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Abstract 

This research work sought to apply the Lean Manufacturing methodology, with the purpose of improving productivity 
in the finishing area of a rubber company. It has been observed that, in this area, there is a low productivity, due to an 
absence of a culture of order and cleanliness, and a lack of production control. The application of Lean tools showed 
a substantial increase in productivity (from 56.47% to 75.86%), this achieving a progress of 34.33% in the finishing 
area. In addition, in relation to efficiency, the use of average man-hours will be improved from 75.30% to 87.90%, 
resulting in an improvement of 16.74%. And, according to the efficacy, an increase was found in the quantities 
produced, on average, which went from a value of 74.99% to 86.3%, this resulting in an increase of 15.07% in the 
production of 3S 200 mm rings. 
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1. Introduction
The rubber industry is one of the main sources of natural rubber. This element is an indispensable raw material used 
for the manufacture of more than 40 thousand products (anti-slip flooring, surgical gloves, among others) in the 
medical device and automotive industries. In recent years, due to the increase in operating costs in rubber plantations, 
the low availability of labor, and unfavorable environmental conditions, as evidenced in global trends, the production 
of items using this raw supply have been affected. This results in an unfavorable impact to maintain, in a sustainable 
way, the productivity registered in the rubber industry (Rojas et al. 2017). 

At the national level, between 2015 and 2017, 63.3% of the companies engaged in the manufacture and 
commercialization of rubber and plastic products implemented some type of activity within their production processes. 
In detail, these were the following: (a) the purchase or rental of technological equipment (46.6%), such as machinery 
or transportation equipment; (b) the acquisition of programs (31.8%), which refers to obtaining some type of software 
or database; (c) the application of engineering tools (26.4%), such as Kanban or 5S (Instituto Nacional de Estadística 
e Informática 2017). 

Within this framework, the industrial rubber company currently has 28 years of experience in the field and is mainly 
engaged in the transformation and marketing of rubber for industrial, mining and construction use. In this sense, the 
3S 200 millimeters (mm) rings, a product designed for metric dimension pipes, represents a level of participation of 
up to 92% of the total sales of the business in recent years (Hules Peruanos S.A.C. 2021). In addition to this, the 
starting point was the fact that, in the finishing area of the company, an incorrect use of resources (time, movements 
or others), low productivity, incorrect use of man-hours (m-h), presence of obstacles in the access ways, lack of process 
standardization, disorganization and presence of dirt inside the area were identified. Therefore, these problems end up 
damaging the quality and production of the main product under study.  
To achieve the results of the research it is necessary to perform the following: 
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● Current analysis of the area using 5S and Kanban as tools of the "Lean Manufacturing" methodology. 
● Application of 5S to provide solutions to the problems encountered in the finishing area. 
● Measure productivity improvement in the finishing area according to "Lean Manufacturing". 

 
Based on the problems described above, the research seeks to answer: to what extent does the application of Lean 
Manufacturing improve productivity in the finishing area of an industrial rubber company? And, to what extent does 
the application of Lean Manufacturing improve efficiency and efficacy in the finishing area? Regarding the objectives, 
we seek to determine if the application of Lean Manufacturing improves productivity in the finishing area of the firm; 
if the application of Lean Manufacturing improves efficiency and efficacy in the finishing area. The hypotheses, H0 
regarding the application of Lean Manufacturing increases productivity by ≤13% and H1 regarding the application of 
Lean Manufacturing increases productivity by ≥13% (Figure 1). 
 

 
 

Figure 1. Proposed improvement model 
 
1.1 Objectives 
This research aims to determine whether the application of Lean Manufacturing improves productivity in the finishing 
area of the firm; and whether the application of Lean Manufacturing improves efficiency and effectiveness in the 
finishing area. 
 
2. Literature Review 
The literature review provided a clearer picture about Lean Manufacturing and the 5S to be modeled and implemented 
in the study. According to Vargas and Camero (2021), it was possible to demonstrate the effectiveness of the 
application of the 5S tool, reducing the manufacturing cycle time by 3 hours and 6 minutes and increasing productivity 
by 21.68%. For their part, Socola et al. (2020) applied the 5S to improve productivity in the warehouse area of a 
banana company where there was an 84% increase. Another example is the case of the international company Nestlé, 
which applied this work method, achieving improvements in the efficiency of its workers, resources, economy, 
environment, among others (Lomparte et al. 2022). Another study was on the improvement of the productivity of high 
volume/low variety automatic machinery of a company belonging to the textile industry in India. As a result of the 
application of Kanban and 5S, the architecture of the industrial premises was improved, the positions of the frames, 
cones and columns were improved in such a way that the use of space is optimized, which improved the performance 
of the machinery and of workers (Mohan-Prasad et al. 2020). 
 
THEORETICAL FRAMEWORK 
A. Definition of Productivity 
Productivity is linked to the results obtained from a process, activity or system; furthermore, the indicator is defined 
as the capacity to produce a certain amount of goods or services with a specific amount of resources and that its growth 
can be measurable through production volumes (Díaz and Toscano 2021). 
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𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 =  𝐸𝐸𝐸𝐸𝐸𝐸𝑃𝑃𝑃𝑃𝑃𝑃𝐸𝐸𝐸𝐸𝑃𝑃𝑃𝑃 𝑥𝑥 𝐸𝐸𝐸𝐸𝐸𝐸𝑃𝑃𝑃𝑃𝐸𝐸𝑃𝑃𝑃𝑃                        (1) 
 
Regarding the success cases, Vargas and Camero (2021), who developed their research in seven months, increased 
production productivity from 4.37 kg/h to 5.58 kg/h; which amounts to an increase of 27.68% (Vargas and Camero 
2021). Likewise, Sócola et al. (2020) applied the Lean Manufacturing methodology, increasing productivity in the 
warehouse area of a banana company, observing great changes in productivity, which increased by 84%. In turn, 
Salgado and Salgado (2019) used the Lean Manufacturing methodology in the area of External Logistics and Delivery 
Services of the company Urbano Express, which managed to increase productivity from 69% to 75% in the bank 
clearing service; and from 80% to 85% in the home delivery service. 
 
B. Definition of the 5S tool 
The 5S tool is part of the Lean Manufacturing methodology, its origin is Japanese and it is based on its five stages: 
seiri (classify), seiton (sort), seiso (clean), seiketsu (standardize) and shitsuke (discipline), which aim to improve the 
aspects of organization and cleanliness within a work environment; it also creates standards in the processes in an 
efficient and effective way (Salazar et al. 2022). The application of the 5S tool aims to avoid or reduce deficiencies in 
a work environment, such as: the presence of dirt in the workplace, tools or others; presence of disorganization in the 
work area; incorrect use of resources; among others (Olvera et al. 2022). 
 
C. Definition of the Kanban method 
Kanban is a Lean method that is responsible for managing and improving the workflow, through control cards in order 
to ensure high quality and production in a certain time (Arcentales et al. 2022). The following formula was used to 
calculate the Kanban indicator: 
 
𝐾𝐾𝐸𝐸𝐸𝐸𝐾𝐾𝐸𝐸𝐸𝐸 =  𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝐶𝐶𝐶𝐶𝐶𝐶𝐸𝐸𝐶𝐶𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝐸𝐸𝐶𝐶 

𝐸𝐸𝐶𝐶𝐶𝐶𝐸𝐸𝐶𝐶𝐶𝐶𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸 𝐶𝐶𝐶𝐶𝐶𝐶𝐸𝐸𝐶𝐶𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝐸𝐸𝐶𝐶 
 𝑥𝑥 100%               (2) 

 
D. Definition of Efficiency 
Efficiency is the capacity of a worker, an activity or a process within a production chain to correctly use resources 
such as equipment, tools, work spaces, among others, in order to achieve the objectives proposed by a process, area 
or company (Panduro et al. 2020). The following formula was used to calculate efficiency: 
 
𝐸𝐸𝐸𝐸𝐸𝐸𝑃𝑃𝑃𝑃𝑃𝑃𝐸𝐸𝐸𝐸𝑃𝑃𝑃𝑃 =  𝑀𝑀𝐶𝐶𝐶𝐶𝐸𝐸ℎ𝐶𝐶𝑙𝑙 𝐻𝐻𝐶𝐶𝐸𝐸𝐶𝐶𝐶𝐶 𝐸𝐸𝐸𝐸𝐸𝐸𝐶𝐶𝐶𝐶𝑙𝑙𝐸𝐸𝐸𝐸

𝑃𝑃𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐸𝐸𝐸𝐸 𝐻𝐻𝐶𝐶𝐸𝐸𝐶𝐶𝐶𝐶
 𝑥𝑥 100                   (3) 

 
E. Definition of Efficacy 
Efficacy refers to the ability to achieve the objectives set or proposed by an area or company; the priority of this 
indicator is the results obtained from the improvement, implementation or application of some engineering tool for 
optimization (Cachanosky 2021). The following formula was used to calculate efficacy: 

 
𝐸𝐸𝐸𝐸𝐸𝐸𝑃𝑃𝑃𝑃𝐸𝐸𝑃𝑃𝑃𝑃 =  𝑅𝑅𝐸𝐸𝐶𝐶𝐶𝐶 𝑃𝑃𝐶𝐶𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑃𝑃𝐶𝐶𝐶𝐶

𝑃𝑃𝐶𝐶𝐶𝐶𝑃𝑃𝐶𝐶𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑃𝑃𝐶𝐶𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑃𝑃𝐶𝐶𝐶𝐶
 𝑥𝑥 100    (4) 

 
In summary, the studies by Vargas and Camero, Sócola et al, Lomparte and Mohan-Prasad et al have in common the 
application of Lean Manufacturing tools, as well as the 5S methodology to increase productivity in different industries. 
In addition, the contribution of the concepts on the 5s methodology and the Kanban tool described above, allow them 
to recognize the importance of eliminating waste, optimizing work processes, promoting organization and order, and 
encouraging continuous improvement to achieve greater efficiency and competitiveness in the business environment. 
 
3. Methods 
METHODOLOGY  
The type of scientific research was established as applied, in view of the fact that it generates practical knowledge of 
immediate use. It was also explanatory, since it was intended to find the reasons for the low productivity in the 
finishing area of the business and, consequently, to create a sense of understanding (Montoya et al. 2022). 
 

G:   O1                       X                       O2 
Where: 
G=Group 
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O1=Measurement of productivity at the beginning 
X=Application of the 5s and Kanban tools 
O2=Measurement of productivity after 
 
All areas of the business (die making, pressing, cutting, etc.) were considered as the population and, based on this, the 
sample was the finishing area, because it required more operation time, generating a bottleneck in the production of 
rings. The information was collected over a period of 6 months. 
The techniques used were documentary analysis and observation. And the instrument was the report card. It should 
be noted that the techniques and instruments in question involved the use of key materials, such as bond sheets, pens, 
stopwatches, measuring tools, among others (Machado et al. 2019). 
 
4. Data Collection 
In order to have a data collection that is both timely and reliable for the study, the following activities were duly 
carried out: 

● The initial and proposed Value Stream Mapping (VSM) was prepared. 
● The Ishikawa Pareto diagram was developed. 
● Collection of 5S and Kanban tools was done. 
● Data collection instruments were applied to the finishing area. 
● Construction of Figures and Tables based on Excel 2021 spreadsheets. 

 
5. Results and Discussion 
At the beginning, the finishing area presented a greater time requirement to complete its operational activities, 
evidencing in indicators such as efficiency and efficacy values of 75.30% and 74.99% respectively. This caused the 
productivity in the finishing area to be 56.47%. As a result, the Lean Manufacturing methodology was applied to 
increase productivity and its indicators (efficiency and efficacy) through the 5S and Kanban tools. Subsequently, there 
was an increase in efficiency to 87.90%, representing an improvement of 16.74%. In efficacy, it increased to 86.30%, 
representing a % improvement of 15.07%, and finally in productivity, it increased to 75.86%, representing a % 
improvement of 34.33%. This proves the hypothesis stated in the research, since there was a significant increase 
(p=0.000). In other words, the application of Lean Manufacturing increases productivity by ≥13%. 
 
These findings present similarities with other research of the same nature, in which problems related to inefficiencies 
in the control of production, waste and inputs, as well as problems in the administrative and operational area are 
observed. Among these is the work of Salgado and Salgado (2019) who increased productivity in the logistics area of 
an urban company, improving productivity from 69% to 75% in the bank clearing service; and from 80% to 85% in 
the home delivery service. This generated a 90% profitability in the logistics area (Salgado and Salgado 2019), as well 
as the work of Sócola et al. (2020) who applied the 5S tool, which improved productivity in the warehouse area of a 
banana company by 84%, the efficiency was 89% and the efficacy was 94% (Sócola et al. 2020). In addition, the study 
by Vargas and Camero (2021) mentioned that after applying the lean methodology, there was an increase in production 
productivity, going from 4.37 kg/h to 5.58 kg/h; that is, an increase of 27.68 (Vargas and Camero 2021). The difference 
in the percentage of improvement in each of the studies is due to the fact that the investigations always seek to improve 
their indicators (productivity, efficiency, efficacy, efficacy, etc.) by applying more than one tool such as TPM; Poka-
Yoke; Kaizen; 5S and Kanban, etc., all of them with the purpose of improving the processes and in turn increase their 
production sales. Finally, there is a difference between the results and the visible results in the authors' study because 
they are dealing with different sectors. 
 
5.1 Numerical Results 
APPLICATION OF LEAN MANUFACTURING METHODOLOGY IN THE FINISHING AREA 
The application of the following Lean tools was developed, which were 5S and Kanban, in the finishing area of a 
rubber company, considered a bottleneck that harms the production of 3S 200 mm rings. In addition, it should be noted 
that the average operation time of this area was 2,612 seconds, which represented in hours (h) is 0.73 h for only 
obtaining a production batch, considering that a batch tends to 79 3S 200mm rings. For this, the participation of the 
management was previously requested in relation to training and production personnel for the identification, 
classification and elimination of those materials or objects that add and do not add value in the processes of the area. 
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A. Situation analysis of the finishing area 
The current VSM of the manufacturing processes of a production batch of 3S 200 mm rings, where the following 
aspects were considered: cycle times, waiting times, shifts, lead time, reprocessing, wastage and inventories. 
 
Through the value map it was possible to identify the main problems related to the production line of the product 
under study, since, in the whole company, the cycle time was 4.08 hours and the lead time was 9.1 hours; also, it was 
observed that the finishing area was the second process that presented a high cycle time, it being approximately 1 
hour.  After evidencing that the finishing area is one of the areas that presents a high cycle time in the company, 
besides being related to the lack of a culture of order and cleanliness, as well as a lack of production control, we 
proceeded with the collection of efficiency, efficacy and productivity indicators. 
 

Table 1. Efficiency and Efficacy in the finishing area before the implementation of Lean tools 
 

Month 
Hours 

spent per 
month 

Number 
of 

employees 

Days worked 
per week 

Planned 
hours per 

month 

Actual 
production 

Scheduled 
production 

Efficiency 
before 

Efficacy  
before   

Month 1 114.84 1 5 154 15085 20152 74.57% 74.86% 
Month 2 116.16 1 5 154 15152 20152 75.43% 75.19% 
Month 3 115.67 1 5 154 15000 20152 75.11% 74.43% 
Month 4 116.99 1 5 154 15196 20152 75.97% 75.41% 
Month 5 115.72 1 5 154 15107 20152 75.14% 74.97% 
Month 6 116.38 1 5 154 15130 20152 75.57% 75.08% 

TOTAL AVERAGE     75.30% 74.99% 

 
According to the workday of the workers during the 6-month period, an average efficiency of 75.30% was obtained, 
in man-hours (m-h) (See Table 1). 
 
Current VSM of the manufacture of 200 mm 3S rings shows as a final result of lead time 9.10 hours and as a total 
cycle time of 4.03 hours. In the VSM after the implementation, the decrease of both times will be observed. 
According to the working day of the workers during the 6-month period, the results obtained after the application of 
the efficacy formula can be clearly observed, where an average efficacy of 74.99% was obtained. 
 
According to the working day of the workers during the 6-month period, the results obtained after the application of 
the efficacy formula can be clearly observed, where an average efficacy of 74.99% was obtained. (See Table 1). 

 
Productivity = 75.30% x 74.99% = 56.47%. 
 

It can be observed the results obtained after the use of the productivity formula in the period of 6 months, where it 
was possible to obtain an average value of the productivity indicator of 56.47%, which is below the productivity found 
in Salgado and Salgado (2019), obtaining the value of 69%. Therefore, it can be argued that there is low productivity 
in the finishing area of the rubber industrial company. 
 
B. 5S Tool 
In relation to the 5S tool, a diagnosis was previously developed, where all the stages and criteria necessary to evaluate 
the working conditions of the finishing area were considered. 
 
The Radial Diagram of the 5s at the beginning of the 5s. Shows that before the implementation of the 5S tool, resulted 
a value of 25.48% was obtained, where the highest compliance was in the cleaning stage with 45.0% and in the last 
stage was the ordering stage with 7.14%. 
 
C. Kanban Method 
Kanban method indicator before its implementation: 

 

𝐾𝐾𝐸𝐸𝐸𝐸𝐾𝐾𝐸𝐸𝐸𝐸 =
0 𝑃𝑃𝑃𝑃𝐸𝐸𝑃𝑃𝑃𝑃𝑃𝑃𝑐𝑐 𝑃𝑃𝐸𝐸𝑃𝑃𝑃𝑃𝑐𝑐 𝐸𝐸𝑥𝑥𝐸𝐸𝑃𝑃𝑃𝑃𝑃𝑃𝐸𝐸𝑃𝑃

 0 𝑃𝑃𝑃𝑃𝐸𝐸𝑃𝑃𝑃𝑃𝑃𝑃𝑐𝑐 𝑃𝑃𝐸𝐸𝑃𝑃𝑃𝑃𝑐𝑐 𝐸𝐸𝑐𝑐𝐸𝐸𝐾𝐾𝑃𝑃𝑃𝑃𝐸𝐸𝑃𝑃𝐸𝐸𝑃𝑃
 𝑥𝑥 100% 
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After evaluating the indicators and the 5s and Kanban tools at the beginning. Each of the tools was applied. (See Table 
5). Obtaining before the implementation 28.57% in classifying, 7.14% in order, 45% in cleaning, 16.67% in 
standardizing and 30% in discipline. In summary, after the development of the 5S tool, it allowed a better use of work 
spaces, time efficiency (h-h) and reduction of displacements, through the elimination of unnecessary objects, the 
organization of work tools or others and keeping the work area clean. Those aspects applied had a positive impact on 
the processes, generating an increase in the volumes and production capacity of the area under study. 
 
D. Efficiency 
For the development of the calculation of the efficiency of the application of the Lean tools proposed in the study, the 
working hours used and the hours programmed in the finishing area were evaluated through formula 2. These results 
are reflected in Table 3. After the implementation of the Lean tools, a significant increase in efficiency was observed 
due to a growth in the use of resources (working hours) in the finishing area, where initially the value was 75.30%, 
increasing to 87.90%, obtaining an improvement of 16.74%. 
 
E. Efficacy 
Regarding the efficacy after the application of the proposed tools, information was collected related to the quantities 
produced and the programmed production in the six-month period in the finishing area. For the determination of the 
efficiency after the implementation, the same procedure was used, where the following results were obtained, which 
are reflected in Table 2. The results obtained from the efficiency indicator after the implementation of the proposed 
tools, which is related to the quantities produced (units) of 3S 200 mm rings, increased from an average value of 
74.99% to 86.30% with a % improvement of 15.07%. 

 
Table 2. Comparative table of the results obtained from the efficiency and efficacy indicator 

 

Months Efficiency  Efficacy 
Before After Before After 

Month 1 74.57% 89.30% 74.86% 85.62% 
Month 2 75.43% 88.86% 75.19% 85.97% 
Month 3 75.11% 87.06% 74.43% 85.73% 
Month 4 75.97% 88.09% 75.41% 87.47% 
Month 5 75.14% 87.01% 74.97% 86.35% 

Month 6 75.57% 87.10% 75.08% 86.63% 
Average  75.30% 87.90% 74.99% 86.30% 

 
F. Productivity 
For the development of productivity before and after the implementation of the proposed tools, information related to 
the quantity of kg produced and the man-hours (m-h) for the production of a production batch of 3S 200 mm rings 
was used. 
 
G. Percentage of improvements in indicators 
After the implementation of the 5S and Kanban tools, improvement percentages were developed and analyzed for 
each of the indicators mentioned. These can be seen in Table 3. 

 
Table 3. Results of efficiency, efficacy and productivity indicators 

 

Indicators Implementation of Lean tools Improvement % 
Before After 

Efficiency 75.30% 87.90% 16.74% 

Efficacy 74.99% 86.30% 15.07% 

Productivity 56.47% 75.86% 34.33% 

 
In relation to the results obtained for the three indicators under study, we have mainly efficiency, which achieved a % 
improvement of 16.74%; efficacy obtained a % improvement of 15.07%; and finally, productivity, which obtained a 
% improvement of 34.33%, so it can be argued that there is an improvement in productivity in the area under study. 
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H.  Proposed VSM 
For the development of the proposed VSM, the following modifications were considered in the lead time and cycle 
time indicators, since the implementation of the 5S and Kanban tool was considered within the scheme. These 
modifications are reflected in Figure 7. Trough the value map a reduction in the cycle, which was 3.89 hours and the 
lead time was 9.03 hours; likewise, it was reflected in the finishing area, where the time was reduced to approximately 
2,116 seconds. 
 
The result obtained from the current and proposed VSM, in its main indicators, are the following: the leadtime went 
from 9.10 hours to 9.03 hours and in relation to the  cycle time from 4.03 hours to 3.89 hours; it should be noted that 
these indicators were evaluated for the manufacture of a production batch of 3S 200 mm rings. 
I.  Hypothesis testing  

 
Table 4. Student's t-test for related samples 

 

Indicators Application of Lean tools p-value* Before After 
Efficiency 75.3 ± 0.67 87.03 ± 0.84 0.000 
Efficacy 74.99 ± 0.33 86.35 ± 0.89 0.000 
Productivity 56.47 ± 0.57 75.16 ± 0.60 0.000 

* Student's t-test 
 

H0: The application of Lean Manufacturing increases productivity by ≤13%. 
H1: Applying Lean Manufacturing increases productivity by ≥13% 
The value of 13% was taken as a reference for the hypothesis test, since the three success cases were averaged. 

 
It is shown in Table 4 that productivity, efficiency and efficacy increase significantly (p=0.000), after the application 
of Lean Manufacturing in the finishing area in a rubber industrial company. 

 
This, the alternative hypothesis (H1) is accepted as shown in Figure 9. 
 
5.2 Graphical Results  
A. Situation analysis of the finishing area 
 

 
Figure 2. Economic Losses 

 
Figure 2 shows that, in view of its low productivity, the company is limited in achieving its planned monthly 
production, since an estimate of the economic losses of the product in question for six months would exceed 
S/69,000.00. It is worth mentioning that these losses would be understood as the potential income from sales if the 
business had met its expected production level. 
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After listing each factor that affects low productivity, we went to the company to survey the personnel of the company, 
which were 13 workers, each of them rated a list of causes, giving their rating to the one they considered as frequent 
in the finishing area (Figure 3). 

 
Figure 3. Pareto Diagram 

On the other hand, the finishing process within the production chain of a rubber company is the penultimate process, 
where the burr is removed from the edges of the product to finally be cleaned. Initially, for the collection of 
information, an Ishikawa diagram was drawn up, detailing the causes that generate low productivity. For the 
environment factor, one of the causes is the poor conditions of the work area, starting with a lack of cleanliness and 
order at work and the presence of obstacles in the area. The material factor is the lack of inventory control and poor 
storage conditions, disorganization of materials and tools. In labor factor, lack of commitment and little 
communication. In methods, non-standardized processes in the work area and lack of management indicator. 
Measurement factor as the main cause of lack of internal audits. These are some of the causes that result in low 
productivity.  
 
Subsequently, proceeded to prepare a frequency table and develop the Pareto chart, as shown in Figure 3, which 
reflects the 5 main causes that generate low productivity in the finishing area. Therefore, on the basis of the evidence 
identified, it is  chose to apply the 5S tool. Because, through the tool it is intended to increase production and 
productivity of the area under study in the industrial rubber company. 
 
Secondly, the Kanban method was used, since it is a very useful tool in production control and scheduling systems at 
different levels, and it allows to visualize, plan and order the activities to be performed in real time. This method 
consists of establishing a board and the control of control cards, which have these three criteria: to do, which are the 
activities to be performed; in progress, which are those activities that are in process or waiting; and done, referring to 
the completed activities. 
 
B. Kanban Method 
Kanban method indicator before its implementation: 

 

𝐾𝐾𝐸𝐸𝐸𝐸𝐾𝐾𝐸𝐸𝐸𝐸 =
0 𝑃𝑃𝑃𝑃𝐸𝐸𝑃𝑃𝑃𝑃𝑃𝑃𝑐𝑐 𝑃𝑃𝐸𝐸𝑃𝑃𝑃𝑃𝑐𝑐 𝐸𝐸𝑥𝑥𝐸𝐸𝑃𝑃𝑃𝑃𝑃𝑃𝐸𝐸𝑃𝑃

 0 𝑃𝑃𝑃𝑃𝐸𝐸𝑃𝑃𝑃𝑃𝑃𝑃𝑐𝑐 𝑃𝑃𝐸𝐸𝑃𝑃𝑃𝑃𝑐𝑐 𝐸𝐸𝑐𝑐𝐸𝐸𝐾𝐾𝑃𝑃𝑃𝑃𝐸𝐸𝑃𝑃𝐸𝐸𝑃𝑃
 𝑥𝑥 100% 

 
𝐾𝐾𝐸𝐸𝐸𝐸𝐾𝐾𝐸𝐸𝐸𝐸 = 0% 
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Figure 4. Evidence before and after the implementation of Lean tools in the finishing area 
 
After evaluating the indicators and the 5s and Kanban tools at the beginning. Each of the tools was applied. It can be 
said that after the presentation of the results for both situations (before and after), an average value of 25.48% was 
obtained before the implementation of the 5S tool and that after the implementation of the tool, a growth of 86.95% 
was obtained (Figure 4). 
 
In summary, after the development of the 5S tool, it allowed a better use of workspaces, time efficiency (h-h) and 
reduction of displacements, through the elimination of unnecessary objects, the organization of work tools or others 
and keeping the work area clean. Those aspects applied had a positive impact on the processes, generating an increase 
in the volumes and production capacity of the area under study. 
 
For the development of the Kanban method in the finishing area, a space was required to establish the control board, 
the control cards, the elaboration of production records, the bedbugs, training to the responsible personnel and to those 
in charge of the area under study. First, a schedule of activities was drawn up for a period of 6 weeks, during which 
personnel were trained on the method, the steps to be implemented and the periodic evaluation of the method. 
The results obtained after the application of the Kanban method during the two weeks, a total of 40 control cards 
(production records) were developed and completed; in addition, 8 control cards were identified as being on standby. 
For the evaluation of the Kanban method indicator, the total number of control cards produced and the total number 
of cards executed in an average workday were used. This made it possible to better organize the production of the 3S 
rings, as shown in Figure 5. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Design and application of the control card – KANBAN 
 

429



Proceedings of the 8th North American International Conference on Industrial Engineering and Operations 
Management, Houston, Texas, USA, June 13-16, 2023 

© IEOM Society International 
 

On the other hand, Figure 6 shows the radial diagram after the implementation of the 5S tool, where an average value 
of 86.95% was obtained, where the highest compliance was in the sorting stage and clean with 90% and the classifying 
stage with 82.14% being the lowest of the results. 

 
Figure 6. Radial diagram of the 5s after implementation 

 
Kanban method indicator after implementation 

𝐾𝐾𝐸𝐸𝐸𝐸𝐾𝐾𝐸𝐸𝐸𝐸 =
40 𝑃𝑃𝑃𝑃𝐸𝐸𝑃𝑃𝑃𝑃𝑃𝑃𝑐𝑐 𝑃𝑃𝐸𝐸𝑃𝑃𝑃𝑃𝑐𝑐 𝐸𝐸𝑥𝑥𝐸𝐸𝑃𝑃𝑃𝑃𝑃𝑃𝐸𝐸𝑃𝑃

 50 𝑃𝑃𝑃𝑃𝐸𝐸𝑃𝑃𝑃𝑃𝑃𝑃𝑐𝑐 𝑃𝑃𝐸𝐸𝑃𝑃𝑃𝑃𝑐𝑐 𝐸𝐸𝑐𝑐𝐸𝐸𝐾𝐾𝑃𝑃𝑃𝑃𝐸𝐸𝑃𝑃𝐸𝐸𝑃𝑃
 𝑥𝑥 100% 

 
𝐾𝐾𝐸𝐸𝐸𝐸𝐾𝐾𝐸𝐸𝐸𝐸 = 80.00% 
 
As a result of the application of the Kanban indicator, a value of 0% was obtained before the implementation of the 
tool, since the production and finishing areas did not have records or control cards. On the other hand, after the 
implementation of the Kanban method, a value of 80% was obtained (see table 2), which indicates that there is a better 
control of the quality and production of the 3S 200 mm rings in the area under study. In summary, the application of 
the Kanban method allowed better control of the production and quality of the 3S 200 mm rings through the production 
records issued by the area, the control cards and the Kanban board. 
 
In addition, to carry out the measurement of the impact of Lean tools in the finishing area, the cards, the stopwatch, 
among others, were used. Through these instruments it was possible to identify and record the production volumes 
generated and the man-hours (m-h) employed in the six-month period, which were used to develop the calculation of 
productivity, efficiency and efficacy of the finishing area. 
 
C. Percentage of improvements in indicators 
After the implementation of the 5S and Kanban tools, improvement percentages were developed and analyzed for 
each of the indicators mentioned. There is a reduction of 0.07 hours in the lead time and a reduction of 0.19 hours in 
the cycle time (Figure 7).                      
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Figure 7. Proposed VSM of 3S 200 mm ring manufacture 
 

5.3 Proposed Improvements 
Seiri Implementation - Classify- For the implementation of the first S - Seiri (Classify) it was necessary to design a 
register, which allowed the identification of those products, tools, materials, instruments, among others, that add and 
do not add value in the area under study.  
 
Seiton Implementation – Order- For the implementation of Seiton - Order, red cards had to be previously applied 
and the materials that add value in the process and work stations of the finishing area had to be separated.  
Seiso Implementation – Cleaning- For the implementation of cleaning, which consists of the elimination of dirt in 
the work stations, processes or others.  
 
Seiketsu Implementation – Standardization- For the implementation of the standardization stage, which consists of 
creating habits in the work environment, three criteria were defined and established in relation to the three main stages 
of the 5S tool to evaluate compliance with the established work methods. As a result of the Seiketsu - Standardization 
evaluation form, an average value of 83.33% was obtained between good (85%) and excellent (100%) for the three 
criteria (sorting, ordering and cleanliness) evaluated. 
 
Shistsuke Implementation – Discipline- For the implementation of the discipline stage, it was necessary to address 
all the stages of the 5S tool (classify, sort, clean, standardize and discipline) and to define the criteria to be evaluated 
for each of them. Following the implementation of the 5S tool evaluation form, a total score of 104 points was obtained 
for all criteria and an average score of 86.95% for the finishing area in relation to the level of compliance with the 
tool.  
 
For the development of a comparative table of the situation before and after implementation, it was necessary to use 
the results obtained from the evaluation sheet of the tool before and after implementation.  To subsequently define 
through a descriptive table the data obtained for each of the stages of the 5S tool, which is as follows (see Table 5): 
 

Table 5. Relation of the results obtained from the stages of the 5S Tool 
 

STAGES OF  
THE 5S 

LEVEL OFCOMPLIANCE 
Before the 

implementation 
After the 

implementation 
CLASSIFY 28.57% 82.14% 
ORDER 7.14% 89.29% 
CLEAN 45.00% 90.00% 

16 min 60 sec. 180 sec. 640 sec. 780 sec. 600 sec. 1020 sec.
12 u. 1 u. 1 u. 28 u. 79 rings 79 rings

16 min 2  min. 3 min. 9 min. 485 min. 10 min. 17 min.
332 sec. 1008 sec. 1091 sec 511 sec horas8532 sec. 2552 sec. CYCLE TIME 3.89

LEAD TIME 9.03 horas

% Rep = 0%

% Reduc. = 0.04% % Reduc. = 0.07% % Reduc. = 0.17% % Reduc. = 0% % Reduc. = 0.06% % Reduc. = 0.15%

% Rep = 0% % Rep = 0% % Rep = 0% % Rep = 0% % Rep = 0%

TC = 511 sec. TC = 8532 sec. TC = 2552 sec.

Turn = 1 Turn Turn = 1 Turn Turn = 1 Turn Turn = 1 Turn Turn = 1 Turn Turn = 1 Turn

TD = 25,200 sec/día TD = 25,200 sec/día TD = 25,200 sec/día TD = 25,200 sec/día

TC = 1008 sec. TC = 1091 sec.

1

Compressing
Finishing & Qty 

Control
Storing

2 1

TD = 25,200 sec/día TD = 25,200 sec/día

21 1

TC = 332sec.

Storing Chopping & 
Weighting

Grinding Cutting & 
Extrusion

Rolling & Repose

Transport

v
I

v
I v

I v
I

v
I

v
I

PROVIDERS

Weekly buying 
orders

Forecast
CLIENT

Order 
Quantity Variable

- 3S 200 mm ring.

Based on the raw resource 
provider (dust, antiadherent, 
organic colorant, pulverized 
sulphur, catalyzers, protecting 
agents, plasticizing oils, stearic 
acid, zinc oxide, reinforcing 
charge and rubber).

Raw Materials 
Revision

PRODUCTION 
CONTROL

Weekly 
projection 

vI

Dispatch

Revision of the 
finished product

Storing of the 
finished product

vI

v
I

79 unid
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STANDARDIZE 16.67% 83.33% 
DISCIPLINE 30.00% 90.00% 
TOTAL AVERAGE 25.48% 86.95% 

 
It can be said that after the presentation of the results for both situations (before and after) an average value of 25.48% 
was obtained before the implementation of the 5S tool, which after the implementation of the tool obtained a growth 
of 86.95%. 
 
5.4 Validation 
Statistical test in Minitab 

 
 
 
 
 

 
 
 

 
 
 
 

 
 

Figure 8. Normal Distribution 
 
 
 

 
 
 
 
 
 
 

 
 
 
 

Figure 9. Normal Distribution 
 
According to Figure 8 and Figure 9 we can reject the null hypothesis because it evidences that the productivity 
increases in a significant way. 
 
6. Conclusion 
Responding to the main objective of the research, it can be affirmed that after the correct implementation of the 5S 
and Kanban tool, productivity was improved because average results were obtained in relation to productivity where 
before the implementation was 56.47% and after the implementation a value of 75.16% was obtained; so there is a % 
improvement of 33.09% in the finishing area of a rubber company. 
 
Improvement actions within the finishing area included a culture of order and cleanliness through the 5S tool (classify, 
order, clean, standardize and discipline) and a greater control of production through the Kanban method, which 
allowed to increase the efficiency of man-hours (m-h) based on what was planned, where before the application of 
Lean tools, an average value of 75.30% was obtained and a value of 87.03% was obtained. In addition, an improvement 
percentage of 15.58% was achieved, which indicates an optimal use of the resources of the production personnel in 
the finishing area of the rubber company. 

-73.74 

432



Proceedings of the 8th North American International Conference on Industrial Engineering and Operations 
Management, Houston, Texas, USA, June 13-16, 2023 

© IEOM Society International 
 

 
In the same way, for the efficacy dimension, which is related to the units or quantities produced over the quantities 
programmed in the six-month period, an average value of 74.99% was obtained for the dimension before the 
implementation and 86.35% after the implementation. Likewise, an improvement percentage of 15.15% was achieved, 
which represents an improvement in the total production of 3S 200 mm rings in the finishing area of the rubber 
company. It is recommended that this study on the use of Lean Manufacturing tools be replicated in companies in the 
same sector in order to increase productivity in their different areas. 
 
References 
Arcentales, J., Ramos, I., Soriano, F., and Allaica, J., Manufactura esbelta para eliminación de desperdicios en PyMEs: 

Una revisión sistemática de la literatura, 593 Digital Publisher CEIT, vol.7, no. 4, pp. 483-495, 2022. 
https://bit.ly/3hcZb8x 

Cachanosky, I., Eficiencia técnica, eficiencia económica y eficiencia dinámica, Procesos de Mercado: Revista 
Europea de Economía Política, vol.9, no. 2, pp. 51–80, 2021. https://bit.ly/3h9aGxD 

Díaz, A. and Toscano, J., El capital humano y la productividad de las empresas, Revista Torreón Universitario, vol.11, 
no. 30, pp. 123-130, 2021. https://bit.ly/3fyj35m 

Hules Peruanos S.A.C., Memoria anual 2020, 2021. 
Instituto Nacional de Estadística e Informática [INEI], Compendio estadístico provincia de Lima 2017, Instituto 

Nacional de Estadística e Informática, Lima, 2017. https://bit.ly/3TyYJ2t 
Lomparte, A., Orellana, A., Guardamino, S. and Paz, A. (2022). Implementation of the 5s Methodology in Industrial 

Companies period–2021. Qantu Yachay, 2(1), 16-25 https://bit.ly/3D74Q8i 
Machado, C., Lorente, L., and Mugmal, J., Work organization through methods engineering and time study to increase 

productivity in a floriculture company: a case study, Proceedings of the International Conference on Industrial 
Engineering and Operations Management, pp. 1956-1963, Bangkok, Tailandia, Marzo 5-7, 2019. 
https://bit.ly/3D5iqIo 

Mohan-Prasad, M., Dhiyaneswari, J., Ridzwanul, J., Mythreyan, S., and Sutharsan, S. (2020). A framework for lean 
manufacturing implementation in Indian textile industry. Materials Today: Proceedings 
https://doi.org/10.1016/j.matpr.2020.02.979 

Montoya, M., González, A., Mendoza, I., Gil, M., and Ling, J., Method engineering to increase labor productivity and 
eliminate downtime. Journal of Industrial Engineering and Management, vol.13, no. 2, pp. 321-331, 2022. 
https://doi.org/10.3926/jiem.3047 

Olvera, B. and Cujilán, Y., Metodología 5S como herramienta para mejorar la productividad en las empresas, 
AlfaPublicaciones, vol.4, no. 1.1, pp. 358-371, 2022. https://bit.ly/3T22g8r 

Panduro, M., Alvarado, G. and Saldaña, C., Eficiencia, eficacia y transparencia del gasto público municipal, Ciencia 
Latina Revista Científica Multidisciplinar, vol.4, no. 2, pp. 704-719, 2020. https://bit.ly/3NAvABP 

Rojas M., Rojas, M., Rueda, G., Suárez, Y., and Furtado, E., Efecto de sistemas de sangría sobre la productividad de 
hevea brasiliensis en el Magdalena Medio Santandereano, Revista Colombiana de Ciencias Hortícolas, vol.11, 
no. 1, pp. 184–192, 2017. https://bit.ly/3ggY4nH 

Salazar, K., Castillon, S. and Cárdenas, G., Metodología 5S: Una Revisión Bibliográfica y Futuras Líneas de 
Investigación, Qantu Yachay, vol.2, no. 1, pp. 41-62, 2022. https://bit.ly/3FDvgQW 

Salgado, A. and Salgado, N., Incremento productividad en el área de logística externa y delivery services de la empresa 
urbano express mediante la metodología lean manufacturing. 14th Iberian Conference on Information Systems 
and Technologies (CISTI), Coimbra, Portugal, Junio 19-22, 2019. 

Sócola, A., Medina, A., and Olaya, L., Las 5s, herramienta innovadora para mejorar la productividad, Revista 
Metropolitana de Ciencias Aplicadas, vol.3, no. 3, pp. 41–47, 2020. https://bit.ly/3MNjANb 

Vargas, E., and Camero, J., Aplicación del lean manufacturing (5s y kaizen) para el incremento de la productividad 
en el área de producción de adhesivos acuosos de una empresa manufacturera, Industrial Data, vol.24, no. 2, pp. 
249-271, 2021. https://bit.ly/3D0LlhZ 

 
Biographies 
Daniela M. La Rosa Castañeda Bachelor of Industrial Engineering from the University of Lima in 2023. With 
experience in the areas of "Planning", "Quality Systems", "Audits", "Process Improvement and Optimization", 
"Project Management" and "Business Strategies". She currently works in Planning and Quality in Astara Peru 
supporting Mitsubishi Motors. Speaks the languages of Spanish, English and German. She had specialized in courses 
such as "ISO Quality Management - 9001:2015", "Comprehensive risk management", "Management Skills" Sap 

433



Proceedings of the 8th North American International Conference on Industrial Engineering and Operations 
Management, Houston, Texas, USA, June 13-16, 2023 

© IEOM Society International 

Finance", "Sap MM", “Sap PP”, "Powerbi", SQL","Excel", among others. She is the author of the research paper 
called "Application of Lean Manufacturing to Increase Productivity in the Finishing Area in an Industrial Rubber 
Company” 

Edwar M. Castillo Carbajal Bachelor of Industrial Engineering at the University of Lima in 2023. With experience 
in the areas of "Process Improvement and Optimization", "Banking and Finance". He is currently engineering intern 
at Banco de Crédito del Peru, "Payment Solutions" area, and speaks the languages of Spanish, English, and Portuguese. 
He has specialized in courses like "Sap MM", "Sap FI", "Sap PP", "SQL","Excel", among others. He is the author of 
the research paper called "Application of Lean Manufacturing to Increase Productivity in the Finishing Area in an 
Industrial Rubber Company” 

Dr. Edilberto Avalos-Ortecho, is Professor and Researcher in Operation and Process Department at the Industrial 
Engineering School- Universidad de Lima-Perú. He has more than 26 years of professional experience as a process 
engineer, environmental management, operation process, and strategic planning in different Peruvian production 
sectors. He is a certified quality auditor ISO 9001 and environment management auditor ISO 14001(IRCA 
International register of certificated auditors). He is co-author of the book “Environmental sustainability and 
development in organizations: Challenges and new strategies”, by Taylor & Francis Group (May 2021). He also serves 
as consultant in Perú in areas like Operations competitiveness, environmental management, process optimization and 
strategic planning. 

434




