TRIZ approach 

to developing a method for sustained innovation. Moreover, [29] and [30] used the TK 

approach to implement Lean Construction. [31], [32] and [33] used the TK approach to 

improve different processes in hospitals. In sequence, the new framework developed in 

this work is presented. 
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5 Systematic for process improvement using Cyber-Physical 

Systems and Toyota Kata 

For this work, systematics is understood as improving methods based on the interpre-

tation and critical reflection of the lessons learned, characterized by the organization of 

data, practices, and concepts that lead to a reflection and re-elaboration of thought [34]. 

Therefore, this topic aims to present the system developed for process improvement 

using Cyber-Physical Systems and Toyota Kaya. The systematic aims to guide the sub-

jects involved in the process by maintaining the sustainability of improvements and the 

innovation of solutions. The improvement is based on the Improvement Kata and 

Coaching Kata routine, resulting in sequencing target conditions. 

The systematic is composed of five phases (team training, unfolding the company's 

vision, value stream mapping, implementing the technologies of industry 4.0, and elab-

orating the Cyber-Physical System.) presented in Figure 5. 

 

Fig. 5. General overview of the Systematic.  

• Phase 1 – Team training: The improvement process is necessary to evaluate the or-

ganization's current condition concerning TK, I4.0, and CPS knowledge. Thus, ac-

cording to the company's maturity level, participants in the improvement process 

should be trained with the fundamentals of the necessary concepts if there is a 

knowledge gap. 

 

• Phase 2 – Unfolding the company’s vision: To use the Toyota Kata routine, the True 

North or the company's direction must be clear, and its unfolding to the lower levels 

must be carried out. Thus, based on a larger objective of the organization, the chal-

lenge for each team is defined. This way, the challenges of the different levels will 

be linked to the organization's objectives, and the new Target Condition of one level 

will be the challenge of the lower level. 
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• Phase 3 – Value Stream Mapping: It is from the Value Stream Map that the oppor-

tunities to implement the technologies of Industry 4.0 are identified. The tool also 

ensures that the improvement does not arise from an isolated initiative. Instead is 

guided in what the company is prioritizing. It is recommended that the elaboration 

of the VSM is carried out with the participation of everyone directly involved with 

the processes that belong to specific flows, such as supervisors and employees at the 

operational level, to identify the real problems of the value flow and make the correct 

definition of the direction of improvements. 

 

• Phase 4 – Implementation of I4.0 at the process level: From the Value Stream Map 

and the breakdown of activities at the different hierarchical levels of the organiza-

tion, the team can select a specific process and start the implementation of Industry 

4.0 technologies at the process level. The new technologies to be implemented in the 

value stream must assist employees and not replace them; currently, they will con-

tinue to participate in the improvement process.  

 

• Phase 5 – Development of the Cyber-Physical System: The organization's Cyber-

Physical System is the center of Industry 4.0, as it integrates the physical and digital 

components of the process. Sensors are responsible for capturing the production pro-

cess parameters in real-time, and these data are sent to the company's Cyber-Physical 

System. In this way, a Digital Twin can be created, and the modifications can be 

simulated in the digital environment before being implemented in the actual process. 

Not only that, but the Cyber-Physical System can communicate with operators and 

inform the parameters of the production process in real-time. 

 

During all phases, the Coaching Kata routine is used to understand the challenge, 

characterize de Current Condition, set the Target Condition, and list the obstacles 

blocking the team from going from the Current Condition to the Target Condition using 

the five-question card. This way, the team can iterate in short PDCA cycles towards the 

Next Target Condition. When the team achieves that Target Condition, another Target 

Condition towards the Challenge is set. By repeating this process, the organization can 

reach the final challenge that is the implementation of I4.0 technologies. 

With the Toyota Kata approach carried out in the form of short cycle experiments, 

improvement is encouraged as a routine among the participants in the process, as it 

requires the presence and involvement of all employees to think about solutions and 

test them, thus aiming the sustainability of improvements in the organization. Using the 

system proposed in this work, organizations can start Industry 4.0 and make their pro-

cesses more efficient and connected. Industry 4.0 technologies enable faster and more 

efficient decision-making and creating a Digital Twin factory that allows improvements 

to be tested in the digital environment before being implemented. 
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6 Theoretical case study 

The Systematic for Process Improvement Using Cyber-Physical Systems and Toyota 

Kata developed in this work was implemented in a hypothetical and simulated case 

study conducted by post-graduate students at the GEPPS (Engineering Group of Prod-

ucts, Processes, and Services) of the Federal University of Santa Catarina.  

According to [35], simulation models can provide most of the information needed to 

design, analyze, and operate complex systems. The manufacturing field is an area in 

which process simulation tools are essential to validate methods and architectures be-

fore applying them to the shop floor [36]. For [37], simulations bring benefits such as 

low cost, ease of use, and richness of details concerning a natural system. In sequence, 

the elements used in this theoretical case study are presented. Furthermore, Table 2 

presented at the end of this topic summarizes the Systematic for Process Improvement 

Using Cyber-Physical Systems and Toyota Kata developed in this work with the case 

study outputs.  

The simulation environment used for this study is based on a model developed by 

[26] that represents a bicycle manufacturing process of a fictitious company called Pe-

dal+. The model reproduces a company's manufacturing system in terms of logical and 

quantitative aspects, which can be manipulated and altered to observe how the system 

behaves. Different types of workstations (such as material receiving, assembling com-

ponents, welding, painting, and final assembly) can be changed to check their influence 

on system behavior. Thus, several scenarios can be tested and their implications directly 

observed.  

The model's objective is to assist teaching, research, and training of Lean practices, 

carrying out experiments in an environment similar to the industrial one. 

In the initial stage of the simulation, Pedal+ has three production lines with four 

working cells and a painting process that works in batches. Raw material deliveries take 

place daily, and shipment takes place weekly. Inter-process inventories have no control. 

Following the phases of the Systematic for Process Improvement Using Cyber-Phys-

ical Systems and Toyota Kata, the information on the Current State of the production 

system was given to participants. As the students were already familiar with the TK 

approach, I4.0 and CPS, no training or capacitation was needed (phase 1). Next, the 

unfolding of the company’s vision (phase 2) was developed as being "become a refer-

ence in quality and service, consolidating the brand in the regional market, maintaining 

above all the well-being and satisfaction in the organizational environment." 

With the information of the productive system in hand, the team started using the 

TK approach to draw the Current State VSM (phase 3) with the help of the software 

SIMIO® (Figure 6). After the characterization of the current state, the team begins to 

think about which I4.0 technologies should be implemented in the production system 

to understand better how it is working (phase 4) and what improvements could be im-

plemented. 
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Fig. 6. Current State VSM. 

 

As the main objective of the implementation of I4.0 is to acquire information about 

how the system is behaving, the team opted to implement RFID sensors to develop the 
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Cyber-Physical System of the Pedal+ (phase 5). The team decided to implement super-

markets between the cells and pulled systems, controlled by electronic Kanban (e-Kan-

ban) to control the inventory. The team could calculate and simulate the ideal parame-

ters for all the e-Kanban systems from the RFID sensors and the CPS data. The com-

parative results before and after the e-Kanban systems are presented in Table 1. 

Table 1. Inventory before and after e-Kanban 

Process Before 

e-Kanban [uni] 

Time 

[hours] 

After 

e-Kanban [uni] 

Time 

[hours] 

1 and 2 72  8 18 2 

Two and 

painting 

90 10,2 30 3,4 

3 and 4 145 16 18 2 

Total 307 34,2 66 7,4 

 

With this modification, the number of units stocked between Pedal+ production pro-

cesses decreased from 307 units to 66 units, representing a reduction of 26,8 hours of 

the total Lead Time. With the modification implemented, it was possible to observe that 

the sensors of Industry 4.0 had the role of providing information from the production 

system for the team's decision-making. The Lean approach was responsible for the op-

timization of stocks with the implementation of supermarkets. 

Another problem identified by the team was the defects produced by cell 4, which 

had a 23% rework. In this simulation scenario, errors occur during the bike's assembly 

stage since the parts arriving from the auxiliary lines are placed in boxes, and the as-

sembly happens at random; that is, the operator decides the assembly sequence of the 

parts. To correct the errors identified by the assembly process. The team implemented 

a process so that the bicycle assembly occurs in a standardized manner and the sequence 

determined, as shown in Figure 7.  

 

Fig. 7. Pick to light and put to the light system. 
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With the implementation of the system, the team verified that errors in the assembly 

process were eliminated. 

The improvements proposed in the VSM of the future state were implemented in the 

SIMIO® software to simulate the new Current Condition of the organization (Figure 

8).  

 

Fig. 8. Future State VSM. 

 

Table 2 summarizes the use of the Systematic for Process Improvement Using Cyber-

Physical Systems and Toyota Kata, its phases, and its outcomes for this case study. 
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Table 2. Phases of the Systematic for Process Improvement Using Cyber-Physical Sys-

tems and Toyota Kata and its outcomes. 

 

Phase Description Outcome 

1 Team Training As the participants were already familiar with the TK 

approach, I4.0 and CPS, no training or capacitation 

was needed. 

2 Unfolding the 

company’s vision 

The company’s vision was developed as being "be-

come a reference in quality and service, consolidating 

the brand in the regional market, maintaining above 

all the well-being and satisfaction in the organiza-

tional environment." 

3 Value Stream 

Mapping 

The team used the TK approach and the software 

SIMIO® to draw the Current State VSM, as shown in 

Figure 6. 

4 Implementation 

of I4.0 at the pro-

cess level 

Implementation of RFID sensors, implementation of 

supermarkets between the cells and pulled systems, 

controlled by electronic Kanban (e-Kanban). Imple-

mentation of a pick to light and put to the light sys-

tem to correct and avoid errors. 

5 Development of 

the Cyber-Physi-

cal System 

The Cyber-Physical System was developed on 

SIMIO® with the information acquired by the I4.0 

sensors. 

 

7 Conclusion 

From the case study carried out in this work, it became evident that Industry 4.0 does 

not alter an organization's production processes' physical capacity but facilitates and 

controls the exchange of information more efficiently. 

Concerning the understanding of the systematics proposed in this paper, simulation 

fulfilled its role of exemplifying the Systematic for Process Improvement Using Cyber-

Physical Systems and Toyota Kata in a simulated company. In this specific case, there 

may be a double interpretation when using the SIMIO® software. If the information 

about the value flow were acquired from a natural process and fed into the software, 

creating a Cyber-Physical System can help organizations visualize their process flow 

and simulate a future state with improvements. Thus, the effect of the changes can be 

evaluated before they are implemented on the shop floor. 

Finally, we conclude that the Toyota Kata approach provides a managing structure 

that can be used to develop the Cyber-Physical System of an organization and improve 

its processes with simulation and a connected production system. For future works, we 

recommend applying the systematic developed in a natural environment to understand 

better how it behaves and what improvements and refinements should be made. 
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