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ABSTRACT

This research focuses on the analysis of the 
manufacturing process and standard times of a 
company that manufactures flame-resistant clothing in 
Lima, Peru, to elaborate a management model based 
on Lean Manufacturing tools aimed at improving the 
company’s productivity and providing a model that can 
be implemented in similar environments. The first step 
was to identify the problems and, upon observation, a 
continuous improvement plan was drawn up following 
the DMAIC methodology (define, measure, analyze, 
improve and control), which focuses on the incremental 
improvement of processes. Following the implementation 
of the 5S (that creates a continuous process of 
improvement of the work environment and helps to make 
problems visible), learning instructions, a time study and 
a total maintenance plan, there was a 20% increase in 
man-hour productivity. The model was also subjected 
to expert judgment and obtained an Aiken V validation 
value of 100%, indicating that the model is effective in 
improving productivity in clothing companies.

Palabras clave: lean manufacturing; improvement 
plan; 5S; time study; maintenance; management model.

INTRODUCTION

In 2019, domestic demand in the Peruvian textile sector contract-
ed by 9%, while exports contracted by 6% (Saavedra, 2019), 
largely as a result of foreign import prices, which reduces the 
income of the national textile sector and leads to the closure of 
several companies. To cope with this situation, companies in the 
sector are incorporating greater added value to their products, 
to have tools other than price to compete in the market. The 
Sociedad Nacional de Industrias (2019) reports that, although 
a 3.3% growth in national textile production was expected for 
2019, textile exports continue to be low with approximately 2 bil-
lion US dollars, compared to the agricultural export sector, which 
exceeds 7 billion US dollars. Representatives of this institution 
stated that, in order to solve this problem, it is necessary to work 
towards increasing the productivity of companies and making 
them sustainable, so as to reduce costs and wastage, save en-
ergy and run more efficient businesses.

The company under study is located in the Constitutional Prov-
ince of Callao and specializes in the manufacture of firefighter 
suits made according to existing models in the international mar-
ket, using inputs imported in their entirety directly from the United 
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States; its products are UL certified and comply with 
NFPA 1971 and protection standards for the assem-
bly of firefighter suits against structural fire. In view 
of the current conditions, the company under study 
found it necessary to improve its processes and 
reduce its deficiencies to increase productivity. Ac-
cordingly, the objective of this article is to propose 
and implement a management model based on 
Lean Manufacturing tools, designed to improve the 
company’s manufacturing process in terms of qual-
ity, standardization and time. In addition, our goal 
is to ensure that this model will not only meet its 
objective in the company under study, but can also 
be implemented in other companies in the sector 
with similar results. The research hypothesis is that 
there is a significant difference in productivity after 
the implementation of the continuous improvement 
model, and that the paradigm obtained is suitable 
for implementation in similar contexts.

This paper is intended to be useful in the research 
field as a guide for further studies on process con-
tinuous improvement. It is also intended to be use-
ful for those companies in the industrial sector that 
require a Lean Manufacturing model to improve 
their processes. The relevance and novelty of this 
research work lies in the elaboration of a model 
consisting of a group of tools selected to address 
the main problems of the garment industry: opera-
tor skill level, machine maintenance, lack of order 
and cleanliness, and high cycle time, which leads 
to an increase in productivity. Therefore, the re-
search contributes to further development of the 
topic, since the management model designed con-
stitutes a new alternative for the garment industry in 
terms of continuous improvement, as well as in the 
research sector.

The importance of Lean Manufacturing in the man-
agement of operational processes of companies is 
demonstrated in research such as those of Vargas, 
Muratalla and Jimenez (2018), who in their article 
Sistemas de producción competitivos mediante la 
implementación de la herramienta Lean Manufac-
turing data on cases of improvement of different 
production systems. The main problems identified 
were costs, area used, inventories, quality and lead 
time, and the result evidenced that 60% of the ac-
tivities of the companies under study did not add 
full value; however, this percentage was reduced 
using the continuous improvement tools. Likewise, 
González, Marulanda and Echeverry (2018), in their 
article entitled Diagnóstico para la implementación 
de las herramientas Lean Manufacturing, desde la 
estrategia de operaciones en algunas empresas 
del sector textil confección de Colombia: reporte de 

caso, demonstrated that in all areas of the textile 
company under studied where Lean Manufacturing 
was applied, competitive advantages arise that al-
low its continuous improvement. Also noteworthy 
are Curillo et al. (2018) who in their article entitled 
Aplicación de herramientas de manufactura esbel-
ta en la empresa textil Anitex, Atuntaqui, Ecuador 
studied and implemented continuous improvement 
tools such as Value Stream Mapping, 5S, TPM, 
SMED, Just-in-Time and Kanban in a textile com-
pany. Each of the tools led to improvements; for in-
stance, the application of 5S improved performance 
in the cutting area by 47%.

Process and Productivity

A process can be defined as a unit that accomplish-
es a meaningful objective for an organization, and 
also for the customer, adding value. Therefore, it 
can be said that a process is a set of activities, in-
teractions and resources, whose purpose and aim 
is to transform inputs into outputs that provide value 
to customers (Bravo, 2011). Speaking specifical-
ly of the manufacturing process, it consists in the 
transformation of the fabric that was cut in the pre-
vious stage into a product with the required shape 
or similar to that required by the end customer (Aso-
ciación Intersectorial para el Desarrollo Económico 
y el Progreso Social [CIDEP], 2012). Productivity 
implies comparing the amount of resources used 
with the amount of goods and services produced 
with said resources. This can be measured through 
a productivity indicator shown in equation 01, as 
shown below:

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 =  𝑂𝑂𝑃𝑃𝑃𝑃𝑂𝑂𝑃𝑃𝑃𝑃𝑂𝑂
𝐼𝐼𝐼𝐼𝑂𝑂𝑃𝑃𝑃𝑃𝑂𝑂          Equation 01

As inputs might vary in terms of quantity, productivi-
ty can be expressed as partial productivity, physical 
productivity, average productivity, gross productiv-
ity, man-hour productivity, among others (Carro & 
González, 2008). The importance of productivity 
lies in the fact that, as an indicator, it allows meas-
uring the efficiency of a process and, based on 
this, proposing measures to improve or maintain its 
quality, since the increase in productivity also leads 
to economic growth. Among the factors that affect 
productivity are the quality of resources, capital and 
labor (Céspedes, Lavado & Ramírez, 2016).

Lean Manufacturing

Lean Manufacturing is an organization and manage-
ment model of the manufacturing system —people, 
materials, machines and methods— that seeks to 
improve quality, service and efficiency through the 
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continuous elimination of waste (Socconini, 2019). 
The ideal application context for Lean Manufactur-
ing is the repetitive manufacturing of product fami-
lies using discrete processes. The volumes can be 
large, medium or small (Gisbert, 2015). There are 
many factors to take into consideration for the cor-
rect implementation of Lean Manufacturing, mainly 
knowledge in data gathering and analysis and hav-
ing a trained team (Kafuku, 2019).

Lean Manufacturing uses tools such as the 5S, 
the value stream map (VSM) and total productive 
maintenance (TPM); the expression “5S” comes 
from the five Japanese words seiri (sort), seiton 
(set in order), seiso (shine), seiketsu (standardize) 
and shitsuke (sustain), which summarize the five 
steps for implementing this methodology (Manzano 
& Gisbert, 2016). The five S methodology focuses 
on improving workplace conditions, which leads to 
and allows improving safety and quality, reducing 
breakdowns, reducing changeover times (muda) 
and its variation (mura) by eliminating time con-
suming searches and minimizing displacements 
when handling the equipment and tools needed for 
the changeover, and reducing the operator’s cycle 
time and its variation (mura) by having the tools and 
supplies needed to perform the work cycle properly 
(Randhawa & Ahuja, 2017). The Value Stream Map 
(VSM) is a graphic model that represents the val-
ue chain, showing both the materials flow and the 
information flow from the supplier to the customer 
(Jimmerson, 2017), and aims to depict all the pro-
ductive activities in a simple way, in order to identify 
the value chain and detect, at a global level, where 
the greatest waste in the process occurs. The VSM 
helps, in a visual way, to identify activities that do 
not add value to the business in order to eliminate 
them and gain efficiency (Rohac & Januska, 2015). 
As for Total Productive Maintenance (TPM), it is it-
self a paradigm of production system management. 
Lean Manufacturing does not share the main indi-
cator used by TPM, the OEE (Overall Equipment 
Effectiveness); however, it takes advantage of its 
methodologies to achieve machine stability (Suzuki, 
2017).

Management Model Based on Lean Manufactur-
ing Tools for Productivity Improvement in Cloth-
ing Companies

This relates to a set of operations and procedures 
based on carefully selected and designed Lean 
Manufacturing tools, whose orderly application is 
aimed at improving productivity in the area of the 
company where it is implemented (Laureano & Me-
jía, 2019). It is intended to simplify the process of 
design and implementation of a strategic plan for 

productivity improvement that companies in the tex-
tile industry may experience, as although each case 
is unique and more specialized advice is sometimes 
necessary depending on the particular problem pre-
sented, the model proposes the fundamental prin-
ciples to identify, assess and solve problems using 
Lean Manufacturing through a series of stages 
(Gento, Pimentel & Pascual, 2020).

The model (see Figure 1) includes the following 
Lean Manufacturing tools: 5S, instruction sheets for 
operators, value flow map and total equipment effi-
ciency. All these tools were chosen for their proven 
support in the solution of the main problems that 
arise in clothing companies regarding materials, la-
bor, method and machinery (Salazar, 2019).

Preliminary Setup for the Implementation of the 
Model

First of all, the appointed leader will arrange a meet-
ing with the workers of the area to present the Lean 
Manufacturing model, its characteristics and objec-
tives. Questions and suggestions from the workers 
will be welcomed, as well as their opinion regarding 
the suitability of the model, and, jointly with them, 
the steps for its implementation will be planned ac-
cording to the specific context of the company. The 
purpose, objective, the area where the plan will be 
implemented, the schedule and the make-up of the 
group that will guide the other workers through the 
different phases of the plan will be outlined in an 
agreement, which must be signed by all the workers 
to ensure that the general characteristics of the plan 
have been duly established (Céspedes et al., 2020). 
This group should be comprised of 4 to 8 people; 
this number may increase as long as the new mem-
bers contribute with knowledge and expertise. Ide-
ally, it should be made up of engineers from vari-
ous disciplines, technicians, human resources and 
logistics personnel, operators and other workers’ 
representatives. There should also be a leader, re-
sponsible for ensuring the proper functioning of the 
plan; coordinator(s), responsible for following the 
established procedures step by step, planning the 
meetings (at least one two-hour meeting every 15 
days) and other activities; and secretary(s), respon-
sible for recording and documenting the issues and 
activities that are undertaken, by means of reports 
or questionnaires.

Action and Analysis

Once the basic considerations regarding the meth-
od to be followed are established, a series of steps 
will be followed according to the DMAIC methodolo-
gy: define, measure, analyze, improve and control.
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Define

First, strategies for the diagnosis of the main prob-
lem and its definition are established. The collab-
oration of all the workers in the area is necessary 
during this first stage. The designated manager will 
first distribute a chart listing the problems by activity, 
in which each worker must specify the problems he/
she encounters while performing his/her work in a 
column, and the cause or causes related to each 
problem in the next column. Once the completed 
charts have been collected, the team in charge 
holds a meeting to discuss all the problems and 
classify them according to the variable they modify, 
using an Ishikawa or fishbone diagram to observe 
the main consequence that this entails (measured 
in numerical variables) and to be able to work on it. 
Once the main consequence is identified, a meeting 
is held with all the workers and members of the team 
to identify the main problem affecting the company, 
showing the Ishikawa diagram prepared. Based on 
these data, the definition of the problem is complet-
ed, and it is written in a project charter format, which 
must be signed by those responsible and proper-
ly communicated so that everyone is aware of the 
problem to be eliminated.

Measure

Upon determining the problem, it is measured with 
different tools that will be adapted to each of the 
6 variables that define the problem, also known as 
“the 6M” (manpower, materials, machine, methods, 
measurement and mother nature). The variable or 
variables will be analyzed according to the type of 
problem encountered and the relevance of the vari-
able with respect to the problem. It is important that 
work teams include personnel who are familiar with 
the implementation of these tools.

Analyze

After collecting the data from the measurement 
stage, it will be analyzed using a statistical program 
(SPSS, Minitab, etc.) to determine the characteristics 
of the variables to be analyzed and, subsequently, 
inferential statistics (correlation, regression) will be 
used to determine the influence of one on the other. 
The results must be compiled in a report and distrib-
uted at a meeting with the members of the company. 
All members’ proposals for solutions to the problem 
will be heard at the meeting, allowing each one to 
express his or her opinion in turn. Ideally, finding a 

Figure 1. Lean Manufacturing Model in Clothing Manufacturing.

Source: Prepared by the authors.
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solution should not take too long, as this may dis-
courage workers.

Improve

The proposed solution is implemented in this stage 
following these steps:

• Elaboration of a schedule and report 
specifying, at a minimum, start date, end 
date, activities to be carried out and person 
in charge of each activity

• Group training to train workers in the 
improvement strategy

• On-site implementation as specified in the 
report and as coordinated in trainings

• Verification of the proper implementation at 
each stage, activity carried out by the work 
team according to their functions 

• Follow-up of the implementation process, 
detection and recording of any anomalies 
that may arise during compliance with the 
solution plan

• Upon completion of the established period, 
collect the same types of data that were 
collected in the “measure” stage, following 
the implementation of the solution, so that the 
respective comparison can be made

Control

Using the data obtained in the previous stage, the 
statistics are re-examined and compared against 
the initial data obtained in the “measure” stage. If, 
after comparing the results, it is found that there 
was an improvement, it is important that the plan 
is maintained over time so that it leads to further 
improvements, thus repeating the cycle. If, on the 
other hand, a detriment rather than an improvement 
is observed, remedial action should be taken either 
to amend the plan or to redesign it, assembling 
the committee and the workers to detect at which 
point the plan began to fail. Whether success was 
achieved or not, everything must be recorded and 
contrasted with the initial status of the company 
(Sarria, Fonseca & Bocanegra, 2017).

Program Continuity

At the meeting to evaluate the results, all employ-
ees should be invited to participate voluntarily and 
provide feedback. It is important to determine the 
continuity of the plan, whether positive results that 
the company wishes to continue to improve have 
been obtained or negative results that it wishes to 

correct by amending the plan. If the plan is contin-
ued, implementation will be faster because of prior 
experience (Soto, 2017). Along with the continui-
ty of the program, a periodic monitoring of new or 
existing problems should be ensured, incorporat-
ing the continuous improvement philosophy in the 
workers’ decision making, so that all their actions 
are aimed at improving the company, and spread-
ing the knowledge of the plan, as well as the meth-
odology and procedures to the entire company (Te-
moche, 2019).

METHODOLOGY

A quantitative approach was used in this research. 
According to Hernández, Fernández and Baptista 
(2014), a quantitative approach refers to a set of 
sequential and evidence-based processes, where 
the researcher is objective and conducts an organ-
ized study based on numerical measurement and 
statistics and follows a predictable and structured 
pattern, with which the theories and phenomena in-
vestigated can be demonstrated through deductive 
reasoning from which hypotheses are obtained. The 
latter are tested to achieve the objective proposed, 
under an explanatory research level. The research 
design was pre-experimental. According to Hernán-
dez et al. (2014), the pre-experimental design is a 
study in which one or more independent variables 
are manipulated, after which the consequences that 
this action exerts on the dependent variables are 
analyzed. The unit of analysis was the Production 
area of the clothing company, from where relevant 
information concerning the company was obtained. 
The processes and existing defects in the produc-
tion of flame-resistant shirts of the clothing compa-
ny were analyzed, each of which was subjected to 
evaluation.

The study population was composed of 180 flame 
resistant shirts equivalent to one month of produc-
tion. The sample represented 100% of the produc-
tion of one day, which was randomly selected ac-
cording to probability sampling. The sample was 
selected with a margin of error (5%) and a confi-
dence level of 95%, obtaining a total of six units. 
Data collection was conducted as follows:

• Relevant data was collected from the clothing 
manufacturing area: standard time of each 
process, step-by-step details of each activity 
using an operations diagram.

• The main problem areas were identified 
by means of a value stream map and the 
research area was determined.
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• An initial diagnosis was made based the 
observations, and a Continuous Improvement 
Plan was drawn up based on the DMAIC 
methodology.

• An action plan was devised and the 5S were 
implemented.

• Instruction sheets were prepared and 
distributed to enhance skill level.

• A time study was conducted to determine 
standard manufacturing times.

• Machine problems were measured using the 
FMEA matrix, followed by the implementation 
of a preventive maintenance plan and a daily 
maintenance log.

• Performance was compared at a later stage 
to perceive the improvements in terms of 
indicators.

• A management model proposal was prepared 
based on the results obtained and submitted 
for validation by expert judgment.

All data were classified, recorded and coded us-
ing different formats for quality tools, some of them 
provided by the Lean Six Sigma Institute, which are 
certified as suitable for use in continuous improve-
ment projects. In addition, descriptive and inferen-
tial statistics were used to test the validity of the 
hypotheses and to obtain conclusions by means of 
Minitab software and, subsequently, the information 
was interpreted.

RESULTS

Work hours at the company under study are from 
8:00 a.m. to 5:30 p.m., with a lunch break from 1:00 
p.m. to 2:00 p.m. This means that there are 8 and a 
half available working hours (8.5 hours/day) 5 days 
a week. That is, a total of 42.5 working hours per 
week.

The daily demand, based on the data of a produc-
tion order selected for the study with a total of 6 
units of flame-resistant shirts, was estimated using 
the following formula:

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 = 𝐴𝐴𝐷𝐷𝐴𝐴𝐴𝐴𝐷𝐷𝐴𝐴 𝑅𝑅𝐷𝐷𝑅𝑅𝐴𝐴𝐷𝐷𝑢𝑢𝐴𝐴𝐷𝐷𝐷𝐷
𝑇𝑇𝐴𝐴𝐴𝐴𝐷𝐷𝐷𝐷 𝐴𝐴𝐴𝐴𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐴𝐴𝐷𝐷𝐷𝐷 𝑇𝑇𝐷𝐷𝐷𝐷𝐷𝐷 = 6 𝐴𝐴

5 𝐷𝐷𝐷𝐷𝐷𝐷𝑢𝑢 = 1.2 𝐴𝐴
𝐷𝐷𝐷𝐷𝐷𝐷 

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 = 2 𝑢𝑢
𝑑𝑑𝑑𝑑𝑑𝑑  

𝑇𝑇𝐷𝐷𝑇𝑇𝐴𝐴 𝑇𝑇𝐷𝐷𝐷𝐷𝐷𝐷 = 𝐴𝐴𝐴𝐴𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐴𝐴𝐷𝐷𝐷𝐷 𝑇𝑇𝐷𝐷𝐷𝐷𝐷𝐷 𝑝𝑝𝐷𝐷𝑝𝑝 𝐷𝐷𝐷𝐷𝐷𝐷
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 =

8.5 ℎ
𝐷𝐷𝐷𝐷𝐷𝐷 ∗ 3600 𝑢𝑢

ℎ
2 𝐴𝐴

𝐷𝐷𝐷𝐷𝐷𝐷
=

30600 𝑢𝑢
𝐷𝐷𝐷𝐷𝐷𝐷

2 𝐴𝐴
𝐷𝐷𝐷𝐷𝐷𝐷

= 15300 𝑢𝑢
𝐴𝐴 

𝑇𝑇𝐷𝐷𝑇𝑇𝐴𝐴 𝑇𝑇𝐷𝐷𝐷𝐷𝐷𝐷 = 15300 𝑢𝑢
𝐴𝐴 

Por tanto, la productividad se puede calcular como 
sigue a continuación:

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐻𝐻 − 𝐻𝐻 (𝑃𝑃𝑖𝑖𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖) =  6 𝑃𝑃𝑖𝑖𝑃𝑃𝑃𝑃𝑢𝑢
8.5 ℎ

𝑃𝑃𝑖𝑖𝑃𝑃 × 7 𝑃𝑃𝑖𝑖𝑃𝑃𝑢𝑢
= 0.10 𝑃𝑃𝑖𝑖𝑃𝑃𝑃𝑃

ℎ𝑃𝑃 − 𝐻𝐻 

Calculations were then made by area in order to 
draw up the company’s current Value Stream Map, 
which is shown in Figure 2.

Figure 2. Current Value Stream Map.

Source: Prepared by the authors.
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The problems that aroused during the production 
of a production order were quantified according to 
the number of occurrences. This allowed identify-
ing those that needed to be addressed first in the 
continuous improvement plan. To this end, a Pareto 
chart was created, as shown in Figure 3, where it 
can be seen that 80% of the problems are caused 
by the lack of order and cleanliness, lack of opera-
tor training, unnecessary movements and displace-
ments, and machine failures.

Therefore, in collaboration with the Management 
area, the Engineering area and the personnel of 
the Production area, improvement tools were im-
plemented to address each of the aforementioned 
problems, as shown in Table 1.

After conducting an internal audit of the problems 
found in the production area, a 5S value of 42% was 
found, as shown in Figure 4.

Two one-hour training session were held during the 
morning working hours (when workers are most pro-
ductive) to implement the 5S. The activities undertaken 

for the implementation of the 5S in the aforementioned 
company according to the established schedule are 
shown in Table 2.

After completion of the final audit at the end of the 
5S implementation schedule, a 5S value of 89% 
was obtained, which is shown in Figure 5.

Subsequently, instruction sheets were prepared for 
the less efficient operators. An instruction sheet was 
prepared for each of the machines used in the shirt 
manufacturing process, showing the beginning, end 
and process of each operation. These were placed 
in visible places and explained to the operators. An 
example of these instruction sheet is shown in Fig-
ure 6, which illustrates the one made for the 2-nee-
dle lockstitch machine.

To assess operator skill level, a table containing the 
standard times was drawn up from the time study, 
which will be shown in the following section. In this 
table, the machine operations are classified into 
three levels: A, B and C. As the difficulty of each 
level increases according to the time it takes the 

Figure 3. Pareto Chart Showing the Problems Encountered in the Production Area.

Source: Prepared by the authors.

Table 1. Tools to Be Implemented per Problem.
No. Problem Tool
1 Lack of order and cleanliness in the area 5S

2 Lack of training and expertise Instruction sheets

3 Unnecessary movements and displacements Time and movement study

4 Sewing machine failure FMEA, TPM

Source: Prepared by the authors.
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Figure 4. Initial Assessment of the 5S in the Production Area. 

Source: Prepared by the authors.

Table 2. Activities Planned for the Implementation of the 5S.

Implementation of the 
1st S: SORT

Implementation of the 
2nd S”: SET IN ORDER

Implementation of the 
3rd S: SHINE

Implementation of the 
4th S: STANDARDIZE

Implementation of the 
5th S: SUSTAIN

Communicate the im-
provement process to 

workers

Set in order the production 
areas

Cleaning the production 
areas

Standardize production 
areas

1-hour meetings/training 
sessions

Classify the manufac-
turing areas

Label the articles in the 
production area

Temporary waste con-
tainers for different types 

of waste or garbage

Set up company safety 
measures: evacuation 

plans, fire extinguishers, 
safety signs and first 

aid kits

Presentation of results

Designate a red/quaran-
tine area Code the machines

Records of work areas 
and sanitary facilities 

cleaning

Set up a Basic Training 
Plan (mandatory training: 

first aid, use of fire ex-
tinguishers, emergency 

drills)

Prepare the check-
list for preserving or 

discarding quarantined 
products

Checking of labeling and 
coding by workstations

Implementation and 
filling out of improvement 
opportunity record cards

Assign workstation and 
cleaning responsibilities

Elaboration and revision 
of improvement opportu-

nity list

Display graphic 
hand-washing instruction 

sheets for personnel

Source: Prepared by the authors.
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Figure 5. Final Assessment of the 5S in the Production Area. 

Source: Prepared by the authors.

Figure 6. Example of instruction sheet for the use of the 2-needle lockstitch machine in shirt making.

Source: Prepared by the authors.
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operator to perform the operation, we assigned a 
weight to each operation based on the evaluation of 
the workshop manager.

Similarly, a list of skill levels (see Table 3) was drawn 
up in collaboration with the workshop manager, who 
trained the operators in the production of the shirts, 
to calculate the skill level acquired during training.

Based on these data, the skill level percentage of 
each of the operators in each operation was calcu-
lated using the following formula:

% 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑆𝑆𝑙𝑙𝑙𝑙𝑙𝑙𝑆𝑆 =  
∑(𝑁𝑁𝑁𝑁 × 𝑃𝑃𝑃𝑃)

∑ 𝑃𝑃𝑃𝑃  

As there are a total of 36 machine operations, the 
calculations were summarized to show the initial 
and final skill level of each operator. Note that the 
“initial” is the training given by the workshop manag-
er, and the “final” is the one after the implementation 
of the instruction sheets.

The following average initial skill level values were 
obtained for operator Yorely S.:

% Skill level = (62%×10+86%×10+⋯+43%×35+59%
×35)/875=56%

After the implementation of the instructions, the fol-
lowing average final skill level value was obtained 
for the operator Yorely S.:

% Skill level = (79%×10+90%×10+⋯+51%×35+62%
×35)/875=71%

The following average initial skill level values were 
obtained for operator Sandy C.:

% Skill level = (45%×10+69%×10+⋯+42%×35+61%
×35)/875=47%

After the implementation of the instructions, the fol-
lowing average final skill level value was obtained 
for the operator Sandy C.:

% Skill level = (58%×10+72%×10+⋯+56%×35+74%
×35)/875=68%

Prior to the implementation of the 5S and instruc-
tion sheets, and due to the fact that the efficiency 
of these operators is initially low, a time study was 
conducted. Very long times were recorded in the 
manufacturing process, some of which had to be 
eliminated to estimate the standard time. The val-
uation factor (VF), equivalent to operator efficiency, 
is a value assigned by the Engineering staff. The 
tolerance factor (TF) of each of the operators is cal-
culated using the additional times from the OIT ta-
ble. Once the calculations were made, it was found 
that the manufacture of a long sleeve flame-resist-
ant denim shirt for the production order in the study 
took 64.615 minutes.

Upon implementation of the two aforementioned 
tools, the standard time for the manufacture of 
flame resistant shirts with the same characteristics 
decreased to 50.559 minutes. In addition, a Fail-
ure Modes and Effects Analysis was conducted, as 
shown in Figure 7, in order to determine the main 
failures that could occur during the manufacturing 
process. The degree of severity, detection and oc-
currence of these failures was also measured, and 
solutions were proposed through the implementa-
tion of TPM.

After noticing the presence of critical points in the 
FEA, the initial OEE was calculated (Figure 8) to 
gain a rough idea of the overall effectiveness of the 
equipment.

In view of the severity of the problems presented by 
each machine, a total productive maintenance plan 
was implemented for each one of them, an example 
of which can be seen in Figure 9. It was also neces-
sary to provide daily maintenance to the machines 

Table 3. Assessment of Operator Skill Level.
No. Skill Level From To
1 Requires assistance very frequently 0% 29%

2 Exhibits little progress, performs few operations independently 30% 49%

3 Exhibits acceptable progress, performs some operations independently 50% 69%

4 Hardly requires assistance, is able to perform several operations independently 70% 89%

5 Requires no assistance, is able to provide instruction to others 90% 100%

Source: Prepared by the authors.
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Figure 7. Failure Modes and Effects Analysis (FMEA).

Source: Prepared by the authors.

Figure 8. Estimation of Initial OEE. 

Source: Prepared by the authors.
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before and during operations and at the end of the 
shift. Maintenance is performed in a few minutes, 
in order to inspect the proper functioning of the ma-
chine before it starts operating and thus reduce time 
losses due to machine failure.

After the implementation of the preventive mainte-
nance plan and daily maintenance, the OEE value 
was obtained, as shown in Figure 10.

Initially, the OEE was 56%, which is unacceptable 
according to the metric presented in Table 4. In 
other words, the equipment was initially quite un-
productive, which represented significant economic 
losses. After the implementation of the preventive 
maintenance plan and the daily maintenance log, a 
value of 84% was achieved, which is acceptable ac-
cording to the metric. Although there are still slight 
economic losses and competitiveness is slightly low, 
the OEE is nevertheless higher than it was initially.

Finally, after the implementation of the proposed 
tools, the future value stream map is drawn up (Fig-
ure 11), based on the new time values and the com-
pany’s inventory.

At the end of the implementation of the tools, the 
productivity value was recalculated and the follow-
ing values were obtained:

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐻𝐻 − 𝐻𝐻 (𝑓𝑓𝑃𝑃𝑓𝑓𝑓𝑓𝑓𝑓) =  7 𝑃𝑃𝑓𝑓𝑃𝑃𝑃𝑃𝑢𝑢
8.5 ℎ

𝑃𝑃𝑓𝑓𝑃𝑃 × 7 𝑃𝑃𝑓𝑓𝑃𝑃𝑢𝑢
= 0.12 𝑃𝑃𝑓𝑓𝑃𝑃𝑃𝑃

ℎ − 𝐻𝐻 

Comparing it with the initial value obtained, we have: 

∆ 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐻𝐻 − 𝐻𝐻 =  0.12 − 0.10
0.10 × 100 = 20% 

Following the experimentation conducted in the 
company and in view of the positive results ob-
tained, the Lean Manufacturing model for clothing 
companies was determined. A questionnaire was 
elaborated to validate it, considering the research 
variables, and was applied to 8 experts in the field. 
The results were used for the Aiken’s V test (aver-
ages of the value assigned to each item), whose 
values obtained can be seen in Table 5.

*p < .05

Experts = 8

It is worth mentioning that the last item corresponds 
to Observations, which is to indicate whether any 
correction, change or improvement should be made 
to the model, where it is possible to choose Yes (1) 
or No (0).

Figure 9. Preventive Maintenance Plan for the 1-Needle Lockstitch Machine. 

Source: Prepared by the authors.
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Figure 10. Estimation of final OEE. 

Source: Prepared by the authors.

Table 4. Metric for OEE Values.
OEE Metric

< 65% Unacceptable

65% ≤ OEE < 75% Regular

75% ≤ OEE < 85% Acceptable

85% ≤ OEE < 95% Good

≥ 95% Excellent (World Class Values)

Source: González, Ramírez, Poblano and Mendoza (2016).

Figure 11. Future Value Stream Map. 

Source: Prepared by the authors.
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The Aiken’s V coefficient is obtained with the follow-
ing formula:

𝑉𝑉 =  𝑆𝑆
𝑛𝑛(𝑐𝑐 − 1) 

Where:

S = sum of Si

Si = value assigned by expert i

n = number of experts

c = number of values in the scale (in this case there 
are two: 0 and 1)

Using the formula above, we obtain:

𝑉𝑉 =  8
8(2 − 1) = 1 

As 1 > 0.80, the Lean Manufacturing model pro-
posed in this research is valid for its application, 
with 100% validity by Aiken’s V test.

Upon obtaining these results, the hypothesis test-
ing was performed to confirm the assumption made 
at the beginning of the research. First, the Saphiro 
Wilk, for samples smaller than 50, was performed 
with Minitab 2018 statistical software to determine 
whether or not the data followed a normal distribu-
tion with the following parameters:

p ≤ α, data do not follow a normal distribution

p > α, data follow a normal distribution

Based on the data, a p-value equal to .10 was ob-
tained, which is greater than the significance value 

of .05; therefore, the data have a normal distribu-
tion. Following this demonstration, a Student’s t-test 
was performed for the acceptance or rejection of 
the hypotheses, which is presented in Table 6, con-
sidering the following premises:

H0 = There is no significant difference in productivity 
improvement before and after the implementation of 
the continuous improvement model.

H1 = There is a significant difference in productivity 
improvement before and after the implementation of 
the continuous improvement model.

Table 6. Student’s T-Test for Two Samples for the 
Acceptance or Rejection of the Hypothesis on the Lean 
Manufacturing Model.

Null hypothesis H0: μ = 1

Alternative hypothesis H1: μ ≠ 1

T value P value

-1.00 0.347
Source: Prepared by the authors.

Considering that a p-value equal to .347 was ob-
tained, H0 is rejected and H1 is accepted. Therefore, 
there is a significant difference in productivity af-
ter the implementation of the continuous improve-
ment model. Consequently, it is understood that 
the proposed management model has achieved its 
objective. This result can be extended to other or-
ganizations by implementing the model in other en-
vironments, where, having demonstrated its validity 
and functionality, productivity improvement results 
will be obtained.

Table 5. Tax Awareness Test Content Validity by Expert Judgement.

Item
Experts

Correct Answers Aiken’s V
1 2 3 4 5 6 7 8

1 1 1 1 1 1 1 1 1 5 1.00

2 1 1 1 1 1 1 1 1 5 1.00

3 1 1 1 1 1 1 1 1 5 1.00

4 1 1 1 1 1 1 1 1 5 1.00

5 1 1 1 1 1 1 1 1 5 1.00

6 1 1 1 1 1 1 1 1 5 1.00

7 1 1 1 1 1 1 1 1 5 1.00

8 1 1 1 1 1 1 1 1 5 1.00

9 0 0 0 0 0 0 0 0 0 0.00

Source: Prepared by the authors.
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DISCUSSION

During the validation of the Lean Manufacturing 
Model, all the experts interviewed agreed on an 
acceptable value of Aiken’s V, thus it can be said 
that this model contributes to the productivity of the 
companies in the sector. This statement is based 
on the use of 5S, VSM, implementation of instruc-
tion sheets, time studies and TPM. These results 
are consistent with those of Gonzales and Samán 
(2020), who state that the implementation of these 
tools led to an increase in business productivity 
from 36% to 80%, doubling the number of items 
produced per day.  Likewise, Quispe and Requena 
(2019) demonstrated that the application of these 
tools improved production times, efficiency and pro-
ductivity, with which they managed to achieve a 29% 
increase in the latter indicator. Huaripata and Matos 
(2017) found that the implementation of these tools 
reduces raw material cost overruns by 13%.  

CONCLUSIONS

• There is a significant difference in productivity 
before and after the implementation of 
the management model based on Lean 
Manufacturing tools, since the productivity 
of the Production area of the aforementioned 
company increased from 0.10 units/man-hour 
to 0.12 units/man-hour, which represents an 
increase of 20% with respect to the initial 
stage. In addition, the production of shirts 
in the same period increased from 6 to 7 
units, which means that the model, that was 
validated by experts in the field, meets the 
objective.

• The value stream map was used to identify 
the most time-consuming and critical stages 
of the production process. At the end of the 
investigation, a 6.4% decrease in lead time 
was observed with respect to the initial level. 
This is useful for the management model 
because it demonstrates the importance 
of VSM as the first step of lead time 
measurement.

• The 5S acts within the management model 
reduces unnecessary time and movements, 
in addition to promoting a culture of order 
within the organization, as was demonstrated 
in the respective implementation.

• As a result of the implementation of 
instruction sheets, a skill level of 71% and 
68% was achieved among the operators; 
likewise, interruptions for consultations were 
reduced to 16 times and reprocessing to 10 

times. Thus, it is a tool that allows operators 
to increase their efficiency.
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