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Introduction

Context and Motivation

In recent times, society has been facing constant changing and turbulent times, which leads to the industry being confronted with increased complexity, variability, and competition. Changes like the fast-paced technological one that we are facing, brings organizations to be constantly confronted with the need to develop technological, product or organizational innovations in order to cope with the highly dynamic context [START_REF] Boly | Ingénierie de l'innovation[END_REF]. This context with its disruptions and transformations is what is known today as the Industry 4.0 [START_REF] Ghobakhloo | Industry 4.0 ten years on: A bibliometric and systematic review of concepts, sustainability value drivers, and success determinants[END_REF], also known as Fourth Industrial

Revolution or Industry of the Future. It comes with new challenges that have the ability to shape how we live and how we work [START_REF] Schwab | Shaping the Fourth Industrial Revolution[END_REF]. It has been receiving

an increasing interest from the industry [START_REF] Liao | Past, present and future of Industry 4.0 -a systematic literature review and research agenda proposal[END_REF], driven by the construct that it will have the potential to impact and improve the performance in organizations [START_REF] Albers | Procedure for defining the system of objectives in the initial phase of an industry 4.0 project focusing on intelligent quality control systems[END_REF]. Nevertheless, there does not yet seem to be a clear understanding of how it is intended to happen [START_REF] Hofmann | Industry 4.0 and the current status as well as future prospects on logistics[END_REF].

Therefore, changing contexts like the current one, come with challenges for the industry, pushing organizations to improve on a continuous basis their level of performance in order to remain competitive (S. A. Khan et al., 2019) and to be more effective and flexible while improving their cost, quality and delivery to customers [START_REF] Psomas | Research gaps in Lean manufacturing: a systematic literature review[END_REF].

Thus, performance is a qualitatively or quantitatively measurable result [START_REF] Iso | Quality management systems -fundamentals and vocabulary[END_REF], that represents an organization's strategy outcomes [START_REF] Defee | Applying the strategy-structure-performance paradigm to the supply chain environment[END_REF]. Hence, Continuous Improvement of Performance plays a fundamental role in organizations, as it has been known over the years, as an approach whose main purpose is to enhance the performance in an organization and in their processes [START_REF] Hyland | Performance measurement and continuous improvement: Are they linked to manufacturing strategy[END_REF]. organizations toward an Industry 4.0 context

The relevance of the Continuous Improvement of Performance remains even stronger, especially in the manufacturing sector, as it is expected to be key for making the most out of the current context of Industry 4.0 [START_REF] Maginnis | The Integration of True Lean and Industry 4.0 to Sustain a Culture of Continuous Improvement[END_REF][START_REF] Rossini | The interrelation between Industry 4.0 and lean production: an empirical study on European manufacturers[END_REF]. It has been stated in the literature that its implementation also contributes to the organization's innovation and establishment of a shared culture for facing challenges in the context and thus enduring its sustainability [START_REF] Hyland | Performance measurement and continuous improvement: Are they linked to manufacturing strategy[END_REF]. By the implementation of a Continuous Improvement approach, organizations are expected to have an improved performance, seeing impacts in quality, delivery, lead time, inventory levels, employee satisfaction, among others [START_REF] Ferdousi | An investigation of manufacturing performance improvement through lean production: a study on Bangladeshi garment firms[END_REF], for which an adequate and constant management and measurement of the performance indicators is a must [START_REF] Liker | The Toyota way: 14 management principles from the world's greatest manufacturer[END_REF].

In spite of the great prominence, essential and strategic role of Continuous Improvement of Performance, it has been evidenced in recent studies that there is a high rate of unsuccessful or non-sustained implementations over time [START_REF] Mirdad | A conceptual map of the Lean nomenclature: comparing expert classification to the Lean literature[END_REF] and implementations that are unable to sustain or even achieve the expected levels of performance (Lameijer et al., 2022). Some of the reasons for these failures seem to be related to the vagueness on the concept of Continuous Improvement [START_REF] Bessant | An evolutionary model of continuous improvement behaviour[END_REF], an inadequate organizational culture in the organization [START_REF] Mclean | Failure of Continuous Improvement initiatives in manufacturing environments: a systematic review of the evidence[END_REF], lack of clarity on performance measurement, prioritization of improvement actions and formalization of its process [START_REF] Sanchez-Ruiz | Barriers to effectively implementing continuous improvement in Spanish firms[END_REF]. Therefore, it becomes clear that there is a lot of work to be done, literature on the subject remains still underdeveloped and fuzzy which urges for deepening further development. A better understanding of performance and the continuous improvement process is needed. In this sense, the motivation for this thesis focusses on contributing to the literature by giving a systemic view and thus aiding in the decision process of improving the performance in organizations. This becomes even more crucial in today's context of Industry 4.0, where there is a continuous increase in the amount of data generated, making the decisionmaking process further challenging [START_REF] Nudurupati | Performance measurement in data intensive organisations: resources and capabilities for decision-making process[END_REF].

Research positioning

The Continuous Improvement of Performance (from now on, referred as CIP) is a concept that has been popularized as an umbrella term worldwide implemented through various methodologies [START_REF] Gutierrez-Gutierrez | Continuous improvement initiatives for dynamic capabilities development: A systematic literature review[END_REF], being Lean

Manufacturing, Six Sigma and Lean Six Sigma among the most important and wellknowns [START_REF] Mclean | Failure of Continuous Improvement initiatives in manufacturing environments: a systematic review of the evidence[END_REF]. Research in this field keeps on raising a growing interest among academics and practitioners, but it is leaving aside the discussion on the process of CIP itself [START_REF] Sanchez | Three decades of continuous improvement[END_REF]. This can be seen in the fact that recent studies on CIP in the current context are only limited to analyzing its relationship with new technologies [START_REF] Rosin | Impacts of Industry 4.0 technologies on Lean principles[END_REF], as catalyzer or moderator [START_REF] Bittencourt | Industry 4.0 triggered by Lean Thinking: insights from a systematic literature review[END_REF], or its expected benefits [START_REF] Antony | The evolution and future of lean Six Sigma 4.0. The TQM Journal[END_REF] and challenges within the new context [START_REF] Núñez-Merino | Information and digital technologies of Industry 4.0 and Lean supply chain management: a systematic literature review[END_REF], but do not define, explore or discuss the CIP process. Thus, reaffirming the importance of this subject.

Moreover, despite the widespread adoption of CIP and its strategic role within organizations, multiple studies are highlighting the high rate of failed implementations leading to significant amounts of resources being wasted [START_REF] Sanchez-Ruiz | Barriers to effectively implementing continuous improvement in Spanish firms[END_REF].

This shows that there are several gaps to be filled in the literature, but also suggest that we are starting to see a paradox, the organizations begin their journey for improving their performance, but due to the lack of success on its implementation, they might end up harming its performance and wasting resources on the way.

We observe a lack of a shared understanding of CIP, which begins with the confusion or blurry use of the term. It is indiscriminately used to refer to the entire process, but at the same time also to just the outputs (impacts or improvements) of the said process [START_REF] Bessant | An evolutionary model of continuous improvement behaviour[END_REF]. Recent studies, like the one from [START_REF] Unzueta | Continuous improvement framework to develop cultural change: case study, capital goods company[END_REF], focus mainly on presenting the expected impacts (process outputs), but leaving aside the how to do it, how to reach that performance improvement. Or studies showing reasons of failed implementations, like high variety of unstructured performance indicators [START_REF] Belekoukias | The impact of lean methods and tools on the operational performance of manufacturing organisations[END_REF][START_REF] Bhamu | Lean manufacturing: Literature review and research issues[END_REF], and therefore an inappropriate follow-up strategy [START_REF] Sanchez-Ruiz | Barriers to effectively implementing continuous improvement in Spanish firms[END_REF].

The aforementioned, leave us with unattached bricks that need to be assembled for improving the decision-making, and thus, move away from the current unstructured and intuition-driven approach in order to achieve better performance results. Therefore, the above discussion leads us to identify the following Scientific Gaps (SG) in the literature, which are going to be addressed throughout this thesis:

Scientific objectives and Research questions

Thus, considering the motivation and the aforementioned scientific gaps identified in the literature, the main objective of this thesis is the following:

In order to achieve the main objective, it is subsequently expressed by the following specific objectives:

There is a lack of a comprehensive view of the process of Continuous Improvement of performance

There is a lot of confusion in the follow-up of performance, due to the high number and variety of indicators

There is a need for improving the decision-making process for better managing the performance and select improvement strategies ➔ To design a Decision Support System for helping in the decision-making process of performance improvement based on the performance indicators and improvement practices and tools. Thus, answering to scientific gap SG3.

With the aim of providing a clear overview of the contributions of this thesis to the readers, the following subsections are developed for introducing each of them.

Modeling of the Continuous Improvement of performance (CIP) process

The process of CIP, as seen before, regardless of its prominence for organizations, has not yet been clarified nor formalized. Moreover, incipient efforts in the literature focus mainly on only the outcomes. Thus, generating major confusions and ending up in unsuccessful implementations. Hence, it becomes crucial, in order to bring forward the research, to focus on understanding, analyzing and then proposing a modeling of the process for the current context we are in (SG1). Therefore, the first contribution of this thesis, which is in line with the first specific objective, aims to answer to the following research question (RQ1).

With the aim of answering to research question RQ1, we follow a Knowledge

Management approach focused on knowledge capitalization from expert interviews, due to the richness of knowledge generated through practice and experience (Kamsu RQ1: How to clarify and model the process of Continuous Improvement of the performance in the organizations? [START_REF] Kamsu Foguem | Knowledge formalization in experience feedback processes: An ontology-based approach[END_REF] and precisely, the great potential of Knowledge Management in translating this tacit knowledge into something tangible [START_REF] Ermine | La gestion des connaissances[END_REF][START_REF] Ermine | Knowledge Management with the MASK method[END_REF]. Under this approach, industrial experts in the subject will be interviewed with the purpose of understanding the CIP process and subsequently formalizing their knowledge through the process modeling by means of the Method for Analysis and Structuring Knowledge (MASK) [START_REF] Husain | Knowledge Management Systems : concepts, technologies and practices[END_REF] and Knowledge Reuse Organizational Meta-model (KROM) [START_REF] Girodon | KROM: An organizational Meta-Model oriented to knowledge: A case from Ophthalmic industry[END_REF].

By doing so, with this first contribution, we seek to clarify CIP process in organizations by understanding the complexity and identifying the different stages involved in this process, while at the same time emphasizing the importance of decision making for performance improvement. Addressing in this way the need to understand CIP as a complete process that is key to organizations [START_REF] Antony | Lean Six Sigma: yesterday, today and tomorrow[END_REF][START_REF] Snee | Lean Six Sigma -getting better all the time[END_REF]. This CIP process modeling represents the foundation of this thesis, as it allows to better understand the process and to elicit the cruciality of the decision-making process for CIP, and the pivotal importance of the performance indicators in it.

Identification of performance indicators and its interrelationship model

Given the strategic nature of the performance indicators in the decision-making in CIP, but paradoxically, at the same time, their lack of structure, which does not allow to make assertive decisions. There is indeed a need for developing a systemic view of the performance with its continuously increasing number of indicators, for better structuring it for responding to the needs of the field (SG2). Consequently, in order to respond to the second specific objective, this contribution of the thesis is centered to answer the research question (RQ2).

RQ2: How to identify and define the most relevant indicators that will allow to measure and follow-up the performance?

Contribution to the measurement and improvement of the performance of organizations toward an Industry 4.0 context

For answering this research question, we seek to offer a new lens to the vision on performance indicators. To integrate a systemic perspective, no longer assuming that performance indicators are independent of each other, but rather embracing the complexity by analyzing and including in the decision-making process the interrelationships of influence that may exist between them. For doing so, a scientific approach will be adopted, comprising the identification of performance indicators in the literature and the subsequent analysis of influence interrelationships among then.

Firstly, for identifying the performance indicators, a literature review will be performed for gathering the information from studies in a synthetic way [START_REF] Rowe | What literature review is not: diversity, boundaries and recommendations[END_REF][START_REF] Snyder | Literature review as a research methodology: An overview and guidelines[END_REF]. Secondly, Decision-Making Trial and Evaluation Laboratory (DEMATEL) [START_REF] Fontela | The DEMATEL observer[END_REF] will be applied to the identified performance indicators. Applying DEMATEL will allow us to elicit a clear representation of the total interrelationships of influence among performance indicator, as well as to class them into causal or influenced [START_REF] Si | DEMATEL Technique: A Systematic Review of the State-of-the-Art Literature on Methodologies and Applications[END_REF]. Allowing us in this way to identify the most relevant ones for better improving performance.

Hence, seeking to answer this third research question, we will propose a support for decision makers (engineers and managers in CIP) in order to assist them in better selecting performance indicators and determining the improvement strategies (practices and tools) to implement for improving a performance indicator, a selection of multiple ones, or even different performance families at the same time. Comprising in it, the performance indicators along with their influence interrelationships and the performance improvement tools and practices with their improvement effect over the performance indicators.

In order to achieve this, as we are undoubtedly talking about complex decisions, for this final contribution of the thesis, a Decision-Support System (DSS) [START_REF] Power | Web-based and model-driven decision support systems: concepts and issues[END_REF] is proposed, since DSS are interactive computer-based systems focused on helping in making effective decisions in complex environments [START_REF] Kasie | Decision support systems in manufacturing: a survey and future trends[END_REF][START_REF] Power | Decision Support Systems: Concepts and Resources for Managers[END_REF].

Therefore, a detailed architecture of the system will be presented and explained, as well as an ontology specification including performance indicators, practices, and tools, and a functional prototype of the system.

Thesis structure

The structure of this thesis is represented in Figure 1-1. This document is composed of 7 chapters as follows: this introductory first chapter positions the context and identifies the scientific gaps in the literature regarding our research subject. Following, chapter 2 is centered on giving the lector a clarity on the principal concepts on which this thesis is founded on. Then, chapters 3, 4 and 5 are centered in presenting the contributions of this thesis. Next, chapter 6 describes the implementation of the prototype of the proposed Decision Support System. And finally, in chapter 7, the conclusions, implications, limitations and perspectives are presented.

RQ3: How to assist experts in Continuous Improvement in the decision-making process to improve the performance?

Contribution to the measurement and improvement of the performance of organizations toward an Industry 4.0 context From its beginnings, the Continuous Improvement of Performance, CIP, has been recognized as a key approach for the performance improvement (Gonzalez Aleu & Van

Aken, 2016), whose adoption rate is constantly increasing worldwide [START_REF] Hyland | Performance measurement and continuous improvement: Are they linked to manufacturing strategy[END_REF]. According to the literature, CIP was originated in Japan after the Second World War, it was started to be used as an approach and philosophy for performance improvement rather than only as isolated initiatives. Becoming in this way, one of the foundations of the success of the Japanese manufacturing, emerging since then as a competitive approach for organizations (J. [START_REF] Singh | Continuous improvement philosophy -literature review and directions[END_REF].

As described in the literature review developed by [START_REF] Sanchez | Three decades of continuous improvement[END_REF], the firsts definition and references of CIP in the literature date from the 1980's. Since which and until today, it is highlighted that CIP is not a one-time effort, but rather a process to sustain on doing over time. A process seeking to contribute to the performance of the organization [START_REF] Gutierrez-Gutierrez | Continuous improvement initiatives for dynamic capabilities development: A systematic literature review[END_REF]. In which some key factors for its success include the knowledge development and involvement of the organization [START_REF] Mclean | Failure of Continuous Improvement initiatives in manufacturing environments: a systematic review of the evidence[END_REF], the alignment of CIP and organizational objectives and a management commitment [START_REF] Paipa-Galeano | Key lessons to sustain continuous improvement: A case study of four companies[END_REF].

This umbrella term to which we refer as CIP, encompasses numerous methodologies, such as, Lean Manufacturing, Six Sigma, Lean Six Sigma, Total Productive Maintenance, Total Quality Management, among others [START_REF] Patel | Critical review of literature on Lean Six Sigma methodology[END_REF]. This concept has been evolving along with the changes in the environment, it has been constantly ratifying its great importance, given the need and constant quest of organizations for improving their performance [START_REF] Soltan | Lean and agile performance framework for manufacturing enterprises[END_REF], for remaining Contribution to the measurement and improvement of the performance of organizations toward an Industry 4.0 context competitive in the market (J. [START_REF] Singh | Continuous Improvement Strategies: An Overview[END_REF] and for having the ability to adapt to the new context (S. A. Khan et al., 2019).

As has been mentioned, CIP is fundamental for improving performance, but it has not yet been defined what is understood by performance, what are the challenges of CIP to achieve this performance improvement, and by means of which approaches we can achieve this objective of performance management and improvement. Therefore, the remaining of this chapter is structured as follows: first, a focus is made on clarifying the notion of performance; then we will go into detail on the challenges identified in the literature concerning CIP; and then finally we will delve into approaches that could help us cope with them.

The notion of Performance

Performance is understood in the literature as a result that shows the comparison of how the processes are actually being carried out against a given standard in an organization [START_REF] Rosman | Lean production and business performance in Malaysian manufacturing industries[END_REF]. This measurable result could be either quantitative or qualitative [START_REF] Iso | Quality management systems -fundamentals and vocabulary[END_REF]. It should contribute to the strategic objectives of the organization and to the creation of value. Therefore, the analysis of performance should cover the short, medium and long term [START_REF] Issor | La performance de l'entreprise : un concept complexe aux multiples dimensions[END_REF], suggesting that nowadays, performance has a particularly strategic scope, which should at the same time consider the expectations of various stakeholders [START_REF] Marche | From product design to supply chain design: Which methodologies for the upstream stages of innovation? Université de Lorraine[END_REF].

However, the notion of performance has undergone an evolution over the years, from being analyzed under a purely financial focus lens [START_REF] Nudurupati | State of the art literature review on performance measurement[END_REF]; to having a broader, multifaceted [START_REF] Lakri | Process improvement project failure: a systematic literature review and future research agenda[END_REF] or multidimensional view [START_REF] Staedele | Knowledge building about performance evaluation in lean production: An investigation on international scientific research[END_REF].

This evolution goes hand in hand with the various changes and challenges in today's complex environment [START_REF] Issor | La performance de l'entreprise : un concept complexe aux multiples dimensions[END_REF], driving more interest than before on other aspects, such as flexibility and human and social dimensions. This is also emphasized by [START_REF] Beelaerts Van Blokland | Method for performance measurement of car companies from a stabilityvalue leverage perspective. The balancing act between investment in R&D, supply chain configuration and value creation[END_REF], who highlight that by keeping a purely financial view of performance, the real current and future situation of company performance might be neglected.

Performance: the concept, its continuous improvement, and the decisionmaking within it 13 Based on the above, we could summarize by saying that:

Once clarifying the notion of performance and its strategic nature, in order to attain a better performance and support the decision-making process, it becomes then of high importance to be able to measure the performance [START_REF] Taouab | Firm performance: definition and measurement models[END_REF]. It has been noted that performance measurement plays a key role in the organization, but especially for managers when it comes to identifying the potential areas in a company for making improvements and further enhancing the levels of performance [START_REF] Mirdad | A conceptual map of the Lean nomenclature: comparing expert classification to the Lean literature[END_REF].

Performance measurement is understood as the use of a set of indicators reflecting the multidimensional nature of the performance, which are then used for the planning and management within an organization [START_REF] Bourne | Implementing performance measurement systems: a literature review[END_REF]. It is the process of quantifying its different indicators, reporting them, analyzing them, and taking actions, which should result in improvements, better control and innovations [START_REF] Radnor | Historical analysis of performance measurement and management in operations management[END_REF].

Performance measurement has an essential function, it is based on the organization strategies and should be intended not only to monitor the performance, but to improve it on an ongoing basis, in order to achieve continuous improvement.

Then, in order to improve performance, its measurement is critical, in which there are two main factors: what to measure (i.e., performance indicators) and how to measure (i.e., methods, technologies for data collection and calculation). In this sense, the selection of the appropriate performance indicators is with no doubt recognized as a key and highly valuable process [START_REF] Neely | Performance measurement system design: Developing and testing a process-based approach[END_REF]. Its measurement contributes to value creation, it is strategic to assess the current state of an organization and help in the decision-making process for analyzing future improvements.

Nevertheless, some authors have remarked that this is still a subject that generates a lot of confusion among researchers and practitioners [START_REF] Bourne | Performance measurement and management: theory and practice[END_REF]. There is indeed Performance is a qualitative or quantitative outcome of an organization. It has a strategic nature, and it is multifaceted, comprising different groups of criteria (quality, time, cost, human factors, etc.)

Contribution to the measurement and improvement of the performance of organizations toward an Industry 4.0 context a lot of misunderstanding, resulting in the measurement of an increasing amount of performance indicators, but without knowing or understanding which ones are truly relevant [START_REF] Taouab | Firm performance: definition and measurement models[END_REF]. Therefore, even if performance measurement is essential for organizations, it is being perceived as highly time and resource consuming [START_REF] Radnor | Historical analysis of performance measurement and management in operations management[END_REF].

Thus, the real challenge that arises from literature is to be able to determine the right indicators to measure. To be able to develop a set of performance indicators that are coherent and connected in order to measure performance as a system, rather than multiple indicators measuring only specific parts or activities in an isolated manner.

Generating in this way a motivation for exploring the interrelations among performance indicators to achieve a more comprehensive view of performance in CIP and thus impact the decision-making process.

Challenges in Continuous Improvement of Performance

Literature often shows that the implementation of CIP in organizations brings substantial improvements in performance levels [START_REF] Ni | The relationship among organisational learning, continuous improvement and performance improvement: An evolutionary perspective[END_REF]. These improvement can be of qualitative or quantitative nature [START_REF] Bhamu | Lean manufacturing: Literature review and research issues[END_REF], like better quality, delivery and employee satisfaction [START_REF] Ferdousi | An investigation of manufacturing performance improvement through lean production: a study on Bangladeshi garment firms[END_REF]. However, on the other side of the coin, there are also studies showing the not so ideal side of CIP implementations, evidencing cases that do not achieve the goals [START_REF] Mosadeghrad | Why TQM programmes fail? A pathology approach[END_REF] or these fade in the short term [START_REF] Soliman | Lean Transformation Guidance: Why Organizations Fail To Achieve and Sustain Excellence Through Lean Improvement[END_REF].

Mostly in recent years, we have been noticing a concern in the literature regarding the failed implementations of CIP. Some of which refer to a project level, relating to the failed improvement strategies (performance improvement practices and tools implementation) for specific identified needs, not delivering the expected benefits; and others even referring to an upper level, the organizational one, denoting the discontinuation and termination of the adoption of CIP methodologies in general by the organizations (Lameijer et al., 2022).

Some authors have tried to delve into the reasons for these failures, in order to give hints towards the sustainability of CIP implementations. Among the identified reasons for failure, there is the lack of engagement (Antony et al., 2019) and support from top management [START_REF] Mosadeghrad | Why TQM programmes fail? A pathology approach[END_REF]. Which goes hand in hand with the lack of clarification the CIP process [START_REF] Bhamu | Lean manufacturing: Literature review and research issues[END_REF] and how it fits into the organization strategy and goals. Since while not having a clear understanding of the CIP process and how it contributes to the organization, its added value may be underestimated, and therefore, its impact may be prone to be minimized by the top management and therefore be left aside.

Furthermore, it is noted that in fact, the reported unattained or non-sustained performance improvements lies highly in a faulty selection of CIP practices and tools to implement [START_REF] Asif | Lean Six Sigma institutionalization and knowledge creation: towards developing theory[END_REF]. In which play a fundamental role the large and unstructured quantity of practices, tools [START_REF] Context Sony | Why do organizations discontinue Lean Six Sigma initiatives?[END_REF] and performance indicators through which follow its improvement [START_REF] Bhamu | Lean manufacturing: Literature review and research issues[END_REF]. Then, the decision-making process for selecting the adequate improvement practices and tools that best correspond to the analyzed problem should be properly handled, even if it is high time demanding [START_REF] Antony | Top ten reasons for process improvement project failures[END_REF]. Otherwise, if the most suitable CIP practices and tools are not selected, its implementation is doomed to fail either on the short or medium term [START_REF] Context Sony | Why do organizations discontinue Lean Six Sigma initiatives?[END_REF].

Despite the importance and relevance of CIP, it is still a subject that needs to be further developed in order to reduce the unsuccessful implementation rate in CIP, and with that the resources that are being wasted with every attempt [START_REF] Mclean | Failure of Continuous Improvement initiatives in manufacturing environments: a systematic review of the evidence[END_REF]. Therefore, there is a need to have an overarching vision of the CIP process in the industry, for allowing to understand it in a comprehensive manner and better identify how to strengthen the critical decision-making process for better achieving the expected improvements [START_REF] Mumani | Decision making process in lean assessment and implementation: a review[END_REF].

There is a recent effort in the literature for taken a holistic view on CIP. This is the case of the study form [START_REF] Lameijer | Continuous improvement implementation models: a reconciliation and holistic metamodel[END_REF], in which they look to identify the readiness and sustainable factors that could help the deployment of CIP in an organization toward a higher maturity level. Studies like this one are very valuable, as they evidence the need Contribution to the measurement and improvement of the performance of organizations toward an Industry 4.0 context to move forward in the study of CIP, nevertheless, they still do not address CIP as an organizational process, how to operationalize and manage CIP.

CIP and organizational decision-making support

As discussed, CIP is a key process for organizations, making its main methodologies increasingly popular and implemented all over the world. But at the same time, there is a high incidence of unsuccessful implementations, in which, besides the lack of clarity of CIP process itself, and an unstructured view of its performance indicators, a poor choice and prioritization of improvement practices and tools plays an important role, becoming a significant challenge for organizations [START_REF] Elkhairi | Barriers and critical success factors for implementing lean manufacturing in SMEs[END_REF][START_REF] Naeemah | Selection methods of lean management tools: a review[END_REF].

There is a need for better selection of practices and tools to improve performance [START_REF] Amin | A time-based quantitative approach for selecting lean strategies for manufacturing organisations[END_REF], as organizations are currently struggling to do so in an effective way [START_REF] Reda | Decision-making on the selection of lean tools using fuzzy QFD and FMEA approach in the manufacturing industry[END_REF]. At the same time, in recent years it is seen that the literature is quite scarce in studies making efforts to address this issue [START_REF] Naeemah | Selection methods of lean management tools: a review[END_REF], even if it has been strongly suggested [START_REF] Yahya | A review on the selection of lean production tools and techniques[END_REF]. In the existing literature, most of the studies do not rely yet on computer aided systems, nevertheless, there is a high use of multi-criteria decision-making methods (MCDM). This is the case of the studies such as the one of [START_REF] Nowotarski | Multi-criteria assessment of lean management tools selection in construction[END_REF] there is the study of [START_REF] Ortíz | A contrast between DEMATEL-ANP and ANP methods for six sigma project selection: A case study in healthcare industry[END_REF] with the application of DEMATEL and Analytic Network Process (ANP) for evaluating project alternatives in healthcare sector.

The aforementioned studies begin to focus on the problematic of selecting the right improvement strategies, but they fall into applying MCDM for prioritizing already preselected improvement alternatives with not so much detail on it. But in doing so, they do not consider CIP as a complex system, and thus neglect the interaction between the elements by overlooking the improvement effects of practices and tools upon performance indicators and the influence interrelationships among the latter ones. In consequence these studies do not address the problem in decision-making in CIP, instead there is a high reliance on intuition and tacit knowledge without a clear structure [START_REF] Saurin | Lean production myths: an exploratory study[END_REF] and the insufficient importance given to the interactions or impacts as a system [START_REF] Mumani | Decision making process in lean assessment and implementation: a review[END_REF].

However, there are other studies in recent years that go further by already proposing more detailed methodologies that begin to incorporate the relationship between some tools or practices with performance indicators or with wastes. Among these are the works of [START_REF] Reda | Decision-making on the selection of lean tools using fuzzy QFD and FMEA approach in the manufacturing industry[END_REF] and Bhuvanesh [START_REF] Bhuvanesh Kumar | Decision-making through fuzzy TOPSIS and COPRAS approaches for lean tools selection: A case study of automotive accessories manufacturing industry[END_REF], they start by the implementation of the Value Stream Mapping (VSM) for identifying the wastes in the process. Next, on the one hand, the former conducts an identification of the critical resources in the process by a fuzzy Quality function Deployment (QFD), followed by the identification of improvement tools for the prioritized failure modes by implementing fuzzy Failure Mode and Effect Analysis (FMEA).

On the other hand, the latter, after the waste identification, does a selection of improvement tools and techniques upon expert opinion and literature, for consequently prioritize them by using fuzzy Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) and Complex Proportional Assessment (COPRAS). Neither of these two studies proposes a system that eases the decision-making process, they do not allow the analysis of different scenario without having to apply the complete methodology over again, making their proposals too time-consuming to be applied on a day-to-day basis [START_REF] Naeemah | Selection methods of lean management tools: a review[END_REF].

From their side, [START_REF] Mendes | Lean Tools Selector -A Decision Support System[END_REF] propose a Decision Support System (DSS) that begins with a yes/no questionnaire to the users, with which identifies the wastes present in the organization and then, based on the organization economic activity, the DSS filters and shows the improvement tools or practices that can be applied. However, there are three important points to consider: first, they do not differentiate between tools and practices, and they do not prioritize them, but only filter them by industry sector.

Therefore, do not give the user a vision of which practices or tools to first focus on.

Contribution to the measurement and improvement of the performance of organizations toward an Industry 4.0 context Second, although the practices are filtered based on their alleged applicability to each specific industrial sector, there is no explanation of how this was done. And third, the architecture of the DSS is not shown nor detailed. The reviewed studies start to give us some perspective on the challenges (in terms of difficulty and resource-consuming) and importance of an adequate selection and prioritization of improvement strategies [START_REF] Reda | Decision-making on the selection of lean tools using fuzzy QFD and FMEA approach in the manufacturing industry[END_REF], as well as the relevance of applying MCDM methods for this means [START_REF] Naeemah | Selection methods of lean management tools: a review[END_REF]. But we believe that for effectively supporting CIP experts on their decision-making process, just the application of MCDM methods is not enough, but rather an integrative methodology and a system easy to use by CIP engineers and managers without computer or mathematical technical backgrounds. Furthermore, none of the reviewed studies seem to position their proposed methodologies or approaches within a clearly defined CIP process, thus, making it difficult to really understand how they would impact such process [START_REF] Mumani | Decision making process in lean assessment and implementation: a review[END_REF].

On top of that, even if in the literature there are studies acknowledging that CIP is indeed a complex system [START_REF] Elkhairi | Barriers and critical success factors for implementing lean manufacturing in SMEs[END_REF], in which the interactions between the elements of the system must be considered for a better analysis [START_REF] Saurin | Lean production myths: an exploratory study[END_REF] Therefore, it is more relevant than ever the need for addressing the decision-making process by including the complexity of the performance system (relationships of performance indicators and improvement strategies), while at the same time ensuring simplicity and convenience in their use [START_REF] Naeemah | Selection methods of lean management tools: a review[END_REF]. Improving a company's decision-making capacity requires a change of paradigm, setting in the first place the prioritization of improvement strategies based on performance indicators rather than on wastes, as they clearly represent the improvement of the organizations [START_REF] Alaskari | Development of a methodology to assist manufacturing SMEs in the selection of appropriate lean tools[END_REF].

CIP Decision-Making and the need for a Knowledge Management approach and decision support

There is a growing need to assist CIP experts as decision-making processes become increasingly complex and, at the same time, unstructured and highly reliant on intuition [START_REF] Saurin | Lean production myths: an exploratory study[END_REF]. Ultimately, this has a st rong impact on performance results, which in turn may affect the adoption and sustainability of CIP in organizations [START_REF] Mumani | Decision making process in lean assessment and implementation: a review[END_REF].

Therefore, it becomes relevant to discuss about decision-making itself. The study of decision-making is something that have intrigued humanity for quite long time starting in the ancient Greece, and being its apogee since 1950s [START_REF] Peterson | An Introduction to Decision Theory[END_REF]. Where decision is defined as a "specific commitment to action (usually a commitment of resources) and a decision process as a set of actions and dynamic factors that begins with the identification of a stimulus for action and ends with the specific commitment to action" (Mintzberg et al., 1976, p. 246). organizations toward an Industry 4.0 context Then, a decision-making process constitute the different analyses that have to be done in order to arrive to a decision. Figure 2-1, illustrates a simplified process proposed by [START_REF] Power | Decision Support Systems: Concepts and Resources for Managers[END_REF], in which it can be appreciated that decision-making is not just about deciding. The decision-making process comprises a series of steps that begin with the definition of the problem, deciding who is responsible for deciding, collecting the needed information, identifying, and evaluating alternatives, deciding upon those alternatives, implementing, and following up. [START_REF] Power | Decision Support Systems: Concepts and Resources for Managers[END_REF] Notwithstanding, making effective decisions, decisions that are able to achieve the desired initial objectives [START_REF] Power | Analytics, bias, and evidence: the quest for rational decision making[END_REF] is not easy to accomplish. It is in fact a complex and high knowledge-intensive process, for which a high amount of information should be needed, but due to business constraints, more decisions are needed to be taken in less time, leading to lower levels of effectiveness and quality in them [START_REF] Jones | Knowledge Management as a Foundation for Decision Support Systems[END_REF].

Furthermore, decision makers are confronted with decision problems that often surpass their intellective capacities [START_REF] Molloy | The effects of information technology on strategic decision making[END_REF]. Most of the times, humans are only able to effectively handle around seven facts [START_REF] Saaty | How to make a decision: The analytic hierarchy process[END_REF]. Thus, in complex scenarios, effective decision-making represents a heavy mental load for decision makers. Consequently, by nature, they tend to cope with this complexity, by doing an oversimplification of the complex environment [START_REF] Gras | Wicked problems, reductive tendency, and the formation of (non-)opportunity beliefs[END_REF], or just opting for barely acceptable solutions, instead of more suitable ones [START_REF] Hosack | A look toward the future: Decision support systems research is alive and well[END_REF].

Performance: the concept, its continuous improvement, and the decisionmaking within it 21 Nevertheless, regardless of the human limits to process information, we find in the literature, that it is indeed difficult to assure that the decision makers could have all the needed information that they should for making effective decisions, which at the same time brings uncertainty to the process [START_REF] Apolo-Vivanco | Theoretical Aspects of the Strategic Management Decision-Making of Contribution to the measurement and improvement of the performance of organizations toward an Industry 4.0 context Companies[END_REF]. However, we are stepping into a new context where thanks to new technologies, organizations are having large amount of data at disposal, which paradoxically complexifies even more the decision-making, as organizations are not ready to handle such volume of information [START_REF] Nudurupati | Performance measurement in data intensive organisations: resources and capabilities for decision-making process[END_REF].

Additionally, as decision makers are often facing with very varied and fragmented activities and conditions [START_REF] Mintzberg | The Structure of "Unstructured" Decision Processes[END_REF], this makes it difficult to maintain an integrated view of the decision-making process and the business process of which it is part. Then, it becomes relevant and needed to support and enhance the decisionmaking, for which a departing point is the context of the decision and how they are made and how they should be made [START_REF] Power | Decision Support Systems: Concepts and Resources for Managers[END_REF].

Knowledge Management

Knowledge is something intrinsic to every organization and when well-managed, it can represent a real leverage for innovation, sustainability [START_REF] Mårtensson | A critical review of knowledge management as a management tool[END_REF] and for increasing an organization competitiveness [START_REF] Meski | A generic knowledge management approach towards the development of a decision support system[END_REF]. According to the literature, knowledge can be defined as something that constitutes a belief, the truth of which is founded on the interactions of individuals with the world [START_REF] Nonaka | Organizational knowledge creation theory: Evolutionary paths and future advances[END_REF].

Knowledge is the complex set of various elements, such as experiences, information, values, norms and perceptions that originates within people [START_REF] Arfi | The significance of knowledge sharing platforms for open innovation success: A tale of two companies in the dairy industry[END_REF][START_REF] Davenport | How Organizations Manage What They Know[END_REF]. It is what can allow people and organizations to prepare, decide and perform a particular task or a problem [START_REF] Nonaka | Tacit knowledge and knowledge conversion: Controversy and advancement in organizational knowledge creation theory[END_REF].

In fact, knowledge constitutes a fundamental part in CIP methodologies (L. [START_REF] Zhang | Role of Lean Tools in Supporting Knowledge Creation and Performance in Lean Construction[END_REF]). Among other factors, the knowledge of people and how it is used and shaped, is considered to strongly impact the implementations of CIP methodologies [START_REF] Dombrowski | Knowledge management in lean production systems[END_REF]. Indeed, its management is seen as an asset that can really Contribution to the measurement and improvement of the performance of organizations toward an Industry 4.0 context contribute to enhance performance improvement in CIP implementations [START_REF] Ni | The relationship among organisational learning, continuous improvement and performance improvement: An evolutionary perspective[END_REF]. The amount of knowledge generated in people through practice, experience and continuous implementations is certainly something that is not to be neglected, it is worth analyzing, even if challenging [START_REF] Kamsu Foguem | Knowledge formalization in experience feedback processes: An ontology-based approach[END_REF].

Knowledge Management is not only relevant in CIP, it has been widely studied, with a remarkable increase of interest from academic researchers as well as practitioners over the last decades (M. R. [START_REF] Lee | Revealing research themes and trends in knowledge management: From 1995 to 2010[END_REF], in part thanks to the advancements in technology which enables data accessibility [START_REF] Sarka | Future research on information technology in knowledge management[END_REF]. It is a management approach that encompasses the mechanisms and processes through which the creation, sharing and re-utilization of knowledge is enabled [START_REF] Mårtensson | A critical review of knowledge management as a management tool[END_REF], in line with the achievement of organization goals [START_REF] Bolis | The workers role in knowledge management and sustainability policies[END_REF] and the sustainability of its competitive advantage [START_REF] Grimsdottir | MNEMO (Methodology for Knowledge Acquisition and Modelling): Definition of a Global Knowledge Management Approach Combining Knowledge Modelling Techniques[END_REF]. Being thus considered as strategic in the era of the knowledge economy, while aiming at creating value, developing intangible resources, and improving the competitiveness in organizations [START_REF] Patil | Methodological literature review of knowledge management research[END_REF].

Knowledge management is grounded on the organizational knowledge creation theory by [START_REF] Nonaka | The Knowledge-creating company: How japanese companies create the dynamics of innovation[END_REF]. It acknowledges that there is a difference on how knowledge was being seen and appreciated in the west and in the east. While in the former one, mostly what was appreciated as knowledge was the one already documented and represented by words and numbers (explicit). Instead, in the latter one, explicit knowledge, what is visible, only represents a small portion. It recognizes that the most valuable part is in fact not visible and not easy to understand, the tacit knowledge [START_REF] Nonaka | The knowledge-creating company[END_REF]. Hence, there are two complementary types of knowledge, the tacit and the explicit. And is therefore through its interaction that the process of knowledge creation is enabled [START_REF] Nonaka | SECI, Ba and Leadership: A Unified Model of Dynamic Knowledge Creation[END_REF].

In the theory it is stated that the creation of knowledge process in done through a four stages model: socialization, externalization, combination, and internalization. Which is known as the SECI model (see Figure 2-2). It expresses the knowledge creation or crystallization as a never-ending spiral that starts with the individual tacit knowledge (it represents the know-how, expertise and perceptions of people) that is subsequently transformed into explicit knowledge through conceptualization [START_REF] Konno | The mind of the scenario thinker[END_REF]. This

Performance: the concept, its continuous improvement, and the decisionmaking within it 23 knowledge is then shared among and across organizations, for ultimately being internalized by individuals, providing a greater understanding and then generating more tacit knowledge [START_REF] Nonaka | Tacit knowledge and knowledge conversion: Controversy and advancement in organizational knowledge creation theory[END_REF]. Knowledge management builds up on this theory, it is a strategic approach that is centered in supporting the knowledge creation process [START_REF] Matta | How to capitalize knowledge with the MASK method ?[END_REF]. It is focused on analyzing the organization knowledge as a resource, with the main objectives of knowledge capitalization (valorize the knowledge and preserve it), sharing (not only related to the knowledge circulation, but to reaching a collective intelligence) and creation (linked to the permanent innovation of organizations) [START_REF] Ermine | La gestion des connaissances[END_REF][START_REF] Kamsu Foguem | Knowledge formalization in experience feedback processes: An ontology-based approach[END_REF]. Therefore, within Knowledge Management, we will be particularly interested in knowledge capitalization, or in other words, the externalization of tacit knowledge into explicit.

Decision Support Systems

Knowledge Management is considered, among others (e.g., computer science, management science with MCDM, etc.), as a reference discipline on which the decision Contribution to the measurement and improvement of the performance of organizations toward an Industry 4.0 context support is grounded [START_REF] Eom | Reference Disciplines of Decision Support Systems[END_REF]. Knowledge Management has in fact a twofold impact on decision support, as on one hand, this approach, through the capitalization of knowledge, could help us understand the context on which our decisions will be taken and how they flow through the CIP process.

And also, on the other hand, it can help us for structuring, managing and reusing the knowledge needed for the effective decisions [START_REF] Burstein | Decision Support Through Knowledge Management[END_REF]. For which, ontologies are widely recognized [START_REF] Abecker | Ontologies for Knowledge Management[END_REF], especially in complex decision-making [START_REF] Delir Haghighi | Development and evaluation of ontology for intelligent decision support in medical emergency management for mass gatherings[END_REF]. As they are defined as explicit specification and representation of knowledge of a particular domain, containing classes, relationships, axioms and instances [START_REF] Meski | A generic knowledge management approach towards the development of a decision support system[END_REF].

Decision support is known as a continuous effort to support or help decision makers in making rational decisions [START_REF] Power | Analytics, bias, and evidence: the quest for rational decision making[END_REF], where Decision Support Systems (DSS)

surged since 1970's as a conjunction between decision-making and computer-based technology areas of research for ensuring decision-making [START_REF] Shim | Past, present, and future of decision support technology[END_REF]. DSS research has kept on evolving ever since, and with it our understanding and research dept on decision-making, which has been further complexified by the speed at which decision must be made in the current context [START_REF] Hosack | A look toward the future: Decision support systems research is alive and well[END_REF].

DSS are defined as computer-based systems created for aiding users in an interactive way in making effective decisions in dynamic and unstructured or semi-structured situations [START_REF] Kasie | Decision support systems in manufacturing: a survey and future trends[END_REF]. With the characteristic of simplifying the decision-making process for the decision makers while reducing the negative consequences of their information processing limitations, without the aim to replace but to enhance them [START_REF] Power | Decision Support Systems: Concepts and Resources for Managers[END_REF]. DSS are seen as an approach for supporting decision-making with the use of various techniques, among which are optimization models, case-based reasoning (CBR), (G. [START_REF] Zhang | Decision Making and Decision Support Systems[END_REF], MCDM, ontologies [START_REF] Souissi | PARS, a system combining semantic technologies with multiple criteria decision aiding for supporting antibiotic prescriptions[END_REF], etc. Whose usefulness keeps on increasing hand in hand with technology evolution [START_REF] Meski | A generic knowledge management approach towards the development of a decision support system[END_REF].

Therefore, for this thesis it is through the knowledge capitalization in Knowledge Management, by clarifying and formalizing the CIP process, that we will be able to comprehend the decision-making in CIP and what it implies. In order to understand and Performance: the concept, its continuous improvement, and the decisionmaking within it 25 identify the key areas where to support CIP managers and engineers through the proposal of a DSS. This with the objective of improving performance in organizations and thus contribute to reduce failed CIP implementations.

Conclusion

This chapter was focused on presenting and discussing the central concepts for this thesis, the Continuous Improvement of Performance (CIP) and the Performance. It has shown the importance and strategic nature of CIP in organizations for their performance improvement, since its origins dating from 1980's, until today through the various methodologies comprised within this umbrella term. Also, it was discussed how the understanding of performance has evolved from a single financial perspective towards a multifaceted one, and the importance of it for having a clearer picture of present and future organization's situation.

Moreover, throughout this chapter it was discussed how despite the great advances and widespread adoption of CIP in organizations, mostly in recent years, there are studies questioning its ability to sustain performance improvements over time, or even attain the promised goals. Thus, it was possible to discern the current issues that arise from the literature concerning CIP, starting with the absence of clarity on the process of CIP within organizations, following with an unstructured view of its performance indicators, and an urgent need to improve the decision-making for a more effective prioritization of improvement practices and tools, that would better impact on the desired performance indicators.

It was as well discussed what decision-making is and the different efforts made by scholars in order to support the decision-making in CIP for selecting improvement practices and tools, and also why they still fall short. Finally, there were presented two promising approaches, Knowledge Management and Decision Support System, that will help us in answering to the research questions of this thesis.

Unfolding the process of the Continuous Improvement of the Performance

As argued in the precedent sections of this thesis, CIP has a fundamental importance within organizations, it is at the heart of transformations seeking to improve the performance. Yet, CIP process is still quite enigmatic, despite its strategic role, with no overarching vision, heading organizations into a state of confusion, which might end up in non-sustained performance improvements or CIP implementations that do not achieve their promised improvement goals.

Therefore, this thesis chapter seeks to answer to our first research question (RQ1: How to clarify and model the process of Continuous Improvement of the performance in the organizations?), by proposing a comprehensive model of the process of CIP. As seen on Chapter 2, the aim of doing so is to provide practitioners and researchers with a better understanding and clarification of what the process of CIP is. But also, to identify where the decision-making occurs throughout the CIP process and what its critical points are, in order to be able to better propose a decision support through subsequent chapters of this thesis.

On this basis, the next section of this chapter introduces the interest on knowledge capitalization for knowledge externalization. Then, we dive into the description and implementation of our approach for knowledge capitalization. Next, the proposition of models of CIP process is presented and discussed.

Contribution to the measurement and improvement of the performance of organizations toward an Industry 4.0 context

Knowledge Capitalization: MASK method for structuring and modeling CIP process

Given the lack of formalization of the CIP process in the literature, and since the richness of knowledge is tacit in the experts' minds [START_REF] Dombrowski | Knowledge management in lean production systems[END_REF], and it is precisely the direct experience which is the most important and powerful source of knowledge [START_REF] Nonaka | The Knowledge-creating company: How japanese companies create the dynamics of innovation[END_REF]. Then, our objective is to explore and access experts' knowledge of CIP practitioners. In order to understand what CIP represents today in organizations, its strategic role, and to begin to see and analyze it for what it really is, a complete process and not just separate and disconnected pieces of it [START_REF] Antony | Lean Six Sigma: yesterday, today and tomorrow[END_REF].

For this reason, we seek to transform the unstructured tacit knowledge of CIP into something tangible and explicit. We therefore center ourselves for this chapter's contribution on Knowledge Capitalization, which in the knowledge creation process, is the process of externalizing the tacit knowledge into explicit one [START_REF] Fradi | Knowledge capitalization in mechatronic collaborative design[END_REF], as shown in blue in Figure 3-1.

Figure 3-1. Knowledge Capitalization: externalizing tacit into explicit knowledge (adapted from [START_REF] Nonaka | SECI, Ba and Leadership: A Unified Model of Dynamic Knowledge Creation[END_REF])

From an engineering perspective, there are two techniques for transforming tacit knowledge into explicit. The first, direct knowledge extraction, is focused on extracting knowledge from the activity of the organization (e.g., data mining). And the second, knowledge capitalization, for extracting knowledge from experts by interviews and then modelling it [START_REF] Matta | Knowledge Capitalization with a Knowledge Engineering Approach: The Mask Method[END_REF]. Considering the current absence of formalization of CIP process and the fact that the first technique requires a large amount of data [START_REF] Ermine | La gestion des connaissances[END_REF], we are interested in the valuable source of knowledge of the CIP domain experts.

Therefore, we opt for the second technique in order to capitalize or externalize the tacit knowledge from the experts into comprehensive models.

When referring to the methods for the capitalization of knowledge there are several ones established in the literature, namely, REX, MASK, CommonKADS, KOD [START_REF] El Amrani | Experimentation of MASK applied to formalize the design technique of ornamental patterns[END_REF], CYGMA, workshop FX, MEREX, and Componential framework [START_REF] Dieng | Méthodes et outils pour la gestion des connaissances: une approche pluridisciplinaire du knowledge management[END_REF]. These methods in general seek to provide multiple ways to capture and formalize the sources of knowledge within an organization, a process, or a job. However, they all differ in terms of the way knowledge is represented and organized, the tools that are used and where they are applied [START_REF] Dieng | Méthodes et outils pour la gestion des connaissances: une approche pluridisciplinaire du knowledge management[END_REF].

Perhaps some of the most known methods oriented to knowledge modeling are MASK, CommonKADS and KOD [START_REF] El Amrani | Experimentation of MASK applied to formalize the design technique of ornamental patterns[END_REF]; they can be characterized in either bottom-up (starts with obtaining verbal data, and based on it builds a knowledge model)

or top-down (it is a model-driven approach, it starts with the definition of models, then based on these models guides the knowledge acquisition) [START_REF] Chergui | IT Governance Knowledge: From Repositories to Artificial Intelligence Solutions[END_REF], being the top-down (CommonKADS and MASK) more generalizable and reusable [START_REF] Rasovska | A mix method of knowledge capitalization in maintenance[END_REF].

Particularly, MASK method allows for the knowledge acquisition and modelling to be developed at the same time, opposite to CommonKADS. For this reason, MASK is recognized to be more flexible than CommonKADS, and thus, to be more time efficient (Guaglianone & Matta, 2012). Therefore, from the different knowledge capitalization methods, and for the purpose of this chapter, MASK method is followed.
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The conjunction of MASK and KROM for knowledge capitalization

MASK (Method for Analysis and Structuring Knowledge) is a well-recognized method that has been developed with the aim of capitalizing the knowledge and subsequently sharing it [START_REF] Husain | Knowledge Management Systems : concepts, technologies and practices[END_REF]. It was born from the evolution of a line of methods, first MOISE (organizational method for expert systems engineering), and then, MKSM (Method for knowledge management) [START_REF] Ermine | MKSM, Méthode pour la gestion des connaissances[END_REF]. It has been constantly

improved through its multiple applications for now almost 30 years [START_REF] Aries | MASK : une méthode d'ingénierie des connaissances pour l'analyse et la structuration des connaissances[END_REF].

MASK is based on interviews to experts [START_REF] Matta | Knowledge Capitalization with a Knowledge Engineering Approach: The Mask Method[END_REF], where experts are understood as people who have accumulated a relevant amount of knowledge in a specific domain [START_REF] Oble | Intérêts et limites de l'analyse structurelle et de la méthode Delphi appliquées à l'étude de l'évolution des marchés alimentaires[END_REF]. MASK extracts their knowledge and interactively transforms this tacit knowledge into explicit with the help of formalization and expert validation by means of models [START_REF] Aries | MASK : une méthode d'ingénierie des connaissances pour l'analyse et la structuration des connaissances[END_REF]. Thus, MASK is both, a method for knowledge capitalization, and an ensemble of models that are proposed to be used.

Hence, given our motivation, we follow MASK method for developing the interview protocol. And as for the models to be used for formalizing the knowledge, as shown in KROM focuses on organizational modelling based on expert knowledge [START_REF] Girodon | KROM: An organizational Meta-Model oriented to knowledge: A case from Ophthalmic industry[END_REF]. By combining MASK and KROM we can clarify the knowledge on CIP in terms of its organizational structure, goals, missions and subprocesses. Further, also it allows us to zoom down to the level of activities and elicit the used and shared data that is needed for developing each of them [START_REF] Barrios | An organizational model to understand the creativity workshop[END_REF].

Thus, KROM allow us not only to better understand the strategic nature of CIP in the organizations, and also to formalize how this process is managed through the clarification of the subprocess and how they and its activities are connected. As depicted in Figure 3-3, KROM meta-model is composed of 4 models: organizational structure model, from which by iterative zooming into the elements, there are the process model and the activity model, and finally, the role model [START_REF] Monticolo | Approches organisationnelles pour la conception de systèmes multi-agents dédiés à la gestion des connaissances ; Application aux projets d ' ingénierie et d ' innovation Composition du jury[END_REF]. For the scope of Unfolding the process of the Continuous Improvement of the Performance 31 this thesis, we will be centered on the three first models, which are outlined in blue in Contribution to the measurement and improvement of the performance of organizations toward an Industry 4.0 context

MASK steps and KROM metamodel for knowledge capitalization

Therefore, with the purpose of answering to the thesis first research question and providing a clearer understanding and modelling the process of CIP, the following methodology is proposed (see Figure 34).

Figure 34. Methodology for knowledge capitalization from experts

The steps of MASK method as described in [START_REF] Ermine | Knowledge Management with the MASK method[END_REF] are followed: starting with the framing of the knowledge capitalization project by establishing the objectives and scope and clarifying what is needed for externalizing the knowledge. Followed by the identification of the profiles of the experts to be interviewed, for which, the selected experts come from the industry and specifically in the CIP domain. Also, different organizations and locations are privileged, as experts' diversity represents an important factor for taking into account different practices [START_REF] Nonaka | Tacit knowledge and knowledge conversion: Controversy and advancement in organizational knowledge creation theory[END_REF]. Then, the planning of the interviews is done, for which, a series of questions and a protocol of interview is established and subsequently tested for further improvement.

Afterwards, following our methodology, the actual interviews to the selected experts are developed by explaining the objective of the study and following the interview protocol.

For the next step, based on the collected experts' knowledge from the interviews, the knowledge modelling is done by means of KROM meta-model. Through it, the organizational, process and activity models are developed, for making it possible to clarify the CIP process, showing its goals, missions, subprocesses and the activities within them.

Subsequently, after developing the models, an important step to follow is to develop a second interview with the experts. In which the models are presented to the experts in order to have a discussion about the knowledge gathered in them and consequently have their validation on its accuracy or feedback for further improvement. Finally, the last stage of the methodology consists of making improvements to the models according to the feedback received from the experts. These two stages must be repeated as needed until there is no more knowledge to be added.

Methodology implementation

This subsection describes the implementation of the aforementioned methodology for knowledge capitalization as following:

I. Framing of the project:

In this first stage, which is decisive for the subsequent stages, the objective of the knowledge capitalization project was established. It was also clarified how this objective was to be achieved, as shown in Table 3-1. 

What

The domain of study is the process of CIP in the industry.

Who

The group of experts to interview are industry professionals with vast experience on CIP.

Where

The interviews are developed by videoconference due to the pandemic situation and for having access to a diverse group of experts.

When

Each interview is designed to last 1 hour. The total length of the process, including modeling and second round of interviews (experts' feedback on built models) is about 4 to 5 months.

How

A first interview with a defined protocol is done with the experts for gathering information. Following, after analyzing and structuring the information, a second round of interviews with experts is developed to validate the structured models and receive feedback for further improvement.

Why

Because there is a need for a clarification on CIP process, to externalize the tacit knowledge from leading experts into explicit, and therefore sharable knowledge. And through this to elucidate how to help experts in the decision making.

Through this clarification, it was possible to determine the scope and the models that are useful to achieve the objective of the knowledge capitalization project. We are interested in knowing which are the sub-processes and activities as well as the necessary information within them in order to correctly develop the CIP process.

Likewise, we are interested in being able to provide clarity on how these sub-processes are connected and contribute to the missions and objectives of CIP.

II. Identification of the profile of the experts:

Next, based on the framing of the project, the profile of the CIP experts to be interviewed for this knowledge capitalization was determined. In order to access adequate and highquality knowledge, it was decided that the profile of the experts to be interviewed should be the following: experts from the industry with a large amount of experience in CIP, working in high level positions in CIP in their organizations, and additionally those organizations to which the experts belong should have an important maturity in CIP methodologies.

Once the profile of the experts to be interviewed was defined, the selection process was carried out. For this purpose, the social network LinkedIn was used, in which a communication campaign was carried out, along with a screening of people's profiles, which were subsequently contacted by mail. For which, the person's position, their experience in CIP and the company's profile (large companies with a mature CIP mindset) were considered.

In total, from the effective responses, the pool of CIP experts to be interviewed was composed of 5 people, all from manufacturing sector and most from different contexts.

Then, a characterization of the 5 experts was done, see Table 3-2 for the summarized information (the detailed description is accessible in Appendix C). 

III. Planning the first interviews with experts:

In the third stage, based on the framing of the knowledge capitalization project, as well as the chosen models, the interview protocol was designed with its respective questions.

For this, an iterative approach was followed, in which, each question was defined along with its objective (to understand CIP's importance and identify its missions and goals, as well as to understand the expert role and identify its missions, processes and details of the activities). The complete set of questions and objectives (see Appendix A) was reviewed with the supervisors of this thesis and subsequently improved according to the received feedback.

Once this iterative process was completed, we proceeded to test the protocol in two stages. The first consisted of a mock interview with one of the supervisors, who has more than 20 years of experience in the field and also has an LSS BB certification. And finally, as a second stage, the complete interview protocol was explained and discussed with an external researcher for evaluating the understanding of the questions. The Contribution to the measurement and improvement of the performance of organizations toward an Industry 4.0 context objective of these tests was to further improve the interview protocol. The final version consisted of a set of 8 questions in three languages, English, Spanish and French (see Appendix A). Also, a consent for participation in the research interview was done and sent to the interviewees before the interview.

IV. Interviews with experts:

Subsequently, interviews were conducted with the 5 CIP experts via Microsoft Teams.

Before proceeding with the interview questions of the protocol, a brief description of the study's objective was given. These interviews were conducted in the 3 languages and, with the consent of the experts, were recorded. In addition to the recordings, notes were taken throughout the interviews. Each interview lasted approximately 1 hour, except for the interview with expert #3, which was completed at a later date (see Appendix A).

V. Knowledge modelling:

After each interview, transcriptions of the interview recordings were made. Each of the interview transcripts were coded in Microsoft Word using different colors to identify the different parts of the models to which they corresponded. After this, the analysis and grouping of the coding of the interviews together with the notes taken during the interviews was done in Google Sheets. Based on this, the development of the knowledge modeling began; this was a process of iterative improvement, in which the knowledge in the tables was reanalyzed and the models were continuously adjusted until a stable version for the organizational and process models was obtained. The models begun to be developed from the first interview and were improved with the knowledge of subsequent experts.

VI. Second interview with experts -feedback:

The two last stages of this methodology are intended for validating with the experts that all the relevant knowledge is being capitalized and that we are not omitting any important part. For this means, a second round of interviews with the experts was conducted, in which the models were presented and explained to the experts. In these, as suggested by MASK method, the aim is to obtain feedback and validation of the models by the experts, which process is considered sufficient when there is nothing more to add to the models, in our case, two experts were needed for this means. The first of these second interviews was at the beginning of the process with the first expert, in order to validate the early stages of the models; and the other one was at the end of the process with the fourth expert, after capitalizing the knowledge from all of the experts and consolidating them into one set of unified and comprehensive models.

VII. Improvement of models based on received feedback:

It was evidenced through the second interviews with experts 1 and 4 that there was no further knowledge to be added or corrected. It was possible to observe that besides the particularities of the context of each expert, their knowledge on the subject of study was consistent. It was observed that the experts shared the same vision on CIP, and through the process even some of their answers were very similar, meaning in this way that good quality and pertinent knowledge was captured and externalized by this knowledge capitalization approach.

The process of CIP: model proposition

As a result of the implementation of the previously described methodology, the formalization of knowledge was carried out with its modeling from the point of view of the experts in CIP. After the validation of the formalized knowledge by the experts, the developed models were further refined in order to make them easier to read and understand. Through these models, which will be presented and described in this section, the goals, the missions as well as the five sub-processes of the general process of CIP are proposed. Additionally, based on the process models, the activity models were developed (available in Appendix B), which helped us to further understand the decision-making through the CIP process.

Organizational structure model

The organizational structure model in The CIP organizational structure model is designed for showing the three principal missions of CIP: 1. To give support to process improvements, 2. To guide the establishment of performance indicators, and 3. To maintain a high level of performance.

Among which, the first mission contributes to both, the first goal (to excel from the competition) as well as to the second goal (to quickly adapt to customers' expectations).

For doing so, this first mission relies on two subprocesses of CIP: subprocess number 2, to support problem resolution; and subprocess number 5, to follow-up and report performance indicators.

Furthermore, the second mission of CIP contributes to the second goal (to quickly adapt to customers' expectations) and relies at the same time on subprocess number 1 (to support performance strategy). And last but not least, CIP third mission is contributing to the third goal (to allow the company to sustain itself over time). For which, this mission relies on the following 3 subprocesses: subprocess 5 (to follow-up and report performance indicators), subprocess 3 (to train and coach) and subprocess 4 (to measure performance indicators). All these five subprocesses, enclosed by the dotted rectangle, constitute the complete CIP process.

Thanks to the previous proposed model, it becomes possible to see the extent of CIP within the organizations, showing in this way how it is fully connected to the organization's strategy. This is particularly important as it has been noted before, the lack of alignment with the organization strategy represents one of the failure reasons in CIP implementations.

Process model

Based on the knowledge from the interviews, the formalization of the complete process of CIP with its subprocesses and activities is done by means of the process model proposed by KROM meta-model, which is based on SADT/IDEF0 modeling language [START_REF] Iso | Information technology -Modeling Languages -Part 1: Syntax and Semantics for IDEF0[END_REF][START_REF] Jaulent | SADT: Un langage pour communiquer[END_REF]. It is a hierarchical representation of diagrams representing the process, which starts with the A-0 diagram. Diagram A-0 (see From the models it is also worth highlight the great relevance of A1 (to support performance strategy) and A2 (to support problem resolution), as they both have an important role in contributing to all the three outputs of the process. These two also receive all the external controls of the process, from which it is worth noting that the control c2 arrives to both A1 and A2. Showing in this way the impact of these 2 subprocesses in the transformation of the organization's goals and resources into performance improvements (see Figure 3-7 highlighted in blue).

Subprocess A1: To support performance strategy

The first subprocess, to support performance strategy, is further detailed in Figure 345678.

This subprocess supports the fulfillment of the mission 2, to guide the establishment of performance indicators. In this diagram, A1, we can observe that this subprocess is composed of 4 activities and generates 5 outputs. For achieving so, it starts by supporting the definition of the vision and mission of the organization based on its general goals. Afterwards, based on them, it supports the identification of the performance indicators and the corresponding target levels, by following a top-down approach. Then, the dashboard in which these performance indicators are going to be reported is structured, and also it is determined the CIP yearly strategy, comprising the training programs and improvement projects and their schedule. 

Subprocess A4: To measure performance indicators

The fourth subprocess (to measure performance indicators), along with subprocesses A3 and A5, support the achievement of mission 3 (to maintain a high level of performance). Subprocess A4 is depicted in Figure 3-10. In this diagram it can be observed the 3 activities constituting this subprocess, as well as its output. This subprocess depends on the defined set of performance indicators, the culture and process data. First, it gathers the process data, then the data is entered to the system (manually or automatically). Finally, it calculates the performance indicator measures. Finally, a shared opinion among the interviewed experts is that CIP is fundamental for organizations seeking to be adaptable and competitive, which is key in this highly changing current environment. It is an essential part, no matter under which specific methodology it is implemented (e.g.: Lean, Six Sigma, Lean Six Sigma, Total Quality Management, etc.), or the way it is represented in the companies (a whole department, a group of experts, a shared philosophy with each process owner empowered), but it should be always present, and with no doubt it is worth studying and analyzing how to improve it.

Conclusion

This chapter sought to answer to the first research question of this thesis (RQ1: How to clarify and model the process of Continuous Improvement of the performance in the organizations?). To this end and given that the knowledge in this domain is still quite tacit and informal, we opted for a Knowledge Capitalization approach, by following the MASK method, and thus formalizing the knowledge from the experts through the models proposed by KROM meta-model.

This chapter provided as contributions, the organizational structure model and process model for CIP. The former shows the goals, missions and subprocesses that constitute the process of CIP. And the latter provides a comprehensive view of how these subprocesses and the activities within them are connected to each other. Highlighting the need for and importance of looking at CIP as a complete and complex process, instead of isolated activities. With the proposed models, we seek to provide more clarity on the CIP process. These could help academics and practitioners to have a better understanding and management of CIP, as they could serve as a guide for CIP implementations.

Furthermore, the development of the process models and subsequently the activity models (Appendix B) helped us to understand and formalize the CIP process. In doing so, it was possible to identify where the key decision-making occurs: subprocess A1 (to support performance strategy) and A2 (to support problem resolution), with the corresponding activities. On top of that, the identification of performance indicators, and the assertive selection of improvement practices and tools for maximizing its impact on the performance have been identifies as critical points that seem to rely significantly on the experience and intuition of CIP experts.

Consequently, Chapter 4 will focus precisely on analyzing and offering a comprehensive view of performance indicators. And in Chapter 5, based on the subprocess, activities and critical points for decision-making identified in CIP process in this chapter, along with the contribution of Chapter 4, a decision support will be proposed to help managers and CIP engineers to make better decisions to improve performance more effectively. is the reason of our focus on them with this thesis.

Consequently, this chapter focuses on identifying what are the performance indicators from the literature and then provides a comprehensive understanding built on the analysis of the influence interrelationships among them. Here it is proposed a novel approach to select and prioritize performance indicators depending on whether they are influencing or being influenced by others, thereby assisting in the decision-making process for improving overall performance. Thus, answering in this way to our second research question (RQ2: How to identify and define the most relevant indicators that will allow to measure and follow-up the performance?).

For this means and given that CIP works as an umbrella term encompassing different methodologies, each of them having their own principles that may delimit their specific Contribution to the measurement and improvement of the performance of organizations toward an Industry 4.0 context performance indicators. Thus, it becomes important to focus on one CIP methodology.

Lean Manufacturing was selected as it is recognized as the most widely adopted one.

This CIP methodology is introduced in the first section of this chapter. Next, an approach combining literature review and multi-criteria analysis is proposed and applied. Then, for validating the robustness of the analysis, a concordance assessment and a sensitivity analysis are performed. Finally, the contributions of this chapter are discussed.

Diving into one of CIP's most representative methodologies: Lean Manufacturing

We focused on Lean Manufacturing since it stands out among the most recognized, studied and widely adopted around the world [START_REF] Dieste | The relationship between lean and environmental performance: Practices and measures[END_REF]. This in no case with the intention to restrict the results, but to be able to exemplify, as the proposed approach in this chapter can be applicable to any of the CIP methodologies and in diverse sectors.

Lean Manufacturing (initially known as Toyota Production System) originated at Toyota

Motor Company [START_REF] Ohno | Toyota production system: beyond large-scale production[END_REF]. It started to be worldwide known as Lean (Lean Manufacturing or Lean Production) after the influential publication of [START_REF] Krafcik | Triumph of the lean production system[END_REF], in which he referred to it as a lean production capable of having high flexibility and low inventories while maintaining high quality levels.

Lean is a methodology that is based on a series of principles, practices and tools for achieving a continuous improvement to performance [START_REF] Čiarnienė | How to Facilitate Implementation of Lean Concept[END_REF].

Among the diverse publications on Lean, the ones from Liker stand out [START_REF] Stone | Four decades of lean: a systematic literature review[END_REF] by providing an integrative understanding [START_REF] Bhasin | Lean viewed as a philosophy[END_REF]. In his book The Toyota Way, [START_REF] Liker | The Toyota way: 14 management principles from the world's greatest manufacturer[END_REF] captured the nature of Lean as a result of 20 years of studying Toyota by denoting not only its principles, but also the practices and tools constituting it. He states that most efforts to implement Lean remain superficial because it is often seen exclusively as a goal, and not as a process in which it is necessary to change the way of thinking (in line with the importance of the contribution of Chapter 3).

The main purpose of Lean is to improve the time to provide products and services to customers, while at the same time lowering costs for the organization (Bhamu & Developing a systemic understanding of performance indicators in CIP based on their influence interrelationships 51 Sangwan, 2014) by analyzing the value in the process and eliminating the waste (all nonvalue-added activities that are not essential) in it [START_REF] Antony | Lean Six Sigma: yesterday, today and tomorrow[END_REF]. The expected benefits after its implementation range from qualitative to quantitative, including: lower costs, improved quality, reductions in lead time, processing time and cycle time, lower inventory levels, better morale among workers, better safety levels in the production, and empowerment of teams [START_REF] Bhamu | Lean manufacturing: Literature review and research issues[END_REF][START_REF] Liker | The Toyota way in services: the case of Lean product development[END_REF].

But despite the various studies mentioning the expected benefits of Lean, there are still issues not sufficiently addressed, which leads to numerous failed implementations (as discussed in Chapter 2). Authors, like [START_REF] Psomas | Research gaps in Lean manufacturing: a systematic literature review[END_REF], state that research on Lean is fragmented, and elucidate that research on performance is among its most important research gaps. There is currently a need for studies focused on performance measurement and its indicators [START_REF] Bhamu | Lean manufacturing: Literature review and research issues[END_REF]. Although there are studies such as those of [START_REF] Gonçalves | Does lean practices implementation impact on company performance? A meta-analytical research[END_REF] and [START_REF] Saini | Impact of implementing lean practices on firm performance: a study of Northern India SMEs[END_REF], which focus on analyzing the possible impact on organization performance after implementing Lean practices, they still fail to analyze the importance of performance indicators nor take into account their possible interrelationships and influences.

A combined literature review and DEMATEL method approach

Nowadays, organizations operate in a complex and uncertain environment, but in spite of this, the analysis of their performance indicators does not correspond to this reality.

Notwithstanding the great interest among practitioners and researchers in CIP and particularly in Lean, there is still a lack of a shared view and understanding of its performance indicators, which is in fact paradoxical as the main motivation for its implementation is a promised improvement in performance.

Thus, we have in one hand, an absence of a comprehensive view of performance, without which, it becomes uncertain to measure the right indicators, and therefore to make assertive decisions. And, on the other hand, a need to rationalize time and Contribution to the measurement and improvement of the performance of organizations toward an Industry 4.0 context resources, for which, it is important to be able to analyze the indicators that might exert the most influence, and thereby determine which indicators warrant action implementation in order to have the greatest impact on improving the system. Therefore, it becomes important and necessary to move from the unstructured and isolated view in which we analyze performance indicators, to a systemic one, in which we understand the performance indicators as a complete system with influence interrelations among them. And hence, have a better understanding and analysis that will further contribute to the decision making.

Consequently, this chapter seeks to contribute to helping academics and practitioners by identifying the performance indicators and exploring the interrelationships of influence between, in order to identify the most relevant ones for performance improvement. Therefore, a methodology comprising three stages is proposed, as shown in Figure 4-1. Each of the stages are described as follows: the article of [START_REF] Krafcik | Triumph of the lean production system[END_REF], and the book of [START_REF] Liker | The Toyota way: 14 management principles from the world's greatest manufacturer[END_REF].

As a third step, the search strategy is defined by delimitating the search terms used in 

Performance Indicator Cause-Effect Analysis Supported by DEMATEL

In this second stage of the proposed methodology, the analysis of the cause and effect of the set of performance indicators is done through the analysis of the influence interrelations among them. Thus, we propose to base the assessment of these interrelations on the Decision-Making Trial and Evaluation Laboratory (DEMATEL), an MCDM method developed in the 1970s by [START_REF] Fontela | The DEMATEL observer[END_REF], as this is a method that evidences the direction and level of influence among criteria.

DEMATEL, widely adopted in decision-making, is a method based on graph theory [START_REF] Huang | Reconfiguring the innovation policy portfolios for Taiwan's SIP Mall industry[END_REF], it allows to identify and understand causal relationship among criteria by categorizing them into cause and effect groups and by bringing out the direct and indirect interrelationships within the system (Seyed-Hosseini et al., 2006; W.-W. [START_REF] Wu | Choosing knowledge management strategies by using a combined ANP and DEMATEL approach[END_REF]. DEMATEL through its simple application identifies cause-effect interrelationships and influence level of components in a system (Y. C. [START_REF] Lee | Analysis of adopting an integrated decision making trial and evaluation laboratory on a technology acceptance model[END_REF] while providing a visualization through an influence map that can help in solving real complex problems by eliciting its most important factors [START_REF] Susanty | Exploring the best policy scenario plan for the dairy supply chain: a DEMATEL approach[END_REF]. Making it, as [START_REF] Si | DEMATEL Technique: A Systematic Review of the State-of-the-Art Literature on Methodologies and Applications[END_REF] point out, a promising method that provides insights for decision-making in complex systems.
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For the purpose of this study, DEMATEL stands out as the most suitable MCDM method to be used. Other commonly-utilized MCDM methods, such as MAUT (multi-attribute utility theory) and AHP (analytics hierarchy process) [START_REF] Velasquez | An analysis of multi-criteria decision making methods[END_REF]) make the assumption that the analyzed criteria are mutually independent neglecting any possible interrelations between them [START_REF] Tan | Using DEMATEL and the smartphone as a case study to investigate how consumers evaluate many features of a product collectively[END_REF][START_REF] Tzeng | Evaluating intertwined effects in elearning programs: a novel hybrid MCDM model based on factor analysis and DEMATEL[END_REF], something that is the core of the DEMATEL method.

In addition, DEMATEL differs from other methods that explore criteria interactions, as explained by [START_REF] Gölcük | An analysis of DEMATEL approaches for criteria interaction handling within ANP[END_REF], these methods are grouped in two main families, one focused on studying criteria dependency, and the other on exploring their interaction. In the first one we find the Analytical Network Process (ANP) [START_REF] Saaty | NoDecision making with dependence and feed back, The analytic network process[END_REF], which is a well-known method that seeks for structural dependency but not for causal dependency; moreover, it requires an a priori hierarchical structure of criteria.

Regarding the second family, it analyzes the interactivity of criteria, which, in methodological and philosophical terms, differs from criteria dependence (here the word interactive is associated with the concept of togetherness). The Choquet [START_REF] Choquet | Theory of capacities[END_REF] and Sugeno integrals [START_REF] Sugeno | Theory of fuzzy integrals and its applications[END_REF] belong to this family [START_REF] Grabisch | A decade of application of the Choquet and Sugeno integrals in multi-criteria decision aid[END_REF]. Lastly, an important feature of the fuzzy measures is that they assign degrees of importance not only to criteria but also to the coalition of criteria, making these methods insightful and more sophisticated, but its diffusion is limited due to their complexity of application.

Literature concerning DEMATEL applications in Lean includes studies like the one by [START_REF] Azadeh | Leanness assessment and optimization by fuzzy cognitive map and multivariate analysis[END_REF], whose focus was on assessing leanness degree in an Iranian packing and printing enterprise. They established different criteria of Leanness and, among other steps, evaluated the degree of impact among them based on the DEMATEL method. Also, there is the study by [START_REF] Seleem | Managing performance improvement initiatives using DEMATEL method with application case study[END_REF], in which, by means of DEMATEL, the Theory of Constraints and the Balanced scorecard, they proposed an approach for prioritizing improvement initiatives or projects to be implemented (previously proposed based on a root cause analysis).

There is also the study of [START_REF] Sharma | Empirical assessment of the causal relationships among lean criteria using DEMATEL method[END_REF], which proposes the use of DEMATEL in a case study of an Indian manufacturing company. They sought to prioritize a defined Contribution to the measurement and improvement of the performance of organizations toward an Industry 4.0 context group of tools for implementing Lean Manufacturing. Lastly, [START_REF] Wu | A DEMATEL method to evaluate the causal relations among the criteria in auto spare parts industry[END_REF] implemented DEMATEL in order to determine the causal relationships between dimensions and criteria for supplier selection. The criteria were gathered from a nonexhaustive literature review and the opinions of experts from Taiwan. They only analyzed influence between the 7 major dimensions and among the criteria inside each dimension and did not analyze the possible interrelationships between the criteria across dimensions. All these studies are very valuable and interesting and through them it is possible to see the applicability of DEMATEL. As yet, however, none of them has addressed performance indicators and the influences among them and across different dimensions or facets of performance.

Therefore, we propose to apply the DEMATEL method in order to analyze the possible interrelations of influence and dependency between the performance indicators previously identified in the first stage. DEMATEL is a method that is based on the evaluation from experts and comprises a series of steps, which are described as follows:

•

Step 1: Calculate direct influence matrix

The first step of DEMATEL method is to calculate the direct influence matrix 𝐷. This is done by making a peer-to-peer influence evaluation of each of the criteria (performance indicators in our case) on the others by experts on the analyzed subject. This evaluation has to be done in both directions, meaning that the influence (on a scale from 0 to 4, with 0 representing no influence and 4 representing a very high influence [START_REF] Chiu | Marketing strategy based on customer behaviour for the LCD-TV[END_REF])) of performance indicator 𝐼𝑛𝑑 1 on performance indicator 𝐼𝑛𝑑 2 , and the influence of performance indicator 𝐼𝑛𝑑 2 on performance indicator 𝐼𝑛𝑑 1 have to be assessed. The influence is understood as the fact that a change in a performance indicator causes a change in another one [START_REF] Cardenas-Cristancho | Toward a holistic understanding of performance in Lean Manufacturing: a discussion on the relevance of its indicators[END_REF]. This is represented in a 𝑛 𝑥 𝑛 matrix 𝐷 with the performance indicators on the rows influencing the ones on the columns, in which its diagonal elements are equal to zero.

• Step 2: Normalize direct influence matrix

In this step, matrix 𝑁 is obtained by normalizing previously obtained matrix 𝐷. As shown in (1), this is done by finding the maximum value between the sum of columns and the And finally, in a third level by 𝐼𝑛𝑑 8 . This is precisely what is represented in the total influence matrix 𝑇, the direct and all the different levels of indirect influence. Therefore, matrix 𝑇 is obtained, as seen in equation ( 2), by doing the sum of the 𝑘 powers of matrix 𝑁, each power representing each of the levels of indirect influence.

𝑇 = ∑ 𝑁 𝑘 ∞ 𝑘=1 = 𝑁 + 𝑁 2 + 𝑁 3 + ⋯ + 𝑁 𝑘 (2)
As matrix 𝑁 is a normalized matrix, a continuous decrease on the values in matrix 𝑁 along with its powers is observed, and then 𝑙𝑖𝑚 𝑘→∞ 𝑁 𝑘 = [0]. And since the resultant of multiplying a matrix by its identity 𝐼, is itself. Then, we can have the following development of equation ( 2) for obtaining equation (3) as follows [START_REF] Azadeh | Leanness assessment and optimization by fuzzy cognitive map and multivariate analysis[END_REF][START_REF] Tan | Using DEMATEL and the smartphone as a case study to investigate how consumers evaluate many features of a product collectively[END_REF]:

𝑇 = 𝑁 + 𝑁 2 + 𝑁 3 + ⋯ + 𝑁 𝑘 = 𝑁(𝐼 + 𝑁 + 𝑁 2 + 𝑁 3 + ⋯ + 𝑁 𝑘-1 ) = 𝑁(𝐼 -𝑁) -1 (𝐼 -𝑁)(𝐼 + 𝑁 + 𝑁 2 + 𝑁 3 + ⋯ + 𝑁 𝑘-1 ) = 𝑁(𝐼 -𝑁) -1 (𝐼 -𝑁 𝑘 ) ; 𝑙𝑖𝑚 𝑘→∞ 𝑁 𝑘 = [0] = 𝑁(𝐼 -𝑁) -1 (3)
Therefore, the elements (𝑖, 𝑗) of the matrix 𝑇, total influence matrix, denote the totality of the direct and indirect influences [START_REF] Li | Identification of a threshold value for the DEMATEL method using the maximum mean de-entropy algorithm to find critical services provided by a semiconductor intellectual property mall[END_REF] received or given by an element, depending on whether the matrix is being read from columns to rows, or from rows to columns.

A direct influence refers to the influences initially assessed by experts. Whereas a total influence comprises the direct influence as well as the different levels of indirect influence obtained by computing matrix T.
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• Step 4: Calculate degree and direction of influence

As the last step of DEMATEL method, for each one of the elements in matrix 𝑇, the sum of the row 𝑟 𝑖 and the sum of the column 𝑐 𝑖 is calculated. Where 𝑟 𝑖 denotes the direct and indirect influences given by element ⅈ to all the other elements in the system, and 𝑐 𝑖 is the sum of influences received from all the other element ⅈ [START_REF] Huang | Reconfiguring the innovation policy portfolios for Taiwan's SIP Mall industry[END_REF]. With this, the degree of the influence per indicator 𝑟 𝑖 + 𝑐 𝑖 and the direction of the influence 𝑟 𝑖 -𝑐 𝑖 are computed. 𝑟 𝑖 + 𝑐 𝑖 represents the importance of element ⅈ regarding the links (number and value) of influence relationships with the other elements of the system.

And 𝑟 𝑖 -𝑐 𝑖 determines whether element ⅈ is categorized as a causal or influenced element: if positive, ⅈ is predominantly a causal element; if negative, it is mainly an influenced one [START_REF] Azadeh | Leanness assessment and optimization by fuzzy cognitive map and multivariate analysis[END_REF].

Validation of robustness of analysis

As DEMATEL is a method based on the assessment of criteria done by experts, one important limitation is the degree of consistency of their evaluations [START_REF] Kumar | An analysis of barriers affecting the implementation of ewaste management practices in India: a novel ISM-DEMATEL approach[END_REF][START_REF] Singh | Analyzing barriers of Green Lean practices in manufacturing industries by DEMATEL approach[END_REF]. Therefore, to seek to overcome this limitation, it is proposed as a third phase of the methodology, to perform the validation of the robustness of the DEMATEL analysis. This is done by two steps, the first is the application of the Kendall's concordance and correlation coefficients, following by a sensitivity analysis.

Kendall's concordance and correlation coefficients [START_REF] Kendall | The Problem of m Rankings[END_REF] are statistical coefficients used for determining the conformity or reliability of experts'

evaluations by evaluating the relative differences between experts' ratings [START_REF] Sheskin | Handbook of Parametric and Nonparametric Statistical Procedures[END_REF][START_REF] Silvério | A roadmap for a leanness company to emerge as a true lean organization[END_REF]. Through these, we seek to validate the direct influence evaluation carried out in the first step of DEMATEL method by taking an aleatory sample of the evaluations and assessing them with four external experts. As denoted by [START_REF] Duleba | Sustainable urban transport development with stakeholder participation, an AHP-Kendall model: a case study for Mersin[END_REF], the results of the coefficients range from 0 (no agreement) to 100% (perfect agreement), where a strong agreement is defined by a result over 60%. Besides the aforementioned study, there are other examples found in the literature, in which an approach combining MCDM and Kendall's coefficient is applied in diverse case organizations toward an Industry 4.0 context scenarios, such as plants in the supply chain [START_REF] Susanty | Exploring the best policy scenario plan for the dairy supply chain: a DEMATEL approach[END_REF] and industrial robot [START_REF] Athawale | A comparative study on the ranking performance of some multi-criteria decision-making methods for industrial robot selection[END_REF] and medical device selection [START_REF] Ivlev | Multi-criteria decision analysis for supporting the selection of medical devices under uncertainty[END_REF].

There are various indices or coefficients to evaluate the interrater agreement and reliability, namely, Cohen's kappa, Fleiss kappa, weighted kappa, Kendall's coefficient of concordance, intraclass correlation coefficient (ICC) and Bland-Altman plots. Given that we are precisely interested in evaluating the concordance among raters with an ordinal level of measurement, then the only adequate ones are weighted kappa, ICC and Kendall's coefficients. Among those, only Kendall's coefficients and ICC are adapted for more than 2 raters [START_REF] Gisev | Interrater agreement and interrater reliability: Key concepts, approaches, and applications[END_REF]. Additionally, as we are interested in analyzing the relative difference between the influences, we found pertinent to apply Kendall's coefficients as this is its purpose, opposite to ICC, which is focused on the absolute difference [START_REF] Sheskin | Handbook of Parametric and Nonparametric Statistical Procedures[END_REF].

Finally, this stage ends with a sensitivity analysis that is performed in order to validate the robustness of the results from DEMATEL (S. Khan et al., 2019). This can be done by changing some of the values given to the peer-to-peer evaluations of some criteria, while keeping the others constant, as it is shown in [START_REF] Govindan | Intuitionistic fuzzy based DEMATEL method for developing green practices and performances in a green supply chain[END_REF] and [START_REF] Seyed-Hosseini | Reprioritization of failures in a system failure mode and effects analysis by decision making trial and evaluation laboratory technique[END_REF]. The sensitivity analysis thus is developed in order to appreciate the changes in the cause and effect relationships, and thus in the indexes of intensity and direction of influence [START_REF] Kumar | An analysis of barriers affecting the implementation of ewaste management practices in India: a novel ISM-DEMATEL approach[END_REF].

Identifying and structuring performance indicators based on their influence interrelationships

Performance Indicator Identification

By following the steps of the first stage described in the methodology section, with the stablished literature review protocol (Table 4-1) an initial set of 88 journal articles were found. After doing a screening for eliminating the repeated studies from the two databases, a total of 68 journal articles was preselected. Following the methodology, an exclusion and inclusion criteria was applied, all articles that did not make reference to Developing a systemic understanding of performance indicators in CIP based on their influence interrelationships 61 any performance indicator and were not related to the manufacturing sector were excluded. Also, a preliminary review by title and abstract was performed to consider only articles that were centered on the subject. Finally, a total of 32 articles were selected.

Subsequently, upon review, the performance indicators described or mentioned in these studies were gathered. This resulted in a preliminary list of 60 performance indicators (shown in Appendix D). On this basis, it is important to highlight the great diversity and number of performance indicators among the different studies. This variety can also be seen in the fact that in some studies a large number are found, while in others it might only be one. Subsequently, through further analysis, it was evidenced, in one hand, that some of those performance indicators were in fact redundant, as they appeared under different names but the meaning or the purpose given in the articles was ultimately the same. And on the other hand, some of them seemed to share similarities. They were therefore grouped together, resulting in the identification of 19 performance families with a final set of 50 performance (see Appendix E). Table 4-2 shows the families of performance indicators and the corresponding scientific publications from which they were gathered, and families. Lastly, it can also be observer that in the last 5 years, the presence of different families of performance has diversified. This goes in hand with what was discussed in Chapter 2, the transformation over time of the multiple facets of performance, which might be indicating a change in the context, and the need to study it.

Table 4-3 shows the final set of the 50 performance indicators gathered from the literature review and analysis. For which, based on the reviewed scientific publications and this author and the codirector's knowledge, the definition of each of them is provided below. These definitions, along with their objectives (to be maximized, to be minimized or to maintain at a target), are presented grouped according to their families.

information is summarized and presented in Appendix E. The first performance indicator, "effectiveness," can be defined as the comparison of the output of a production process against a target [START_REF] Karim | A methodology for effective implementation of lean strategies and its performance evaluation in manufacturing organizations[END_REF][START_REF] Zammori | Fuzzy Overall Equipment Effectiveness (FOEE): capturing performance fluctuations through LR Fuzzy numbers[END_REF] and thus, its objective is to be maximized for attaining the target level.

Following, there are seven indicators related to productivity. The first, "efficiency,"

compares the output of a process or a machine, against the utilized resources in a given period [START_REF] Karim | A methodology for effective implementation of lean strategies and its performance evaluation in manufacturing organizations[END_REF][START_REF] Zammori | Fuzzy Overall Equipment Effectiveness (FOEE): capturing performance fluctuations through LR Fuzzy numbers[END_REF], the greater its value, the better.

Then, "labor downtime" and "equipment downtime," for both of which the objective is to be minimized. They refer to the idle time of the resources (employees, machines, etc.) during working hours [START_REF] Cortes | Strategic Lean Contribution to the measurement and improvement of the performance of organizations toward an Industry 4.0 context Management: Integration of operational Performance Indicators for strategic Lean management[END_REF]. Next, the "number of NVA motions" is an indicator to be minimized, as it represents all the movements that do not add value to the product or the production process. Additionally, a performance indicator that we seek to maximize, the "value-added ratio," represents the comparison between the sum of the total value-added time and the lead time [START_REF] Liker | The Toyota way: 14 management principles from the world's greatest manufacturer[END_REF]. For "capacity utilization"

and "uptime," the objective is also to be maximized. They represent the utilization rate of manpower and machines and the ratio between the real effective working hours and the planned working hours, respectively [START_REF] Maasouman | Development of a lean maturity model for operational level planning[END_REF].

Next, there are two performance indicators relating to the cost of the plant and their objective is to be minimized. They are "unit cost of manufacturing," which refers to the Developing a systemic understanding of performance indicators in CIP based on their influence interrelationships 65 cost of manufacturing one good unit of final product, and "rework cost," which is the cost in material and in labor for reworking defective products. Following, there are eight indicators related to quality, for four of which the objective is to be minimized. They are AOQL, number of Andon per department per cause, defect rate and scrap rate. "AOQL" stands for the average outgoing quality limit of the production process. The "number of Andons per department per cause" refers to the number of Andon (quality or process problem notification) pulls to stop the production line due to quality problems. This indicator must be monitored by each department and per specific cause [START_REF] Liker | The Toyota way: 14 management principles from the world's greatest manufacturer[END_REF].

"Defect rate" represents the percentage of quality problems that occur throughout the production process and "scrap rate" is the ratio between the scrap in the process (considering all the products that are not acceptable for the customer, and defects in handling and transformation) and the total units produced [START_REF] Cortes | Strategic Lean Contribution to the measurement and improvement of the performance of organizations toward an Industry 4.0 context Management: Integration of operational Performance Indicators for strategic Lean management[END_REF]. Next, four performance indicators were identified that are to be maximized: FPY, customer satisfaction, delivery and process capability index. "FPY", the first pass yield, represents the percentage of products that go through the production process the first time with no defects [START_REF] Liker | The Toyota way: 14 management principles from the world's greatest manufacturer[END_REF]. Then, "customer satisfaction," refers to the service level of the degree of fulfilling the customer expectation by providing good-quality products at the needed time. "Delivery" represents the percentage of on-time delivery of good-quality products. Lastly, "process capability index" measures the ability of the production process to meet determined product characteristics [START_REF] Pearn | New generalization of process capability index Cpk New generalization of process capability index Cpk[END_REF][START_REF] Perakis | A process capability index that is based on the proportion of conformance[END_REF].

One performance indicator denoting flexibility is "manufacturing lot size." It is the quantity of products constituting a manufacturing batch and the lower it is, the more flexible the process becomes. Also, six performance indicators were identified related to lead and working times. For the performance indicators of "lead time," "setup time"

and "overtime," whose objective is to be minimized, we adapted the definitions from (Santos Bento & Tontini, 2018) as follows: "lead time" is the total time from the moment the customer orders a good until its delivery. They define "setup time" as the time during which production is stopped for a switch-over to a different product. And "overtime" is described as the time worked outside the established working hours. Also, for the next two indicators in this group, the objective is to be minimized. They are "supplier LT,"

referring to the total time that passes from the moment an order is placed to the supplier until it is received. "New product launch" is the time employed for launching a new

Contribution to the measurement and improvement of the performance of organizations toward an Industry 4.0 context product onto the market. Finally, for this part, the "cycle time" is the time between the exit from production of one unit and the exit of the following one. Then, there are two indicators denoting travel distance: "people travel distance" and "product travel distance." The first refers to the total distance that the logistics operator travels during a shift, while the second is the total distance the product travels into the production chain.

Next is a performance indicator to be maximized, "pull ratio," expressing the proportion of the working stations that use pull [START_REF] Mirdad | A conceptual map of the Lean nomenclature: comparing expert classification to the Lean literature[END_REF]. Then, three indicators to be minimized, the first is "mura," representing the unevenness in production [START_REF] Cortes | Strategic Lean Contribution to the measurement and improvement of the performance of organizations toward an Industry 4.0 context Management: Integration of operational Performance Indicators for strategic Lean management[END_REF]. The other two relate to waste: "overproduction," is the quantity of production that is ahead of the demand of the client [START_REF] Cortes | Strategic Lean Contribution to the measurement and improvement of the performance of organizations toward an Industry 4.0 context Management: Integration of operational Performance Indicators for strategic Lean management[END_REF], and "inappropriate processing," which is the unnecessary or incorrect processing, or having a more complex process than needed. Next, three indicators concerning inventory, the two first of which are to be minimized and the last, maximized: "Quantity of finished goods" is the total inventory quantity of the finished products; "WIP inventory" is the quantity of work in process inventory; and "inventory turnover ratio" represents the replacement rate of a company's inventory over a given period of time (Santos [START_REF] Bento | Developing an instrument to measure lean manufacturing maturity and its relationship with operational performance[END_REF].

Then there are three indicators to be maximized: "cost reduction," an indicator associated with profitability, quantifies the reduction of the production costs; "market share" representing the portion of the market that a given company has; and "production rate," referring to the quantity of finished products that are produced in a given time period. There are two indicators related to reliability: "MTBF," the mean time between failures, which is to be maximized; and "MTTR" to be minimized, which is the mean time to repair when a failure occurs.

Following this, there are two performance indicators referring to transfers, the first one,

the "transfer lot size," to be minimized, is the quantity produced per transfer batch [START_REF] Cuatrecasas-Arbós | Monitoring processes through inventory and manufacturing lead time[END_REF]; and the second one, the "number of transfer lots," to be maximized, is the number of lots or batches that are transferred. In addition, eight performance indicators related to human factors were also found, three to be maximized, and five to be minimized. The ones to be maximized are: "employee training & team building," which represents the level of training given to the employees and the team building developed for problem resolution; "employee compensation" is the Developing a systemic understanding of performance indicators in CIP based on their influence interrelationships 67 economic or non-economic incentive given to employees for their commitment and performance; and "job security," which refers to the stability of the job for workers. Then come the definitions of the last 5 performance indicators, all to be minimized.

"Knowledge disconnection" represents the lack of shared objectives and culture within the different levels of an organization. "Labor turnover" is the ratio of employees entering and leaving an organization [START_REF] Cortes | Strategic Lean Contribution to the measurement and improvement of the performance of organizations toward an Industry 4.0 context Management: Integration of operational Performance Indicators for strategic Lean management[END_REF]. Lastly, as defined by [START_REF] Maasouman | Development of a lean maturity model for operational level planning[END_REF], "safety risk factor" is the ratio between high and medium safety-risk workstations and the total number of workstations; "absenteeism rate,"

denotes the ratio between the number of man-days lost due to absenteeism and the total of working man-days available; and "ergonomic risk" refers to the ratio between the high and medium ergonomic risk workstations and the total number of workstations.

On the basis of this literature review, on the one hand we have a definition of each of the performance indicators found and, on the other hand, a multifaceted view of performance, thus obtaining a more comprehensive set of performance indicators and their families than in previous studies. Since this literature review covers a variety of relevant articles, such as case studies or surveys to practitioners, it gives an overview of the most relevant indicators in practice, as well as articles that identify the most recurrent indicators from the literature.

From this literature review, we were able to identify a large number of, but it was also possible to note the absence of any holistic view or any way of classifying or prioritizing them, resulting in the lack of an established and shared framework of reference on performance indicators in Lean, meaning that the performance indicators are not well structured enough to help make decisions to improve performance. The reviewed studies stressed the importance of studying performance indicators in Lean, as performance measurement is crucial for continuous improvement (as noted in Chapter 3 of this document) and helps organizations move from a decision-making approach of intuition to one based on facts [START_REF] Soltan | Lean and agile performance framework for manufacturing enterprises[END_REF]. Some authors, such as [START_REF] Olivella | A case study of an integrated manufacturing performance measurement and meeting system[END_REF], even said that performance measurement should be performed frequently, even on a weekly or daily basis. Paradoxically, when this is done there can be some drawbacks, like taking up people's time and distracting them for doing their jobs [START_REF] Liker | The Toyota way: 14 management principles from the world's greatest manufacturer[END_REF]. organizations toward an Industry 4.0 context It is also observed that although Lean aims to improve performance, there is a lack of understanding and uniformity regarding its performance indicators, making further studies in this area needed [START_REF] Bhamu | Lean manufacturing: Literature review and research issues[END_REF] 45). The first index, 𝑟 𝑖 + 𝑐 𝑖 , measures the degree of the influence, meaning that the performance indicators for which this index is closer to zero are the ones that have the lowest degree of influence relations (influence links with other performance indicators), and the ones with a higher value have a greater degree of influence, which in this case were: efficiency, capacity utilization and value-added ratio.

The second index, 𝑟 𝑖 -𝑐 𝑖 , measures the direction of the influence, thus when positive, it means that it is a "causal" indicator, it has a predominant influence over other indicators.

But if on the contrary 𝑟 𝑖 -𝑐 𝑖 index is negative, this indicator is "influenced," the quantity of indicators that influence it is greater than those it is influencing. In total, from the 50 performance indicators, there were 29 that are causal and 21 that are influenced. 

Validation of robustness of analysis

As explained in Section 4.2.3, in order to overcome the potential limitation of DEMATEL analysis (reliance on expert's evaluation), this last stage of our methodological approach shows the results of the validation analysis for complementing the aforementioned DEMATEL results. Therefore, this section first presents the results from the Kendall coefficients, and then concludes with those of the Sensitivity analysis.

Developing a systemic understanding of performance indicators in CIP based on their influence interrelationships 77 For Kendall's concordance and correlation coefficients, the interest was to evaluate the degree of consistency and accuracy of the evaluations made by the two initial experts, for which, a random sample of 20 comparisons (20 pairs of indicators) was selected from matrix 𝐷. Then, 4 Black Belt-certified experts in Lean Six Sigma were asked to evaluate, from 0 to 4, the peer-to-peer influence for this sample (shown in Appendix G).

Their evaluations, along with those of the initial experts, were used to calculate the Kendall's coefficients. Using Minitab software, a 69% was obtained for the Kendall's

Coefficient of Concordance between appraisers, and a 66% for the Kendall's Correlation

Coefficient with the reference (Figure 456789). These results, while being greater than 60% [START_REF] Duleba | Sustainable urban transport development with stakeholder participation, an AHP-Kendall model: a case study for Mersin[END_REF], suggest strong agreement among experts. Therefore, it can be said that the external experts generally agree with the initial influences entered into the matrix 𝐷. 

Making sense of performance indicator systemic view

Both, the influence map with indexes 𝑟 𝑖 + 𝑐 𝑖 and 𝑟 𝑖 -𝑐 𝑖 , along with the total influences indicators retrieved from literature). Thus, in this way, when looking to improve a given performance indicator, this proposed approach also makes it possible to include the other performance indicators that might be affecting its result (as will be shown in Chapter 5). Aiding to have a better resource allocation and maximization of the effects of the improvement actions to be implemented.

With this, we propose a shift in the way performance improvement implementations is approached. As it usually starts by selecting a performance indicator for a given problem, identifying the root causes of that problem, and then acting on these causes to improve the chosen indicator (as depicted in Chapter 3). What is proposed here, implies that this approach may be incomplete if the selected performance indicator is mostly being influenced by others. Seeking to have a more effective analysis, it is therefore suggested to look for the performance indicators influencing the ones we are interested in improving prior to analyzing root causes. Thus, in this way, prevent failed implementations, by being able to identify and propose improvements directly on the root causes (causal indicators), instead on the apparent ones [START_REF] Smeds | Deming's tampering revisited: definition and future research agenda[END_REF].

With the approach proposed in this chapter, we argue not to analyze performance indicators under an isolated basis, as it has been done so far. But instead, with a systemic view of the performance indicators for establishing an approach that allows to identify the most relevant performance indicators by analyzing their influence interrelationships.

Conclusion

The contributions of this chapter aimed to answer to the second research question of the thesis (RQ2: How to identify and define the most relevant indicators that will allow to Finally, the proposed approach and results of this chapter have the potential to serve as a foundation to support CIP experts through their decision-making process for improving the performance in a more holistic way. One that better represents the complex environment where organizations operate by including the influence interrelationships among indicators, and through which experts may take more assertive decisions, and therefore have an impact for reducing CIP implementation failures.

The contributions on this chapter were originally published in the International Journal 

A Decision Support System for the decision-making process in Continuous Improvement of the Performance

Throughout this thesis, it has been shown the relevance of the CIP process within organizations for performance improvement and thus for remaining competitive in the current environment, as well as the paramount importance that a systemic analysis of performance indicators plays in it. An organizational and process model of CIP, along with a systemic view of performance indicators for eliciting the most relevant ones have been proposed. However, as earlier discussed, decision-making for improving organizational performance is complex and requires support and guidance. To continue proposing improvement strategies (practices, tools) without acknowledging the influence interrelationships among performance indicators and improvement effects from practices and tools, will certainly continue to lead to failed CIP implementations.

Therefore, aiming to answer to our third research question (RQ3: How to assist experts in Continuous Improvement in the decision-making process to improve the performance?), this chapter focuses on the proposition of a Decision Support System (DSS) for performance improvement. Our purpose is to design a DSS architecture contingent to the systemic nature of the CIP process and its key decisional points so as to assist in the selection of performance indicators and the prioritization of performance improvement strategies. Building on the previously modeled CIP process and the casual-influenced relationships of performance indicators presented in the previous chapters, an ontology will be structured for being used by the logical reasoning of the DSS architecture.

In the remainder of this chapter, the structure of the DSS along with its positioning in the CIP process is described. Then, the general architecture of the proposed DSS is Contribution to the measurement and improvement of the performance of organizations toward an Industry 4.0 context introduced. And lastly, knowledge container and the reasoning logic of the DSS are discussed.

Toward the conception of the CIP-DSS

As for developing a Decision Support System (DSS) it is important to firstly clarify and understand the decision making context to which it is intended to aid [START_REF] Power | Decision Support Systems: Concepts and Resources for Managers[END_REF].

Then it becomes fundamental the analysis and formalization of the process of CIP developed in Chapter 3. Through the contribution presented in that chapter, it is possible not only to understand how the process of CIP is executed, but also, it allows to identify the decisional moments in the process, where are the critical moments in which decisions are being made (the activities), and which are the key elements for doing so. have a comprehensive view of their performance system, as well as a suggestion of priority actions to be implemented according to the need to improve a given indicator.

A decision support system following this approach could then contribute to incorporate the complexity and being instrumental in identifying effective improvement strategies, while reducing the mental load and time consumption for the user.

With the aforementioned in mind, Figure 5-1 illustrates how the CIP-DSS proposition is situated and connected to the previous contributions in this thesis. This proposal seeks not only to assist in the actual decision-making process, but also to improve how these decisions are made. For this purpose, performance is approached as a complete system including (1) the performance indicators and the influence interrelationships among them, (2) the performance improvement practices and their improvement effects on the performance indicators, and (3) the links between the improvement practices and the tools through which these can be implemented.

The CIP-DSS does not seek in any way to take the place of the decision makers, but instead, it is intended to be an aid for them in decision-making, by: 

Positioning the CIP-DSS into CIP process

Since, as previously mentioned, sub-processes A1 (to support performance strategy) and A2 (to support problem resolution) are the most relevant in decision making, it is precisely on them that we are going to focus to provide support with our system. The proposed CIP-DSS will include the different elements of the performance system, along with a reasoning logic (to be explained in Section 5.5), in order to improve the decisionmaking in the CIP process. Therefore, for having a better clarity regarding the activities in the CIP process where the CIP-DSS will have an impact on, the following paragraphs will be focused on explaining the CIP-DSS interactions with A1 and A2 subprocesses.

Impacted activities are denoted in blue, along with the new activities and data interactions in purple in In subprocess A1, the impact of the CIP-DSS will be seen as affecting some of existing activities in CIP process (described in Chapter 3) and it will also represent new data, interactions, and activities in the process, as seen in Figure 5-2. The CIP-DSS is intended to impact activity A12 "to support performance indicator identification", as this is where the performance indicators are today determined (selected) intuitively following a top-down approach and with no interaction among them. The aim of this activity is to change that by providing a systemic view in the subprocess. 

• A1: Evaluation of indicator-practice-tool improvement interrelationships

In activity A15 the improvement relationships among performance indicators, practices and tools are elicited, establishing in this way the full performance system. This will be the output S5 of the subprocess, as well as a control for activity A16 (circle number 4 in As for subprocess A2, the CIP-DSS, will impact the existing activities A22 (to analyze data and causes), A23 (to propose and evaluate solutions), A24 (to establish action plan)

and A25 (to follow-up the action plan) of the CIP process. The Performance System defined in subprocess A1 will be of paramount importance for subprocess A2, as it will act as control for activities A22, A23, A24 and A25 as depicted in Figure 5-3.

• A2: Performance system supporting problem cause analysis

Now in activity A22 (circle 1 in Figure 5-3), instead of just analyzing a plain and narrow set of performance indicators, the CIP-DSS will allow to integrate the whole performance system into the analysis of the causes. It will allow to visualize for the off-target performance indicator (entry e1) which are the performance indicator that might be exerting an influence on it, and thus, that are relevant to consider.

• A2: Performance system supporting prioritization of improvement practices and tools

Next, the identification and evaluation of possible improvement solutions in activity A23 can now rely on the knowledge contained within the performance system (indicatorpractice-tool improvement interrelationships) to propose a prioritization of improvement practices and tools to be applied on a case-by-case basis. This prioritization should feed decision-makers with specific information for defining an action plan in activity A24

(circle 3 in Figure 5-3). Finally, the CIP-DSS could also impact activity A25 (circle 4 in 

CIP-DSS model proposition

This chapter section focuses on describing the model proposition of our CIP-DSS.

Which will enable it to fulfill its objectives. For this means, it will start by presenting the architecture of the system, and then, it will focus on showing its components.
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General CIP-DSS architecture

According to [START_REF] Holsapple | DSS Architecture and Types[END_REF], a generic DSS architecture is composed of the following essential elements: a language system, a presentation system and knowledge system, all at the same time coordinated by a fourth one, the problem-processing system. Based on this, we propose a general architecture for our CIP-DSS, as shown in Figure 5-4. On the left side there are the system users, the CIP managers and engineers (decisionmakers), who will interact with CIP-DSS and for who the system is developed. As for the knowledge system, this includes our Performance System Ontology, PSOnto (to be developed in detail in Section 5.4), which contains all the identified set of performance indicators, improvement practices and tools along with their influence, improvement, and operationalization relationships. And finally, the problem-processing system that is the element in charge of articulating the others, by making it possible to choose what elements the DSS will present to the user. It includes: the knowledge acquisition, the DEMATEL analysis (refer to Chapter 4), and the practices and tools prioritization logic.

CIP-DSS components

Based on the general architecture, a detailed architecture for CIP-DSS can be specified.

A detailed architecture should specify how the different elements of the system are integrated and connected. As it can be seen in 

I. Parametrizing steps:

Step 1: The CIP-DSS populates the PSOnto (to be detailed in Section 5.4), with the data entered by the user (CIP managers and engineers) in the performance strategy setup: performance indicators, improvement practices and tools, and relationships (impacts activities A12, A13, A15 from Figure 5-2).

Step 2: The CIP-DSS first module sends queries to the PSOnto for getting the set of performance indicators along with its peer-to-peer direct influence relationships (activity A13 from Figure 5-2).

Step 3: Next, the CIP-DSS applies the steps of DEMATEL method, and thus produces the total influences, influence indexes and map (activity A13 from Figure 5-2).

Step 4: Then, the obtained data from DEMATEL analysis is stored in the PSOnto (activity A15 from Figure 5-2).

II. Decision support process steps:

Step Step 3: The CIP-DSS second module retrieves the needed data (performance indicators, total influences and indexes, practices, and tools with improvement links) from the PSOnto.
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Step 4: Following this, the CIP-DSS compute the direct analysis of the prioritization of practices and tools for selected performance indicators.

Step 5: Then the CIP-DSS proceeds to compute the indirect analysis of the prioritization of practices and tools for selected performance indicators.

Step 6: Based on the performed direct and indirect analysis, the CIP-DSS calculates the final total prioritization of practices and tools.

Step 7: Finally, the CIP-DSS provides the user the total prioritization of practices and tools to implement for improving the previously selected performance indicators (activities A16 from 

Knowledge container: Performance System Ontology

The Performance System Ontology (PSOnto) constitutes a cornerstone for the proposed CIP-DSS, since it is within it that the knowledge will be stored and retrieved to be used in the reasoning logic of the system (to be explained in Section 5.5). Thus, this section is focused on the development of the ontology, which instances are created, constituting our knowledge base. We opted to develop an ontology for the knowledge container of the CIP-DSS, because it allows to specify a common vocabulary of a domain, including its definitions and relations, while enabling the reuse of knowledge and interoperability among people and machines [START_REF] Noy | Ontology Development 101: A Guide to Creating Your First Ontology[END_REF].

Thus, this section is focused on the development of the PSOnto, by which we not only integrate the performance indicator's interrelationships resulting from DEMATEL analysis, but also, to incorporate the relationships among performance indicators and improvement practices and tools. For structuring our PSOnto, we adapted the stages described in [START_REF] Gabriel | Ontology to Represent the Knowledge Domain of a Creative Workshop[END_REF][START_REF] Noy | Ontology Development 101: A Guide to Creating Your First Ontology[END_REF], which includes the definition of domain and scope of the ontology, its conceptualization, development and finally its validation.

Table 5-1 specifies the domain in which the ontology will be used, for what it will be used and by whom, as well, as all the different competency questions to which the Contribution to the measurement and improvement of the performance of organizations toward an Industry 4.0 context indicator and family, performance improvement method, practice and tool, and the different relationships (influence, total influence, direct influence, improvement). Based on the formalization made with the previous tables, the PSOnto was structured in Web Ontology Language (OWL) by using Protégé 2 , as it is a widely known software by the scientific community. Figure 5-6 shows the PSOnto graph, in which it can be appreciated the classes and the relations among them that constitute our ontology.

Denoting, for example, that a performance improvement practice contributes to the implementation of a performance improvement method. And that a performance improvement practice has an impact on an improvement relationship with a given value, which improves a performance indicator that has a performance family.

In order to be able to verify our PSOnto, it was subsequently instantiated, for which with no aim to reduce generality, but to illustrate, we centered on Lean (CIP methodology).

Resulting in this way in the following quantities of instances: 50 performance indicators (with their corresponding characteristics), 19 performance families, 41 performance improvement practices, 23 performance improvement tools, along with the more than 1600 total influence, direct influence, and improvement relationships. The data used as instances for performance indicators, performance families and total and direct influences can be consulted in Appendixes E and F (resulting from Chapter 4). As for performance improvement practices and tools (taken from [START_REF] Liker | The Toyota way: 14 management principles from the world's greatest manufacturer[END_REF] as previously mentioned in Chapter 4), and improvement relationships (assessed by the same experts as for DEMATEL analysis), are shown in Appendix J. In the use of the CIP-DSS (as mentioned in Section 5.3.2 and further explained in Section 5.5), the instances will correspond to the data entered by the user and the results from DEMATEL analysis.

Afterwards, based on the developed PSOnto and their instances, a knowledge graph was developed with Ontotext-GraphDB 3 software. With it, we verified our PSOnto by transforming the competency questions into SPARQL queries. Table 5- And, secondly, to provide the user with the needed information for better analyzing the performance indicators and thus identify the most relevant ones among all the defined set. Therefore, the logic of the first module is structured as follows:

I. Structure performance strategy data into the PSOnto

This first module of our CIP-DSS provides the users with the functionality to setup the performance strategy data specific for their organization, which will be stored in the PSOnto, the knowledge system of the CIP-DSS (see Figure 5-4). It is important to note that this setup is to be done once (as a parametrization), to constitute the knowledge upon which the CIP-DSS will rely on for giving the recommendations to the user. The stored knowledge, given by the user, should be updated if needed (see Chapter 3), when the strategy of performance within the organization presents changes (i.e., when organization's global objectives change or when the need to include new performance indicators is evidenced).

Therefore, the stored knowledge in the PSOnto in this step is the following:

1. The complete set of performance indicators, along with their definition, and performance family to which each belong.

2. The peer-to-peer direct influences among performance indicators, which is done from 0 to 4 (as described in Chapter 4).

3. The set of improvement practices with their corresponding improvement effect to each of the performance indicators, which is assessed from 0 to 4 (following a five-point Likert scale as in [START_REF] Alaskari | Development of a methodology to assist manufacturing SMEs in the selection of appropriate lean tools[END_REF], and denoting when it is a positive or a negative effect.

4. The set of improvement tools along with their corresponding operationalization links to each of the improvement practices. Having in mind that a practice can be operationalized by multiple tools, and a tool can operationalize multiple practices.

II. Send queries to PSOnto and application of DEMATEL

The reasoning logic for this module heavily resides in the DEMATEL analysis application, which, as the previous step is to be done only once, for parametrizing the system. The CIP-DSS builds upon DEMATEL analysis as this is a powerful method widely used on A Decision Support System for the decision-making process in Continuous Improvement of the Performance 103 the analysis and simplification of complex problems by the deduction of a clear structure on the criteria relationships of the analyzed system (see Chapter 4). Thus, the power of DEMATEL does not only rely on eliciting the most important factors on a set, but beyond that, on the measure of the influence among criteria, the knowledge from the network of interrelationship of influence, which could help us better understand the analyzed problems and make strategic decisions on them.

Since this section is by no means intended to be redundant, then for details of the steps and equations comprised in DEMATEL analysis, readers are invited to refer to Chapter 4 of this document. With the application of DEMATEL steps in our CIP-DSS, we search to include into the analysis the intensity and direction of influence indexes per performance indicator (𝑟 𝑖 + 𝑐 𝑖 and 𝑟 𝑖 -𝑐 𝑖 ), as well as the total influence interrelationships expressed within matrix 𝑇. Thus, to embrace the complexity and include it within the analysis in a transparent way to the users.

III. Store total influences within the PSOnto

The added value of this module lies not only in the fact of applying DEMATEL, but also in the importance of being able to store this knowledge (user parameters in step 1 and DEMATEL results) in an ontology so that this knowledge can be accessed and reused for decision making. In this way, the users do not have to go through all the steps and calculations every time they want to make a decision, allowing in this way the decisionmaking in the CIP process to be much more effective and faster. Thus, ensuring a comprehensive analysis by integrating all interrelationships, regardless of their quantity, in every day-to-day decision making.

Consequently, the results from DEMATEL to be stored in the PSOnto are the total influences from Matrix 𝑇 (includes direct and all indirect level of influences among criteria, as explained in Chapter 4), the influence direction index (𝑟 𝑖 -𝑐 𝑖 ) per performance indicator as well as their type (causal or influenced).

Contribution to the measurement and improvement of the performance of organizations toward an Industry 4.0 context

II. Prioritization of improvement practices and tools: Direct analysis

The direct analysis starts by looking for the improvement practices (𝑃𝑑 𝑚 ) that have an improvement effect (𝑃𝑒𝑓𝑑 𝑎,𝑚 ) on a performance indicator (𝐼𝑛𝑑 𝑎 ), then sorts the 𝑚 practices from the ones with the highest improvement effect to the lowest and selects the top ones. Subsequently, as the improvement practices are linked to the practices (𝑇𝑑 𝑜 ) in the PSOnto, in which a practice can be operationalized by multiple tools, and a tool at the same time can operationalized multiple practices, then the tools (𝑇𝑑 𝑜 ) inherit the improvement effect from the practices they are linked to, and thus they are as well prioritized based on the improvement effect, and the top ones are selected.

This direct analysis is depicted in Figure 5-10, in which for a performance indicator 𝐼𝑛𝑑 𝑎 , there are two practices 𝑃𝑑 1 and 𝑃𝑑 2 that are exerting an improvement effect 𝑃𝑒𝑓𝑑 𝑎,1 and 𝑃𝑒𝑓𝑑 𝑎,2 respectively. These practices are going to be sorted based on whether 𝑃𝑒𝑓𝑑 𝑎,1 is greater or smaller than 𝑃𝑒𝑓𝑑 𝑎,2 . As for the improvement tools, 𝑇𝑑 1 is linked to 𝑃𝑑 1 , thus it will take 𝑃𝑒𝑓𝑑 𝑎,1 improvement effect; 𝑇𝑑 2 is linked to both, 𝑃𝑑 1 and 𝑃𝑑 2 , thus its improvement effect will be given by 𝑃𝑒𝑓𝑑 𝑎,1 + 𝑃𝑒𝑓𝑑 𝑎,2 ; and finally, as 𝑇𝑑 3 is linked to 𝑃𝑑 2 , its improvement effect will be 𝑃𝑒𝑓𝑑 𝑎,2 . These tools will likewise be sorted according to the final improvement level. indicator 𝑎, as it is shown in equation ( 4). Then, the prioritization of the 𝑙 practices is done from the highest to the lowest improvement effect (𝑃𝑒𝑓𝑖 𝑎,𝑙 ). As for the tools (𝑇𝑖 𝑝 ), as in the previous analysis, they will inherit the improvement effect from the practices.

Only the top improvement practices and tools will be selected to be presented to the user.

𝑃𝑒𝑓𝑖 𝑎,𝑙 = 𝑃𝑒𝑓 𝑛,𝑙 × 𝐼𝑖𝑛𝑓 𝑎,𝑛 (4) 
This indirect analysis is represented in on 𝐼𝑛𝑑𝑖 1 , 𝑃𝑖 2 has an improvement effect 𝑃𝑒𝑓 1,2 on 𝐼𝑛𝑑𝑖 1 and 𝑃𝑒𝑓 2,2 on 𝐼𝑛𝑑𝑖 2 , and 𝑃𝑖 3 has an improvement effect 𝑃𝑒𝑓 3,3 . Therefore, 𝐼𝑛𝑑 𝑎 receives the following indirect effects:

𝑃𝑒𝑓 1,1 × 𝐼𝑖𝑛𝑓 𝑎,1 from practice 𝑃𝑖 1 ; 𝑃𝑒𝑓 1,2 × 𝐼𝑖𝑛𝑓 𝑎,1 + 𝑃𝑒𝑓 2,2 × 𝐼𝑖𝑛𝑓 𝑎,2 from practice 𝑃𝑖 2 ;

and finally 𝑃𝑒𝑓 3,3 × 𝐼𝑖𝑛𝑓 𝑎,3 from practice 𝑃𝑖 3 . And consequently, the effects of the tools on 𝐼𝑛𝑑 𝑎 will be as follows: 𝑃𝑒𝑓 1,1 × 𝐼𝑖𝑛𝑓 𝑎,1 from tool 𝑇𝑖 1 ; 𝑃𝑒𝑓 1,1 × 𝐼𝑖𝑛𝑓 𝑎,1 + 𝑃𝑒𝑓 1,2 × 𝐼𝑖𝑛𝑓 𝑎,1 + 𝑃𝑒𝑓 2,2 × 𝐼𝑖𝑛𝑓 𝑎,2 + 𝑃𝑒𝑓 3,3 × 𝐼𝑖𝑛𝑓 𝑎,3 from tool 𝑇𝑖 2 ; 𝑃𝑒𝑓 3,3 × 𝐼𝑖𝑛𝑓 𝑎,3 from tool 𝑇𝑖 3 ; and 𝑃𝑒𝑓 3,3 × 𝐼𝑖𝑛𝑓 𝑎,3 from tool 𝑇𝑖 4 .
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IV. Total prioritization of improvement practices and tools

Once the direct and the indirect analysis are developed, the CIP-DSS compounds the total improvement effects of the practices and tools for the performance indicator(s) to improve (see Figure 56789). This is done by taking into account that the computation of the direct and indirect analysis is not exactly the same for the influenced and the causal performance indicators. Since the result of the causal ones is mostly affected by the results of the indicators that influence them, while for the influenced ones, their result depends mostly on themselves. Thus, the following principles for the total prioritization are defined:

1. For recommending the improvement practices and tools, the allocated weight for direct and indirect analysis for the prioritization is based upon the influence direction index 𝑟 𝑖 -𝑐 𝑖 of the analyzed performance indicator.

2. The more causal (𝑟 𝑖 -𝑐 𝑖 > 0) the analyzed performance indicator is, the more weight the prioritization will allocate to the direct effects (𝑃𝑒𝑓𝑑 𝑎,𝑚 ).

3. On the contrary, the more influenced (𝑟 𝑖 -𝑐 𝑖 < 0) the performance indicator is, the more weight the prioritization will allocate to the indirect effects (𝑃𝑒𝑓𝑖 𝑎,𝑙 ). As 𝑟 -𝑐 is an index for each performance indicator, whose value can range from positive to negative, it should be normalized for being able to easily implement it in the equation for the final computation of the improvement effect of practices. Thus, by using equation ( 5), (𝑟 -𝑐)′ is calculated, where (𝑟 -𝑐) 𝑚𝑖𝑛 is the minimum value among all the performance indicators, and (𝑟 -𝑐) 𝑚𝑎𝑥 is the maximum one

(𝑟 -𝑐) ′ = (𝑟 -𝑐) -(𝑟 -𝑐) 𝑚𝑖𝑛 (𝑟 -𝑐) 𝑚𝑎𝑥 -(𝑟 -𝑐) 𝑚𝑖𝑛 ( 5 
)
As a result, (𝑟 -𝑐)′ becomes an index from 0 to 1, by which the weight to the direct and indirect effects for the performance indicators is allocated, as represented in Figure 5-12. When (𝑟 -𝑐)′ is closer to 0, as it is an influenced performance indicator, the indirect effects will have more weight that the direct ones. In this way, as previously explained, when analyzing an influenced performance indicator, the CIP-DSS integrates the analysis of the causes (the performance indicators influencing it). And thus, when (𝑟 -𝑐)′ is closer to 1, it is a causal performance indicator, the direct effects will have more weight than the indirect ones. This will be given by multiplying the direct effects by (𝑟 -𝑐)′, and the indirect effects by 1 -(𝑟 -𝑐)′, as will be shown later in this section. In order to be able to effectively integrate the indirect and the direct effects in the same final equation, they should have the same order of magnitude. Considering that indirect effect, 𝑃𝑒𝑓𝑖, results from the multiplication of an integer (𝑃𝑒𝑓) and a decimal number smaller than 1 (𝐼𝑖𝑛𝑓), then we need to scale direct effect, 𝑃𝑒𝑓𝑑, value to the same order Contribution to the measurement and improvement of the performance of organizations toward an Industry 4.0 context of magnitude as 𝑃𝑒𝑓𝑖. Hence, a normalization to a given range, which in this case are the minimum and maximum values of the indirect effects [𝑃ⅇ𝑓𝑖 𝑚𝑖𝑛 , 𝑃ⅇ𝑓𝑖 𝑚𝑎𝑥 ], is done by using equation ( 6).

𝑃𝑒𝑓𝑑 ′ = 𝑃𝑒𝑓𝑖 𝑚𝑖𝑛 + (𝑃𝑒𝑓𝑑 -𝑃𝑒𝑓𝑑 𝑚𝑖𝑛 ) × (𝑃𝑒𝑓𝑖 𝑚𝑎𝑥 -𝑃𝑒𝑓𝑖 𝑚𝑖𝑛 ) 𝑃𝑒𝑓𝑑 𝑚𝑎𝑥 -𝑃𝑒𝑓𝑑 𝑚𝑖𝑛 (6)
Therefore, the total effect of improvement by the practices will be given by equation [START_REF] Saaty | How to make a decision: The analytic hierarchy process[END_REF].

In which, the improvement effect for each practice will be calculated by adding their direct and indirect effects on the analyzed performance indicator(s), while accordingly affecting them by an index that allocates complementary weight depending on whether the analyzed performance indicator(s) are more causal of influenced. Consequently, the effect of the tools will be given by the sum of the total effects of the practices to which they are linked to in the PSOnto. And lastly, the final prioritization of the practices and tools will be done based on their total effect (from higher to lower) on the selected performance indicator(s).

𝑃𝑒𝑓 𝑇𝑂𝑇𝐴𝐿 = 𝑃𝑒𝑓𝑖 × (1 -(𝑟 -𝑐)′) + 𝑃𝑒𝑓𝑑′ × (𝑟 -𝑐)′ (7) 
As the practices and tools prioritization logic of the CIP-DSS is applicable to a single performance indicator, to an entire family of performance indicators, as well as to a group of multiple performance indicators and/or families. Then, the final effect of practices and tools will be the sum of their total effects for each of the selected performance indicators, as shown in equation (8).

𝑃𝑒𝑓 𝐹𝐼𝑁𝐴𝐿 = ∑ 𝑃𝑒𝑓 𝑇𝑂𝑇𝐴𝐿 𝑛 𝑖=1 = ∑(𝑃𝑒𝑓𝑖 𝑖 × (1 -(𝑟 𝑖 -𝑐 𝑖 )′) + 𝑃𝑒𝑓𝑑′ 𝑖 × (𝑟 𝑖 -𝑐 𝑖 )′) 𝑛 𝑖=1 (8)
Therefore, the improvement practices and tools will be prioritized from the highest improvement level to the lowest. Being their improvement level 𝑃𝑒𝑓 𝑇𝑂𝑇𝐴𝐿 or 𝑃𝑒𝑓 𝐹𝐼𝑁𝐴𝐿 , whether we are respectively analyzing a single performance indicator or group of them.

In this way, our CIP-DSS is able to furnish comprehensive recommendations results to the decision-makers, by integrating into its logic, as many and as diverse performance A Decision Support System for the decision-making process in Continuous Improvement of the Performance 111 indicators as needed by the managers and engineers of CIP, accessible to them in just few seconds, transforming in this way the decision-making in CIP, into something more agile, reliable, and less time-consuming.

Illustration of improvement practices and tools prioritization:

For giving more clarity on the prioritization of improvement practices and tools, it is going to be illustrated with a simplified case. For it, we will analyze the performance indicator of Value-added ratio. For which, from all its relations with improvement practices, we will only consider 2 (out of 18) improvement practices for the direct analysis. And as for the indirect analysis, only 1 (out of 28) influencing performance indicator will be considered, Next, once having the results from the direct and indirect analysis. By following with the steps, we proceed to apply Equation ( 5) for normalizing r -c index for 𝐼𝑛𝑑 𝑎 .

(𝑟 -𝑐) ′ = (𝑟 -𝑐) -(𝑟 -𝑐) 𝑚𝑖𝑛 (𝑟 -𝑐) 𝑚𝑎𝑥 -(𝑟 -𝑐) 𝑚𝑖𝑛 [START_REF]Pourriez-vous décrire comment vous mesurez et collectez les données des indicateurs de performance ? Quelles sont les différentes étapes que vous suivez ? 6. Pouvez-vous me dire quels sont les indicateurs que vous suivez au quotidien ? 7. Y a-t-il d'autres indicateurs qui, même s'ils ne sont pas suivis au quotidien, sont à votre avis importants[END_REF] Where:

(𝑟 -𝑐) = -0.3123 (𝑟 -𝑐) 𝑚𝑖𝑛 = -0.829 (𝑟 -𝑐) 𝑚𝑎𝑥 = 0.5766 Therefore:

(𝑟 -𝑐) ′ = (-0.3123) -(-0.829) 0.5766 -(-0.829) = 0.367583

After that, we proceed then to normalize the improvement effects from the direct analysis by applying Equation ( 6) for each of the 2 improvement practices 𝑃𝑑 1 and 𝑃𝑑 2 . Thus, we have for 𝑃𝑑 1 , the following: 

𝑃𝑒𝑓𝑑 ′ =
𝑃𝑒𝑓𝑑 ′ 1 = -0.14879 + (2 -(- 3 
As for this example, we chose improvement practices that were not in common between direct and indirect analysis, and the improvement tools were linked to only one improvement practice, then by applying Equation ( 7), we have the following:

𝑃𝑒𝑓 𝑇𝑂𝑇𝐴𝐿 = 𝑃𝑒𝑓𝑖 × (1 -(𝑟 -𝑐)′) + 𝑃𝑒𝑓𝑑′ × (𝑟 -𝑐)′ (7) 
For 𝑃𝑑 1 (Identify root causes and apply countermeasures):

𝑃𝑒𝑓 𝑇1 = 0 × (1 -(0.367583)) + 0.107339 × 0.367583 = 0.039456
Then, the improvement effect of 𝑇𝑑 1 , as it is only linked to 𝑃𝑑 1 , it is equal to 0.039456.

For 𝑃𝑑 2 (Reduce / eliminate non-value added) Where the improvement effect of 𝑇𝑖 1 is equal to 0.065746.

𝑃𝑒𝑓 𝑇2 = 0 × (1 -(0. 367583 
For 𝑃𝑖 2 (Use quality assurance methods)

𝑃𝑒𝑓 𝑇4 = 0.05198 × (1 -(0.367583)) + 0 × 0.367583 = 0.032873
And finally, the improvement effect of 𝑇𝑖 2 being equal to 0.032873.

Which prioritized by the improvement effect values, results in the following: Contribution to the measurement and improvement of the performance of organizations toward an Industry 4.0 context fourth, use quality assurance methods. This change in the prioritization by including the system complexity, can be observed even if in the analysis only 1 of the 28 performance indicators that is giving an influence on the analyzed one is being included. Meaning that the indirect analysis effect could be even bigger if all the 28 influencing performance indicators alongside their improvement practices were considered.

Conclusion

This chapter was focused on answering to the third and last research question of this thesis (RQ3: How to assist experts in Continuous Improvement in the decision-making process to improve the performance?). The main contribution of this chapter is the proposal of a decision support system for the continuous improvement of performance, CIP-DSS. This chapter articulates the formalized CIP process and the systemic analysis of performance indicators presented in prior chapters, together with the integration of interrelationships of practices and improvement tools with the performance indicators.

This knowledge has been structured in a performance system ontology PSOnto (to facilitate its acquisition, retrieval, and reuse), and a specified reasoning logic as the key components of the CIP-DSS.

Through the proposition of a CIP-DSS we seek to provide CIP managers and engineers a knowledge-based assistance to navigate the decision-making process to improve performance in a more structured, objective, and efficient way. By shedding light on the indicator-practice-tool interrelationships, our approach enables decision-makers to address organizational performance improvement as a complex system while at the same time facilitating the identification of key performance indicators and improvement actions.

This chapter provides to practitioners and academics an approach for maximizing the improvement impact of practices and tools in the performance indicators, and thus, expecting to help in maintaining successful improvement implementation. Further, in this chapter it has been shown how the CIP-DSS impacts and could be incorporated into the activities within the CIP process.

Evaluation and application of the CIP-DSS methodological approach

In the previous chapter it was shown in general how the different contributions of the thesis are assembled, and we proposed a decision support system for the process of continuous improvement of performance, called CIP-DSS. Therefore, with Chapters 3, 4 and 5, we have respectively answered to our Research questions 1, 2 and 3. Then, in this Chapter, we go through the different proposals made throughout this thesis,

showing how, by articulating them, they constitute a methodological approach to assist decision-making throughout the CIP process.

Accordingly, this chapter focuses on showing its evaluation and application. To this end, the chapter is structured as follows: first, the complete CIP-DSS methodological approach is presented. Next, a focus is made on the evaluation of the performance strategy setup and the analysis of the performance indicators interrelations. This is followed by a use-case evaluation of the decision support process proposed in the CIP-DSS modules for analyzing the most relevant performance indicators and prioritizing improvement practices and tools. Finally, the application of our approach shown through the implementation of a CIP-DSS prototype in a practical case.

The methodological approach CIP-DSS

The methodological approach CIP-DSS, presented in 

II. Assessment of direct influences among performance indicators

The next step is the assessment of the direct influences among the performance indicators by CIP experts. This is made by analyzing the indicators in pairs and evaluating whether or not there is an influence between them. When there is no influence, we denote it with a 0; and when there is, we denote its level between 1 and 4, with 1 being a low influence and 4 a very high influence (see Section 4.2.2). As the influences assessment has to be done in both ways, in our case, with a total of 50 performance indicators, it represents 50X50 assessments. An example is given in Table 6-1, illustrating two influence evaluations from performance indicators value-added ratio and equipment downtime (as mentioned on Section 4.3.2, the complete assessment on the 50 performance indicators can be found in Appendix F in form of matrix). As it is key for the CIP process to contribute and to be aligned with the organization's strategy, thus, here it is suggested to identify key stakeholders in the organization (i.e.:

key areas as quality or production) with whom perform a concordance analysis (see Section 4.2.3) of a sample of the direct influence evaluations among the performance indicators. With this, obtaining a result higher than 60% confirms a strong agreement between CIP experts and the identified key stakeholders, and therefore, when it is lower, Evaluation and application of the CIP-DSS methodological approach 121 it invites to review the evaluations. For our case while doing the analysis with 4 external experts (see Section 4.3.3), a result greater than 60% was obtained.

The importance of carrying out this analysis is due to the fact that, as can be seen in the A1 process model of CIP, the identification of performance indicators is an activity that within an organization is not only done by the CIP expert, but also in conjunction with other key people in the organization. It is therefore important to confirm the concordance of the assessment with them.

III. Identification of performance practices and tools and assessment of improvement and operationalization relationships

Next, the identification of the improvement practices and tools within the selected CIP methodology is done. Then, the improvement relationship of the practices on the performance indicators is assessed from 1 to 4 (being 1 a low level, and 4 a high level.

While denoting whether is a positive or a negative improvement effect). And the operationalization relationships between practices and tools are established. This is done by the CIP experts, as they are the ones with the required knowledge of CIP within the organizations.

Thus, for evaluating, we propose to use the 41 improvement practices and 23 tools described in the work from [START_REF] Liker | The Toyota way: 14 management principles from the world's greatest manufacturer[END_REF]. Then, the relationships are established by the same CIP experts of Chapter 4. (very high positive) on inventory turnover ratio, and an effect of -1 on delivery (low negative). And learn by standardizing best practices has an improvement effect of 2 (medium positive) on rework cost. With this, all the interrelations among the key elements for the decision-making in CIP are set. Since this information is stored in the PSOnto ontology (described in Section 5.4).

Stage 2: Performance indicator interrelationships & PSOnto population

This second stage, denoted with purple circle number 2 in 𝑟 𝑖 + 𝑐 𝑖 ). With these, their classification into causal or influenced, and corresponding representation through an influence map (refer to Chapter 4 for a detailed explanation of the steps and results) is done.
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Regarding the ontology PSOnto, it is populated in two steps, the first one with the data supplied by the CIP expert in the first stage, and then, it is complemented with the results obtained from DEMATEL analysis (total influences, influence indexes). In this way, the knowledge is structured and stored (therefore stages 1 and 2 are only required to be done once and should be updated when the need to add an additional indicator appears), for enabling its subsequent use in the decision process in the following stage.

Stage 3: Decision support process

This last stage (denoted by the purple circle number 3 in Figure 6-1) will be focused on the decision process proposed in the CIP-DSS (shown in Section 5.3.2), which, by integrating its two modules, seeks to support the decision-making in analyzing the most relevant performance indicators, and prioritizing the improvement practices and tools.

The evaluation of the decision process is done by following the steps through a use case based on Cost reduction, a performance indicator among the most influenced ones (two additional use cases, one with a causal and the other with a mostly neutral performance indicator are developed in Appendix K).

I. Interrelation analysis information retrieval from PSOnto

This step focusses on obtaining the performance indicator interrelation information in order to assist the user in the analysis of the most relevant performance indicators 

II. Performance indicator strategy

Once retrieving the information from the PSOnto, the CIP-DSS is able to provide the visualization of the influence map with the performance indicators (based on the influence indexes), in which it is possible to distinguish the causal and the influenced ones, and also to provide for a specific performance indicator its characteristics and the Evaluation and application of the CIP-DSS methodological approach 125 performance indicators giving an influence and the ones receiving it. Thus, with the development of this stage, the CIP experts have at their disposal the needed knowledge to be able to make the decision regarding the selection of the most relevant indicators to measure and follow up.

Accordingly, for Cost reduction, it shows its definition and that it belongs to the Profitability performance family. Also, that Cost reduction has an influence direction index of -0.58, indicating that it is an influenced performance indicator. Which implies that its result highly depends on the results from the performance indicators influencing it. Finally, it also provides the ordered list of performance indicators that influence Cost reduction, where Efficiency is the exerting the biggest influence value (0.0496), followed by value-added ratio (0.0392). And the list of performance indicators that receive an influence from Cost reduction, where FYP receives the highest influence (0.0259), followed by Customer satisfaction (0.0136). In this way, the CIP-DSS contributes in providing a better understanding of which performance indicators are more critical to follow.

III. Selection of performance indicator and information retrieval from PSOnto

Next, by positioning ourselves in the second module of CIP-DSS, in this step we retrieve the needed information from PSOnto for developing the prioritization of improvement practices and tools to implement for improving a performance indicator or a group of them. Thus, proceeding with our use case, we question the ontology through SPARQL queries for retrieving: (1) the influence direction index (r -c) for Cost reduction; (2) the performance indicators exerting an influence on it; (3) the improvement practices and tools that have an improvement effect (and its value) on it; (4) the improvement practices and tools that have an improvement effect (and its value) on each on the performance indicators that are influencing the selected one.

Since (1) and ( 2) were also obtained for Cost reduction at the first step with queries 1 and 2 (for module 1), they are not shown in this step. Then, 

IV. Development of prioritization logic of improvement practices and tools

After retrieving the information from the PSOnto, then, this step focuses on the prioritization of improvement practices and tools, which comprises the computation of the direct and indirect analysis and total prioritization. These are going to be subsequently evaluated for Cost reduction.

Direct analysis:

The direct analysis presents the improvement practices and tools that have an improvement effect on Cost reduction. For the improvement practices, it corresponds Evaluation and application of the CIP-DSS methodological approach 127 directly with the results from the query in the previous step (see Figure 6-5), where detect problems and stop and reduce/eliminate non-value added are among the ones that have a high improvement impact (with a value of 3) on this performance indicator.

For the improvement tools, given that one improvement tool can operationalize multiple improvement practices, then (as explained in Section 5.5.2), their improvement value will be given by the sum of the improvement values of each practice they are linked to. 

Indirect analysis:

Based on the retrieved information from the PSOnto on step 3 (the performance indicators having a total influence on Cost reduction and the improvement practices and tools that have an improvement effect on those influencing performance indicators), the indirect improvement effects of those improvement practices and tools on Cost reduction are calculated by applying the Equation (4) shown in Section 5.5.2. An extract with the top 7 improvement practices is shown in Table 6-5 and of the top 7

improvement tools in Table 6-6.

An example showing the computing (with Equation ( 4)) of the indirect improvement value of make employees use kaizen to eliminate waste practice is shown as follows: organizations toward an Industry 4.0 context

𝑃𝑒𝑓𝑖 𝑎,𝑙 = 𝑃𝑒𝑓 𝑛,𝑙 × 𝐼𝑖𝑛𝑓 𝑎,𝑛 (4) 
Where:

For influencing performance indicator of Efficiency:

𝐼𝑖𝑛𝑓 𝑎,1 = 0.0496 ;and 𝑃𝑒𝑓 1,1 = 4

For influencing performance indicator of Value-added ratio:

𝐼𝑖𝑛𝑓 𝑎,2 = 0.0392 ;and 𝑃𝑒𝑓 1,2 = 2
For influencing performance indicator of FYP: 𝑃𝑒𝑓𝑖 𝑎,1 = 4 × 0.0496 + 2 × 0.0392 + 3 × 0.0295 + 2 × 0.0283 + 3 × 0.0212 + 3 × 0.0202 + 1 × 0.0197 + 2 × 0.0173 = 0.600 Whereas for the improvement tools, their improvement value is given by the sum of the improvement values of each practice they are linked to. Where for VSM, they are: Create material & information flow ( 𝑃𝑒𝑓𝑖 = 0.5351), redesign work process -high value-added continuous flow (𝑃𝑒𝑓𝑖 = 0.5351) and minimize WIP and warehouse inventory (𝑃𝑒𝑓𝑖 = 0.0574). Therefore, the improvement value of VSM is equal to 1.128. Next, we proceed with the calculation of the total prioritization of the improvement practices and tools for Cost reduction. By using the Equation ( 5) shown in Section 5.5.2, we normalize the influence direction index for the analyzed performance indicator, as following:

𝐼𝑖𝑛𝑓
(𝑟 -𝑐) ′ = (𝑟 -𝑐) -(𝑟 -𝑐) 𝑚𝑖𝑛 (𝑟 -𝑐) 𝑚𝑎𝑥 -(𝑟 -𝑐) 𝑚𝑖𝑛 [START_REF]Pourriez-vous décrire comment vous mesurez et collectez les données des indicateurs de performance ? Quelles sont les différentes étapes que vous suivez ? 6. Pouvez-vous me dire quels sont les indicateurs que vous suivez au quotidien ? 7. Y a-t-il d'autres indicateurs qui, même s'ils ne sont pas suivis au quotidien, sont à votre avis importants[END_REF] Where:

(𝑟 -𝑐) = -0.5808 (𝑟 -𝑐) 𝑚𝑖𝑛 = -0.829 (𝑟 -𝑐) 𝑚𝑎𝑥 = 0.5766 Therefore:

(𝑟 -𝑐) ′ = (-0.5808) -(-0.829) 0.5766 -(-0.829) = 0.1765
Following this, the normalized direct improvement effect of the practices is calculated by applying Equation ( 6), which is then multiplied by (𝑟 -𝑐)′ (from Equation ( 7)) for obtaining the weighted direct effects, as shown in Table 6-7. This is developed for the first improvement practice (detect problems and stop): Finally, the indirect and direct improvement values are added for obtaining the total improvement effects (Equation ( 7) in Section 5.5.2) of improvement practices and tools.

I. Presentation of total prioritization of improvement practices and tools

Based on the total prioritization effect obtained in the previous step, the improvement practices and tools are ordered from the highest to the lower value, and the top 7 (seen in Table 6-9 andTable 6-10) are presented to the user. From this, we observe that as Cost reduction is an influenced performance indicator, in the prioritization of improvement practices and tools, the indirect analysis part has more weight than the direct one. Having a significant different result that the one we would obtain by just analyzing the direct part.

This section showed, through a use case, the evaluation of the prioritization of practices and tools to implement for improving a given performance indicator based on its influence direction index (which indicates its degree of causality or influence). Therefore, while in this use case in the final result predominates the indirect analysis, it is the opposite for the second case (shown in Appendix K), which being one of the most causal performance indicators, the prioritization is mostly given by the direct analysis.

CIP-DSS prototype practical application

After discussing the methodological approach proposed in this thesis and its subsequent evaluation through the use cases. In this section, it will be partially implemented through a prototype developed in Microsoft Power BI, and its use will be exemplified by means of an application to a practical case. Accordingly, this section will be structured as follows: first the context of the practical application will be presented.

Then, the development of the prototype will be explained. And finally, the application will be shown and discussed.

Context of application

The context of application in which we will develop is based on an educational simulation of a production process (Festo simulation). The Festo simulation is a practical application of a production process under controlled conditions. It is part of a training module offered by the ENSGSI school (Ecole Nationale Supérieure en Génie des Systèmes de l'innovation) of the University of Lorraine and takes place at the regional center of educational resource AIP-PRIMECA, located in Nancy, France. The Festo simulation has the objective to train future engineers and to introduce them to the Lean practices and tools, giving the opportunity to the students to apply for the Green Belt LSS certification.

This module comprises a first simulation of discovery and familiarization with the process and the roles, followed by a theoretical training of 20 hours, after which the implementation simulation is carried out. We are particularly interested in intervening in the latter. This is carried out during half a day, which allows the simulation of the logistics chain of a company that manufactures, assembles, and sells pneumatic cylinders (final product). During the simulation, the working group (composed of 14 participants) must replicate the production process to meet the customer's demand, afterwards analyze the points for improvement and then propose and implement improvement actions to carry out a final simulation. In this process there are 3 different references of final product, each one composed of 8 different components. The roles to be assumed by the participants are: customer, supplier, manufacturing (manufacturing, assembly 1, assembly 2, control station, rework, packaging and final inspection), support functions: production management, logistics, sales.

CIP-DSS prototype development

Since the Festo simulation is an environment in which the participants work on a manufacturing process, which they seek to improve through the implementation of improvement practices and tools of Lean, this makes it a good starting point for the practical application of our approach. As Festo simulation is a simplified and controlled environment, this allows to implement improvements and observe the changes in the process in a shorter time than if the application was directly in an enterprise, since the latter could take much more time to be done, making it not feasible for this thesis, but it should be the subject of further work. Afterwards, the second module of the prototype was presented as well, it was explained in a general manner the objective of the module (to give the user a prioritized selection of practices and tools to implement for improving a set of performance indicators), and how it is done (direct and indirect analysis). For this, the participants selected the performance indicators of defect rate, lead time and delivery as the ones they wanted to improve.

As our intention with the proposed CIP-DSS is not to give a black box to the user, but instead, to show to the user the intermediary results, so in this way they can better understand from where the recommendation comes and would therefore better thrust it for their daily use in decision-making. This second module shows first the direct The participants then were able to apply the recommended improvement practices, and regarding the improvement tools, due to time constraints, the participants were not able to implement the following ones, even if their pertinence was acknowledged: VSM, standard work and spaghetti diagram. According to the participants feedback, they considered that the recommendations provided by the CIP-DSS prototype seemed relevant and guided them to reach agreements on the improvement actions to be implemented. The improvement on the analyzed performance indicators is shown in From the above results, a significant improvement in Defect rate and Lead time can be observed. However, for Delivery, although it improved considerably with respect to the first simulation, it seems that although the group delivered all the orders required by the client, its result is being diminished by an accumulated delay in deliveries. After further analysis, a constant delay in the supply of raw materials by the supplier was identified.

Thus, this suggests that our proposal could be further improved by including performance indicators encompassing the entire supply chain, since these are currently limited to inside the organization.

Conclusion

This chapter articulates the contributions presented so far in a series of logical stages to constitute a methodological approach to assist CIP experts (managers, engineers) in the decision-making for the continuous improvement of performance. It comprises the respective steps within each of its three major stages, namely the setup data for performance strategy, the performance indicators interrelations, and decision support process.

Evaluation and application of the CIP-DSS methodological approach 139 Subsequently, in this chapter, the evaluation and application of the proposed methodological approach was carried out. Its evaluation was performed based on Lean Manufacturing as a specific CIP methodology, where a use case was developed. Finally, our approach was applied through the development of a prototype in a practical case in an educational environment. This allowed us to appreciate the relevance and potential of our approach in improving decision making in the CIP process.

With this methodological approach, we seek to enhance the decision-making within the CIP process, by leaving behind the commonly used satisficing approach of simplifying complex systems through reductionist representations, which leads to an apparent gain in decision-making time, but while arriving to non-appropriate or inaccurate solutions.

Conclusion

Through this thesis we have sought to clarify the understanding of the CIP process in organizations and to assist in decision making for performance improvement. In this process, several contributions have been developed in order to manage and improve performance in a more effective way, including the complexity of the interrelationships and serving as an aid and basis to navigate the current complex context in which organizations operate. Therefore, this thesis has focused on (1) clarifying and formalizing the CIP process, (2) identifying and analyzing the interrelationships of influence between performance indicators, and (3) proposing a decision support system that integrates the complexity of the indicator-practice-tool interrelationships. All of which articulated, form a methodological approach to support the critical activities of the CIP process, seeking to contribute to reduce the failed implementations of CIP in organizations.

This final chapter is structured as following, first the contributions of this thesis are summarized. Then, the implications are discussed. For finally building up on the limitations and perspectives of this thesis.

Contributions

By answering to our first research question (RQ1: How to clarify and model the process of Continuous Improvement of the performance in the organizations?), we positioned ourselves under a knowledge management approach and focused on knowledge capitalization from expert interviews, in order to transform the tacit knowledge regarding the CIP process into explicit. This was particularly important since the knowledge on the organizations toward an Industry 4.0 context CIP has relied mostly on the expertise and experience of industrials experts, we sought therefore to transform the existent unstructured knowledge into a formalized CIP process. Then, the knowledge from 5 interviewed CIP experts was accessed and formalized by following the MASK method combined with KROM meta-model. Thus, we proposed our first thesis contribution:

The interviews from the CIP experts, due to their vast experience in CIP and maturity on the adoption of CIP in their organizations, allowed to access very valuable knowledge.

Upon which, it was able to formalize the objectives, missions, subprocesses and activities within CIP. This allowed us not only to clarify the process itself and the importance of analyzing it as a complete process but also, to comprehend the critical aspects for the decision-making within the process for improving the performance: an assertive selection of (1) performance indicators and ( 2 Consequently, it is necessary to move from an unstructured and isolated view of performance indicators to a systemic one. For this means, an approach comprising a literature review and an analysis of influence interrelationships based on DEMATEL method was followed in order to identify the performance indicators and structure them.

Accordingly, the following contributions were proposed:

The The contributions discussed so far allowed to understand the CIP process, the decisionmaking in it (for better identifying where to support CIP experts) and provided a new approach for analyzing performance indicators. Building on this and in order to answer to our third research question (RQ3: How to assist experts in Continuous Improvement in the decision-making process to improve the performance?), the contribution below was developed:

Accordingly, the architecture of the CIP-DSS was specified including an ontology (PSOnto) for enabling the storage and reuse of the knowledge by the reasoning logic for assisting in the decision-making. The CIP-DSS integrates and structures the complexity for easing the mental burden on CIP managers and engineers, while improving decision-making for performance improvement. Thus, the CIP-DSS helps them in, first, the analysis and the identification of the most relevant performance indicators based on the influence interrelationship among them. And second, in the prioritization of improvement practices and tools for improving the performance

The identification of performance indicators in the scientific literature, and the elicitation of the most relevant ones based on their influence interrelationships

The proposal of a Decision Support System (CIP-DSS) for assisting in the decision-making within the CIP process, by integrating the complexity of the indicator-practice-tool interrelationships

Implications

The proposed methodological approach and contributions represent a step forward in improving the decision-making in CIP process. We consider the work developed in this thesis to be a starting point for better understanding the CIP process, what performance means, how it is represented. Also, in showing how this understanding is critical for proposing decision-making support for improving the prioritization of improvement practices and tools. The formalized CIP process, besides clarifying the process and allowing us to understand the decision-making for improving the performance, it has also the potential to become the basis for guiding practitioners through its implementation and management. Furthermore, the developed models represent how CIP is currently being managed and developed, and it was shown how this can be assisted by a DSS for improving the decision-making.

Moreover, with the influence interrelationship analysis of performance indicators, a more holistic view of the performance indicators was proposed and with it the relevance of analyzing them as a part of a system with complex interactions, rather than in isolation, The interviewed experts were all from large multinational organizations with a mature view of CIP methodologies, which gave us a robust view on the process of CIP and on the room for improvement and assistance for decision-making. This enabled us to develop and evaluate our methodological approach and reasoning logic of the CIP-DSS.

However, we consider that, besides to continuing developing further applications at an experimentation level (Festo simulation or similar), it should be as well confronted with CIP experts in the industry, not only from big companies but also from smaller ones.

This in order to evaluate its applicability regardless the size of the organization and appreciate different points of view and different scale of needs.

With the aim of exemplifying the proposed methodological approach, as mentioned earlier, we centered on Lean Manufacturing. Based on which, the identification of performance indicators, the establishment and assessment of the indicators-practicestools interrelationships, and their subsequent instantiation in the PSOnto were done.

Nevertheless, even if they were applied to a specific CIP methodology, we argue that the CIP-DSS methodological approach and the contributions have the potential to be applied to other sectors and other CIP methodologies, with their distinct set of performance indicators and improvement practices and tools. We thus suggest exploring this in further studies.

Additionally, as the evaluation of influence among performance indicators for DEMATEL analysis and also for the relationships with improvement practices and tools rely significantly on the assessment by experts, it is important for researchers and practitioners to expand the pool of experts and confirm the concordance among appraisers, while assuring an adequate experience and knowledge in CIP. Furthermore, Secondly, we believe it is essential to deepen the understanding of how new technologies may allow to better measure and manage large volumes of data. The increase in the amount of available data and, therefore, the availability of performance indicators could make CIP management even more difficult. It is then necessary to understand how the availability of more robust data can impact the continuous improvement process, leading even to the automation of some activities (e.g., periodic manual measurement by operators) or enhanced data analysis. Ultimately, this may lead in the future to a rethinking of CIP management from a reactive logic (act to correct) to a proactive logic (act to anticipate). In this sense, it is intended as future work, to continue on exploring in the Festo simulation, the implementation of technologies like indoor position systems and sensors, and how through the data obtained, further statistical analysis can be developed to identify trends or patterns in performance indicators, allowing more reliable insights for decision making. organizations toward an Industry 4.0 context To understand how companies are currently managing the performance improvement 12. And which could it be in the context of the industry 4.0?

To understand which would be the new characteristics in the performance improvement in the industry 4.0 (target system)

13. How could a company be able to make this transition towards the industry 4.0?
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2. Cuál es su rol como responsable de la mejora del rendimiento en su organización?
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Contribution to the measurement and improvement of the performance of organizations toward an Industry 4.0 context For proceeding with the computing of the total prioritization of the improvement practices and tools. With Equation ( 5) we calculate the (𝑟 -𝑐)′ for Effectiveness, being it equal to 0.8431. Then, with Equation (6) and Equation ( 7), the normalized and weighted direct improvement value for practices and tools are calculated (see third column of Given Equation [START_REF] Saaty | How to make a decision: The analytic hierarchy process[END_REF] we can obtain the total improvement effect of practices and tools on Effectiveness, Table K-6 and Table K-7 present their prioritization of the top 7 ones, based on their improvement value (from highest to lowest). As Effectiveness is among the most causal performance indicators (with the highest influence direction index), therefore, the final recommendation is mostly driven by the direct part of the analysis. impact significatif sur l'analyse des indicateurs de performance les plus utilisés, qui, comme nous l'avons vu précédemment, sont parmi les plus influencés.
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Limites et perspectives

Nous sommes conscients que le travail développé dans cette thèse présente certaines limites, mais qui ouvrent en même temps les possibilités de nouvelles perspectives et 

  plutôt intégrer la complexité dans leur processus décisionnel afin d'améliorer leur performance et de la maintenir dans le temps. Cette thèse a donc pour but d'aider les managers et les ingénieurs du CIP à mieux établir une stratégie de performance et ainsi améliorer la performance dans le cadre d'une approche systémique. Par conséquent, dans cette thèse, (1) le processus de CIP est clarifié et formalisé à travers une approche basée sur MASK-KROM ; (2) sur la base d'une revue de littérature et de la méthode DEMATEL, une approche pour identifier et analyser les interrelations d'influence entre les indicateurs de performance est développée ; et (3) un architecture de Système d'Aide à la Décision comprenant une ontologie qui intègre la complexité des interrelations entre les indicateurs de performance, les pratiques et les outils d'amélioration est proposé et évaluée. Tous ces éléments articulés constituent une approche méthodologique qui permet d'obtenir les indicateurs de performance les plus pertinents et de prioriser les pratiques et outils d'amélioration à mettre en oeuvre pour améliorer la performance.
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  knowledge-based approach for the support of decision-making in the Continuous Improvement of Performance integrating the performance indicator-practice-tool interrelationships. organizations toward an Industry 4.0 context ➔ To model the process of CIP, by capitalizing the knowledge from experts in order to make it more comprehensible and to highlight the activities and importance of use of performance indicators. Answering in this way to the scientific gap SG1. ➔ To identify in the scientific literature the performance indicators and elicit the most relevant ones based on their influence interrelationships. This answers to the scientific gap SG2.

Figure

  Figure 1-1: Structure of the document

  with the application of Analytic Hierarchy Process (AHP) in the construction sector for the prioritization of pre-selected tools. Other examples are those of Shukla et al. (2021) and K. Singh et al. (2021), both use the Best Worst Method (BMW) as a means to determine weights to criteria for prioritizing improvement projects in the automotive sector. Lastly,

Finally,

  [START_REF] Alaskari | Development of a methodology to assist manufacturing SMEs in the selection of appropriate lean tools[END_REF] propose a methodology based on performance indicators, critical factors affecting the performance indicators and improvement tools. Their study is very valuable, as they begin to question and integrate the level of importance and impact of the relationships between the indicators (through critical factors) and the tools, for the prioritization of the latter ones. However, they also present some limitations: they are reductionist by only taking into account 4 improvement tools and 5 performance indicators, where their relationships are always considered positive. Furthermore, they also assume that performance indicators are independent without considering the interrelationships between them.
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 21 Figure 2-1. Simplified Decision-Making process. Taken from[START_REF] Power | Decision Support Systems: Concepts and Resources for Managers[END_REF] 
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 22 Figure 2-2. SECI model. Taken from[START_REF] Nonaka | SECI, Ba and Leadership: A Unified Model of Dynamic Knowledge Creation[END_REF] 
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 32 Figure 3-2, we opted for Knowledge Reuse Organizational Meta-model (KROM), as
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 32 Figure 3-2. Knowledge Capitalization
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 35 shows the missions of CIP, and how they contribute to the goals, as well as how each of the missions rely on the different subprocesses of CIP (whose numbers refer to their order in the process model). By means of this model it can be seen and understood how the CIP process contributes Contribution to the measurement and improvement of the performance of organizations toward an Industry 4.0 context through its subprocesses, missions, and objectives to the organization's strategy. With this model it can be explicitly seen the key role of CIP in organizations for adapting to customer demands, excelling competition, and sustaining the organization over time, and therefore highlights the need to address it in its entirety as a complete and comprehensive process.
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 35 Figure 3-5. CIP Organizational structure model
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 36 Figure 3-6) represents the context of study, thus containing only one box, the process being modeled. Each diagram, starting with A0, contains from 3 to 6 boxes, each of these indicating the name of the activities and their respective data.
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 36 Figure 3-6. CIP Process model: Diagram A-0
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 38 Figure 3-8. CIP Process model: Diagram A1 -To support performance strategy
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 39 Figure 3-9. CIP Process model: Diagram A2 -To support problem resolution
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 310 Figure 3-10. CIP Process model: Diagram A4 -To measure performance indicators
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 311 Figure 3-11. CIP Process model: Diagram A5 -To follow-up & report performance indicators

4.

  Developing a systemic understanding of performance indicators in CIP based on their influence interrelationships Throughout the chapters of this thesis, it has been argued the importance of the performance indicators, and thus the relevance on analyzing them. How they become instrumental in the previously modeled process of CIP and therefore, in the pursuit of improving the decision making within it. Nevertheless, beyond measuring, what is really pivotal, is how we can make sense of the performance indicators. It is worth nothing having a large quantity of measures, if we cannot see the importance of what is being measured, and far beyond that, understand what the most relevant indicators are for doing so. When talking about the measurement of performance, we have different pieces of important things: there are the performance indicators, what is being measured; there is also the data from these indicators; and how we gather the data, by what means or systems. Thus, the starting point is the performance indicators, and that

Figure

  Figure 4-1. Methodological approach

  Scopus and Web of Science. As we are interested in having studies that are centered on Lean and that show performance measurement indicators for the manufacturing sector. Four complementary parts are therefore considered: 1. overall performance, operational performance, or manufacturing performance; 2. manufacturing (to restrict the results to this sector); 3. Lean (to get scientific publications on the different variants of Lean, e.g., Lean Manufacturing, Lean Production); 4. measure, measurement, or indicators. These were applied to the title, keywords, and abstract fields. The search is limited to journal articles or reviews written in English and dated between 2008 and 2019. Then, the inclusion and exclusion criteria are applied on the gathered studies. The detail of the literature review protocol is presented in Table4-1. Based on it, the final selection of the studies for review is determined.

  Developing a systemic understanding of performance indicators in CIP based on their influence interrelationships 57 sum of rows by indicator 𝑑 𝑖𝑗 (elements of matrix 𝐷), and multiplying its inverse by matrix 𝐷[START_REF] Huang | Reconfiguring the innovation policy portfolios for Taiwan's SIP Mall industry[END_REF]. 𝑁 represents the normalized direct influence among the performance indicators. This matrix can give powerful insights, it can be interpreted as in[START_REF] Li | Identification of a threshold value for the DEMATEL method using the maximum mean de-entropy algorithm to find critical services provided by a semiconductor intellectual property mall[END_REF], from rows to columns, to see and represent the performance indicators influencing the others. Or it can as well be interpreted from columns to rows, showing the influences received by the performance indicators, as depicted in Figure 4-2. Where for example, 𝐼𝑛𝑑 0 (performance indicator 0) is being directly influenced by 𝐼𝑛𝑑 1 and 𝐼𝑛𝑑 2 , and at the same time, 𝐼𝑛𝑑 1 is being directly influenced by 𝐼𝑛𝑑 3 and 𝐼𝑛𝑑 4 . This is only the direct influence among performance indicators, which is precisely what is obtained from the matrix 𝑁.
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 42 Figure 4-2. Example of direct influence among indicators

  in order to tackle failures of Lean implementations[START_REF] Karim | A methodology for effective implementation of lean strategies and its performance evaluation in manufacturing organizations[END_REF]. It is therefore necessary to analyze how performance is being measured in Lean. Some valuable studies, like the one by[START_REF] Mirdad | A conceptual map of the Lean nomenclature: comparing expert classification to the Lean literature[END_REF] and, more recently[START_REF] Kovács | Measuring the impact of lean practices on manufacturing performance -case study from the process industry[END_REF], have begun to address the issue. The former extracted some of the principles, practices, and performance measures of Lean through a literature survey, and then confronted them with experts in the field, while the latter explored the relationship between the implementation of Lean practices and performance through a longitudinal case study, identifying some categories of performance indicators. In the end, however, they fall short in providing a more understandable view and did not analyze the possible relationships among indicators. In the different studies, performance indicators have been shown in an isolated way, dependent only on the actions implemented, but the influence that they might have on one another is currently neglected in the literature. having a clear definition and objective for the performance indicators, we seek to analyze the influence interrelationships among the identified performance indicators. By following the proposed methodological approach, the first step of DEMATEL method is developed and with it, the assessment of the influence of each performance indicator over the others. With 50 performance indicators, this meant 2,500 influence evaluations. Due to the large number of evaluations, the process was divided into different sessions over four days to avoid any bias or misevaluation due to mental workload of experts (this author and the codirector of this thesis, with 5 and 20 years on experience in Lean, respectively). For these evaluations, in addition to having a clear definition of the performance indicators, it was important to only consider direct influences and assume that the other indicators (besides the two being analyzed at a given moment) were not affected. From the peer-to-peer comparison of the influence of the performance indicators, the 50 × 50 direct influence matrix (matrix 𝐷) was obtained, Developing a systemic understanding of performance indicators in CIP based on their influence interrelationships 69 an excerpt of which is shown in Table4-4 (the complete matrix is presented in Appendix F). This matrix shows the direct influences of the indicators in the rows over the ones in the columns. In it we can see for example that Effectiveness has an influence of 4 on Efficiency; an influence of 2 on value-added ratio, capacity utilization, rework cost and unit cost of manufacturing; an influence of 1 on uptime; and no influence at all on Labor downtime, number of non-value-added motions and equipment downtime. the normalization of matrix 𝐷 was done by following the second step of DEMATEL, and thus obtaining matrix 𝑁, which can be found in Appendix F of this thesis. Subsequently, matrix 𝑇 was as well calculated (see Equation 3 in Section 4.2.2), containing in it the total influences among performance indicators. As it was explained in section 4.2.2, matrix 𝑇 comprises the direct influences and all the different indirect influence levels for all of the 50 performance indicators. Thus, for having a better illustration on the different levels of influence included in matrix 𝑇, Figures 4-3 to 4-6 are presented. These figures not only show a vis-à-vis of the powers of matrix 𝑁 (𝑁, 𝑁 2 , 𝑁 3 ) and the graphical representation of the influences per level 𝑘, but also the decreasing effect of the indirect influences along with the power of the matrix. For the easiness of explanation, from the 50 × 50 matrix 𝑁 of the performance indicators, this example takes an excerpt of a 7 × 7 sub matrix 𝑁 with the following performance indicators: Capacity utilization, rework costs, unit cost of manufacturing, AOQL, FYP, customer satisfaction, and delivery. Contribution to the measurement and improvement of the performance of organizations toward an Industry 4.0 context In Figure 4-3a, the 7 × 7 matrix 𝑁 with normalized direct influences among the 7 performance indicators is shown, in which, the greater the value, the higher the influence. Likewise, Figure 4-3b gives a graphical representation of these influences' links. In total, there are 13 direct influences among these 7 performance indicators. These influences, in the matrix and in the graph, can be read in both ways, the influences given to other performance indicators, or the influences received from the others. Being AOQL the performance indicator with the highest number of influences being given (influencing 5 performance indicators), and unit cost of manufacturing, the one receiving the most influences (influenced by 4 performance indicators).
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 43 Figure 4-3. Normalized direct influences with 7 criteria: (a) Matrix N; (b) Graphical influence representation

  Figure 4-4. Direct influences for Customer Satisfaction: (a) Matrix N; (b) Graphical influence representation
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 45 Figure 4-5. First level of Indirect Influences for Customer Satisfaction: (a) Matrix 𝑁 2 ; (b) Graphical influence representation
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 4647 Figure 4-6. Second level of Indirect Influences for Customer Satisfaction: (a) Matrix 𝑁 3 ; (b) Graphical influence representation
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 48 Figure 4-8. DEMATEL Influence map
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 49 Figure 4-9. Result of the attribute agreement analysis with Minitab software
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 410 Figure 4-10. Sensitivity analysis -4 scenarios

  Developing a systemic understanding of performance indicators in CIP based on their influence interrelationships 81 measure and follow-up the performance?). This study contributes to the research on CIP by proposing an approach for analyzing performance in a more comprehensive and systemic way by analyzing the influence interrelationships among its indicators. For this purpose, the performance indicators in Lean manufacturing were gathered from the literature, resulting in a final set of 50 indicators. This provided a more integrated and updated set of indicators than previous studies, while covering 19 different families of performance. Then, an analysis for identifying most relevant performance indicators was performed based on the elicitation of the interrelationships among them, resulting in 29 causal and 21 influenced performance indicators along with the matrix containing the total influences. The relevance of these contributions lies in the following points. First, results from DEMATEL analysis suggest the importance of reevaluating the pertinence of classic performance indicators, and of emphasizing the use of the causal indicators to improve performance more effectively by acting on the causes (causal indicators) and not on the consequences (influenced indicators) (Cardenas-Cristancho et al., 2022). Moreover, the complex relationships among the indicators suggest the importance of analyzing performance indicators as part of a complete system, instead of as isolated and independent factors.

of

  Lean Six Sigma (Q1 in Industrial and Manufacturing Engineering): Cardenas-Cristancho, D., Muller, L., Monticolo, D. and Camargo, M. (2021), "Toward a holistic understanding of performance in Lean Manufacturing: a discussion on the relevance of its indicators", International Journal of Lean Six Sigma, Vol. ahead-of-print, No. aheadof-print. DOI:10.1108/IJLSS-10-2020-0163, available at: https://doi.org/10.1108/IJLSS-10-2020-0163.

  The analysis of the CIP process model developed in Chapter 3 (and breakdown shown in Appendix B with the activity diagrams from KROM), allowed us to identify the importance of subprocesses A1 (to support performance strategy) and A2 (to support problem resolution) for the decision-making throughout the CIP process. The decisional moments within these are focused on the identification of the performance indicators to measure and follow, and on the selection of the most suitable improvement practices and tools. The CIP process model reveals the isolated and simplistic way in with which improvement strategies are implemented in real environments, ignoring the interrelationships and influences that performance indicators can have on each other.In this sense, the contributions of Chapter 4 offer a comprehensive view of performance indicators by analyzing and capturing the interrelationships of influences among them, something that has not been explored in depth in theory or practice so far. This approach to generate influence maps of performance indicators is instrumental for decision making in order to identify key indicators and ultimately define clearer and more effective strategies. The possibility to elicit the total influences between performance indicators then becomes the cornerstone in the prioritization of practices and tools (to improve performance indicators) closer to the complex reality. Therefore, a decision support system for continuous performance improvement (CIP-A Decision Support System for the decision-making process in Continuous Improvement of the Performance 85 DSS) should focus precisely on emphasizing the analysis of the influence interrelationships between performance indicators, establishing the indicator-practicetool influence interrelationship, and integrating this interrelation into the final prioritization of improvement tools and practices. In this way, decision-makers could

  (a) giving them information for better selecting performance indicators based on their causal or influenced nature, the influence they might exert on other indicators or that they might be receiving, as well as the definition of the indicator and the family to which it belongs. And, (b) by showing for the selected performance indicators by the user, which prioritized practices and consequently which tools, should be considered to implement in order to improve the given performance indicators.
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 5287 Figure 5-3 respectively. A Decision Support System for the decision-making process in Continuous Improvement of the Performance A1: Performance Indicator Identification
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 52 Figure 5-2. CIP-DSS interaction in A1 -To support performance strategy
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 52 Figure 5-2), providing comprehensive insights to feed into the definition of the yearly strategy and the subsequent definition of the respective improvement projects.
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 53 Figure 5-3) by assisting decision-makers in a better selection of the performance indicators (causal ones) to follow the action plan.
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 53 Figure 5-3. CIP-DSS interaction in A2 -To support problem resolution

Figure 5 -

 5 Figure 5-4. CIP-DSS general architecture
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 555555 Figure 5-5. CIP-DSS architecture

1 :Step 2 :

 12 Upon selection from the user, the first module by retrieving the data from the PSOnto, provides them with the required information to identify the most relevant performance indicators: influence map, performance indicators characteristics and influences (activities A13 from Figure 5-2 and A25 from Figure 5-3). The user selects an individual performance indicator or a set of them that wishes to improve (activities A16 from Figure 5-2 and A22 from Figure 5-3).
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 52 and A23 and A24 from Figure5-3).

5

 5 shows 3 of these queries. Being the first one to obtain the performance family and definition of the performance indicator Cycle time. The second one to get the performance indicators directly influencing (with the influence values) the performance indicator Cost reduction. And the third one to retrieve the performance indicators improved by (with the improvement values) the practice of Create a strong and stable culture. The results of these 3 queries are consequently shown in Figure 5-7. organizations toward an Industry 4.0 context
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 56 Figure 5-6. Performance System Ontology -PSOnto
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 57 Figure 5-7. SPARQL queries results Ontotext-GraphDB
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 510 Figure 5-10. Direct analysis
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 511 where performance indicator 𝐼𝑛𝑑 𝑎 receives influences 𝐼𝑖𝑛𝑓 𝑎,1 , 𝐼𝑖𝑛𝑓 𝑎,2 and 𝐼𝑖𝑛𝑓 𝑎,3 , by correspondingly 3 performance indicators, 𝐼𝑛𝑑𝑖 1 , 𝐼𝑛𝑑𝑖 2 and 𝐼𝑛𝑑𝑖 3 . In which practice 𝑃𝑖 1 has an improvement effect 𝑃𝑒𝑓 1,1
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 511 Figure 5-11. Indirect analysis

Following, in order

  to compute the final improvement effect of the practices and the tools, the following two prior steps must be developed: a) To normalize r -c index for all performance indicators: A Decision Support System for the decision-making process in Continuous Improvement of the Performance 109
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 512 Figure 5-12. Direct/indirect effect weight allocation

  along with only 2 (out of 18) improvement practices (improving the influencing performance indicator). With all of the selected improvement practices (direct and indirect) being only linked to 1 unique tool. This is depicted in Figure 5-13.
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 513 Figure 5-13. Example of improvement practices and tools Where: 𝐼𝑛𝑑 𝑎 = 𝑉𝑎𝑙𝑢𝑒 -𝑎𝑑𝑑𝑒𝑑 𝑟𝑎𝑡𝑖𝑜 𝑃𝑑 1 = 𝐼𝑑𝑒𝑛𝑡𝑖𝑓𝑦 𝑟𝑜𝑜𝑡 𝑐𝑎𝑢𝑠𝑒𝑠 𝑎𝑛𝑑 𝑎𝑝𝑝𝑙𝑦 𝑐𝑜𝑢𝑛𝑡𝑒𝑟𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑠 𝑇𝑑 1 = 5 -𝑤ℎ𝑦 𝑃𝑑 2 = 𝑅𝑒𝑑𝑢𝑐𝑒 / 𝑒𝑙𝑖𝑚𝑖𝑛𝑎𝑡𝑒 𝑛𝑜𝑛 -𝑣𝑎𝑙𝑢𝑒 𝑎𝑑𝑑𝑒𝑑 𝑇𝑑 2 = 7 𝑚𝑢𝑑𝑎𝑠 𝐼𝑛𝑑 𝑖1 = 𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒𝑛𝑒𝑠𝑠 𝑃𝑖 1 = 𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑𝑖𝑧𝑒 𝑏𝑒𝑠𝑡 𝑝𝑟𝑎𝑐𝑡𝑖𝑐𝑒𝑠 𝑇𝑖 1 = 𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑤𝑜𝑟𝑘 𝑃𝑖 2 = 𝑈𝑠𝑒 𝑞𝑢𝑎𝑙𝑖𝑡𝑦 𝑎𝑠𝑠𝑢𝑟𝑎𝑛𝑐𝑒 𝑚𝑒𝑡ℎ𝑜𝑑𝑠 𝑇𝑖 2 = 𝑃𝑜𝑘𝑎 -𝑦𝑜𝑘𝑒

  𝑃𝑒𝑓𝑖 × (1 -(𝑟 -𝑐)′) + 𝑃𝑒𝑓𝑑′ × (𝑟 -𝑐)′

  )) + 0.20979 × 0.367583 = 0.077115 Being the improvement effect of 𝑇𝑑 2 equal to 0.077115. A Decision Support System for the decision-making process in Continuous Improvement of the Performance 115 For 𝑃𝑖 1 (Standardize best practices) 𝑃𝑒𝑓 𝑇3 = 0.10396 × (1 -(0.367583)) + 0 × 0.367583 = 0.065746
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 6161 Figure 6-1. Methodological approach CIP-DSS
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 61 is supported by the first module (Performance indicators interrelations) of the CIP-DSS. In this stage two main steps are done: (i) the development of DEMATEL analysis, and (ii) the storage of the knowledge into the ontology PSOnto (structured in Section 5.4). DEMATEL analysis is developed on the performance indicators (based on the direct influences assessed by the CIP experts on Stage 1) for obtaining the total influence interrelationships among them, as well as their influence indexes (influence direction: 𝑟 𝑖 -𝑐 𝑖 and influence degree:

(Figure 6 - 2 .

 62 Figure 6-2. SPARQL query for obtaining (1) definition, family and influence direction index for Cost Reduction, and query result

Figure 6 - 5

 65 shows the SPARQL query (and some of the results) for obtaining the improvement practices and tools for Cost reduction. And Figure 6-6 shows, as example (this information has to be retrieved for all the influencing performance indicators), the improvement practices and Contribution to the measurement and improvement of the performance of organizations toward an Industry 4.0 context tools for the Efficiency, which (as seen in step 1) is first performance indicator influencing Cost reductions.

Figure 6 - 5 .

 65 Figure 6-5. SPARQL query for obtaining (3) improvement practices and tools having an improvement effect on Cost Reduction (with their improvement values), and query result

  𝑎,3 = 0.0295 ;and 𝑃𝑒𝑓 1,3 = 3 For influencing performance indicator of Capacity utilization: 𝐼𝑖𝑛𝑓 𝑎,4 = 0.0283 ;and 𝑃𝑒𝑓 1,4 = 2 For influencing performance indicator of Effectiveness: 𝐼𝑖𝑛𝑓 𝑎,5 = 0.0212 ;and 𝑃𝑒𝑓 1,5 = 3 For influencing performance indicator of Employee training & team building:

Figure 6 - 7 .

 67 Figure 6-7. CIP-DSS module 1: performance indicator influence map

Figure 6 - 8 .

 68 Figure 6-8. CIP-DSS module 1: analysis of performance indicator

  analysis, then the indirect one, and finally it presents the users with the recommendation of the prioritized improvement practices and tools. Accordingly, by selecting the aforementioned set of performance indicators in the prototype, the results of the direct and indirect analysis are obtained as shown respectively in Figure 6-9 and Figure 6-10.

Figure 6 - 9 .

 69 Figure 6-9. CIP-DSS module 2: direct analysis

Figure 6 - 11 .

 611 Figure 6-11. CIP-DSS module 2: recommended prioritization of practices and tools

  ) improvement practices and tools to implement. This led us to the importance of the second research question of this thesis (RQ2: How to identify and define the most relevant indicators that will allow to measure and followup the performance?). The assertive selection of performance indicators remains an important scientific issue given the absence of a comprehensive view of performance, the increasing number of possible indicators available to measure, and the need to rationalize time and resources. This makes the identification of how performance indicators interrelate, and which ones can exert the most influence on each other of paramount importance in guiding performance measurement and monitoring.

  proposal of a model of the Continuous Improvement of performance (CIP) process Therefore, in a first instance, a literature review was developed. It allowed (by positioning on a specific CIP methodology, Lean Manufacturing) to identify from the literature, 50 performance indicators within 19 performance families. Then, through the use of DEMATEL, we provided a systemic and comprehensive view of the performance indicators by analyzing their influence interrelationships and categorizing then into either causal or influenced. This allowed us to analyze the influence relationships of each performance indicator and, through an influence map, to identify the most causals and hence, the most relevant ones.

  as it is commonly done. Thus, this provides a new perspective in the study of performance indicators. The resulting influence map from this analysis highlight the importance of reevaluating the relevance of classic performance indicators (mostly among influenced ones) and emphasizes in the use of causal indicators over the influenced ones for improving the performance more effectively.Additionally, we believe this analysis and its results could serve practitioners for monitoring performance and analyze CIP implementations more effectively. Given the constant need of organizations to rationalize resources and time, then, it is highly relevant that they have the means to identify the most relevant performance indicators.By having a clearer view of which performance indicators to focus on, it could help managers better determine which key performance indicators should be displayed on a dashboard, and which indicators are key for making more accurate decisions. It may also help improve the process of identifying areas in which to develop transformation or improvement strategies for enhancing the organization's performance. It may also allow for better follow-up of improvement initiatives and prevent potential unsuccessful implementations in time.

  the analyzed performance indicators corresponded to the internal processes of the organizations. This should be complemented by including performance indicators of the external supply chain and also, performance indicators related to sustainability and environmental awareness, linked with the societal challenges of today´s context (e.g., energy consumption, carbon footprint, reusable and recycled resources). On top of that, future research efforts could explore the potential of the performance indicator interrelationship approach as a new input to strategic planning methods and contrast it to more traditional ones that do not yet consider it (e.g., balanced scorecard).In this sense, we propose to work on two main perspectives. First, on the identification of the various possibilities in which new technologies could allow the inclusion of new indicators regarding human-machine interactions. For instance, the implementation of cobots widely spread in the industrial sector has been associated mainly in relation to the indicators of the specific activities in which they have been implemented such as cycle time and efficiency. But the introduction of such technologies also involves considering their impact throughout the organization's processes, by measuring indicators such as data quality and reliability, impact on the efficiency of adjacent activities, mental workload on collaborators or technology acceptability. This could be further examined through mixed-method studies to assess how these technologies can be sources of new indicators and how they can be integrated into the performance strategy.

14 .

 14 Why would a company be interested in making this transition? what could trigger it? To understand which are the trigger elements 15. what do you think are the different factors that may have an influence in this change? To understand the environment of influence 16. Which do you believe are the barriers or obstacles that could prevent a company to make the transition into the industry 4.0? To understand the possible barriers 17. Once a company is in the new context of the industry 4.0, which could be the consequences in term of improvement of performance? To understand the consequences of the transition to the new context 18. How could the industry 4.0 change the process of improvement of the performance? To understand the consequences of the transition to the new context 19. Which activities could change? are there activities that will disappear or that will appear as new? To understand the consequences of the transition to the new context 20. Which are those technologies? To identify the implemented technologies 21. In which activities has this technology been implemented? What are the applications of this technology in your organization? To understand the different uses of the implemented technology 22. Into what extent do you think the implementation of this technology has affected the performance improvement processes? To understand the changes (beforeafter) on the performance improvement, due to the implementation of the technology 23. Has the implementation of this technology changed the measurement of any performance indicators? To understand the impact of the technology on the measurement of performance indicators 24. What triggers the implementation of this technology? To understand which were the trigger elements 25. What are the key factor that made it possible? To understand what the needed things or actions were for attaining the target system 26. What were the external factors that influenced this implementation? To understand the environment of influence 27.Were there any barriers or obstacles that your organization had to overcome? To understand the barriers faced 28. Overall, what are the gains and changes in the performance improvement after the implementation? To understand the consequences of the transition to the new context Spanish version of the questions:

4.

  Puede darme un poco más de detalle en [x]? cuáles son las diferentes actividades que usted desarrolla? [a adapta acorde a la respuesta de la pregunta anterior] 5. Puede por favor describir como realiza la medición de los indicadores de rendimiento y como recolecta los datos? 6. Puede por favor decirme cuales son los indicadores a los que le hace seguimiento diariamente? 7. ¿Qué otros indicadores considera usted importantes, aunque no les haga un seguimiento diario? 8. ¿Para recolectar la información o los datos de los indicadores de rendimiento, usted interactúa con otras áreas o roles? cuáles? Contribution to the measurement and improvement of the performance of organizations toward an Industry 4.0 context goods. It was founded in 1876 and has more than 52,000 workers in its 124 locations worldwide. Its net sales are US$19.5 billion.• Expert #5: The fifth and last expert has 15 years of experience in CIP and holds a LSS BB certification. The expert works as a Continuous Improvement Manager at Ball Corporation, the same company as the first expert.

  0.186 Contribution to the measurement and improvement of the performance of organizations toward an Industry 4.0 context En conséquence, l'architecture du CIP-DSS a été spécifiée en incluant une ontologie (PSOnto) pour permettre le stockage et la réutilisation des connaissances par la logique de raisonnement pour aider à la prise de décision. Le CIP-DSS intègre et structure la complexité pour alléger la charge mentale des responsables et des ingénieurs du CIP, tout en améliorant la prise de décision pour l'amélioration de la performance. Ainsi, le CIP-DSS les aide, premièrement, à analyser et à identifier les indicateurs de performance les plus pertinents en fonction des relations d'influence entre eux. Ensuite, dans la priorisation des pratiques d'amélioration et des outils pour améliorer les indicateurs de performance d'intérêt, tout en analysant la performance comme un système complexe et complet. Il a également été expliqué comment le CIP-DSS interviendrait dans les activités du processus CIP, apportant de cette manière plus de clarté sur son impact et où il pourrait être incorporé. Plus précisément, nous affirmons que notre proposition de CIP-DSS peut aider le processus CIP dans (1) l'identification des indicateurs de performance, (2) l'évaluation des interrelations d'influence des indicateurs de performance, (3) l'évaluation des interrelations indicateur-pratique-outil d'amélioration, (4) l'analyse des causes des problèmes et (5) la hiérarchisation des pratiques et outils d'amélioration. Un prototype du CIP-DSS a également été développé, comprenant une sélection de 50 indicateurs de performance tirés de la littérature, ainsi qu'un ensemble de 41 pratiques d'amélioration et 23 outils d'amélioration tels que proposés par Liker (2004), avec les interrelations entre eux. Dans l'ensemble, les contributions de cette thèse fournissent des connaissances théoriques et pratiques pour aider les experts en CIP à (1) prendre des décisions dans les activités du sous-processus de stratégie de performance et de résolution de problèmes, (2) en représentant mieux les interrelations complexes au sein de la performance, et donc (3) en contribuant à prendre des décisions assertives et à réduire les échecs dans les mises en oeuvre de CIP. Nous affirmons que ces contributions peuvent guider les experts du CIP dans l'identification et la mise en place des données constituant la stratégie de performance (indicateurs de performance, pratiques et outils d'amélioration, et leurs relations respectives), suivies de l'analyse des interrelations totales des indicateurs de performance et de la population de toutes les connaissances dans la PSOnto. Enfin, l'aide au processus de décision pour l'analyse des influences des indicateurs de performance et la priorisation des pratiques et outils d'amélioration. Grâce à cela, nous permettons la structuration et la traduction des connaissances tacites en connaissances explicites (puisque l'évaluation de l'influence et de l'amélioration doit être effectuée par les experts du CIP) et donc leur réutilisation pour la prise de décision au quotidien. Implications L'approche méthodologique et les contributions proposées représentent un pas en avant dans l'amélioration de la prise de décision dans le processus CIP. Nous considérons le travail développé dans cette thèse comme un point de départ pour mieux comprendre le processus CIP, ce que signifie la performance, comment elle est représentée. De même, en montrant comment cette compréhension est essentielle pour proposer une aide à la décision afin d'améliorer la priorisation des pratiques et outils d'amélioration. Le processus formalisé de CIP, en plus de clarifier le processus et de nous permettre de comprendre la prise de décision pour améliorer la performance, a également le potentiel de devenir la base pour guider les praticiens à travers sa mise en oeuvre et sa gestion. En outre, les modèles développés représentent la façon dont CIP est actuellement gérée et développée, et il a été montré comment cela peut être assisté par un DSS pour améliorer la prise de décision. De plus, avec l'analyse des interrelations d'influence des indicateurs de performance, une vision plus holistique des indicateurs de performance a été proposée et avec elle la pertinence de les analyser en tant que partie d'un système avec des interactions complexes, plutôt qu'isolément, comme c'est généralement le cas. Cela offre donc une nouvelle perspective dans l'étude des indicateurs de performance. La carte d'influence résultant de cette analyse souligne l'importance de réévaluer la pertinence des indicateurs de performance classiques (principalement parmi les indicateurs influencés) et met l'accent sur l'utilisation d'indicateurs causaux plutôt que d'indicateurs influencés pour améliorer la performance plus efficacement.

  de travaux futurs. La première d'entre elles concerne le processus de CIP formalisé. Le nombre d'experts interrogés (ils étaient 5), même si selon la méthode MASK il était suffisant car aucune nouvelle connaissance n'était mise en évidence, pourrait représenter une limite pour sa généralisation. Par conséquent, nous suggérons d'enrichir ce travail en accédant aux connaissances de plus d'experts et de secteurs divers. Les experts interrogés provenaient tous de grandes organisations multinationales ayant une vision mature des méthodologies de la CIP, ce qui nous a permis d'avoir une vision solide du processus de CIP et des possibilités d'amélioration et d'aide à la décision. Cela nous a permis de développer et d'évaluer notre approche méthodologique et la logique de raisonnement du CIP-DSS. Cependant, nous considérons que, en plus de continuer à développer d'autres applications à un niveau expérimental (simulation Festo ou similaire), il devrait être confronté à des experts en CIP dans l'industrie, non seulement de grandes entreprises mais aussi de plus petites. Ceci afin d'évaluer son applicabilité indépendamment de la taille de l'organisation et d'apprécier différents points de vue et différentes échelles de besoins. Dans le but d'exemplifier l'approche méthodologique proposée, comme mentionné précédemment, nous nous sommes concentrés sur le Lean Manufacturing. Sur cette base, l'identification des indicateurs de performance, l'établissement et l'évaluation des interrelations indicateurs-pratiques-outils, et leur instanciation ultérieure dans le PSOnto ont été réalisés. Néanmoins, même s'ils ont été appliqués à une méthodologie CIP spécifique, nous soutenons que l'approche méthodologique CIP-DSS et les contributions ont le potentiel d'être appliquées à d'autres secteurs et d'autres larges afin de corroborer les effets d'amélioration proposés ici ou d'en dévoiler de nouveaux. En outre, même s'il est fonctionnel et prometteur, nous reconnaissons que le CIP-DSS doit être encore amélioré pour mieux aider les experts en CIP. À cette fin, nous proposons de mener une étude de cas multiple en développant un protocole de retour d'information, grâce auquel l'impact des pratiques et outils d'amélioration mis en oeuvre peut être étudié. Comprendre comment le CIP-DSS fonctionne et comment les utilisateurs interagissent avec lui dans des scénarios pratiques pourrait être utile pour valider davantage sa logique de raisonnement pour la priorisation des pratiques et outils d'amélioration. Enfin, nous considérons qu'il est très important de se concentrer sur le "comment" mesurer la performance. Tout au long de cette thèse, nous nous sommes concentrés sur "quoi" mesurer et ses implications pour la prise de décision. Pourtant, il est tout aussi nécessaire d'explorer les autres possibilités de mesure de la performance et la façon dont elles peuvent être mieux mesurées. Les organisations en général ont de plus en plus tendance à mettre en oeuvre des processus de transformation numérique et à adopter les nouvelles technologies de l'industrie 4.0 (e.g., l'internet des objets, l'intelligence artificielle, la blockchain et autres), ce qui implique des changements potentiels non seulement dans la façon dont elles exécutent les processus ou les activités, mais aussi dans la façon dont elles sont suivies. La prolifération de ces nouvelles technologies signifie que les possibilités en termes d'indicateurs de performance sont en constante évolution, il est donc nécessaire d'étudier leur impact réel sur CIP. Dans ce sens, nous proposons de travailler sur deux perspectives principales. Premièrement, sur l'identification des différentes possibilités dans lesquelles les nouvelles technologies pourraient permettre l'inclusion de nouveaux indicateurs concernant les interactions homme-machine. Par exemple, la mise en oeuvre de cobots largement répandus dans le secteur industriel a été associée principalement aux indicateurs des activités spécifiques dans lesquelles ils ont été mis en oeuvre, tels que le temps de cycle et l'efficacité. Mais l'introduction de ces technologies implique également de considérer leur impact sur l'ensemble des processus de l'organisation, en mesurant des indicateurs tels que la qualité et la fiabilité des données, l'impact sur Contribution to the measurement and improvement of the performance of organizations toward an Industry 4.0 context l'efficacité des activités adjacentes, la charge mentale des collaborateurs ou l'acceptabilité de la technologie. Cet aspect pourrait être approfondi par des études à méthodes mixtes afin d'évaluer comment ces technologies peuvent être sources de nouveaux indicateurs et comment elles peuvent être intégrées dans la stratégie de performance. Deuxièmement, nous pensons qu'il est essentiel d'approfondir la compréhension de la manière dont les nouvelles technologies peuvent permettre de mieux mesurer et gérer de grands volumes de données. L'augmentation de la quantité de données disponibles et, par conséquent, de la disponibilité des indicateurs de performance pourrait rendre la gestion de CIP encore plus difficile. Il est alors nécessaire de comprendre comment la disponibilité de données plus robustes peut avoir un impact sur le processus d'amélioration continue, conduisant même à l'automatisation de certaines activités (par exemple, la mesure manuelle périodique par les opérateurs) ou à une meilleure analyse des données. Finalement, cela pourrait conduire à repenser la gestion de CIP en passant d'une logique réactive (agir pour corriger) à une logique proactive (agir pour anticiper). En ce sens, il est prévu, dans le cadre de travaux futurs, de continuer à explorer, dans la simulation Festo, la mise en oeuvre de technologies telles que des systèmes de positionnement en intérieur et des capteurs, et la manière dont, grâce aux données obtenues, une analyse statistique plus robuste peut être développée afin d'identifier des tendances ou des modèles dans les indicateurs de performance, permettant ainsi d'obtenir des informations plus fiables pour la prise de décision.
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Table 3 -1: Framing of Knowledge Capitalization project

 3 

	Objective To access and capitalize the knowledge of experts in CIP, with the goal
	to understand and clarify its processes, activities, and key aspects.
	Five W's and How

Table 3 -2. Characterization of interviewed experts Expert Job position Company Country CIP experience Certification
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	#1	Sr. Process	Ball	Mexico,	8 years	LSS BB
		Excellence	Corporation	USA		
		Specialist				
	#2	Operational	Safran	France	18 years	LSS BB
		Excellence				
		Regional Director				
	#3	Lean Expert	Siemens	Switzerland 12 years	Lean expert
	#4	Production and	Henkel	France	6 years	-
		Lean Manager				
	#5	Continuous	Ball	Mexico,	15 years	LSS BB
		Improvement	Corporation	USA		
		Manager				

Table 4 -
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			Web of Science database
			Additional prominent references: (Krafcik, 1988; Liker,
			2004)
		Type of	Journal articles
		studies	
		Search	("overall performance" OR "Operational performance"
	Search strategy	equation	OR "Manufacturing performance") AND manufacturing AND lean AND (measure OR measurement OR indicators)
		Search fields Title, abstract, keywords
		Language	English
		Period of time 2008-2019
	Exclusion/inclusion	Articles focused on manufacturing
	criteria & title and	Articles making reference to performance indicators
	abstract review	Articles on Lean Manufacturing

1: Literature review protocol

Stage

Description Research question

What are the performance indicators considered in Lean?

Sources

Scopus database organizations toward an Industry 4.0 context

Table 4

 4 

-3 shows the final list of performance indicators.

Table 4 - 2 .

 42 Performance Indicator families per scientific publications It

	Reference	Quality	Productivity	Inventory level	Total cost plant	operation Flexibility	Worktime	Lead Time	Human factor	Travel distance	Profitability	Reliability	Speed	Pull ratio	Waste	Effectiveness	Mura	market share	rate Production	Transfers
	(G. L. Tortorella et	x x x					x											
	al., 2019)																			
	(Maware &					x						x x							
	Adetunji, 2019)																			
	(Shrafat & Ismail,	x x x							x							x		
	2019)																			
	(Lotfi & Saghiri,	x			x x														
	2018)																			
	(Santos Bento &	x		x		x x x			x									
	Tontini, 2018)																			
	(Sahoo & Yadav,	x			x x													x	
	2018)																			

is worth noting in Table

4

-2 that the families of performance indicators that are most frequently found in the literature are those related to quality and productivity, followed by inventory levels, with a marked difference in number of references when compared with the other families. It is also important to note that, although there are 19 different families of performance indicators, the maximum occurrence among the studies is 8

Table 4
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	-3. Performance indicators retrieved from literature
	Performance indicators	
	Effectiveness	Labor downtime
	Manufacturing lot size	# Of NVA motions
	Employee training & team building	Cost reduction
	Ergonomic risk	Pull ratio

Table 4 - 5 .

 45 Intensity and direction of the influence indexes for influenced and causal performance indicators

	Causal Performance Indicator	R+C R-C	Influenced Performance Indicator	R+C R-C
	#andon per dept per cause 0.98 0.17 Efficiency	1.69 -0.83
	equipment downtime	0.93 0.24 Capacity utilization	1.24 -0.35
	Defect rate	0.89 0.17 Value-added ratio	1.14 -0.31

Finally, with the data from the previous table, the DEMATEL influence map was obtained

Table 4 -

 4 6. Sensitivity analysis scenariosFrom the analysis of the overall results of each of the 4 scenarios, there do not seem to be significant changes. The analysis shows that even if a slight change in the order in the cause-effect ranking is observed, it is not representative, the ranking remains almost the same in all the 4 scenarios compared with the base one. This can be observed in Figure4-10, as well as in Appendix H, in which a table for each scenario containing the new calculated 𝑟 𝑖 + 𝑐 𝑖 and 𝑟 𝑖 -𝑐 𝑖 is given. In both, it is highlighted in blue and red, the top 10 most causal and the top 10 most influenced performance indicators from the

	Tested Scenario	Characteristics
	Scenario 1	Adding 1 to each of the 61 values
	Scenario 2	Adding 2 to each of the 61 values
	Scenario 3	Subtracting 1 to each of the 61 values
	Scenario 4	Subtracting 2 to each of the 61 values

base scenario, respectively. This suggest that with a difference in 10% of the evaluations of influence, the results remain generally stable, and thus the methodology seems to be stable and robust.

Table 5 - 2 .

 52 Excerpt from PSOnto classes

	Class	Super Class Natural language definition
	Performance	Thing	The various facets or dimensions of the
	Family		performance in an organization
	Performance	Performance	A type of measurement through which the different
	Indicator	Family	performance dimensions can be assessed
	Performance	Thing	Applied method with the main purpose of
	Improvement		enhancing the performance in an organization or
	Method		their processes

Table 5 -

 5 3. Excerpt from PSOnto class properties

	Relation	Domain	Range	Natural language definition
	hasDefinition Performance	String	The definition of a performance indicator
		Indicator		
	hasType	Performance	String	Describes the type (causal or influenced)
		Indicator		of a performance indicator, resulting from
				DEMATEL analysis
	hasTotalInflu	Total Influence Decimal The value of the total influence between
	enceValue			2 performance indicators, resulting from
				DEMATEL analysis

Table 5 -4. Excerpt from PSOnto object properties

 5 

	Relation	Domain	Range	Natural language definition	
	hasTotalIn	Performance	Total Influence Property	indicating	that	a
	fluence	Indicator		performance indicator is receiving a
				total influence		
	isTotalyInfl	Total	Performance	Property indicating that a total
	uencing	Influence	Indicator	influence is influencing a performance
				indicator			
	hasImpact	Performance	Improvement	Property	indicating	that	a
	On	Improvement	Relationship	performance improvement practice
		Practice		has an improvement impact on an
				improvement relationship		

https://protege.stanford.edu/ 3. https://www.ontotext.com/products/graphdb/?ref=menu

Table 5 - 5 .

 55 Example of competency questions and SPARQL queries

	Competency question	SPARQL query
	*To which performance family	select * where { :CycleTime :hasFamily ?Family;
	does a given indicator belong?	:hasDefinition ?def. }
	*What is the definition of a	
	performance indicator?	
	*What are the performance	select ?InfluencingIndicator ?value where {
	indicators giving a direct	?DirInfluence :isDirectlyInfluencing :CapacityUtilization ;
	influence (with its influence	:hasDirectInfluenceValue ?value.
	value) to a given performance	?InfluencingIndicator :hasDirectInfluence
	indicator?	?DirInfluence. }
	*What are the performance	select * where {
	indicators improved by an	:CreateAStrongAndStableCulture :hasImpactOn
	improvement practice (with its	?ImprovRelation.
	improvement value)?	

?ImprovRelation :isImproving ?Indicator; :hasImprovementValue ?value. }

Table 5 - 8 .

 58 Example: improvement practices -Indirect analysis

Table 5 -
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9. Example: improvement tools -Indirect analysis

Total prioritization of improvement practices and tools:

Table 5 -

 5 10. Example: prioritized improvement practices

		Prioritized improvement practice	Improvement effect value
	1	Reduce / eliminate non-value added (𝑃𝑑 2 )	0.077115
	2	Standardize best practices (𝑃𝑖 1 )	0.065746
	3	Identify root causes and apply countermeasures	0.039456
		(𝑃𝑑 1 )	
	4	Use quality assurance methods (𝑃𝑖 2 )	0.032873
	And consequently, for the improvement tools:	

Table 5 -11. Example: prioritized improvement tools Prioritized improvement tool Improvement effect value
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	1	7 mudas (𝑇𝑑 2 )	0.077115
	2	Standard work (𝑇𝑖 1 )	0.065746
	3	5-why (𝑇𝑑 1 )	0.039456
	4	Poka-yoke (𝑇𝑖 2 )	0.032873
	Through this short example, it is possible to observe not only the application of the
	different equations involved in the logic. But also, that with this analysis a new
	prioritization of improvement practices and tools is proposed, compared to the one that
	could be obtained by only considering the direct analysis. Where (taking the
	improvement practices as example) instead of only proposing to apply Reduce /

eliminate non-value added and Identify root causes and apply countermeasures, it proposed to apply in a prioritized way: first, Reduce / eliminate non-value added; second, standardize best practices; third, identify root causes and apply countermeasures; and

Table 6 -1.

 6 Example of direct influences among performance indicators

	Performance	Influences	Performance	
	Indicator	on	Indicator	
	Value-added ratio	0	Equipment downtime	There is no influence
	Value-added ratio	2	Uptime	Medium influence
	Equipment downtime	3	Value-added ratio	High influence
	Equipment downtime	4	Uptime	Very high influence

Table 6 -2 shows

 6 

an example of the operationalization relationships (see Appendix J for the complete table), which indicates that reduce/eliminate non-value added is being operationalized by 7mudas and spaghetti diagram, while solve problems quick and put in place countermeasures is operationalized by in-station quality control.

Table 6 - 2 .

 62 Example of operationalization relationship of practices and tools

	Improvement Practice	Operationalized by Tools
	Reduce/eliminate non-value added	7 mudas
	Reduce/eliminate non-value added	Spaghetti diagram
	Solve problems quick and put in place	In-station quality control
	countermeasures	

Table 6 -

 6 3 shows an example of the assessment of the improvement relationships from the practices towards the performance indicators (see Appendix J for the complete table), where minimize WIP and warehouse inventory has an improvement effect of 4

Table 6 -

 6 3. Improvement effect of practices on performance indicators

	Improvement Practice	Improv	Performance	
		ement	Indicator	
	Minimize WIP (work in progress)	4	Inventory	Very high positive
	and warehouse inventory		turnover ratio	improvement effect
	Minimize WIP (work in progress)	-1	Delivery	Low negative
	and warehouse inventory			improvement effect
	Learn by standardizing best	2	Rework costs	Medium positive
	practices			improvement effect

Table 6 -

 6 4 shows an extract of the top improvement tools directly impacting Cost reduction. Where for example, the first tool (in-station quality control), has an improvement value of 4 on Cost reduction. Whose value is obtained by summing the improvement values given by the two improvement practices it is linked to: quality drives value proposition, with a value of 2; and solve problem quick and put in place countermeasures with a value of 2 as well.

Table 6 -

 6 4. Extract of Improvement tools directly impacting Cost reduction

	Improvement Tool	Value
	In-station quality control	4
	Kaizen workshops	3
	PDCA (plan-do-check-act)	3
	7 Mudas	3
	Andon	3
	Automatic stops	3
	Spaghetti diagram	3
	5S's	1

Table 6 - 5 .

 65 Extract of Improvement practices indirectly impacting Cost reduction

	Improvement practice

Table 6 -

 6 6. Extract of Improvement tools indirectly impacting Cost reduction

	Improvement tool

Table 6 - 8 .

 68 Extract of weighted indirect improvement effect of practices on Cost reduction

	Improvement Practice

Table 6 -

 6 9. Total prioritization of improvement practices for Cost reduction

	Practice

Table 6 -

 6 10. Total prioritization of improvement tools for Cost reduction

	Tool

Table 6 -11.
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	Table 6-11. Performance indicator improvement
	Performance indicator Simulation 1 Simulation 2
	Defect rate	25%	3.3%
	Lead time	12.89 mins	2.75 mins
	Delivery	17%	30%

Table K - 5 .

 K5 Extract of improvement tools indirectly impacting Effectiveness

	Contribution to the measurement and improvement of the performance of Contribution to the measurement and improvement of the performance of Contribution to the measurement and improvement of the performance of																	
	organizations toward an Industry 4.0 context organizations toward an Industry 4.0 context organizations toward an Industry 4.0 context																	
	PI1 PI2 PI3 PI4 PI5 PI6 PI7 PI8 PI9 PI10 PI11 PI12 PI13 PI14 PI15 PI16 PI17 PI18 PI19 PI20 PI21 PI22 PI23 PI24 PI25 PI26 PI27 PI28 PI29 PI30 PI31 PI32 PI33 PI34 PI35 PI36 PI37 PI38 PI39 PI40 PI41 PI42 PI43 PI44 PI45 PI46 PI47 PI48 PI49 PI50 PR1 0.0004 0.0009 0.0012 0.0014 0.0009 0.0009 0.0003 0.0014 0.0003 0.0003 0.0006 0.0005 0.0004 0.0004 0.0006 0.0019 0.0004 0.0003 0.0014 0.0001 0.0000 0.0001 0.0016 0.0003 0.0003 0.0010 0.0003 0.0008 0.0011 0.0002 0.0233 0.0002 0.0002 0.0002 0.0116 0.0000 0.0225 0.0244 0.0122 0.0012 0.0121 0.0015 0.0335 0.0121 0.0004 0.0003 0.0013 0.0001 0.0001 0.0443 PR1 PR1 PR1 PR1 PR1 PR1 PR10 PR10 PR10 PR10 PR10 PR10 PR10 PR10 PR10 PR10 PR10 PR10 PR12 Performance System Ontology object properties 0.0524 0.0020 0.0001 0.0260 0.0020 0.0134 0.0296 0.0272 0.0317 0.0143 0.0143 0.0147 0.0174 0.0255 0.0354 0.0258 0.0051 0.0005 0.0001 0.0028 0.0005 0.0006 0.0361 0.0241 0.0488 0.0242 0.0135 0.0142 0.0366 0.0031 0.0032 0.0026 0.0502 0.0005 0.0006 0.0354 0.0113 0.0126 0.0273 0.0020 0.0285 0.0027 0.0022 0.0026 0.0158 0.0019 0.0015 0.0015 0.0489 0.0002 0.0015 0.0345 0.0002 0.0010 0.0046 0.0014 0.0157 0.0021 0.0015 0.0015 0.0037 0.0008 0.0008 0.0005 0.0494 0.0006 0.0005 0.0024 0.0006 0.0226 0.0272 0.0025 0.0390 0.0136 0.0131 0.0141 0.0267 0.0028 0.0022 0.0020 0.0560 0.0249 0.0006 0.0389 0.0032 0.0476 0.0426 0.0041 0.0436 0.0037 0.0144 0.0029 0.0185 0.0477 0.0138 0.0255 0.0490 0.0021 0.0001 0.0036 0.0021 0.0019 0.0378 0.0022 0.0280 0.0022 0.0019 0.0019 0.0157 0.0339 0.0015 0.0123 0.0289 0.0013 0.0005 0.0257 0.0019 0.0023 0.0050 0.0016 0.0377 0.0028 0.0023 0.0033 0.0376 0.0020 0.0018 0.0015 0.0001 0.0000 0.0000 0.0001 0.0000 0.0000 0.0001 0.0001 0.0221 0.0008 0.0006 0.0003 0.0003 0.0008 0.0006 0.0004 0.0001 0.0000 0.0000 0.0001 0.0000 0.0000 0.0001 0.0001 0.0001 0.0008 0.0006 0.0003 0.0003 0.0008 0.0006 0.0004 0.0282 0.0022 0.0002 0.0040 0.0021 0.0019 0.0061 0.0502 0.0297 0.0036 0.0364 0.0355 0.0146 0.0371 0.0472 0.0382 0.0273 0.0012 0.0001 0.0140 0.0012 0.0014 0.0273 0.0481 0.0291 0.0028 0.0024 0.0023 0.0148 0.0138 0.0344 0.0465 0.0008 0.0000 0.0000 0.0006 0.0000 0.0000 0.0006 0.0001 0.0007 0.0005 0.0005 0.0001 0.0001 0.0004 0.0005 0.0005 0.0008 0.0000 0.0000 0.0006 0.0000 0.0001 0.0005 0.0001 0.0006 0.0005 0.0005 0.0331 0.0004 0.0005 0.0005 0.0005 0.0453 0.0458 0.0001 0.0389 0.0453 0.0371 0.0318 0.0159 0.0335 0.0143 0.0254 0.0033 0.0178 0.0062 0.0251 0.0267 0.0297 0.0027 0.0001 0.0154 0.0027 0.0027 0.0178 0.0509 0.0312 0.0260 0.0268 0.0146 0.0050 0.0470 0.0055 0.0493 0.0027 0.0003 0.0000 0.0020 0.0004 0.0004 0.0343 0.0332 0.0251 0.0010 0.0007 0.0008 0.0020 0.0010 0.0007 0.0005 0.0286 0.0128 0.0001 0.0146 0.0342 0.0140 0.0162 0.0013 0.0169 0.0015 0.0014 0.0020 0.0046 0.0027 0.0010 0.0124 0.0280 0.0005 0.0010 0.0043 0.0005 0.0007 0.0480 0.0019 0.0273 0.0017 0.0014 0.0016 0.0144 0.0010 0.0119 0.0014 0.0001 0.0000 0.0000 0.0001 0.0000 0.0000 0.0002 0.0001 0.0002 0.0004 0.0003 0.0123 0.0221 0.0004 0.0003 0.0002 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004 0.0000 0.0004 0.0000 0.0000 0.0220 0.0000 0.0000 0.0000 0.0000 0.0144 0.0121 0.0000 0.0017 0.0119 0.0125 0.0025 0.0004 0.0026 0.0004 0.0004 0.0007 0.0122 0.0011 0.0003 0.0005 0.0388 0.0001 0.0011 0.0035 0.0002 0.0002 0.0386 0.0017 0.0278 0.0021 0.0016 0.0017 0.0147 0.0009 0.0017 0.0010 0.0421 0.0238 0.0111 0.0265 0.0245 0.0361 0.0181 0.0016 0.0188 0.0019 0.0016 0.0020 0.0049 0.0030 0.0010 0.0129 0.0009 0.0000 0.0000 0.0007 0.0000 0.0001 0.0005 0.0001 0.0004 0.0006 0.0005 0.0009 0.0222 0.0006 0.0005 0.0004 0.0401 0.0006 0.0341 0.0360 0.0114 0.0127 0.0048 0.0012 0.0051 0.0019 0.0015 0.0015 0.0037 0.0016 0.0009 0.0009 0.0479 0.0005 0.0115 0.0353 0.0006 0.0014 0.0039 0.0013 0.0045 0.0020 0.0014 0.0028 0.0154 0.0007 0.0006 0.0004 0.0169 0.0131 0.0003 0.0138 0.0129 0.0133 0.0154 0.0009 0.0050 0.0017 0.0013 0.0022 0.0041 0.0019 0.0010 0.0011 0.0396 0.0122 0.0005 0.0250 0.0120 0.0131 0.0162 0.0017 0.0064 0.0023 0.0019 0.0031 0.0160 0.0019 0.0014 0.0014 0.0151 0.0121 0.0000 0.0027 0.0120 0.0016 0.0246 0.0005 0.0148 0.0009 0.0008 0.0013 0.0028 0.0012 0.0006 0.0006 0.0263 0.0002 0.0110 0.0235 0.0002 0.0009 0.0025 0.0036 0.0153 0.0251 0.0034 0.0252 0.0138 0.0027 0.0036 0.0030 0.0009 0.0004 0.0000 0.0005 0.0004 0.0004 0.0005 0.0001 0.0115 0.0005 0.0003 0.0232 0.0227 0.0005 0.0003 0.0002 0.0247 0.0113 0.0000 0.0122 0.0112 0.0120 0.0134 0.0007 0.0141 0.0012 0.0010 0.0013 0.0032 0.0015 0.0006 0.0007 0.0255 0.0117 0.0000 0.0127 0.0116 0.0124 0.0138 0.0008 0.0145 0.0013 0.0010 0.0013 0.0033 0.0015 0.0006 0.0007 0.0051 0.0018 0.0000 0.0028 0.0018 0.0017 0.0032 0.0056 0.0045 0.0349 0.0254 0.0136 0.0131 0.0362 0.0262 0.0161 0.0003 0.0000 0.0000 0.0003 0.0000 0.0000 0.0110 0.0000 0.0114 0.0000 0.0000 0.0000 0.0004 0.0000 0.0000 0.0000 0.0246 0.0002 0.0001 0.0015 0.0002 0.0005 0.0017 0.0013 0.0021 0.0014 0.0010 0.0010 0.0016 0.0010 0.0012 0.0010 0.0345 0.0126 0.0123 0.0283 0.0127 0.0140 0.0187 0.0166 0.0203 0.0261 0.0154 0.0153 0.0165 0.0155 0.0159 0.0162 0.0292 0.0010 0.0002 0.0254 0.0013 0.0021 0.0058 0.0041 0.0058 0.0144 0.0145 0.0026 0.0038 0.0141 0.0147 0.0150 0.0130 0.0001 0.0010 0.0012 0.0002 0.0002 0.0012 0.0005 0.0009 0.0012 0.0009 0.0004 0.0009 0.0009 0.0008 0.0007 0.0158 0.0007 0.0000 0.0135 0.0009 0.0012 0.0032 0.0036 0.0037 0.0135 0.0139 0.0017 0.0021 0.0136 0.0142 0.0146 0.0300 0.0013 0.0006 0.0257 0.0120 0.0130 0.0278 0.0037 0.0068 0.0138 0.0141 0.0029 0.0156 0.0142 0.0139 0.0145 0.0423 0.0003 0.0445 0.0271 0.0008 0.0018 0.0166 0.0021 0.0060 0.0026 0.0022 0.0016 0.0041 0.0019 0.0023 0.0019 0.0270 0.0008 0.0000 0.0132 0.0008 0.0011 0.0044 0.0043 0.0052 0.0135 0.0137 0.0022 0.0028 0.0130 0.0140 0.0143 0.0448 0.0257 0.0001 0.0286 0.0479 0.0389 0.0420 0.0017 0.0206 0.0024 0.0026 0.0023 0.0178 0.0263 0.0019 0.0026 0.0420 0.0236 0.0001 0.0266 0.0449 0.0364 0.0396 0.0013 0.0190 0.0020 0.0019 0.0021 0.0166 0.0040 0.0013 0.0020 0.0490 0.0002 0.0006 0.0347 0.0002 0.0009 0.0380 0.0020 0.0284 0.0030 0.0023 0.0020 0.0049 0.0014 0.0019 0.0012 0.0027 0.0004 0.0008 0.0131 0.0007 0.0010 0.0125 0.0001 0.0015 0.0003 0.0003 0.0008 0.0020 0.0002 0.0001 0.0001 0.0027 0.0004 0.0008 0.0131 0.0007 0.0010 0.0125 0.0001 0.0015 0.0003 0.0003 0.0008 0.0020 0.0002 0.0001 0.0001 0.0299 0.0009 0.0000 0.0146 0.0009 0.0016 0.0071 0.0540 0.0318 0.0474 0.0486 0.0371 0.0151 0.0171 0.0501 0.0516 Scenario 1: After +1 INDICATOR R+C After+1 R-C After+1 Type 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0440 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0005 0.0005 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 Employee training & team building 0.6299 0.5873 Causal 0.0143 0.0130 0.0136 0.0137 0.0134 0.0150 0.0129 0.0025 0.0000 0.0000 0.0024 0.0129 0.0003 0.0003 0.0148 0.0133 0.0009 0.0019 0.0025 0.0000 0.0000 0.0007 0.0465 0.0025 0.0006 0.0138 0.0014 0.0012 0.0129 0.0010 0.0012 0.0001 0.0009 0.0010 0.0015 0.0000 0.0010 0.0149 0.0141 0.0009 0.0019 0.0141 0.0148 0.0132 0.0032 0.0028 0.0349 0.0005 0.0005 0.0029 MTBF 0.5277 0.4892 Causal Setup time 0.4559 0.4114 Causal Pull ratio 0.3537 0.3537 Causal Effectiveness 0.8054 0.3544 Causal Product travel distance 0.3856 0.3061 Causal MTTR 0.4529 0.3277 Causal Manufacturing lot size 0.4121 0.3251 Causal Employee compensation 0.4630 0.3282 Causal Process capability index 0.8342 0.2913 Causal absenteeism rate 0.5475 0.2733 Causal equipment downtime 0.9496 0.2194 Causal Inappropriate processing 0.3003 0.2571 Causal Job security 0.2557 0.1931 Causal People travel distance 0.3571 0.1924 Causal AOQL 0.8921 0.1790 Causal Overproduction 0.2992 0.1923 Causal Defect rate 0.9505 0.1718 Causal #andon per dept per cause 0.9715 0.1738 Causal Supplier LT 0.1756 0.1543 Causal Cycle time 0.4966 0.0991 Causal # of NVA motions 0.3901 0.1269 Causal knowledge disconnection 0.1462 0.1245 Causal Transfer lot size 0.3012 0.1177 Causal Ergonomic risk 0.6192 0.1077 Causal FYP 0.8047 0.0883 Causal Process capability index 0.8467 0.2981 Causal absenteeism rate 0.5628 0.2978 Causal equipment downtime 0.9654 0.1951 Causal Inappropriate processing 0.3230 0.2811 Causal Cycle time 0.4828 0.1235 Causal # of NVA motions 0.3869 0.1007 Causal knowledge disconnection 0.1212 0.0977 Causal Transfer lot size 0.2926 0.0956 Causal Ergonomic risk 0.6329 0.0830 Causal isTotalyInfl uencing Total Influence Performance Indicator Property indicating that a total 0.0291 0.0120 0.0000 0.0121 0.0000 0.0129 0.0000 0.0002 0.0000 0.0248 0.0000 0.0000 0.0251 0.0149 0.0005 0.0000 0.0117 0.0001 0.0128 0.0000 0.0003 0.0000 0.0019 0.0000 0.0000 0.0117 0.0144 0.0117 0.0000 0.0123 0.0000 0.0018 0.0001 0.0000 0.0000 0.0129 0.0000 0.0000 0.0018 0.0129 0.0007 0.0000 0.0234 0.0000 0.0009 0.0004 0.0000 0.0000 0.0122 0.0000 0.0000 0.0014 0.0154 0.0114 0.0000 0.0119 0.0000 0.0019 0.0001 0.0001 0.0000 0.0130 0.0000 0.0000 0.0126 0.0187 0.0011 0.0000 0.0017 0.0000 0.0024 0.0002 0.0000 0.0000 0.0371 0.0000 0.0000 0.0150 0.0161 0.0004 0.0000 0.0008 0.0000 0.0021 0.0000 0.0000 0.0000 0.0233 0.0000 0.0000 0.0130 0.0481 0.0015 0.0000 0.0014 0.0000 0.0339 0.0001 0.0000 0.0000 0.0127 0.0000 0.0000 0.0015 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0003 0.0000 0.0000 0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0003 0.0000 0.0000 0.0001 0.0157 0.0004 0.0000 0.0006 0.0000 0.0007 0.0001 0.0110 0.0000 0.0140 0.0000 0.0000 0.0139 0.0157 0.0005 0.0000 0.0007 0.0000 0.0015 0.0000 0.0000 0.0000 0.0239 0.0000 0.0000 0.0134 0.0002 0.0001 0.0000 0.0003 0.0001 0.0000 0.0000 0.0000 0.0000 0.0002 0.0000 0.0000 0.0001 0.0002 0.0001 0.0000 0.0003 0.0001 0.0110 0.0000 0.0000 0.0000 0.0002 0.0000 0.0000 0.0001 0.0178 0.0013 0.0000 0.0017 0.0000 0.0019 0.0000 0.0002 0.0000 0.0163 0.0000 0.0000 0.0145 0.0164 0.0006 0.0000 0.0008 0.0000 0.0011 0.0000 0.0003 0.0000 0.0245 0.0000 0.0000 0.0141 0.0030 0.0001 0.0000 0.0003 0.0000 0.0012 0.0000 0.0000 0.0000 0.0008 0.0000 0.0000 0.0111 0.0500 0.0014 0.0000 0.0008 0.0000 0.0009 0.0000 0.0000 0.0000 0.0132 0.0000 0.0000 0.0236 0.0056 0.0002 0.0000 0.0012 0.0000 0.0131 0.0008 0.0000 0.0000 0.0014 0.0000 0.0000 0.0006 0.0000 0.0220 0.0000 0.0000 0.0000 0.0003 0.0000 0.0000 0.0000 0.0002 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0038 0.0002 0.0000 0.0003 0.0000 0.0004 0.0000 0.0000 0.0000 0.0009 0.0000 0.0000 0.0005 0.0028 0.0001 0.0000 0.0013 0.0000 0.0024 0.0003 0.0000 0.0000 0.0011 0.0000 0.0000 0.0006 0.0197 0.0010 0.0000 0.0015 0.0000 0.0011 0.0005 0.0000 0.0000 0.0033 0.0000 0.0000 0.0247 0.0002 0.0001 0.0000 0.0003 0.0001 0.0003 0.0000 0.0000 0.0000 0.0002 0.0000 0.0000 0.0001 0.0139 0.0007 0.0000 0.0129 0.0000 0.0008 0.0003 0.0000 0.0000 0.0241 0.0000 0.0000 0.0020 0.0507 0.0015 0.0000 0.0014 0.0000 0.0008 0.0125 0.0000 0.0000 0.0012 0.0000 0.0000 0.0230 0.0389 0.0014 0.0110 0.0008 0.0002 0.0008 0.0003 0.0003 0.0000 0.0017 0.0442 0.0002 0.0352 0.0390 0.0013 0.0000 0.0012 0.0000 0.0013 0.0001 0.0000 0.0000 0.0018 0.0000 0.0000 0.0341 0.0055 0.0003 0.0000 0.0005 0.0000 0.0010 0.0000 0.0000 0.0000 0.0011 0.0000 0.0000 0.0334 0.0022 0.0006 0.0000 0.0011 0.0000 0.0008 0.0000 0.0003 0.0000 0.0017 0.0000 0.0000 0.0016 0.0235 0.0005 0.0000 0.0000 0.0000 0.0003 0.0000 0.0000 0.0000 0.0002 0.0000 0.0000 0.0001 0.0456 0.0013 0.0000 0.0006 0.0000 0.0008 0.0000 0.0000 0.0000 0.0013 0.0000 0.0000 0.0008 0.0471 0.0013 0.0000 0.0006 0.0000 0.0008 0.0000 0.0000 0.0000 0.0013 0.0000 0.0000 0.0008 0.0028 0.0002 0.0000 0.0003 0.0000 0.0004 0.0000 0.0004 0.0000 0.0134 0.0000 0.0000 0.0024 0.0005 0.0000 0.0000 0.0000 0.0000 0.0004 0.0000 0.0000 0.0000 0.0001 0.0000 0.0000 0.0000 0.0015 0.0003 0.0000 0.0008 0.0000 0.0006 0.0000 0.0000 0.0000 0.0119 0.0000 0.0110 0.0012 0.0166 0.0122 0.0000 0.0131 0.0110 0.0016 0.0113 0.0113 0.0000 0.0153 0.0110 0.0111 0.0039 0.0139 0.0121 0.0000 0.0127 0.0110 0.0008 0.0000 0.0002 0.0000 0.0030 0.0000 0.0000 0.0021 0.0005 0.0002 0.0000 0.0008 0.0000 0.0002 0.0002 0.0000 0.0000 0.0010 0.0000 0.0000 0.0003 0.0020 0.0006 0.0000 0.0012 0.0000 0.0005 0.0000 0.0001 0.0000 0.0025 0.0000 0.0000 0.0015 0.0151 0.0116 0.0000 0.0122 0.0000 0.0016 0.0001 0.0002 0.0000 0.0248 0.0000 0.0000 0.0025 0.0041 0.0011 0.0000 0.0141 0.0000 0.0016 0.0110 0.0000 0.0000 0.0143 0.0000 0.0000 0.0021 0.0025 0.0003 0.0000 0.0118 0.0000 0.0008 0.0000 0.0001 0.0000 0.0125 0.0000 0.0000 0.0019 0.0180 0.0010 0.0000 0.0013 0.0000 0.0021 0.0000 0.0000 0.0000 0.0157 0.0000 0.0000 0.0142 0.0168 0.0009 0.0000 0.0012 0.0000 0.0020 0.0000 0.0000 0.0000 0.0147 0.0000 0.0000 0.0133 0.0032 0.0005 0.0000 0.0122 0.0000 0.0022 0.0002 0.0000 0.0000 0.0015 0.0000 0.0000 0.0011 0.0486 0.0012 0.0000 0.0005 0.0000 0.0005 0.0230 0.0000 0.0000 0.0009 0.0000 0.0000 0.0002 0.0486 0.0012 0.0000 0.0005 0.0000 0.0005 0.0230 0.0000 0.0000 0.0009 0.0000 0.0000 0.0002 0.0153 0.0010 0.0000 0.0012 0.0000 0.0012 0.0000 0.0005 0.0000 0.0044 0.0000 0.0000 0.0040 r+c rank After+1 r-c rank After+1 22 27 31 39 14 37 33 35 30 13 25 7 43 45 38 8 44 6 5 48 29 36 49 42 23 15 13 25 6 29 36 50 42 20 influence is influencing a performance indicator hasImpact On Performance Improvement Practice Improvement Relationship Property indicating that a performance improvement practice has an improvement impact on an improvement relationship 3 PI24 PR23 2 PI38 PR37 -2 Grow leaders within the organization 0.110 0.017 PI2 1 PI19 PR23 1 PI12 PR37 -1 Maintaining and improve skills-added value 0.110 0.017 PI6 2 PI22 PR23 3 PI37 PR37 Teach teamwork 0.110 0.017 PI33 3 PI48 PR23 1 PI44 PR37 Learn by standardizing best practices 0.097 0.015 PI20 3 PI7 PR23 1 PI5 PR37 Create a strong and stable culture 0.085 0.013 PI30 4 PI5 PR24 1 PI11 PR37 Make employees use Kaizen to eliminate waste 0.085 0.013 PI28 42 Job security 0.2498 0.1875 Causal 45 People travel distance 0.3468 0.1873 Causal 39 AOQL 0.9185 0.1715 Causal 9 Overproduction 0.3064 0.2028 Causal 43 Defect rate 0.9923 0.1881 Causal 5 #andon per dept per cause 0.9582 0.1795 Causal 7 Supplier LT 0.1849 0.1643 Causal 48 Cycle time 0.4968 0.0804 Causal 29 # of NVA motions 0.3790 0.1245 Causal 37 knowledge disconnection 0.1582 0.1371 Causal FYP 0.6915 0.0668 Causal 17 Number of transfer lots 0.3188 0.0637 Causal 41 Safety risk factor 0.1329 0.0801 Causal 49 Labor downtime 0.6143 0.0835 Causal isImpacte dBy Improvement Relationship Performance Improvement Practice Property indicating that an 3 PI34 PR24 1 PI16 PR37 PI32 improvement relationship receives 4 PI15 PR24 2 PI1 PR37 PI34 and improvement impact from a 4 PI11 PR24 1 PI2 PR38 PI2 Improvement Tool Indirect Weighted performance improvement practice hasDirectI Performance Direct Property indicating that a 3 PI35 PR24 4 PI38 PR38 PI43 value indirect value 0.0276 0.0133 0.0027 0.0020 0.0142 0.0170 0.0147 0.0138 0.0001 0.0001 0.0150 0.0150 0.0001 0.0001 0.0163 0.0157 0.0123 0.0262 0.0343 0.0000 0.0000 0.0346 0.0027 0.0267 0.0001 0.0026 0.0243 0.0381 0.0370 0.0359 0.0017 0.0330 0.0010 0.0340 0.0026 0.0002 0.0014 0.0048 0.0027 0.0003 0.0017 0.0035 0.0030 0.0025 0.0157 0.0147 0.0028 0.0016 0.0016 0.0045 22 Speed 0.6493 0.0043 Causal nfluence Indicator Influence 3 PI13 PR24 1 PI12 PR38 PI29 Kaizen workshops 0.230 0.036 performance indicator is receiving a 19 direct influence 1 PI1 PR24 1 PI31 PR38 -1 PI5 Standard work (takt time, sequence, standardized stock on 0.158 0.025 Labor turnover rate 0.5057 -0.0146 Influenced isDirectlyI Direct Performance Property indicating that a direct -1 PI2 PR24 3 PI37 PR39 PI2 hand) 26 Mura 0.7911 -0.0394 Influenced 13 Uptime 0.6942 -0.0892 Influenced 16 Overtime 0.2038 -0.0636 Influenced 46 New product launch 0.1677 -0.0466 Influenced 47 Scrap rate 0.6072 -0.2203 Influenced 23 String Describes the type (causal or influenced) of a performance indicator, resulting from nfluencing Influence Indicator influence is influencing a performance -1 PI6 PR24 2 PI9 PR39 Policy deployment (hoshin kanri) 0.085 0.013 PI38 indicator isImprovin g Improvement Relationship Performance Indicator Property indicating that -2 PI3 PR24 1 PI17 PR39 5S's 0.060 0.009 PI41 an -1 PI20 PR24 1 PI10 PR39 PI44 A3 report 0.060 0.009 improvement relationship is improving 1 PI36 PR25 -1 PI11 PR39 PI5 Work standard 0.060 0.009 a performance indicator -1 PI29 PR25 1 PI35 PR4 PI4 In-station quality control 0.046 0.007 DEMATEL analysis isOperatio Performance Performance Property indicating that a 2 PI9 PR25 -1 PI13 PR4 7 Mudas 0.035 0.005 PI8 49 Transfer lot size 0.2942 0.1159 Causal 44 Ergonomic risk 0.6144 0.1187 Causal 23 FYP 0.8371 0.0761 Causal 14 Number of transfer lots 0.3375 0.1048 Causal 41 Safety risk factor 0.1191 0.0723 Causal 50 Labor downtime 0.5898 0.0470 Causal 24 Speed 0.6976 -0.0509 Influenced 20 Labor turnover rate 0.5081 -0.0591 Influenced Mura 0.8037 -0.0146 Influenced Uptime 0.7582 -0.0494 Influenced Overtime 0.1876 -0.0582 Influenced New launch 0.2029 -0.0949 Influenced Scrap rate 0.6406 -0.2111 Influenced Q. finished goods inv 0.5604 -0.2590 Influenced 26 customer Unit cost of manufacturing 0.7879 -0.7297 Influenced Efficiency 1.6759 -0.8312 Influenced 1 2 PI15 PR26 1 PI5 PR40 PI38 PR11 1 PI5 PR26 3 PI37 PR40 PI2 14 PR11 1 PI17 PR26 2 PI31 PR4 PI34 21 Lead time 0.8853 -0.7074 Influenced 7 DEMATEL analysis PR11 2 PI9 PR26 1 PI12 PR4 PI5 46 Cost reduction 1.0905 -0.5623 Influenced 4 enceValue 2 performance indicators, resulting from PR11 2 PI44 PR26 1 PI2 PR4 PI7 product delivery 0.5941 -0.3644 Influenced 24 hasTotalInflu Total Influence Decimal The value of the total influence between Tool Method PR11 4 PI37 PR26 1 PI1 PR4 PI48 47 turnover ratio 0.7278 -0.3963 Influenced 15 indicators Improvement Improvement PR11 2 PI41 PR26 1 PI14 PR4 PI22 19 Inventory uenceValue Influence influence between 2 performance isAssisting Performance Performance Property indicating PR11 2 PI12 PR26 1 PI11 PR4 PI19 16 utilization 1.2226 -0.3479 Influenced 2 hasDirectInfl Direct Integer The value (from to 4) of the direct Practice Method PR11 4 PI38 PR25 4 PI34 PR4 PI24 28 Q. finished goods inv 0.4997 -0.2402 Influenced 27 customer satisfaction 0.3988 -0.2167 Influenced Production rate 0.8399 -0.2817 Influenced 9 market share 0.3255 -0.2688 Influenced 40 ratio 1.1124 -0.3558 Influenced 3 Rework costs 0.4500 -0.3446 Influenced 31 WIP inventory 0.6836 -0.3219 Influenced 18 Capacity hasImprove mentValue Improvement Relationship improvement relationship from an improvement practice to a performance indicator Indicator Family performance indicator belongs to a isContribu tingTo Performance Improvement Performance Improvement performance improvement practice PR11 2 PI2 PR25 1 PI10 PR4 PI32 Property indicating that through a PR11 2 PI1 PR25 -1 PI17 PR4 PI25 performance family PR11 1 PI14 PR25 4 PI32 PR4 PI49 Integer The value (from -4 to -1 and 1 to 4) of an hasFamily Performance Performance Property indicating that a PR11 2 PI16 PR25 1 PI27 PR4 PI18 Value-added hasInfluence Direction Index Performance Indicator DEMATEL analysis Tool Practice PR11 1 PI13 PR25 1 PI26 PR4 PI20 implementing a performance practice a performance indicator, resulting from nalizing Improvement Improvement performance improvement tool is PR11 2 PI35 PR25 1 PI29 PR4 PI3 Decimal The value of influence direction index of isOperatio Performance Performance Property indicating that a PR11 2 PI11 PR25 3 PI20 PR4 PI33 34 hasObjective Performance Indicator String nalizedBy Improvement Improvement performance improvement practice is PR10 -1 PI17 PR25 -1 PI14 PR4 PI23 Denotes the objective (to be maximized, indicator improvement tool PR11 2 PI42 PR25 4 PI33 PR4 PI6 to be minimized) of a performance Practice Tool implemented by a performance PR11 2 PI15 PR25 1 PI43 PR4 PI2 Total prioritization:	0.0261 0.0129 0.0027 0.0016 0.0135 0.0164 0.0142 0.0346 0.0001 0.0001 0.0140 0.0143 0.0001 0.0001 0.0155 0.0147 0.0123 0.0461 0.0030 0.0000 0.0000 0.0336 0.0019 0.0270 0.0001 0.0022 0.0144 0.0361 0.0347 0.0342 0.0016 0.0001 0.0012 0.0012 0.0025 0.0004 0.0013 0.0044 0.0023 0.0003 0.0016 0.0034 0.0027 0.0021 0.0155 0.0146 0.0024 0.0351 0.0351 0.0042	0.0212 0.0496 0.0173 0.0157 0.0392 0.0326 0.0173 0.0283 0.0226 0.0221 0.0412 0.0295 0.0003 0.0004 0.0326 0.0315 0.0253 0.0171 0.0054 0.0111 0.0000 0.0022 0.0159 0.0183 0.0115 0.0159 0.0162 0.0159 0.0170 0.0147 0.0263 0.0120 0.0143 0.0148 0.0047 0.0006 0.0021 0.0202 0.0168 0.0120 0.0038 0.0174 0.0059 0.0047 0.0197 0.0182 0.0276 0.0022 0.0022 0.0214	0.0147 0.0140 0.0024 0.0014 0.0141 0.0023 0.0015 0.0028 0.0001 0.0001 0.0362 0.0017 0.0440 0.0345 0.0027 0.0138 0.0002 0.0014 0.0013 0.0130 0.0339 0.0007 0.0013 0.0013 0.0008 0.0013 0.0022 0.0014 0.0021 0.0005 0.0035 0.0021 0.0012 0.0012 0.0029 0.0000 0.0007 0.0151 0.0023 0.0003 0.0014 0.0026 0.0016 0.0017 0.0018 0.0017 0.0015 0.0009 0.0009 0.0164	0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0002 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0110 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000	0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0220 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000	0.0011 0.0117 0.0008 0.0006 0.0010 0.0009 0.0008 0.0011 0.0000 0.0000 0.0009 0.0005 0.0110 0.0115 0.0008 0.0006 0.0001 0.0004 0.0006 0.0004 0.0002 0.0003 0.0006 0.0006 0.0113 0.0005 0.0007 0.0003 0.0007 0.0002 0.0007 0.0005 0.0003 0.0003 0.0004 0.0000 0.0003 0.0007 0.0004 0.0002 0.0002 0.0005 0.0005 0.0004 0.0007 0.0007 0.0006 0.0001 0.0001 0.0009	0.0000 0.0000 0.0001 0.0004 0.0001 0.0001 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0003 0.0000 0.0000 0.0000 0.0003 0.0000 0.0000 0.0003 0.0000 0.0003 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0111 0.0000 0.0002 0.0000 0.0001 0.0110 0.0000 0.0000 0.0000 0.0001 0.0000 0.0000 0.0000	0.0004 0.0006 0.0002 0.0001 0.0004 0.0002 0.0002 0.0004 0.0000 0.0000 0.0006 0.0002 0.0110 0.0114 0.0002 0.0002 0.0000 0.0001 0.0002 0.0004 0.0002 0.0001 0.0002 0.0001 0.0003 0.0001 0.0002 0.0001 0.0002 0.0000 0.0004 0.0005 0.0000 0.0001 0.0003 0.0000 0.0000 0.0004 0.0001 0.0000 0.0000 0.0002 0.0001 0.0001 0.0002 0.0002 0.0001 0.0000 0.0000 0.0006	0.0004 0.0008 0.0008 0.0012 0.0007 0.0009 0.0005 0.0115 0.0000 0.0000 0.0001 0.0004 0.0006 0.0006 0.0005 0.0003 0.0004 0.0002 0.0013 0.0000 0.0000 0.0001 0.0012 0.0003 0.0004 0.0009 0.0001 0.0005 0.0006 0.0003 0.0001 0.0000 0.0002 0.0002 0.0001 0.0001 0.0000 0.0118 0.0331 0.0117 0.0220 0.0008 0.0334 0.0001 0.0006 0.0005 0.0009 0.0002 0.0002 0.0001	0.0017 0.0013 0.0127 0.0345 0.0122 0.0132 0.0012 0.0121 0.0000 0.0000 0.0005 0.0012 0.0000 0.0000 0.0025 0.0012 0.0007 0.0012 0.0233 0.0000 0.0000 0.0004 0.0241 0.0017 0.0002 0.0246 0.0012 0.0010 0.0122 0.0008 0.0007 0.0000 0.0006 0.0006 0.0003 0.0001 0.0002 0.0138 0.0015 0.0222 0.0006 0.0128 0.0038 0.0011 0.0020 0.0019 0.0129 0.0009 0.0009 0.0006	0.0014 0.0125 0.0014 0.0015 0.0016 0.0017 0.0012 0.0124 0.0000 0.0000 0.0010 0.0008 0.0119 0.0123 0.0012 0.0008 0.0005 0.0006 0.0016 0.0004 0.0003 0.0004 0.0016 0.0008 0.0007 0.0011 0.0008 0.0007 0.0011 0.0005 0.0008 0.0006 0.0005 0.0005 0.0004 0.0001 0.0223 0.0130 0.0342 0.0229 0.0447 0.0231 0.0238 0.0004 0.0013 0.0012 0.0014 0.0002 0.0002 0.0011	0.0003 0.0004 0.0003 0.0001 0.0003 0.0005 0.0004 0.0110 0.0000 0.0000 0.0001 0.0003 0.0000 0.0000 0.0003 0.0002 0.0004 0.0002 0.0005 0.0000 0.0000 0.0000 0.0004 0.0002 0.0000 0.0001 0.0000 0.0002 0.0002 0.0003 0.0000 0.0000 0.0001 0.0002 0.0000 0.0001 0.0000 0.0002 0.0001 0.0000 0.0000 0.0003 0.0002 0.0000 0.0005 0.0004 0.0004 0.0001 0.0001 0.0001	0.0003 0.0004 0.0003 0.0001 0.0003 0.0005 0.0004 0.0115 0.0000 0.0000 0.0001 0.0003 0.0000 0.0000 0.0004 0.0002 0.0004 0.0002 0.0006 0.0000 0.0000 0.0000 0.0004 0.0002 0.0000 0.0001 0.0000 0.0002 0.0002 0.0003 0.0000 0.0000 0.0002 0.0002 0.0000 0.0001 0.0000 0.0002 0.0001 0.0000 0.0000 0.0003 0.0002 0.0001 0.0444 0.0005 0.0004 0.0001 0.0001 0.0001	0.0168 0.0254 0.0154 0.0039 0.0151 0.0177 0.0151 0.0357 0.0001 0.0001 0.0145 0.0152 0.0004 0.0005 0.0173 0.0161 0.0234 0.0136 0.0472 0.0000 0.0000 0.0009 0.0488 0.0149 0.0113 0.0036 0.0018 0.0024 0.0142 0.0126 0.0020 0.0001 0.0017 0.0017 0.0025 0.0004 0.0014 0.0169 0.0155 0.0011 0.0027 0.0161 0.0154 0.0145 0.0163 0.0152 0.0053 0.0007 0.0007 0.0158	0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0010 0.0000 0.0000 0.0000 0.0000 0.0115 0.0000 0.0000 0.0345 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0005 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0019 0.0440 0.0000	0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0001 0.0000 0.0000 0.0004 0.0003 0.0000 0.0000 0.0003 0.0003 0.0000 0.0000 0.0221 0.0000 0.0000 0.0000 0.0010 0.0116 0.0000 0.0003 0.0345 0.0000 0.0003 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0008 0.0004 0.0000 0.0000 0.0003 0.0003 0.0003 0.0001 0.0001 0.0008 0.0441 0.0019 0.0001	PI50 0.0025 0.0020 0.0122 0.0009 0.0015 0.0024 0.0013 0.0124 0.0003 0.0003 0.0025 0.0024 0.0005 0.0006 0.0026 0.0344 0.0010 0.0009 0.0126 0.0002 0.0000 0.0002 0.0128 0.0010 0.0004 0.0009 0.0003 0.0011 0.0119 0.0008 0.0225 0.0002 0.0005 0.0005 0.0122 0.0001 0.0010 0.0244 0.0133 0.0009 0.0129 0.0132 0.0019 0.0231 0.0015 0.0014 0.0124 0.0002 0.0002 0.0023
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Table K -1 and Table K-2).

 K Likewise, the weighted indirect improvement value of the practices and tools is obtained (third column of Table

K-4 and Table K-5).

  

Table K -

 K 6. Total prioritization of improvement practices for Effectiveness

	Improvement Practice	Total improvement
		factor
	Standardize best practices	
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1. https://www.w3.org/TR/rdf-sparql-query/ PSOnto should provide answers to. These competency questions will be later verified in the validation stage, for which, SPARQL 1 queries language will be used in order to retrieve the data stored in the ontology. The process of continuous improvement of the performance For what will the ontology be used?

For storing and retrieving knowledge within CIP-DSS, for helping the decision maker to make better decision to improve the performance Who will use the ontology?

Performance improvement Managers / Engineers through the CIP-DSS

Competency questions: For what type of questions the information in the ontology should provide answers?

Which are the performance indicators per performance family? To which performance family does a given indicator belong? What is the definition of a performance indicator? What is the objective of a performance indicator? What is the type (causal/influenced) of a performance indicator? What is the influence direction index for a performance indicator? What are the performance indicators giving a direct influence (with its influence value) to a given performance indicator? Which performance indicators are receiving a direct influence (with its influence value) by a given performance indicator?

What are the performance indicators giving a total influence (with its influence value) to a given performance indicator? Which performance indicators are receiving a total influence (with its influence value) by a given performance indicator?

What are the performance indicators improved by an improvement practice (with its improvement value)?

Which are the improvement tools to operationalize an improvement practice? After this, the vocabulary of PSOnto is determined, for which Table 5-2, Table 5-3 andTable 5- Therefore, the developed ontology, PSOnto, constitutes the knowledge container of our proposed CIP-DSS. The PSOnto will allow our CIP-DSS to store the knowledge entered by the user and resulting from DEMATEL analysis, and subsequently it will allow its reuse by the reasoning logic in order to fulfill the CIP-DSS objective.

Reasoning logic

After describing the architecture of CIP-DSS with its corresponding components and explaining its knowledge container, the following section, will explain the reasoning logic of our proposed CIP-DSS. This will be done in terms of its two modules.

Performance indicators interrelations module

This first module (see Figure 5-5) aims at helping the decision-makers in the development of the performance strategy (Subprocess A1) by structuring the PSOnto and eliciting the most relevant performance indicators. Therefore, this module has two main objectives, firstly, to obtain the needed knowledge that will be stored into the PSOnto (to be done once, for parametrizing the system), which will be access throughout each use of the CIP-DSS by the user.

for the decision-making process in Continuous Improvement of the Performance 

IV. Visualization of influence map and performance indicator characteristics

Upon the parametrization of the CIP-DSS, this module retrieves from the PSOnto the intensity and direction of influence indexes per performance indicator (𝑟 𝑖 + 𝑐 𝑖 and 𝑟 𝑖 -𝑐 𝑖 ), for showing the user an influence map with the possibility to visualize all the performance indicators or a selection of them (individually selected or by family). Lastly, based on the selection of a performance indicator by the user, it provides, by querying the PSOnto, a view of the performance indicators that influence and are influenced by the selected one (sorted by magnitude of influence).

Prioritization of practices and tools module

Given the paramount importance performance indicators play in decision-making in CIP process, in which they should be considered as part of a whole system, thus, improvement actions should be then proposed by integrating the interrelationships within it. Then, when looking for improving a given performance indicator, one should consider the influences received from others depending on whether it is mainly causal of influenced. Assuring in this way that improvement actions are not limited to the isolated analysis of just the given indicator, but instead include the influence interrelationships from other indicators within the system.

Therefore, the reasoning logic for this second module of our CIP-DSS is based on three 

Direct analysis:

As in this example we are only considering 2 improvement practices, each with only 1

(not in common) tool. From where, the first practice (𝑃𝑑 1 ) exerts an improvement effect of 2, and the second practice (𝑃𝑑 2 ) an improvement effect of 4 on 𝐼𝑛𝑑 𝑎 . Therefore, the results from the direct analysis are the following: 

Where: Our proposal is then structured on the following three essential stages:

1. Stage 1: The setup data for the performance strategy: Here, the identification of the performance indicators, improvement practices and tools, along with their respective relationships is developed.

Stage 2: Performance indicators interrelations and PSOnto population:

In this stage, DEMATEL analysis is done. Also, the knowledge is stored for reusing.

Stage 3: Decision process for analyzing performance indicators and prioritizing

improvement practices and tools: This last stage comprises the analysis of performance indicators influences and the prioritization of improvement practices and tools.

These stages will be evaluated in the following sections, for which we will focus on the CIP methodology of Lean Manufacturing (building up on the work developed on Chapters 4 and 5).

Stage 1: Setup data for performance strategy

The identification of the data to parametrize in performance strategy setup constitutes the departing point of our methodological approach, denoted with the purple circle number 1 in Figure 6-1. As mentioned throughout this document, something that is essential for improving the decision-making in the CIP process (Chapter 3) are the performance indicators. Identifying them, and subsequently structuring them, is of paramount importance for better articulating the performance improvement practices and tools. The steps within this stage are described as follows:
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Where:

Thus, we have for 𝑃𝑑 1 , the following:

Then:

𝑃𝑒𝑓𝑑 ′ × (𝑟 -𝑐) ′ = 0.1586 × 0.1765 = 0.028 in order to achieve a better comprehension.

Through the CIP-DSS prototype our methodological approach is partially implemented for giving the user the functionalities to: Through this link the prototype can be accessed: https://tinyurl.com/47w9sk56

And in this, a video shows how a user could interact with it: https://youtu.be/ilqdVYQ56k8

Practical application

The participants were introduced to the CIP-DSS prototype. For which a brief Contribution to the measurement and improvement of the performance of organizations toward an Industry 4.0 context indicators of interest, while analyzing the performance as a complex and complete system.

It was also explained how the CIP-DSS would intervene in the activities of the CIP process, bringing in this way more clarity on its impact and where it could be incorporated. Specifically, we argue that our CIP-DSS proposition can assist in the CIP process in (1) the identification of performance indicators, (2) the evaluation of performance indicator influence interrelationships, (3) the evaluation of the indicatorpractice-tool improvement interrelationships, (4) problem cause analysis and ( 5) the prioritization of improvement practices and tools. A prototype of the CIP-DSS was as well developed, including a selection of 50 performance indicators drawn of the literature, along with a set of 41 improvement practices and 23 improvement tools as proposed by [START_REF] Liker | The Toyota way: 14 management principles from the world's greatest manufacturer[END_REF], along with the interrelationships among them.

Altogether, the contributions of this thesis provide both theoretical and practical knowledge to support CIP experts in (1) the decision-making through the activities within the performance strategy and problem resolution subprocess, (2) by better representing the complex interrelationships within performance, and thus (3) contributing to make assertive decisions and reduce failures in CIP implementations.

We argue that these contributions can guide the CIP experts through identification and setting up of the data constituting the performance strategy (performance indicators, improvement practices and tools, and their respective relationships), followed by performance indicators total interrelationships analysis and the population of all the knowledge in the PSOnto. For lastly, supporting in the decision process for analyzing the performance indicators influences and prioritizing improvement practices and tools.

Through this, we are enabling the structuring and translation of tacit knowledge into explicit (as the influence and improvement assessment is to be done by the CIP experts)

and therefore allowing it to be reused for the decision-making in a daily basis.

Contribution to the measurement and improvement of the performance of organizations toward an Industry 4.0 context Furthermore, the developed CIP-DSS takes the DEMATEL analysis further and integrates into its reasoning logic not only the resultant influence indexes, but also the richness of the total influence interrelationships among performance indicators. These along with the relationships with improvement practices and tools, by being structured into the PSOnto, allows not only the transformation of tacit knowledge (expert's assessments) into explicit, but also its reuse. Contributing to both, the knowledge creation process in CIP, and the interoperability of the system.

The reasoning logic described in our CIP-DSS and evaluated and applied through use cases and a practical experimentation environment, implies a major change in the analysis for prioritization of the improvement practices and tools to be implemented. We are proposing to take into account the complexity of the indicator-practice-tools interrelationships for the analysis. This, therefore, changes the way improvement practices and tools had been commonly prioritized, as (1) we are formalizing these interrelationships and allowing its reuse for future decision-making. And (2) with this reasoning logic, the prioritization varies according to the influence degree of each of the analyzed performance indicators to improve, implying that the more influenced a performance indicator is, the more the prioritization will give importance to the influences received by them (the so-called indirect analysis). This has a significant impact on the analysis of the most commonly used performance indicators, which, as we have seen earlier, are among the most influenced.

Limitations and perspectives

We are aware that the work developed in this thesis has some limitations, but which at

the same time open the possibilities to new perspectives and future work. The first of which relates to the formalized CIP process. The quantity of interviewed experts (they were 5), even if according to MASK method was enough as no more new knowledge was being evidenced, could represent a limitation for generalizability. Therefore, we suggest enriching this work by accessing the knowledge of more experts and from diverse sectors.
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We believe that the CIP-DSS can serve as a useful means to delve deeper into the indicator-practice-tool interrelationships and explore in more detail the effects and impacts it has on the CIP. Accordingly, future steps in this research should be focused on further exploring the interrelationship analysis of influence among performance indicators by applying it to different organizations so that multiple representations can be obtained. The systematic collecting of this data could be processed to establish correlations and deduce causalities between performance indicators and thus enrich our analysis. Data mining approaches can be very useful in this regard.

Similarly, another research path may focus on refining and validating the improvement effects of practices and tools on performance indicators. This could be pursued through deeper theoretical studies (e.g., meta-analysis of literature) complemented by broader expert panels in order to corroborate the improvement effects proposed here or to unveil new ones. In addition, even if functional and promising, we acknowledge that the CIP-DSS needs to be further improved for better assisting experts in CIP. To this end, we propose to conduct a multiple case-study by developing a feedback protocol, through which the impact of the implemented improvement practices and tools can be studied. Understanding how the CIP-DSS performs and how users interact with it in practical scenarios could be useful for further validating its reasoning logic for the prioritization of improvement practices and tools.

Lastly, we consider that it is of high importance to address "how" to measure performance. Throughout this thesis we have focused on "what" to measure and its implications for decision making. Yet, exploring what other performance measurement possibilities there may be and how they can be better measured is equally necessary.

Organizations in general have an increasing drive to implement digital transformation processes and adopt new technologies of the Industry 4.0 (e.g., internet of things, artificial intelligence, blockchain and others) which entails potential changes not only in the way they execute processes or activities but also in how they are monitored. The proliferation of these new technologies means that the possibilities in terms of performance indicators are constantly evolving, so it is necessary to study their real impact on the CIP.

Appendix A. Dates and Protocol of interview for CIP experts

In the following two tables, the interview dates for each of the experts are specified:

Following, questions from 1 to 8 were used for the process modelling.

English version:

Protocol of Interview -Interview Questions

Profile: Expert in Continuous Improvement of Performance

The following questions are to be done in the first interview with the experts after a brief explanation of the study

Question Question objective

Part 1

1. Could you please explain to me the importance of the continuous improvement of the performance in an organization?

To understand through the importance of continuous improvement, which are its missions and the goals 

Minimize

The ratio between the number of man-days lost due to absenteeism and the total of working man-days available [START_REF] Maasouman | Development of a lean maturity model for operational level planning[END_REF] 

Ergonomic risk Minimize

The ratio between the high and medium ergonomic risk workstations and the total number of workstations [START_REF] Maasouman | Development of a lean maturity model for operational level planning[END_REF] Contribution to the measurement and improvement of the performance of organizations toward an Industry 4.0 context 
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Appendix K. CIP-DSS decision process: additional use cases

I. Second use case: Effectiveness

For this second use case, we focus on the performance indicator of Effectiveness.

Which, in contrast to the use case shown in Chapter 6, is among the most causal performance indicators. This in order to appreciate the difference in the weight allocation for the improvement practices and tools in the total prioritization.

Direct analysis:

By following the same steps as in the previous use case, we proceed to develop the direct analysis by identifying the practices directly improving Effectiveness performance

indicator. An extract is shown in Table K-1 with some of the practices and their direct influence value (see second column). Correspondingly, Table K-2 presents an extract of the tools improving this performance indicator with its direct influence value (second column). 

II. Third use case: Labor turnover rate

For the third use case, we will base the evaluation of the different steps on Labor turnover rate, a performance indicator whose direction influence is close to 0.

Direct analysis:

Like in the last two use cases, the practices and tools that are directly improving the analyzed performance indicator were identified. Table K-8 andTable K-9 show an extract of these practices and tools, along with its direct influence value in the second column. Then, by using Equation ( 5), we obtain that the (𝑟 -𝑐)′ for Labor turnover rate is 0.569.

Following with Equations ( 6) and ( 7), we calculate the normalized and weighted direct improvement from the practices and tools (third columns on