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Abstract

:

The main purpose of this paper was to introduce procedural changes based on a type of human resources management tool using Lean Leadership (LL). We sought to determine which Lean Tools (LTs) are able to promote a rapid impact on a company; namely, we aimed to determine which LTs are able to facilitate fast and positive results for companies after their implementation, thus allowing for quick wins. This study was conducted at a medium-sized Portuguese company in the metalworking sector. Results were assessed from two surveys (involving 17 people) regarding perceptions of employee awareness in the machining area for Quality, Maintenance/Equipment, Process/Products, Leadership/Management by Objectives, and Trust and Training. The surveys were conducted at the beginning of the study and at the end of a quarterly period. LTs were used over a period of three months, thus enabling changes to the company’s manufacturing processes which could lead to improved organization, orientation, consistency and viability. Three months were considered an adequate time period to measure whether the tools were effective in the production of quick wins or not. LL allowed for greater awareness of the importance of LTs, the most important feature of which is the aggregation of all of the employees’ energies, which culminates in better operational efficiency and an increase in the employees’ overall positive perceptions of their company’s principles and mindset. The introduction of LL, as well as the implementation of 10 LTs, which are considered to be Quick-Win Tools, enabled employees to improve their perceptions of their company by 6.1%. Lean tools can be implemented quickly and are easily understood by their intended users. These benefits provide additional motivation for their use and for the achievement of highly satisfactory operating results across production areas. This study aims to identify which lean tools allow companies to obtain benefits/gains quickly. This outcome is the main contribution of this study to the scientific community and to companies. A Quick Win means a rapid improvement in a short period of time. As such, lean tools that provide Quick Wins also contribute to economic development. Due to the restricted time period imposed by the main purpose of this study, statistical analysis of the results was unfeasible.
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1. Introduction


This case study aimed to study and implement the Lean Management model using Lean Tools (LTs) in a Portuguese metalworking company that would be considered to fit into the Small and Medium-Sized Enterprise (SME) sector. In this company, the design and development of fluid control valves are carried out in various sectors, including the oil and gas industries, as well as the pharmaceutical industry. This study was conducted during a phase when this company intended to implement LTs, therefore allowing us to assess the immediate results obtained in organizational and, consequently, operational terms. We were also able to evaluate the ways that LTs enhanced motivation amongst all of the company’s employees, which can be presented as a “Quick Win” [1]. At the same time, Lean Leadership (LL) models were incorporated across the company’s entire hierarchical chain, allowing for greater interaction between its management and the technical and operational areas. Implementing LL in association with LT has been proven to be able to produce a major impact on companies in the metalworking industry [2,3,4,5]. This impact was shown to have positive repercussions on the behavioral and commitment levels of employees in the company, which may lead to more efficient operating results. Thus, we determined that the best general approach was to start with the selected appropriate LT based on the relevant company’s state of maturity, followed by the application of each tool at the appropriate time. Lean tools are identified and described in this paper as procedures that allow companies to obtain benefits/gains quickly. This is the main contribution of this study to the scientific community and to companies. LTs that offer a Quick Win are the best lean tools, i.e., those that cause a rapid improvement in the production abilities of the company using them over a short period of time. The main purpose of this paper was to introduce procedural changes based on LTs as human resources management tools through LL and, simultaneously, to study which LTs are able to promote a rapid impact on companies; that is, the paper assesses which LTs are able to provide fast and positive results for companies after their implementation, thereby enabling Quick Wins.




2. Literature Review


LL is a meticulous system used for the sustainable implementation and continuous improvement of Lean Production [6]. It describes the cooperation of company officials and leaders in their mutual pursuit of perfection [7]. The link between the applicability of LTs and their application in practice is affected by human/psychological issues. As mentioned by Pierce et al. [8], psychological ownership is a psychological state in which an individual aims to obtain a type of membership (which could be a material or immaterial form) or experiences a sense of entitlement to some of the benefits of membership. According to Avey et al. [9], these feelings are a very real phenomenon that many recognize and comment on as being related to a person’s work and organizational environment. Pierce et al. [10] suggest that the feeling of belonging can be found in three human motives: self-efficacy, self-identity and “owning a house”.



The development of a sense of belonging promotes a climate of continuous effort towards achieving the goals associated with inclusion. Workers’ interest in their work and performance is stimulated by this sense of belonging, thereby providing organizational advantages at all levels [11]. In this context, Avey et al. [9] proposed applying a Psychological Ownership Questionnaire, which was used to evaluate a person’s sense of belonging by providing support of relevant concepts and revealing the five dimensions of this feeling (self-efficacy, self-identity, “owning a house”, responsibility and territoriality).



SMART is an acronym for goal-setting practices. The associated objectives are determined as follows: “S,” specific, “M,” measurable, “A,” attainable/achievable, “R,” relevant and “T,” timely. Its origin is attributed to the Management by Objectives model developed by Peter Drucker. The focus of the Management by Objectives model is to ensure that an organization’s teams are working towards the same goals, while SMART sets out the associated action plan. Although SMART is often a contributor to business management plans, it has also been used in the formulation of personal development plans [12]. The measurement of key performance indicators is an instrument of widespread use in the detection of changes in the performance of the production system in order to coordinate and undertake appropriate countermeasures [13] (Ferreira et al., 2019a). The main challenge of the KPI (Key Performance Indicator) systems coordinator is to determine relevant KPIs [14,15]. The absence of adequate productivity measurement indicators leads to disoriented performance [16]. Daily Kaizen meetings are the main subsystem of corporate accountability; they enable a culture of continuous improvement, working efficiently under a visual management system, analyzing and acting based on data and root cause analysis, thereby seeking to continually improve operations in a structured and visible manner [17,18]. Integrated with the internal communication project, the intention is for the entire company to be provided with daily data for decision making. This communication is performed transversally and vertically, based on the LL project, in which communication constitutes one of the pillars for the development of employees [19,20,21] at a time when customers are increasingly more demanding [22,23,24].



Visual management is, in itself, the management tool that quickly informs its stakeholders about the state of a process, and which actions can be taken in a timely manner [25]. It allows team leaders to better engage in problem-solving and in the practice of continuous improvement with their teams [26,27,28,29,30].



PDCA (Plan–Do–Check–Act) is a system used for the continuous improvement of an organization. The “Plan” phase initiates the PDCA process by identifying the problem clearly and objectively. The “Do” phase takes the hypothesis and tests it by means of a scientific method. The “Check” phase is begun to study the effects of the “do” phase. The “Act” phase is sometimes referred to as “do it” because it is designed to identify what must be worked on [31,32]. The Gemba Walk concept refers to when top management goes to the actual place where the work is performed [33,34,35] and to the location where value is created [36,37,38,39,40]. This is also an opportunity for leaders to communicate and build trust with the team, thus enhancing corporate culture, with a focus on people and processes [41,42,43]. This has an immediate and significant influence on organizational activity [44,45,46,47,48], where management systems [49,50], namely quality management [51,52,53,54,55] as well as environmental management and sustainability [56,57,58,59,60], play an important role [43,61,62,63] in the way Industry 4.0 principles are implemented [64].



The 5S system is a rule designed to create a clean and safe working environment; hence, there is a commitment to safety [65] and production, leading to the efficient and effective fulfillment of business tasks [66]. The 5S tool is divided into five steps, which can be enumerated as follows: Seiri (Sort), Seiton (Set in Order), Seiso (Shine), Seiketsu (Standardize) and Shitsuke (Sustain) [67]. Implementing the 5S method is one of the first steps in the Lean Manufacturing strategy, and impacts the behavior of the Lean System method. Dana [45] and Veres et al. [68] have determined, as a result, that there is an increase in organizational productivity, accompanied by improvements in operational and profitability indicators in the short, long and medium terms, as well as in manufacturing costs, with a positive impact on profitability [69,70,71,72]. The “5 Whys” is a technique that uses a systematic approach to problem-solving in order to find the root cause of a defect or problem [73]. The goal is to identify the negative event factors, determine what needs to change and avoid similar future occurrences [74,75,76,77,78,79].



Literature Review—Comparative Earnings


A review of several articles that have pointed to the gains derived from the implementation of selected LT was carried out. However, there was no exact basis of comparison with the 10 LTs implemented in the 3 months of the study, which would have allowed one to compare the gains ensuing from the implementation of these tools in other contexts. Neves et al. (2018) carried out work in the textile industry with the aim of identifying problems and finding solutions through a combination of the PDCA cycle, 5S and 5W2H (Where, When, What, Why, Who; How, How much). The association of these Lean methodologies showed an important impact in the weaving production process, with gains of 10% in the time available to the operator. Rosa et al. (2019) developed a study on production lines and the assembly of automotive components, which aimed to apply LT to eliminate wasted time and increase productivity. The focus of this research was to increase the output on lines A and B, reduce the setup times on line C and increase overall productivity. There was a 41% increase in productivity on line A and 43% on line B. The weekly setup time for line C was also reduced by 58.3%. Another article by Costa et al. [67] presented a study developed at a company that manufactures handling and lifting equipment. The aim was to implement 5S methodology on a manufacturing cell, with the purpose of enhancing its efficiency and safety. The results obtained allowed for the reduction of waste, as well as a decrease in operating times and labor. It thereby improved reliability of delivery dates and, ultimately, greater customer satisfaction. On the other hand, Pombal et al. [25] presented a study, using lean methodologies, which led to increased operational efficiency, better quality and productivity and reduced costs. This is in line with other authors, such as Santos and Barbosa [80] and Rebelo et al. [81]. The methodologies selected were Visual Management, 5S and Kanban. This allowed for a reduction in the time needed to locate consumable material of around 70%, an increase in stock control of about 30% and a decrease in the time required to replenish material in the consumables cabinet, with an expected improvement of approximately 50%. Another study carried out on the production line of a company in the automotive sector [82] resulted in an increase in production capacity from 1200 to 2000 parts/day. Several LTs were used in this study, such as 5S, Kaizen, Yokoten and PDCA, among others. The observed result was a 37% increase in capacity and a 22% improvement in OEE (Overall Equipment Effectiveness).



There are many LTs, some of which we will attempt to describe as follows. The first of these, QFD—Quality Function Development [83] is a structured method that uses seven management and planning tools to identify and prioritize customer expectations quickly and effectively. Yokoten [84] is the sharing of good practices with others, which is observed in the Gemba, namely in the place where they were implemented. PDCA (plan–do–check–act) [85] is an iterative four-step management method used in business for the control and continuous improvement of processes and products. Another one of these tools is the Milkrun [3,86], which refers to the logistics train that supplies the production line, collects the materials that will be needed and delivers them within predetermined time cycles and by following predefined circuits. The implementation of this tool presents some advantages, including reduced transport costs. Six Sigma [87] is a disciplined approach that aims to dramatically reduce defects and produce measurable financial results. The goal of Poka-Yoke [3] is to prevent the occurrence of errors in all activities and to reduce the MUDA, that is any constraint or impediment that causes waste to occur. The 5 Whys method [88] consists of a questioning process, which is used to bore deeply into a problem (and the five how’s are used to develop the details of a solution to a problem). VSM (value stream mapping) [89] is a method which is implemented to analyze the current state and to design a future state for the series of events, taking a product or service from its beginning through to the customer with reduced lean wastes compared to the current map. 5S [90] is a methodical way to organize the workplace so as to turn it into a safer, ergonomic and more efficient environment through the organization of the layout and the introduction of visual management and standard ways of working. SIPOC [91] is a tool that summarizes the inputs and outputs of one or more processes in a table format. The acronym SIPOC stands for suppliers, inputs, process, outputs and customers, which form the columns of the table. Jidoka [92] deals with quality at the source or built-in quality: no company can survive without the excellent quality of the product and service, and Jidoka is the route through which this is achieved. DMAIC [93] (define, measure, analyze, improve and control) is used in association with Six Sigma (SS) to improve projects of existing products or processes, where incremental improvement is sufficient. Kaizen [94] is a method of involving the workforce in order to generate many ideas for improvement. Each employee is expected to come up with (and implement) 3–5 improvement ideas each and every month. The Kanban [95,96] method consists of promoting the restock of materials only when required by receiving and sending signals, usually in the form of cards. SMED (single-minute exchange of dies) [88] is one of the many lean production methods used to reduce waste in the manufacturing process. It provides a fast and efficient way of converting a manufacturing process from running the current product to running the next product. This rapid changeover is key to reducing production lot sizes and thereby improving flow, thus minimizing production loss and output variability.





3. Methodology


The company where the study took place belongs to the metalworking industry, where the design and development of fluid control valves are carried out for the oil and gas industry, as well as for the pharmaceutical industry. Throughout the case study, several consulted articles were considered, namely the five LL principles [7,97,98,99,100]. In this analysis, we selected ten Lean and Quality tools, which were expected to create an impact within a 3-month period. All philosophies, techniques, technologies and work processes are only successful if all the stakeholders are involved in the project and have the same common goal, namely, that of introducing procedural changes to human resources through LL and LTs.



3.1. Employee Survey


Before proceeding with the implementation of LTs, it is important to understand employees’ perceptions at the beginning of the case study in order to understand their evolution throughout the process. For this purpose, a survey was created, which would be answered in two phases: during the 1st week of January, at the beginning of the project, and then the 1st week of April, thus assessing the impact of the implementation of the first LTs, such as the methodologies of Lean management. The Survey Preparation Methodology was carried out anonymously, comprising the coordinators of the four work cells and their collaborators, with a total of 17 individuals in each survey. The questions were organized and based on a six-point “Likert” scale [101] for which scores were attributed as follows: 1—Totally disagree; 2—Strongly disagree; 3—Disagree; 4—Agree; 5—Strongly agree; 6—Totally agree. For the interpretation of the collected data, a scale from 0 to 1 was used, which corresponds to the conversion of data as a percentage. The ranges of results were established as: ≥0.83—Excellent; >0.67 to 0.83—Good; >0.50 to 0.67—Medium; >0.33 to 0.50—Insufficient; >0.17 to 0.33—Weak; ≤0.17—Inadmissible.




3.2. Survey Dimensions—“Awareness”


For the case study, a six-dimensional survey was created as the base and was targeted as follows:



The “Quality Awareness” dimension aims to understand whether the concepts of quality are understood properly; this is mainly related to the NCs produced and whether operators have the training and capacity to solve them.



The “Quality Awareness” dimension comprises five items:




	
Q1—I produce more conforming parts than my cell colleagues;



	
Q2—My cell produces more conforming parts than other cells;



	
Q3—I can identify the root causes of the NCs (non-conformities) produced;



	
Q4/F1—I have adequate training to solve the NCs; (This same question was used to answer two perceptions, namely, the area of Quality (Q4) and also, the area of training (F1)).



	
Q5—I implement improvement actions.








The “Consciousness of Maintenance/Equipment” dimension, which comprises five items, aims to provide an insight into whether employees have the perception that the equipment is in good condition, both in terms of functionality and appearance, if the amount of damage is the same as that on other cells, and whether operators are prepared to solve problems on the equipment.




	
M1—The machines and cell under my care are in good maintenance;



	
M2—The number of breakdowns corresponds to the company average;



	
M3—The repair intervention time is adequate;



	
M4—The equipment produces many defective parts;



	
M5/F2—I feel able to solve equipment problems and I have the training to do so; (This same question was used to answer two perceptions, namely, the area of maintenance and equipment (M5) and also, the area of training (F2)).








The “Process/Production Awareness” dimension, which comprises seven items, aims to understand if workers have the perception of whether LTs such as 5S and work balancing are implemented and understood.




	
P1—My workload is balanced;



	
P2—The workload on my cell is balanced;



	
P3—I could produce more parts if I had other types of tools or equipment;



	
P4—My cell is clean and organized (5S);



	
P5—I am totally comfortable when working in my cell (5S);



	
P6—I know what I have to do during my shift;



	
P7—I always have immediate access to the programs and tools used.








The “Leadership Awareness/Goal Management” dimension, which comprises four items, aims to perceive whether the Goal Management Process (GPO) constitutes a useful tool in the company’s management, and whether it is implemented in a transparent, fair and easy manner.




	
G1—The Goal Management Process (GPO) has been presented in a transparent manner and the reward method is understandable;



	
G2—The percentages of each GPO line are proportional to the main tasks to be performed;



	
G3—The GPO helps me to guide the company’s overall goals;



	
G4—I believe I will be rewarded for achieving the cell goals.








The “Consciousness of Personal Confidence” dimension, which comprises five items, aims to interpret employees’ perception of which factors have contributed to the company’s general improvement, as well as that of their own work cell, the aspect of teamwork and their self-motivation.




	
E1—I am confident of my abilities to contribute to the success of my field;



	
E2—I am confident that I can make a positive contribution in my area;



	
E3—I am confident about setting performance goals in my area;



	
E4—I feel the need to defend my cell when it is criticized;



	
E5—I feel that we can improve steadily, in a process of continuous improvement.








The “Awareness of Training” dimension, which comprises four items, aims to understand employees’ perception of their level of training, both in solving problems and NCs.




	
F1/Q4—I have adequate training to solve the NCs; (This same question was used to answer two perceptions, namely, the area of training (F1) and also, the area of Quality (Q4)).



	
F2/M5—I feel able to solve equipment problems and I have the training to do so; (This same question was used to answer two perceptions, namely, the area of training (F2) and also, the area of maintenance and equipment (M5)).



	
F3—I have been trained for my day to day work;



	
F4—I need more training in other areas to improve my efficiency.









3.3. Characterization of Work Cells


Depending on the product to be processed, the production cells respond effectively and efficiently to fluctuations in product variety. The concept of value is the basis of this philosophy, which aims to increase competitiveness and maintain a mindset of continuous improvement. The company has structured its equipment into four cells, as is shown in Figure 1 as well as in Table 1. Table 1 shows the number of machines per cell, as well as the maximum capacity per cell, namely, the quantity of machines and the maximum diameter of machinery per cell. Each cell is grouped according to each type of equipment, depending on its mechanical cutting typology, its cutting volume capacity and the materials to be worked. The numbering in Figure 1 corresponds to the identification of each piece of equipment, with the green one corresponding to newly acquired equipment. In terms of organizational positioning, the cells and their equipment present the following layout.





4. Results


Due to the fact that the time required to promote this kind of study was rather limited, a statistical analysis could not be applied since the number of samples collected was reduced. This being the case, the statistical significance would be low, although improvements were clearly achieved.



4.1. Initial Perceptions


Perception of Overall Dimensions: in this first section, the intention was to obtain an overall view of the company. The questionnaire was subdivided into six individual perceptions, with the final average being the essential indicator for the final comparison of results. Overall data from the first survey, shown in Figure 2, resulted in a Good score (68%). The most significant contributions ensued from the perception of Personal Confidence and Management by Objectives, which correspond to employees’ self-confidence in their abilities, and that the GPO project could improve their conditions. Conversely, the perceptions that contributed less to the final score were “Consciousness of Maintenance/Equipment” and “Quality Awareness”. These factors were based on the care and time spent on the repair and maintenance of equipment, as well as the training provided in the area of quality.



Overall Perception/Cell: once the final value of the survey was obtained, it was necessary to understand how each cell contributed to the outcome. The lathe cells (1, 2 and 3) presented better results than milling cell, Cell 4. As is visible in Figure 2, Cell 1 stands out positively from the others, and Cell 2 also contributed to an increase in the final average. Cell 3 also presented a Good result, with an average value of 68%. Only Cell 4, with a score of Average (65%), showed a lower final value. The difference in values between the lathe cells and the centers is essentially due to the diversity of jobs that have centers and thus require new programming, in comparison with the more routine jobs produced on the lathes. This is the initial perception of all the dimensions, and Figure 3 represents the same perspective but is cell-oriented; that is, it relates to the means of perceptions per cell.




4.2. Application of LT and LL


Ten tools were selected for this study (Lean and Quality) which, in association with the employees, were expected to generate a great impact within a 3-month period. The chosen tools allowed for changes in processes, manufacturing methods and cooperative management. After analysis of scientific articles and determination of the company’s stage of maturity, the following tools were selected for implementation: (1) Management by Objectives/SMART Objectives—each worker’s objectives were controlled weekly; (2) KPI—the data were transmitted to each team of employees; (3) Daily Kaizen—besides being implemented in the main production area, it was also replicated in small areas (cells of production); (4) Visual Management—reformulated to include cells; (5) PDCA—tool used in daily Kaizen to progress in problem solving; (6) Gemba Walk—the process was performed to include the entire hierarchy, including the CEO; (7) 5S—introduction of the first 3 Ss to enable organization of spaces; (8) The 5 Whys—to address the production of NCs (Non-Conformities) which require more complex solutions; (9) Yokoten—used to disseminate actions determined in the 5 Whys throughout the manufacturing area; (10) Brainstorming—working with cell operators to find proposals for continuous improvement.




4.3. Management by Objectives/SMART Objectives


The objectives are usually defined for one-year time periods in the articles studied. However, for this study, we decided to establish quarterly targets for the machining area with the purpose of ensuring an immediate reward for the results achieved, thus constituting one of the main advantages. SMART goals are ambitious and achievable. In this sense, they were proposed for acceptance by collaborators, with subsequent objectives set up for the first quarter. An easy-to-read form was developed, which established an “agreement” between the manager and the employee for the time period, in this case, the established quarter. The file presented pre-established formulas which, according to the income the employee earns and depending on the objectives achieved, results in a bonus value.



	(1)

	
KPI (Key Performance Indicators)







All ten processes of the company’s Quality Management System have their corresponding indicators, increasing to 32 KPIs (Key Performance Indicators) for the company in 2019, because that which cannot be measured cannot be improved. In line with LL philosophy, the company started to disclose all the KPIs (Key Performance Indicators) on the company’s dashboard, with access and explanations being provided to all its employees.



	(2)

	
Daily Kaizen in the machining area







A Daily Kaizen meeting was established, counting on the participation of the following collaborators: machining coordinator, planning manager, cells manager, times and methods manager and the maintenance manager. This took place every day from 9:50 a.m. to 10:00 p.m., and its purpose was to transmit daily information from the four Kaizen factory cells. This meeting occurred at the beginning of the shift and would feed relevant information to the next “operations” meeting.



	(3)

	
Visual Management







Visual management allows for a quick indication of the productive state almost in real-time, and the data are made available on the next business day. All employees, from top management to operators, were provided with important information in a simple and effective way. Graphs and data were easily perceived from a three-meter distance, thus allowing for their easy assimilation.



	(4)

	
PDCA (Plan–Do–Check–Act)







The PDCA tool was embedded in the Daily Kaizen panel, which allowed the company to have a perception of whether results were within the objective. Possible proposals for improvements or sector needs were recorded as a plan of action, for which evolution of the work performed was verified daily by the person responsible for surpassing the problems. Through the target objective, decisions and actions were carried out when the expected results were considered inappropriate or when actions exceeded the established timings.



	(5)

	
Gemba Walk







Even though the Gemba Walk was implemented unofficially, it was undertaken in a structured manner. The various levels of Gemba Walk involvement allowed for issues to be treated from a more technical level to a management level, depending on the hierarchy of the participants. The Gemba Walk rules and corresponding descriptions are shown in Table 2.



The appendix of the Gemba Walk is an optional section that can contain details and data that supplement the main text. For example, one might include: explanations of experimental details that would disrupt the flow of the main text, but nonetheless remain crucial to understanding and reproducing the research shown; brief figures of replicates for experiments, the representative data of which are shown in the main text. The mathematical proof of results that are not central to the Gemba Walk can be added as an appendix to the main document.



	(6)

	
5S







This process was relatively easy to implement and is coupled with the need for operational improvement. All the employees became involved immediately and had clear ideas regarding the organization of their workstation, thus becoming more efficient. The simplicity of the implemented actions was inversely proportional to the gains.



	(7)

	
The 5 Whys







After the project started, and with the advent of the first non-conformities (NCs), as well as the conventional process of treating these (NC registering), we had to improve the analysis of the root-causes regarding possible complex problems. A new form was created to include the identification of these problems where the 5 Whys methodology was followed in an attempt to find the root cause of the problem. This procedure was used twice in eight exercises.



	(8)

	
Yokoten







This tool is usually used to disseminate actions resulting from use of the 5 Whys tool. One of the tools that drew the most attention was the Yokoten philosophy. “Yokoten” is a Japanese term meaning “sharing information”. It is the practice of sharing the information “horizontally” across the different sectors, areas and departments of the organization, such as good ideas, important practices and solutions to problems that can be replicated. It takes advantage of the knowledge acquired or developed, by passing it systematically and horizontally; thus, session partners do not make mistakes or apply something which was already tested incorrectly on another working cell. The concept is to present the problems solved through the 5 Whys to one of the working cells where the problem has already been worked on. When the real root cause is detected, these corrective actions are transferred to other manufacturing cells. The analysis and actions required are implemented locally so that the potential problem does not occur again.



	(9)

	
Brainstorming







This refers to a dynamic group used as a problem-solving technique, which develops ideas or improvements in processes or products; fundamentally, it is used to stimulate creative thinking. In this sense, in the middle of January 2019, a brainstorming session was held with cell coordinators, who are responsible for the productive sector and maintenance. This meeting resulted in 24 proposals being signed, which were divided into 8 families. Most of the proposals were oriented towards the improvement of processes and waste reduction. At the end of the study, 71% of the proposals were implemented.




4.4. Data Analysis


In the first week of April, the same survey was distributed to the same employees, in order to gauge their perception of the LTs implemented, as well as that of the changes introduced in terms of LTs. The analysis involved understanding the evolution of the general dimensions, the overall progress of cells and, finally, the development of each dimension.



Perception of Overall Dimensions: As shown in Figure 4, the final values rose from 68.4% to 72.6%, i.e., an increase of 6.14%. i.e., [(72.6 − 68.4):68.4 = 6.14%].



The dimensions that increased most in terms of employee perception was Training, which increased by 9.58%, i.e., a difference between the initial perception 66% and the final perception of 73% [(73 − 66):73 = 9.58%].



For Quality we have an initial value of 64% and a final value of 70%, which gives an increase of 8.57% i.e., [(70 − 64):70 = 8.57%]



The dimension Leadership/GPO showed an increase of 5.5%. Values that were below average, but positive compared to the initial survey, were 4.3% for the Product Process dimension, 3.8% for the Personal dimension and 3.4% for the “Maintenance and Equipment” dimension.



In all of the dimensions, there was an improvement in employees’ perception, which was 6.1% higher in the three months after the initial data was obtained, which represented the involvement of all the organization’s staff members. The main conclusion to be drawn from the various dimensions is the high perception that employees have of “Personal Confidence” which, at the end of the study, was very close to excellent. Furthermore, one observed an acceptance of the implementation of the GPO process which, even without clear final data, allowed employees to realize that the data available within that period would allow them to obtain rewards/bonuses associated with their salaries.



The Product Process and Training dimensions both contributed a final score of 73%, slightly above average, which emphasized that the effort made in providing training to employees improved the initial result from 68% to 73%.



The short implementation time of the tools was not enough to see a clear shift of employees’ perceptions regarding the changes made in the Quality dimension and the Maintenance and Machines dimension, thus raising the scores in the same way. However, other dimensions, such as Quality, rose from Average to Good in the final assessment.



Perception of Overall Cell Dimension: there was an overall increase of 6.1% over the review period, as is verified in Figure 4, which shows the increase achieved by each of the cells in comparison to the initial data, which represent the staff’s initial perception. Some new machines were purchased, and the employees were aware of the fact that the old machines did not meet the operators’ expectations, hence the rise in value.



In the analyzed period, an increase was achieved for each of the cells compared to the initial data. This average increase was 6.1%, as can be observed in Figure 4. In this case, SMED was not applied, because the company was involved in the development phase of the CNC program (FANUC). SMED would be applied in the next step, although this article does not cover this phase.



Along with an overall increase in all the cells, Figure 5 shows that Cell 4 presented the highest contribution at 16.9%; this was followed by Cell 3, which improved by 4.4% from its initial perception. Cells 1 and 2 each showed a 1.4% increase. The effort made on Cell 4, which showed the lowest value in early January, completed the process, obtaining the best score of 76%. The main contributors were the dimensions of Awareness of Personal Confidence and Leadership Awareness/GPO, which managed to link LT with LL and worked together with employees to achieve the ultimate goals. Cell 3 followed the same pattern. Cell 2 remained very stable in its final behavior. In contrast, even though Cell 1 increased from 72% to 73%, it presented other dimensions that lowered the score, specifically the dimensions of Consciousness of Maintenance and Equipment and of Consciousness of Personal Confidence.



Quality Awareness Perception: This perception showed the highest growth of 9.4%, moving from the Average to Good category. The highest growth in percentage level was recorded in Cell 2 at 15.3%, followed by Cell 4 with an increase of 12.3%, which scored the highest value of 73%. Cell 3 increased by 9.8%, and cell 1 grew 2.9%.



The questions Q3—“Can I identify the root causes of the NCs produced” and Q5—“I implement improvement actions,” were given the highest scores by employees. For question Q4 referring only to quality “I have adequate training to solve the NCs”, there was a significant increase during the first investigation. It was concluded that the Lean concept implemented was perceived, accepted and developed by the collaborators, namely the LTs: the 5 Whys and PDCA. This increase in the score allowed the rating to rise from the Average to the Good category.



Perception of “Consciousness of Maintenance and Equipment”: The perception of Consciousness of Maintenance and Equipment increased by 3.3%, remaining at the same level at Average. The 10.3% increase in Cell 4 should be highlighted, serving as an example of improvement, followed by Cell 2 with a 6.9% increase. Cell 3 presented the same value, and in Cell 1 the values decreased by about 1.6%.



The existence of other LTs like TPM, specific to maintenance and equipment, were not implemented due to the need for more resources, which explains why this dimension did not grow as much as the others. The work carried out by the 5S team, which included maintenance members, helped to increase the final perception by 2%, with Cell 1 showing a different perception compared to the others.



In questions M1—“The machines you take care of and the cells are in good repair and maintenance” and “The machines that you take care of, as well as the cell operations are in good repair and maintenance is up to date” and M5 —“I feel able to solve equipment problems and I have the training to do so” presented the highest scores and had the highest values, which validates the perception that the implemented LTs were oriented towards management/leadership, and not directed at equipment and maintenance.



Perception of Consciousness of the Product Process: In the perception of Consciousness of the Product Process, the final value increased by 4.3% for Cell 3. There was also a residual increase for Cell 1 of 1.4%. In turn, Cell 2 decreased its score by 1.5%. Based on the same principle as the previous point, LT was not product-driven, allowing the percentage to rise from 70% to 73%. Validating this statement are the scores of 79% for the question P5—“I’m totally comfortable when working on my cell,” which went up by 8%, as well as question P6—“I know what I have to do during my shift,” with a final score of 78% and a 3% increase. The LTs that supported this increase in score were 5S, Management by Objectives, the Kaizen Diary and Visual Management.



Perception of Leadership Awareness/GPO: On average, this dimension increased by 5.5%. On observing the four cells, one can see that Cell 4 had a major impact, with a contribution of 25%. Cell 1 helped the overall climb, with 3.8%. However, Cell 3 kept its score, and Cell 2 dropped 5.1% between January and April of 2019. This dimension scores second in the ranking of the most valued, at 77%. The LTs: GPO/SMART Objectives and Gemba Walk, as well as KPI and Daily Kaizen, Visual Management and Yokoten, were involved in the process, allowing all cells to contribute to the higher scores observed from Cell 4. The questions G1—“Was the Goal Management Process (GPO) presented in a transparent manner and is the method of rewarding understandable?” and G4—“I believe I will get a good reward for achieving the cell’s goals?” were both valued at 78%.



Perception of Personal Confidence: With an increase of 3.8% at the end of the study, Cell 4 increased by 15.6%, which was the only area where Excellent was achieved. Additionally, Cell 3 presented an increase of 3.8% and was close to this Excellent level. The values decreased for Cells 2 and 1 by 3.8% and 1.2%, respectively. The dimension with the best result (82%) was Personal Confidence, with the result within just 1.3% of the Excellent level. This reference was obtained from Cell 4. The questions E5—“I feel we can get better and better in a process of continuous improvement”, with 87%, presented the highest score of all the questions in the survey. The team was generally involved in all of the LTs, such as Brainstorming, Yokoten, 5S, Daily Kaizen and Visual Management, within the LL philosophy. The data were recorded in the form of KPI in Daily Kaizen and through the Gemba Walk process, thus engaging the entire company.



Perception of Training Awareness: A similar growth rate of 10.6% was achieved for the perception of Training Awareness. Its growth was generic for all cells, with Cell 4 highlighted at 13.8%. Cell 2 recorded the second-best growth of 8.7%. Similar growth values were presented for Cells 3 and 1, at 7.6% and 7.5%, respectively.



The results obtained validate the company’s involvement in creating better conditions through LL, namely in the training and follow-up of all its employees. All the LTs were explained and recorded in the training form, allowing for a better understanding of the actions undertaken during the period. The Gemba Walk was fundamental in the consolidation of the tools. The generic growth for all cells, ranging from 5% to 9%, establishes the average at 6%, with 76% as the final score.




4.5. Data Analysis—Cronbach’s Alpha


Analysis of the internal consistency of the questionnaires using Cronbach’s alpha was undertaken. In order to assess the characteristics that constitute each of the dimensions of the employees’ perceptions, an analysis of internal consistency was carried out. Cronbach’s Alpha intends to assess the extent to which items in a given set measure the same dimension, being directly related to the relationship between those same items, and varying numerically between 0 and 1 [102]. The greater the correlations between the items, the greater the homogeneity of the items and, in turn, the greater the consistency with which they measure the same dimension or construct.



With regard to the questionnaire that was carried out in January, Cronbach’s alpha generated a value of 0.802. Regarding the questionnaire carried out in April, Cronbach’s alpha produced a value of 0.849, so it can be concluded that the level of consistency of the questionnaires is good.





5. Conclusions


The implementation of LT and LL over a short period of time, which is the case in this study (just three months), validates that it can be implemented and understood quickly by employees. Although LT applied to promote Quick Wins were used during a short period of three months, it was able to promote some changes in the manufacturing processes, leading to better organization, focus, consistency and viability. Since Quick Wins were the main focus of this study, the period of three months was considered to be the minimum time interval required to obtain clear results; thus, we did not overextend the interval in order to maintain evidence of the “Quick” factor.



The way to measure a company’s overall results is through financial means; however, employee satisfaction can be measured by the workers’ turnover, as well as by using satisfaction surveys. The results which ensued from the surveys of the employees regarding the various perceptions were highly positive, with an increase of 6.1% during a period of a mere 3 months. These tools created an additional motivation for employees, and there was greater involvement in all the sectors to achieve common goals, which is the great challenge of LL. Hence, this study aims to identify which lean tools allow companies to obtain benefits/gains quickly. The authors hope this study is a contribution to the scientific community and to companies.



Another conclusion was a significant increase in the effect of the correlation between the perception of Personal Confidence and of Consciousness of the Product Process, which moved from an association of a positive mean correlation (0.40) to a strong correlation (0.64) with the implementation of the Lean processes. This drew the value close to its maximum value of 1, pointing to an increase of 68%, as is shown in the results. Future development is expected to be positive through the implementation of other LTs, such as the milk run, one-point lesson and Poka-Yoke, which are always accompanied by the Gemba carried out by top management. In symbiosis with all the employees, all of these procedures will enable sustainable growth. In sum, this research study will undoubtedly contribute to the company’s economic development.
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Figure 1. Shop floor divided into four cells and respective machines per cell. 






Figure 1. Shop floor divided into four cells and respective machines per cell.



[image: Systems 08 00055 g001]







[image: Systems 08 00055 g002 550] 





Figure 2. Initial Results: Initial Perception Overall Dimensions. 
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Figure 3. Initial Results: Dimensions/Cell Perception. 
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Figure 4. Perception of Results of the Overall Dimensions. 
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Figure 5. Dimension Results—Cell Perception. 
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Table 1. Equipment divided into 4 cells.






Table 1. Equipment divided into 4 cells.











	
	CNC

(Computer Numeric Control)
	Quantity of Machines
	Max Diameter of Machining





	Cell 1
	Lathes
	6
	400 mm



	Cell 2
	Lathes
	4
	400 mm



	Cell 3
	Lathes
	5
	800 mm



	Cell 4
	Milling

Centers
	4
	800 mm



	Total
	
	16
	max. diameter = 800 mm










[image: Table] 





Table 2. Gemba Walk Rules.






Table 2. Gemba Walk Rules.





	Frequency
	Hierarchy
	Goal





	Daily
	Session head
	KPI, verification, action plan, problem-solving



	Weekly
	Production/Quality Director
	KPI, verification, improvement proposals



	Monthly
	CEO
	Monitoring Projects, KPI, verification of evolution, feedback from employees and managers
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