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Abstract: Lean Production (LP) was born with the intention of improving company’s performances from an organizational aspect. Recently, a new paradigm has emerged promising the same impact but from a technological point of view, that is the fourth industrial revolution (I4.0). The study of the interaction between those two paradigms has become the center of interest of the scientific world. Each of the attempts, done in that regard, tackled this broad and new subject from a different perspective. The article aims at mapping those attempts to identify the type of interaction between LP and I4.0, whether they are mutually exclusive or inclusive, exhibit synergism or conflict, and highlight the areas in which this interaction is not investigated yet. Design/methodology/approach: The study relies on a systematic literature review of peer-reviewed articles discussing both LP and I4.0. Even though the term “Industry 4.0” was born in 2011, the “smart factory” term spans over decades, henceforth no time limit was set, up until and including February 2019. A coding analysis of all papers is conducted to reach a theoretical narrative, following the methodology of Carl Auerbach and Louise Silverstein in their book entitled “An introduction to coding analysis: Qualitative data” in 2003. Findings: The expected outcome of the study is a map of existing literature addressing the interaction between LP and I4.0, and future research directions to be investigated. Research limitations: The literature search comes from two main databases: Scopus and ScienceDirect leaving out other databases and the review is subject to a qualitative coding analysis. Practical implications: The results of the study show the current state of the literature, the possible gaps to be investigated, and help practitioners understand how this interaction unfolds and how they can benefit from it. 
Keywords:  Lean manufacturing, Lean Production, Industry 4.0, Interaction.

1.Introduction
The manufacturing world first witnessed a change in the methodology governing its operations when Taiichi Ohno introduced Lean in Toyota production system advocating for a waste-free customer-centered production (Sony, 2018). Lean Production (LP) has been applied ever since, in companies from different sectors and industries,  promising cost reduction, high efficiency and high productivity (Kolberg, Knobloch and Zühlke, 2017; Rossini et al., 2019). These operational performances are also promised by a new technology-based   manufacturing   paradigm   that emerged in 2011 entitled “Industry 4.0” otherwise known as the fourth industrial revolution (I4.0). Ever since its birth in 2011, the literature has been trying to understand how a mature paradigm such as LP can interact with a new one such as I4.0. The literature tries also to understand how managers and practitioners can benefit from their use in the production. Recent literature focuses on investigating the type of relation between these two paradigms and whether they are mutually inclusive or exclusive.

The definition of Lean production follows that of the seminal work of Shah & Ward, two renowned researchers whose works in 2003 and 2007 regarding Lean production and LP bundles gained significant interest and are cited by 1200 articles and 830 articles respectively. Shah & Ward, (2003, 2007) defined Lean as an “integrated socio-technical system whose main objective is to eliminate waste by concurrently reducing or minimizing supplier, customer, and internal variability”. In 2007, Rachna Shah and Peter T. Ward, in their article entitled “Defining and developing measures of lean production”, they defined 10 LP   bundles. These bundles are used here for the analysis of the interaction between LP and I4.0, and they are reported below:
Supplier feedback: Suppliers should receive regular feedback regarding their performances to enhance them. 

JIT delivery by suppliers: Ensure that suppliers deliver the right quantity at the right time in the right place.
Supplier development: Develop suppliers so they can be more involved in the production process of the focal firm.
Pull: Pull demand from customer just in time.
Continuous flow: Establish mechanisms that enable and ease the continuous flow of products, with no interruptions.

Setup reduction: Reduce process downtime between product changeovers.

Total productive/preventive maintenance (TPM): Address equipment downtime through total productive maintenance and thus achieve a high level of equipment availability.

Statistical Process Control (SPC): Ensure each process will supply defect free units to subsequent process. 
Employee Involvement: Employees should be involved in the problem analysis and solving.
In 2011, the German government launched “High-Tech Strategy 2020 Action Plan” with Industry 4.0 as the strategic pillar to take the industrial country to the highest technological level (Mrugalska and Wyrwicka, 2017). The term Industry 4.0 refers to the fourth industrial revolution and was first introduced that year in the Hanover Messe exhibition for advanced industrial technologies (Dombrowski and Wagner, 2014; Dombrowski, Richter and Krenkel, 2017). The first industrial revolution the world witnessed was characterized by mechanization, that is the introduction of water and steam powered machines in production. The second revolution introduced labor division and mass production enabled by electrical energy and later came the digital revolution, the third industrial revolution, featuring Information Technologies and machines assisted by microprocessors and electronics(Qin, Liu and Grosvenor, 2016; Ben-daya, Hassini and Bahroun, 2017; Hoellthaler, Braunreuther and Reinhart, 2018). Industry 4.0 can be defined as the fourth industrial revolution that applies the principles of cyber-physical systems (CPS), internet and future-oriented technologies and smart systems with enhanced human-machine interaction paradigms. This enables the communication among all entities in the value stream and leads to an IT-enabled mass customization in manufacturing (Sanders, Elangeswaran and Wulfsberg, 2016).
This article aims at mapping the existing literature addressing the interaction between LP and I4.0, and highlighting future areas deemed worthy of further analysis. This article is organized as follows, after introduction, section 2 introduces the methodology through which the analysis is carried out, followed by section 3 explaining the key findings, and finally, section 4 that concludes the paper by highlighting its importance.

2.Research methodology: A Systematic Literature Review
To properly investigate the aim of this research e.g. investigating the interaction between LP and I4.0, it is important to conduct a research methodology that would grasp the needed knowledge. The novelty of the latter topic and the maturity of the former one in the industrial field direct the research methodology towards exploring a systematic literature review of peer reviewed articles. Systematic literature reviews aim at identifying, critically evaluating and integrating the findings of “all relevant, high-quality individual studies addressing one or more research questions” which ensures replicability, transparency and validity through well-defined and delineated steps (Buer, Strandhagen and Chan, 2018) . The systematic search here relies on Scopus and ScienceDirect (ScD) focusing on the areas of Engineering, Business, Management & Accounting. Even though I4.0 was born in 2011, the term “smart manufacturing” associated with it was born several decades ago, and since LP was born in 1937 by Ohno (Shah and Ward, 2007) , there is no restriction on the time. The key words associated with the topic are “Lean management”, “Lean production” and “Lean manufacturing”. Regarding I4.0, the following key words are selected; “Industry 4.0”, “Industrie 4.0”, "fourth industrial revolution", "4th industrial revolution", "smart factory", "smart manufacturing” and “digitalization”. To ensure reliability of the literature, only peer-reviewed articles were chosen based on the following query: ("lean production" OR "lean manufacturing"  OR  "lean management")  AND  ( "industry 4.0"  OR " industrie 4.0"  OR  "smart manufacturing"  OR  "smart factory"  OR  "fourth industrial revolution"  OR  "digital*"). This query is inserted in Scopus and ScienceDirect by replacing, for the latter, “digital*” by “digitalization”.  Figure 1 is the flow chart that details the different phases of the systematic literature review of the research paper. 
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Figure 1: Literature Review Flow Chart
The search query results in 229 articles combined from both databases, out of which 59 are journal articles and articles in press. The initial screening phase consists of reading the abstracts of the papers to include only those who discuss any form of interaction between I4.0 and LP in the manufacturing context and exclude those that deal with construction, education and health contexts. At the end of this phase 15 articles are discarded, and 44 articles move to the final screening phase. Out of these 44, 16 articles could not be downloaded due to restrictions by either the publisher or the author. Therefore, an email is sent to the authors of those articles asking them to provide us with them, but until the date of the paper submission, the requested articles are not received. 28 articles are fully read, out of which 7 articles are discarded that discuss one theme and disregards the other without discussing any type of interaction between LP and I4.0. A coding analysis of all remaining 21 journal articles is conducted following the methodology of Carl Auerbach and Louise Silverstein in their book entitled “An introduction to coding analysis: Qualitative data” in 2003 (Auerbach and Silverstein, 2003). Each of these articles is fully read, analyzed by coding relevant sentences that are later grouped into categories that include “Operational Performances”, “I4.0 supports LP”, “LP supports I4.0”, “Future Research” and “Research Contribution”. 
3.Research findings

The research aim is to map the existing relevant literature addressing the interaction between LP and I4.0 and highlighting future areas deemed worthy of further analysis. To achieve this objective, section 3 discusses the findings of the literature to reveal how I4.0 and LP interact between each other. It also shows the contribution of each article in that regard and what areas of investigation future research should target according to the existing literature. It is worth noting first, that LP & I4.0 share some commonalities as they both promote simple structures and decentralization as opposed to large and complex systems, and they both aim for easily  integratable  modules (Kolberg, Knobloch and Zühlke, 2017; Buer, Strandhagen and Chan, 2018; Rossini et al., 2019; Tortorella, Miorando and Mac Cawley, 2019). Also, they both aim at increasing productivity and flexibility (Buer, Strandhagen and Chan, 2018).
Section 3.1 discusses how I4.0 helps LP by analyzing the effect of the former on the bundles of the latter.
3.1 I4.0 helps LP

Sanders et al. (2016) and Kolberg et al. (2017) believe that I4.0 is here because LP is facing several challenges:  customers’ demands are becoming more complex and highly personalized and LP cannot keep up with the pace of personalization using the same tools used for decades with no technological advancements supporting them. Although Lean Automation i.e. integrating technologies with LP first emerged in the 1990’s (Kolberg, Knobloch and Zühlke, 2017), it does not support modularization and changeability which are offered by I4.0 (Tortorella and Fettermann, 2017). This is needed to face the new trend in the manufacturing world known as “Mass Customization” and still preserve the robustness feature of processes offered by LP (Kolberg, Knobloch and Zühlke, 2017).

I4.0 offers simulation as one of the main features to use in the production floor where “experimental learning can occur in a realistic representation of a corporate environment” (Burch V and Smith, 2019). Instead of teaching LP methodology and tools to operators and workforce through conventional means, I4.0 offers simulation as an alternative. Simulation can be used not only to teach operators and introduce them to LP tools but mainly to entice them to reflect on the problem solving effort (Gomes, Lopes and de Carvalho, 2013; Burch V and Smith, 2019). In addition, according to Sakai and Amasaka (2006), simulation allows for deciding beforehand the optimal number of buffers in a production line and predict interference. It can even help managers qualitatively assess the ergonomic aspect entailed and the postures of workforce for them to remedy problems when possible.  Virtually visualizing all manufacturing steps is also possible thanks to simulation. However, it is important according to Burch V and Smith (2019), to close the gaps between the virtual world and the real production floor with Gemba walks and validate theory through practice. 

“Accurate and timely information sharing” is a fundamental condition for the success of JIT (Buer, Strandhagen and Chan, 2018), and I4.0 offers such condition as real-time information availability and extraction is a major advantage of the new revolution (Ma, Wang and Zhao, 2017; Ge and Jackson, 2018; Shakir, 2018; Rossit, Tohmé and Frutos, 2019) relying on Big Data and CPS (Ma, Wang and Zhao, 2017; Ge and Jackson, 2018; Rossit, Tohmé and Frutos, 2019) .

The timely delivery of products faces some challenges such as mismatch between ordered products and delivered products, and the possible transportation delays (Sanders, Elangeswaran and Wulfsberg, 2016). With the help of radio frequency identification RFID, every product in the order note is tagged and IOT uses integrated devices to manage information and track the movements of tagged products along the supply chain, from the source until the destination. This leads to delivering the right product at the right time in the right quantity to the right customer (Maher, 2015; Sanders, Elangeswaran and Wulfsberg, 2016; Rossit, Tohmé and Frutos, 2019).
In LP companies, production is pulled from customers and any mistake in the tracking of quantities delivered to the plant and the related scheduling will affect the pull process. With the help of e-Kanban and RFID, the production process is transformed into Pull-based process. E-kanban triggers replenishment automatically, and RFID tracks products in real time (Sanders, Elangeswaran and Wulfsberg, 2016; Tan and Tan, 2018).
With mass customization as the direction for modern manufacturing, reducing setup time is essential between variants. In the factory of the future, smart products can communicate directly with the machines about their own process steps, which allows machines to self-adjust and adapt to the product in line resulting in quicker changeovers and reduced setup time. No manual intervention is needed as they can identify the next product in the production line and load the corresponding programs (Sanders, Elangeswaran and Wulfsberg, 2016). 

In a centralized controlling system where decisions are made once, errors regarding the scheduling of products can occur since the scheduling of future production is based on previous data. With a decentralized controlling system, scheduling is based on real-time data that allow for optimal changes in the scheduling (Rossit, Tohmé and Frutos, 2019). Continuous flow of workpiece faces other challenges such as erroneous inventory counting and capacity shortages. Erroneous inventory counting is no longer a problem with the help of RFID for tracking real-time inventory data. Capacity shortages problem is solved as well through subcontracting aided by the interconnection and communication between different players of the supply chain (Sanders et al., 2016).

Cloud Computing and IOT allow for abundant real-time information sharing and storing between the different players of the supply chain (Rossit, Tohmé and Frutos, 2019), and any sharing of wrong information regarding products and production processes may have adverse effects on the performance of the supply chain (Tortorella, Miorando and Mac Cawley, 2019). When it comes to collaborating between the partners and ensuring real-time communication of manufacturing related subjects, I4.0 can ease the process of performance feedback that the focal company gives on a continuous basis to its suppliers. Thus, it can contribute to a more collaborative manufacturing and a development environment among all players of the supply chain (Sanders, Elangeswaran and Wulfsberg, 2016; Tortorella, Miorando and Mac Cawley, 2019). 
Using real-time data (Ge and Jackson, 2018; Rossit, Tohmé and Frutos, 2019) and cognizant computing that automatically addresses the customer with a tailored marketing based on products usage and feeds the production with customer desires in real-time (Ogu, Benita and Uduakobong, 2017), customer involvement is achieved. The real-time production data are also available for employees so that they can themselves participate in the analysis and decision-making process and take on proactive roles instead of the usual passive ones (Sony, 2018; Villalba-Diez et al., 2018). This can help react in real-time to any problem and most importantly direct continuous improvement projects towards  the right issue (Maher, 2015). Big Data is the driving force towards improvement projects especially product oriented ones (Ge and Jackson, 2018) .This role can only be achieved if talents specialized in digitalization are acquired (Chang and Yeh, 2018).
Human-Machine interaction makes use of collaboration interfaces such as virtual reality and augmented reality that can improve TPM. The self-diagnosis feature stems from machine self-awareness using the advanced analytics and big data environment, as well as predictive algorithms for maintenance embedded in the enterprise resource planning systems (Maher, 2015; Rossit, Tohmé and Frutos, 2019). The machines of the future self-maintain; they have the “ability to anticipate potential breakdown and identify root cause needed to be developed in the control systems” (Sanders et al., 2016).

Regarding statistical process control, according to Sanders et al. (2016), process control is at a high risk due to “decreasing product lifetime, decreasing development time, competitive pricing and increasing product complexity”. Ensuring in-control processes requires proper reading of process data that falls under the umbrella of Big data (Ge and Jackson, 2018). 

Concerning the LP tools that are digitized or assisted by the technological feature, VSM 4.0 is discussed in two articles. The main disadvantage of VSM is its static state; with real-time data, VSM is no longer static but rather real time. VSM 4.0 helps managers monitor the state of the production without the use of the old pen and paper technique (Meudt, Metternich and Abele, 2017; Lugert, Batz and Winkler, 2018). Lugert et al., (2018) introduces CPS   to support   the   modularization and changeability of Jidoka, which under LP these features are not present. Under traditional LP, Kanban use physical cards to signal material movement. With digitization, Kanban cards are replaced by e-Kanban, a virtual Kanban. It performs the same function of a normal Kanban card but more efficiently and there is no need to worry about losing the card anymore, mistakes no longer exist, and production time is therefore reduced (Sanders, Elangeswaran and Wulfsberg, 2016; Kolberg, Knobloch and Zühlke, 2017; Tang et al., 2017; Tan and Tan, 2018).
3.2 LP is guiding the implementation of I4.0
The LP business strategy is the philosophical base for the implementation of I4.0 (Sony, 2018). “An inefficient process that is automated is still inefficient”(Buer, Strandhagen and Chan, 2018).  Buer et al. (2018) survey the literature tackling the links between I4.0 and LP including peer and non-peer reviewed articles and they showed that LP is considered as the base of I4.0. Infact, LP aims at reducing all kinds of non-value-added activities in the process; it makes the shop floor clean and organized. It is easier than to automate and digitize a lean manufacturing process with a well-defined waste-free, clean, organized and visible workflow. This is a fundamental pre-requisite and foundation for I4.0; I4.0 needs to have all the knowledge about the factory and the processes that govern it. This is backed up empirically by two case studies in the Brazilian context (Tortorella and Fettermann, 2017; Rossini et al., 2019) and the EU context (Rossini, et al., 2019). Regardless of the company size, both studies show that companies that identify themselves as mature LP adopters are the ones most likely to apply I4.0 technologies, whereas those that are beginners in applying LP are not inclined to adopt I4.0 technologies. This is stressed in a survey to the member companies of White Goods Suppliers Association that reveals they apply I4.0 technologies in assembly lines rather than in logistics. That survey indicates that companies invest less in I4.0  even when they are characterized by medium and high automation level and high revenues (Turkyilmaz and Cebeci, 2018). I4.0 needs mature LP processes for it to be implemented (Tortorella and Fettermann, 2017; Rossini et al., 2019). 
The literature highlights how LP is helping I4.0 and since it shows where LP bundles and tools can be leveraged on using technologies, an interesting direction to follow is to identify  the  real  potentials  of  LP  and  the   desired improvements in its tools and bundles and based on them, guide the implementation and the use of I4.0 and any of its technologies. This is in fact done by Meudt et al. (2017), where they start from the current version of VSM, how it functions now and how it can be improved relying on advanced technologies. The potentials of I4.0 can be     accentuated in the areas where it is needed the most and where it is worth investing in.
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Article Main Contribution Article stated future research

Creation of a conceptual framework 

for CPS-based production

Call for adaptable application of I4.0

Impact of I4.0 on LP soft skills

Detailing the facilitating effects of LP on I4.0

Investigating I4.0 and LP applied in 

non-repetitive production

Impact of environmental factors on 

the integration of LP and I4.0

Implementation framework to ensure 

successful integration of I4.0 and LP

How to assess a company's

 fitness to adopt I4.0

Investigate the influence of industry sector on 

the  implementation of I4.0 and LP

4 Kolberg

Work towards an interface for 

digitizing LP tools

 using CPS

Deepening the topic of integrating PLC, 

robotics and CPS from workstations into an 

architecture

5 Lugert

Explaining how to move from 

VSM to VSM 4.0

Further investigating VSM 4.0 potentials for 

wastes identification & Real- time process 

visualization

6 Meudt

Empirical investigation of LP & 

I4.0 application

 through VSM 4.0

Holistic approach of management dealing

 with technology and human

7 Ognu

Practical framework to implement 

I4.0 and

 Lean Management

CSF for the vertical, horizontal, end-t-end

 engineering integration

8 Rossini

Identifying the nexus between 

Cognizant computing

 and I4.0

Empirical investigation on the nexus

 between Cognizant computing and I4.0

9 Sanders

Presenting the architecture that 

supports standardization, 

modularization and changeability 

of Jidoka

Investigate a complete architecture

 for CPS-IOT-based Jidoka

10 Sony

Empirical studies about I4.0 & LP 

integration in 

developing countries

Investigate how each I4.0 technology

 together with each LP practice can impact 

operational performances

11

Tortorella

 (2017)

Talent needs investigation for I4.0

 in Taiwan

Investigating empirically the acquisition

 & need for talent for I4.0

12 Ge

Big Data analytics contributes to 

LP product 

continuous imprvement and 

circular economy  implementation

Not available

13 Gomes

Use of igitalization to 

understand Lean and 5S

Not available

14 Maher

Real time info enabled by I4.0 

technologies allow to 

direct continuous improvement 

projects toward the real problem.

Not available

15 Rossit

Industry 4.0 technologies 

,including CPS, impact on the 

solution of scheduling problems.

Analyze different scenarios of production

scheduling to strengthen the effect of CPS

16 Sakai

Creation of a quality management 

model that

 integrates simulation at Toyota

Not available

17 Shakir

Introducing digitalization to 

reduce paper and 

documents scrap in a lean 

manufacturing company

Not available

18 Tan

Introducing new technology with 

Lean manufacturing to help reduce 

the scraps 

Not available

19

Tortorella

 (2019)

In a Brazilian context, adoption of 

Industry 4.0 

technologies moderates to some 

extent the relationship between 

LSCM practices

and supply chain performance.

Include a wider set of I4.0 techologies when

studying the effect of their adoption on the 

relationship between LSCM practices and SC 

performances

20 Turkyilmaz

companies in the white goods 

sector  invest less in I4.0  even 

when they are characterized by 

medium and high level of 

automation 

Linking level of automation to I4.0

 investment to other sectors

21 Villalba

provide managers with a system 

that reflects the dynamic 

organizational perspective using 

developed KPIs

Recognizing the pattern and categorizing 

complex network organizational design 

dynamics 

3 Ma

Empirical justification of the 

benefits of implementing I4.0 with 

LP in a under developed economy 

such as Brazil

1 Buer

Exploring LP within I4.0 

technologies to 

explain how I4.0 affects LP 

2 Chang

Starting point for procedure to see 

how

 I4.0 technologies contribute to LP 

practices

4. Conclusion and Research directions
Table 1 summarizes the contributions of the articles and their recommendations for future research. Future research should build on the existing literature and explore better the topic of the interaction between LP and I4.0. LP and I4.0 favor similar process characteristics that are rather simple, modularized and easily standardized. LP enables the implementation of I4.0 inside manufacturing companies through the achievement of a waste-free standardized production process that is easier to digitize, because digitizing an inefficient process will keep the process inefficient.  In return, I4.0 can support each of the LP bundles and ease the way they are adopted and act on each LP tool by digitizing them or filling the needed gaps in their performances with technological advancements. The integration between I4.0 and LP has a great impact on the operational performance of the company that adopts both paradigms in their processes. It surpasses the sum of the potentials given by each field separately, they lead to higher levels of efficiency and productivity improvements.

Future research should investigate how LP can be used as a guideline for investments targeting advanced technologies and I4.0 identifying where and how the latter can be used to benefit the LP methodology that has been the core of the manufacturing world in terms of philosophy and methodology to improve the underlined processes.
This article summarizes the literature tackling the topic of interaction between I4.0 and LP, it starts by defining both paradigms, then how LP guides the implementation of I4.0 and how the latter supports the former in overcoming its limits. Finally, the contribution of this article is not only mapping the current peer-reviewed literature on the subject but also summarizing all gaps identified by the different authors that are deemed worthy of exploring for future researchers.
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Sheet1

		Article
Number		Main 
author		Article Main Contribution		Article stated future research

		1		Buer		Exploring LP within I4.0 technologies to 
explain how I4.0 affects LP dimensions		Creation of a conceptual framework 
for CPS-based production

								Call for adaptable application of I4.0

		2		Chang		Starting point for procedure to see how
 I4.0 technologies contribute to LP practices		Impact of I4.0 on LP soft skills

								Detailing the facilitating effects of LP on I4.0

								Investigating I4.0 and LP applied in 
non-repetitive production

								Impact of environmental factors on 
the integration of LP and I4.0

								Implementation framework to ensure 
successful integration of I4.0 and LP

		3		Ma		Empirical justification of the benefits of implementing I4.0 with LP in a under developed economy such as Brazil		How to assess a company's
 fitness to adopt I4.0

								Investigate the influence of industry sector on the  implementation of I4.0 and LP

		4		Kolberg		Work towards an interface for digitizing LP tools
 using CPS		Deepening the topic of integrating PLC, robotics and CPS from workstations into an architecture

		5		Lugert		Explaining how to move from VSM to VSM 4.0		Further investigating VSM 4.0 potentials for wastes identification & Real- time process visualization

		6		Meudt		Empirical investigation of LP & I4.0 application
 through VSM 4.0		Holistic approach of management dealing
 with technology and human

		7		Ognu		Practical framework to implement I4.0 and
 Lean Management		CSF for the vertical, horizontal, end-t-end
 engineering integration

		8		Rossini		Identifying the nexus between Cognizant computing
 and I4.0		Empirical investigation on the nexus
 between Cognizant computing and I4.0

		9		Sanders		Presenting the architecture that supports standardization, modularization and changeability of Jidoka		Investigate a complete architecture
 for CPS-IOT-based Jidoka

		10		Sony		Empirical studies about I4.0 & LP integration in 
developing countries		Investigate how each I4.0 technology
 together with each LP practice can impact 
operational performances

		11		Tortorella
 (2017)		Talent needs investigation for I4.0
 in Taiwan		Investigating empirically the acquisition
 & need for talent for I4.0

		12		Ge		Big Data analytics contributes to LP product 
continuous imprvement and circular economy  implementation		Not available

		13		Gomes		Use of igitalization to 
understand Lean and 5S		Not available

		14		Maher		Real time info enabled by I4.0 technologies allow to 
direct continuous improvement projects toward the real problem.		Not available

		15		Rossit		Industry 4.0 technologies ,including CPS, impact on the solution of scheduling problems.		Analyze different scenarios of production
scheduling to strengthen the effect of CPS

		16		Sakai		Creation of a quality management model that
 integrates simulation at Toyota		Not available

		17		Shakir		Introducing digitalization to reduce paper and 
documents scrap in a lean manufacturing company		Not available

		18		Tan		Introducing new technology with Lean manufacturing to help reduce the scraps 		Not available

		19		Tortorella
 (2019)		In a Brazilian context, adoption of Industry 4.0 
technologies moderates to some extent the relationship between LSCM practices
and supply chain performance.		Include a wider set of I4.0 techologies when
studying the effect of their adoption on the relationship between LSCM practices and SC performances

		20		Turkyilmaz		companies in the white goods sector  invest less in I4.0  even when they are characterized by medium and high level of automation 		Linking level of automation to I4.0
 investment to other sectors

		21		Villalba		provide managers with a system that reflects the dynamic organizational perspective using developed KPIs		Recognizing the pattern and categorizing 
complex network organizational design dynamics 






