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on productivity when applying the Six Sigma methodology. The study had a quantitative
Available online 30 November 2024 P v PPYYIng g &Y y N

approach, applied modality, with a pre-experimental design and an explanatory level.
The techniques for collecting information were observation and documentary analysis.
After implementing the five phases of the model, an increase of 24.7% in productivity

Keywords: was obtained; Likewise, it was observed that the process capacity would have gone from
Model; Six Sigma; productivity; 0.60 to 1.16, and the Sigma level would have increased from 2.9 to 3.8, causing a lower
exporter; organic banana number of defects per million opportunities in production.

1. Introduction

Currently, there is a wide diversity of methods, resources, and tools with which to deal with the
various factors that represent threats to modern companies, in a dynamic that is as complex as it is
unpredictable, and in which proper management can make a difference. The Six Sigma model is
intended to improve the productivity of companies since it is a project-based methodology. This
methodology focuses on reducing variance and defects, as well as improving the caliber of goods,
services, and processes [1]. Thakur et al., [2] explained that Six Sigma is a method to improve quality
performance that is based on the DMAIC (Define, Measure, Analyze, Improve, and Control) process.

It is necessary to highlight how common it is for producing companies to record losses associated
with higher quality margins due to export standards. In the case of banana exporting companies,
Vasquez et al., [3] pointed out that, in general, bananas that are not suitable end up being sold in
local markets or as by-products.
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For Raman and Basavaraj [4], Six Sigma is a business philosophy that adds profitability, improves
production and quality indicators, and consolidates teamwork. Besides, through its application, the
overall results are strengthened [5]. Six Sigma is a methodology that has various advantages over
others because it is developed systematically following the five DMAIC stages [6]. Likewise, it allows
to reduce the variability of the product and the number of defective stocks [7].

Six Sigma has five phases: define, measure, analyze, improve, and control [8], [9]. In the first
phase (define), the problems that need to be solved must be identified [10]. During the define phase,
all issues concerning procedures, goods, suppliers, consumers, and requirements for high-quality
goods are established [11, 12]. Besides, projects are defined and an implementation strategy is
created [13, 14]. Study conditions are also replicated to generate a database that can be analyzed
[15].

The next phase is measurement. Akanmu and Nordin [16] mentioned that the data collection of
the measurement phase begins after defining the scope of the problem and the output technique.
Sigma value is determined and a control chart is created to compare with customer requirements
[17]. In this phase, the performance of the current process is evaluated [18, 19]. The quantity of
inputs and crucial elements is also measured [20, 11].

In the next phase (analysis), data related to failures are collected [14, 21]. At this point, the data
study is necessary to determine the deviations [22]. Multiple scenarios are also investigated, to
determine the variables that have the greatest influence [23].

In the improvement phase, corrective actions are developed to improve the processes [24, 25].
In that sense, the objectives of this stage are to obtain a robust design and optimal control of the
manufacturing process [11]. Advances in productivity are confirmed in the subsequent control stage
[26].

The control stage, according to Ponsiglione et al., [27] used a modeling strategy based on a linear
regression analysis technique. Here, improved techniques are evaluated [28] and uniform metrics
are created to monitor performance [29].

It should be noted that, fundamentally, the purpose of this stage is to follow up on the application
to observe the effective change that has been presented [30]. On the other hand, Rojas et al., [31]
indicated that sometimes delays and deadlines are used as benchmarks to measure the effects of
modifications. Periodic monitoring is important to ensure long-term benefits [32].

Through the application of the Six Sigma methodology, the aim is to improve productivity, which
serves as a basis for economic indicators [33]. To increase productivity, the company must effectively
manage the resources at its disposal [34, 35], mainly, those related to an adequate management of
human talent [36]. Therefore, the more an employee identifies and is committed to the organization
for which works, the more successful he/she will be in the development of his/her [37]. In this regard,
Obando [38] mentioned that the basis of the company is employee training and motivation.

According to Orrego and Valencia [39], productivity is the cornerstone of long-term sustainability
versus competitiveness. Similar reported by Yong et al.,, [40]. Rodriguez et al., [41] stated that
companies can achieve their objectives by adopting specific measures and using resources such as
time, people, materials, and equipment. For their part, Gordillo et al., [42] state that productivity can
be applied to any economic activity. In turn, Diaz [43] found a wide variety of positive and negative
impacts on productivity when applying certain models. In summary, the objective of this study was
to determine the impact on productivity when applying the Six Sigma methodology.
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2. Methodology

Research can be basic or applied [44]. In the research under development, the applied research
modality was chosen because it provided solutions to problems through the production of knowledge
[45].

There are different types of design, including pre-experimental, quasi-experimental, pure
experiments, and factorial, among others, which are determined according to how the samples are
manipulated [46]. In this study, a pre-experimental design was used due to the existence of a single
analysis group with the absence of a control group [47], which sought to determine the impact of the
Six Sigma model on productivity.

G2>20:2X>0; (1)

where the experimentation group, G, stimulus, X, first measurement of the dependent variable, O1
and second measurement of the dependent variable, O,. The indicators considered are:
i. Process capability (Cp = ES- EI/6 o)

ii. The Six Sigma level through DPMO (Defects per Million Opportunities) = DPO x 1000000.

This research consisted of the company's productivity records. Among the inclusion criteria, the
company's productivity records for the years 2021 and 2022 were considered. The sample consisted
of the productivity records grouped in weeks during eight months: from July to October 2021 and
from March to June 2022, that is, four months before and four months after the implementation of
the improvement. Sampling is the application of techniques used to find representative samples [44].
This research is non-probabilistic by convenience, because it selects nearby elements, before and
after applying the improvement.

In addition, concerning data collection techniques and instruments, documentary analysis
techniques were used, supported by the observation technique, to collect data on the independent
variable. For this purpose, the productivity record card instrument was used, and information was
collected four months before and four months after the application of the Six Sigma model, to
subsequently determine its effect.

The data analysis method used was descriptive, carried out by organizing the data and analyzing
tables and figures processed in Microsoft Excel. Inferential statistics were also used in the SPSS
program to contrast the hypothesis and concluded with the application of the normality and t-
student test. Likewise, within the framework of ethical aspects, it is stated that the information was
obtained with the prior permission of the company; in this way, an authentic collection was carried
out, since its results were not changed or adulterated, and the principles of professional ethics,
veracity, and reliability were safeguarded.

3. Results

The obtaining, organization, and presentation of the results were based on the phases of the Six
Sigma model, to improve the productivity of an organic banana exporting company. The initial
conditions for calculating productivity were based on boxes of 80 units, weighing between 19.7 and
20 kilos. The raw material consisted of harvested bananas; the qualified collaborators made up the
labor force.
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3.1 Six Sigma Model: Define Phase

During this phase, the framework of the project was determined with the participation of the
collaborators, to identify, evaluate, and categorize the factors that influence the decrease in
production. To do this, the needs to be identified, the problems, the objectives, the scope, the work
team, the metrics to be used for the different evaluations, and the customer requirements. The latter
is one of the main aspects to be considered to orient production to the real needs of the market.
Table 1 shows the customer specifications.

Table 1

Customer requirements

Characteristics Objective Specifications
Calibration 42.5 mm 39-46 mm
Cluster 5 fingers 4-7 fingers
Length 7.7 in. 7.5-8 in.
Weight 19.85 kg 19.70-20 kg
Labels >2 labels per cluster

Fruit health No finger malformations, streaks or black spots.
Cleanliness Free of insects, fungi and stalks.

Fruit cream White and consistent.

It is important to note that the specification most emphasized by the client is the calibration of
the banana in a range of 39 to 46 millimeters. This is the biggest problem currently faced by the
company in terms of production quality. Therefore, in this phase, aspects that allowed directing the
study towards the solution of this problem were specified, setting out in an organized manner the
necessary elements for the application of Six Sigma within the framework of the project, as shown in

Table 2.

Table 2

Six sigma project frameworks

Purpose

To improve productivity of labor and raw materials

Company needs that
must be met

Problem statement:
Objective

Scope

Work team

Metrics

Eliminate waste in the production process, reduce
product and process variability.

42% of the products do not meet customer
requirements, and resources are not used efficiently.
Increase productivity by at least 15%.

Decrease variability and increase Sigma level.

The entire production process.
Participant.
Team role: Complement information.

Dedication 100%.

Variation in calibration, PM (Per Million), DPMO (Defects
per Million Opportunities) and Sigma level.
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The framework of the Six Sigma project was aimed at improving the productivity of labor and raw
materials; in this case, 42% of the products did not meet the customer's requirements, according to
the information gathered. Then, exact measurements were taken to elucidate the company's
production characteristics more extensively.

3.2 Six Sigma Model: Measure Phase

From this phase, we continued with the measurement of the processes, carrying out a
repeatability and reproducibility study in which we ruled out whether the measurement system
significantly influenced the variation. Three operators, ten parts and two replicates participated,
giving a total of 60 measurements. The aim was to obtain at most 10 % total variation of the R&R
(repeatability and reproducibility) to be valid. The final result was 0.2 %; then, the procedure was
continued.

Subsequently, we proceeded to evaluate the measurement system, in which the percentage
variation of the total R&R was 4.52 %, below 30 %, which is acceptable. Likewise, the part-to-part is
99.9 %, which represents the ability of the measurement system to differentiate between the parts,
confirming that the use of a measurement system is reliable.

Similarly, with the data collected, we proceeded to calculate the process capability, which
resulted in Cp = 0.60, and therefore, less than 1, which confirms that it is not able to meet the
customer's requirements.

In the same way, the stability of the process was performed. For this purpose, the X and R control
charts were created with 30 samples of 4 elements. The result showed that the process is unstable,
since 14 of the 30 samples were outside the control limits. Subsequently, the Sigma level was
evaluated in Table 3.

Table 3

Defects per million opportunities

Distance (m) Velocity (ms™)
Number of bananas inspected(U) 600

Number of bananas with defects (D) 380
Opportunities (O) 8

DPMO (defects per million opportunities) 79167

Sigma level 2.9

The results indicate production difficulties due to the fact that 79 167 defects per million bananas
produced would have been found, which reaches a Sigma level of 2.9. This indicates that there is a
large gap, considering the minimum Sigma level 0 and maximum Sigma level 6, for a 6.68 % and 99.0
% yield, respectively.

3.3 Six Sigma Model: Analysis Phase
The results obtained were complemented with previous records and contrasted by the company's

team, which made it possible to consider the main causes that influence the decrease in productivity
using the Pareto criterion. They were then categorized by taking 486 cases, as shown in Table 4.
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Table 4

Categorization of causes

Main causes of productivity decline Frequency %  Accumulated
Variation in calibration 180 37 37%
Variation in case weights 160 33 69%
Waste of materials 50 10 80%
Incomplete clusters 40 8 88%
Untrained personnel 20 4  92%
Unregistered material 15 3 9%
Case erector malfunction 10 2 97%
Malfunctioning of labelling machine 5 1 98%
Lack of quality control 5 1 9%
High temperature in the environment 5 1 100%

Subsequently, the data were analyzed using Excel, Minitab and SPSS to determine the correlation
and level of influence of the variables, excluding those that did not contribute to the variability. In
this way, we sought to establish the influence between the variable’s calibration and productivity, so
we first determined their correlation, then the linear regression and, finally, obtained their coefficient
of determination. The Spearman's correlation index was 0.785, which means that there is a high
correlation between calibration and productivity. The linear regression model was established by the
following equation: Productivity = 0.033 + 0.01 calibration. In addition, an R2 Coefficient of
Determination of = 0.607 was obtained, indicating that 60.7% of the variation in productivity is
explained by the calibration variable.

Subsequently, we proceeded to analyze the causes that generate variability in banana calibration
between the factors harvest week, deflowering week and temperature. A multiple linear regression
was performed, in which 5% of significance of the temperature variable was not significant for the
model and was discarded. In this sense, the linear regression model was expressed as follows:
Calibration = 5.607 + 2.904 Harvest Week + 0.546 Deflowering Week. Where the predictors:
(Constant), Week of Deflowering, Week of Harvest and the dependent variable: Calibration; an R2 =
0.957 was obtained, which means that 95.7 % of the variation of the calibration is explained by the
variables Deflowering Week and Harvest Week included in the linear model. Validation was
performed, where the test statistic was F =235.971 and p = 0.001 < 0.05. Therefore, the significance
of 5% allowed affirming that the linear model is valid, that is, the variables Harvest Week and
Deflowering Week significantly influence the calibration.

3.4 Six Sigma Model: Improvement Phase

Once the relationship of the variables with the calibration was clarified, a 32 factorial
experimental design was elaborated with two factors: Harvest Week and Deflowering Week, each
with three levels and three replications. Thus, it was obtained that the optimum values for having a
caliber of 42.5 mm correspond to week 11 for harvesting and for deflowering to week 5-6, as shown
in Table 5.

On the other hand, we proceeded to use the values found in the optimal model for banana
production. After four months of follow-up, the improved process capability index was obtained by
employing the Minitab 20.3 program, with a result of 1.16, this time higher than 1, which means that
it is currently at an adequate level. Subsequently, although it would have been determined that the
variation in calibration was the most important cause affecting productivity, through brainstorming
the reasons and the solution to the other causes were found, as can be seen in Table 6.
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Table 5

Factorial design 32

A: Harvest Week

B: Flowering Week

Major (7-12)

Regular (5-6)

Minor (3-4)

10
11
12

39- 38-38 43-43-42
38-38-38 42-42-43
38-37-36 41-41-42

47-46-46
46-45-46
45-45-45

Note: Analysis of the variables Harvest Week and Flowering Week to
estimate the optimum calibration of 42.5 mm.

Table 6

Solutions to the rest of the causes affecting productivity

Cause

Reason

Solution

Inaccurate box weight

Waste of materials

Problems with the cardboard-
forming machine

Lack of quality control

The sealed box for weighing without the
exact weight. Must open and regulate
weight, often resulting in overcrowding.

Lack of control of incoming and outgoing
materials.

The machine is in bad condition. A
broken rod has been detected in the
lower part which decreases the pressure
when gluing the box.

Few quality control interventions

The box must be sealed after proper
weight.

Supervise the use of materials. Surplus
materials are taken to a warehouse.
Records of incoming and outgoing
materials have been implemented.

Replacement of the rod in the carton-
forming machine.

A schedule of interventions was
established for the quality control of the
process.

Finally, the new Sigma level was calculated and 10,208 defects per million bananas produced
were reached. A Sigma level of 3.82 was thus reached, which would indicate that the Sigma level
improved from its initial value of 2.9.

3.5 Six Sigma Model: Control Phase

The activities carried out by the employees were monitored using samples of size four, three
times a day. Based on the Minitab 20.3 report, compliance with the established specifications was
confirmed. Finally, for March and June 2022, the productivity indicators were calculated after the
improvements, where a productivity variation of 24.7% was observed, as shown in Table 7.

Table 7

Comparison of Productivity Indicators

Factor Before After Units

Labor productivity 32.05 40.44 Boxes/Worker
Raw material productivity 0.72 0.80 Boxes/kg
Combined productivity 0.097 0.121 Boxes/S
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4. Discussion
4.1 Six Sigma Model: Define Phase

In the case of the study, it was possible to determine, among the product specifications, a 42.5
mm calibration as the major customer requirement, so it was possible to corroborate that 42% of the
production did not meet the required standards and, based on this, the project framework would be
generated. Ariga et al., [10] focused its definition on the processes, for which it evaluated the times
for each process inherent to the packaging of banana cartons, from the cutting and transport of the
bunch to labeling. This is in agreement with Guilcapi and Obando [48], for whom the main
productivity problem in a banana company was the poor execution of the work, so they developed
their action plan based on this. In the case of Arreaga [49], the main problems were labeling, packing,
and cable transport; the latter was the problem that was most related to productivity.

In the definition phase, Raval et al., [14] succeeded in determining the main objectives of the
company's drivers, choosing important processes and customers, as well as defining the projects, and
creating an implementation strategy, thus posing the critical steps currently practiced by
manufacturing organizations. This is in agreement with Knop et al., [13] who during this phase
specified the main problem, the current and target status, the expected benefits of the improvement
project, and the Six Sigma tools that would be used to address workplace safety in automotive
companies. Finally, Ricciardi [15] established a working group and divided the analysis tasks.

4.2 Six Sigma Model: Measuring Phase

The result obtained in the variation of the repeatability and reproducibility model was 4.52 %,
and the differentiation between the parts was 93.80 %, which means that the measurement system
is under control and can differentiate between the measured elements. These results are confirmed
with those obtained by Ozturkoglu et al., [50], who after improving the calibration in the process,
obtained repeatability and reproducibility (R&R) of 8.21 %.

Similarly, they agree with Sharma et al., [51], who evaluated a measurement system with a two-
level, six-factor design. The total R&R of the caliper was 8.63 %, meaning that there is no special
cause and the collaborators present similar levels of performance despite the destructive part design.
The research findings reinforce that statement; otherwise, it is possible that it would have failed and
the operators would not pass the validation. On the other hand, they helped to get information on
execution, process performance, and finding and isolating defective products [52].

4.3 Six Sigma Model: Analyze Phase

The purpose of this phase is to clarify the possible relationships and correlations between the
different variables of the process [53]. We proceeded to use the Ishikawa diagram, which is an
effective tool in the synthesis of a main problem since it performs a cause/effect integration [54]. As
a result, variation in banana calibration would have been established as the main element that was
theorized to be influenced by the variables temperature, Blossom Removal Week, and Harvest Week,
whose data were processed for correlation analysis, simple and multiple linear regression, which
allowed the influence and importance of the variables to be evaluated. The data did not meet the
assumptions of normality, for that reason, Spearman's method was used, which determined the
degree of association of the variables [55]; as a consequence, only the variables Deflowering Week
and Harvest Week would have shown association and could be addressed with actions that would
allow improvements.
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4.4 Six Sigma Model: Improvement Phase

The model was optimized. As a result, week 11 was found to be optimal for harvesting and weeks
5-6 for deflowering. This factorial technique gives an advantage to the Six Sigma model in the
identification of key factors, compared to other improvement methodologies [51]. The study by
Arreaga [49], after applying a Pareto analysis, oriented the improvement of the process in the cutting
and transport stage by extending the cableway, so that it could reach the point of the pools where
the classification, sanitation, and rinsing of the banana is carried out.

4.5 Six Sigma Model: Control Phase

Once the improvements were implemented, the Shapiro-Wilk hypothesis test was applied in SPSS
28.0 software to confirm that the implemented modifications would not have affected the normal
distribution of productivity. It was essential to take into account the careful implementation and
constant control of the results [56]. Using the t-student test of the Six Sigma model significantly
increased the productivity of the company, which in this case would have been 24.7 %. Abualsaud et
al., [26] concluded that the model followed a structured systematic methodology that helped
improve organizational performance, quality, customer satisfaction, and productivity and eliminate
waste.

Valdivieso et al.,, [57] found that productivity, measured in kg per man-hour, would have
increased by 6.45 %, and raw material efficiency by 5.3 %, by eliminating half of the transport
processes. Ramirez et al., [58] with the help of the Six Sigma methodology, determined that, due to
inexperience in the handling of machinery, productivity per work shift only reached 2.06 ha/day,
lower than the productivity of 2.5 ha/day of manual transplanting; this situation could be detected
and improved. Likewise, Gdmez [59] examined man-hours and production costs and obtained that
with the application of changes, productivity grew by 30.59 %.

When referring to raw materials, Torino [60] highlights its importance, since companies transform
raw materials to meet the demands of society. Likewise, Arellano et al., [61] point out that an
investment study of the costs and expenses related to the recovery of raw materials from industrial
or agro-industrial waste should be included. Narciso et al., [62], due to the lack of a consistent
procedure, found that the evisceration region presented the lowest raw material yield (42.20 %).
Likewise, Acosta et al., [63] mention that processes should be considered to reduce costs without
affecting raw material quality. This is because low productivity is usually a consequence of high input
and raw material acquisition costs [64].

On the other hand, it must be recognized that improvements are not obtained in all cases when
reaching the control phase. In this regard, Magodi et al., [65] suggest doing research with greater
temporality, adding other factors in the variability, some of which are critical, such as management
commitment, which is essential to ensure success. Also, it should be noted that Six Sigma solutions
should be examined on an ongoing basis, along with training for workers [66].

5. Conclusion
At the end of the study, it was found that the development of the Six Sigma model was effective
and could be executed optimally in each of its phases. Thus, in the beginning, the calibration in the

thickness of the bananas was the main cause detected that affected productivity, with a correlation
of 0.785. This led to the analysis of the different variables that affect the average calibration. In this
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action, temperature would have been discarded, since it was not significant, while the variables
Blossom Removal Week and Harvest Week were highly correlated. Therefore, we proceeded to use
a factorial analysis model applied to the week of deflowering and the week of harvest. This resulted
in week 11 for harvest, and weeks 5 and 6 for deflowering. After the application of the improvements,
new measurements were made, from which the process capability would have gone from 0.60 to
1.16, while the Sigma level went from 2.9 to 3.8, which implied a lower number of defects per million.
In this sense, according to the t-student results, when assessing the relationship between the
application of the Six Sigma model and productivity, a value of 0.001 was obtained, which indicates
a very high relationship. Likewise, it was determined that productivity increased by 24.7% in labor,
raw material, and both combined.

References

[1]  Sodhi, Harsimran Singh. "Lean Six Sigma: a clinical treatment for national healthcare system." International Journal
of Business Excellence 29, no. 1 (2023): 46-60. https://doi.org/10.1504/1JBEX.2023.128259

[2]  Thakur, Vinita, Olatunji Anthony Akerele, and Edward Randell. "Lean and Six Sigma as continuous quality
improvement frameworks in the clinical diagnostic laboratory." Critical Reviews in Clinical Laboratory Sciences 60,
no. 1(2023): 63-81. https://doi.org/10.1080/10408363.2022.2106544

[3] Vasquez-Castillo, Wilson, Mauricio Racines-Oliva, Pablo Moncayo, William Viera, and Maria Seraquive. "Calidad del
fruto y pérdidas poscosecha de banano orgdnico Musa acuminata en el Ecuador." Enfoque UTE 10, no. 4 (2019):
57-66. https://doi.org/10.29019/enfoque.v10n4.545

[4] Raman, R., and Yadavalli Basavaraj. "Defect reduction in a capacitor manufacturing process through Six Sigma
concept: A case study." Management Science Letters 9, no. 2 (2019): 253-260.
https://doi.org/10.5267/j.ms|.2018.11.014

[5] Saryanto, Saryanto, Humiras Hardi Purba, and Aris Trimarjoko. "Improve Quality Remanufacturing Welding and
Machining Process in Indonesia Using Six Sigma Methods." Journal Europeen Des Systemes Automatises 53, no. 3
(2020). https://doi.org/10.18280/jesa.530308

[6] Trimarjoko, A., D. Saroso, H. Purba, S. Hasibuan, C. Jagin, and S. Aisyah. "Integration of nominal group technique,
Shainin system and DMAIC methods to reduce defective products: A case study of tire manufacturing industry in
Indonesia." Management Science Letters 9, no. 13 (2019): 2421-2432. https://doi.org/10.5267/j.ms|.2019.7.013

[71  Gandhi, S., Anish Sachdeva, and Ajay Gupta. "Reduction of rejection of cylinder blocks in a casting unit: A six sigma
DMAIC perspective." Journal of Project Management 4, no. 2 (2019): 81-96.
https://doi.org/10.5267/j.jpom.2019.1.002

[8]  Thakur, Vinita, Olatunji Anthony Akerele, Nadine Brake, Myra Wiscombe, Sara Broderick, Edward Campbell, and
Edward Randell. "Use of a Lean Six Sigma approach to investigate excessive quality control (QC) material use and
resulting costs." Clinical Biochemistry 112 (2023): 53-60. https://doi.org/10.1016/j.clinbiochem.2022.12.001

[9] Saad, Noor Azam Md, Astuty Amrin, and Khairur Rijal Jamaludin. "Strategic Deployment of Lean Six Sigma in
Managing Inventory Escalation Issue." Journal of Advanced Research in Business and Management Studies 18, no.
1 (2020): 7-15.

[10] Ariga, Reni Asmara, Rina Amelia, Sri Budi Astuti, Fajar Amanah Ariga Fajar, Selviani Ariga, Hijrah Purnama Sari Ariga,
and Nikmah Kemalasari Pane. "Implementation of Lean Six Sigma in Improving Competitive Advantage through
Patient Satisfaction and Nurse Resources to Face the Covid-19 Pandemic at USU Medan Hospital." Open Access
Macedonian Journal of Medical Sciences 10, no. G (2022): 218-222. https://doi.org/10.3889/0amjms.2022.7888

[11] Yang, Ching-Chow, Yung-Tsan Jou, Ming-Chang Lin, Riana Magdalena Silitonga, and Ronald Sukwadi. "The
development of the new process of design for six sigma (DFSS) and its application." Sustainability 14, no. 15 (2022):
9294. https://doi.org/10.3390/su14159294

[12] Letchumanan, L. Thiruvarasu, Noordin Mohd Yusof, Hamed Gholami, and Nor Hasrul Akhmal Bin Ngadiman. "Green
Lean Six Sigma: A Review." Journal of Advanced Research in Technology and Innovation Management 1, no. 1
(2021): 33-40.

[13] Knop, Krzysztof. "Using Six Sigma DMAIC Cycle to Improve Workplace Safety in the Company from Automotive
Branch: A Case Study." Manuf. Technol 22, no. 3 (2022): 297-306. https://doi.org/10.21062/mft.2022.040

[14] Raval, ShrutiJ., Ravi Kant, and Ravi Shankar. "Benchmarking the Lean Six Sigma performance measures: a balanced
score card approach." Benchmarking: ~An International Journal26, no. 6 (2019): 1921-1947.
https://doi.org/10.1108/BIJ)-06-2018-0160

72


https://doi.org/10.1504/IJBEX.2023.128259
https://doi.org/10.1080/10408363.2022.2106544
https://doi.org/10.29019/enfoque.v10n4.545
https://doi.org/10.5267/j.msl.2018.11.014
https://doi.org/10.18280/jesa.530308
https://doi.org/10.5267/j.msl.2019.7.013
https://doi.org/10.5267/j.jpm.2019.1.002
https://doi.org/10.1016/j.clinbiochem.2022.12.001
https://doi.org/10.3889/oamjms.2022.7888
https://doi.org/10.3390/su14159294
https://doi.org/10.21062/mft.2022.040
https://doi.org/10.1108/BIJ-06-2018-0160

Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 53, Issue 2 (2025) 63-75

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

(32]

Ricciardi, Carlo, Giovanni Dell’ Aversana Orabona, llaria Picone, Imma Latessa, Antonella Fiorillo, Alfonso Sorrentino,
Maria Triassi, and Giovanni Improta. "A health technology assessment in maxillofacial cancer surgery by using the
Six Sigma methodology." International Journal of Environmental Research and Public Health 18, no. 18 (2021):
9846. https://doi.org/10.3390/ijerph18189846

Akanmu, Diekola Muslim, and Norshahrizan Nordin. "Six Sigma Practices Integrated with IR 4.0 for Sustainability in
Malaysian Healthcare Industry." International Journal of Public Health Research 12, no. 1 (2022).

Sajjad, Muhammad Hamad, Khawar Naeem, Muhammad Zubair, Qazi Muhammad Usman Jan, Sikandar Bilal
Khattak, Muhammad Omair, and Rashid Nawaz. "Waste reduction of polypropylene bag manufacturing process
using Six Sigma DMAIC approach: A case study." Cogent Engineering8, no. 1 (2021): 1896419.
https://doi.org/10.1080/23311916.2021.1896419

Chiarini, Andrea, and Maneesh Kumar. "Lean Six Sigma and Industry 4.0 integration for Operational Excellence:
evidence from lItalian manufacturing companies." Production planning & control 32, no. 13 (2021): 1084-1101.
https://doi.org/10.1080/09537287.2020.1784485

Kaswan, Mahender Singh, and Rajeev Rathi. "Green Lean Six Sigma for sustainable development: Integration and
framework." Environmental impact assessment review 83 (2020): 106396.
https://doi.org/10.1016/j.eiar.2020.106396

Hernadewita, Hernadewita, Indra Setiawan, and Hendra Hendra. "Enhance quality improvement through lean six
sigma in division Side Board Clavinova Piano's." International Journal of Production Management and
Engineering 10, no. 2 (2022): 173-181. https://doi.org/10.4995/ijpme.2022.16140

Tsarouhas, Panagiotis. "Reliability, availability and maintainability analysis of a bag production industry based on
the six sigma DMAIC approach." International Journal of Lean Six Sigma 12, no. 2 (2021): 237-263.
https://doi.org/10.1108/1JLS5-09-2019-0101

Sirshar, Mehreen, Igra Hanif, Sidra Shahzad, and Muneeza Khalid. "A review paper on simulation based Six Sigma
approach in quality assurance." (2019). https://doi.org/10.20944/preprints201912.0062.v1

Furterer, Sandra L., Kellie Schneider, Michael B. Key, Daniel Zalewski, and Michael Laudenberger. "Implementing
lean six sigma and discrete-event simulation for tutoring operations in higher education institutions." International
Journal of Lean Six Sigma 10, no. 4 (2019): 909-927. https://doi.org/10.1108/1JLSS-08-2018-0084

Stanivuk, Tatjana, Tamara Gvozdenovi¢, Jelena Zani¢ Mikuli¢i¢, and Vesko Lukovac. "Application of six sigma model
on efficient use of vehicle fleet." Symmetry 12, no. 5 (2020): 857. https://doi.org/10.3390/sym12050857

Scala, Arianna, Alfonso Maria Ponsiglione, llaria Loperto, Antonio Della Vecchia, Anna Borrelli, Giuseppe Russo,
Maria Triassi, and Giovanni Improta. "Lean six sigma approach for reducing length of hospital stay for patients with
femur fracture in a university hospital." International Journal of Environmental Research and Public Health 18, no.
6 (2021): 2843. https://doi.org/10.3390/ijerph18062843

Abualsaud, Abeer Shaker, Amna Ahmed Alhosani, Aysha Youssef Mohamad, Fatimah Nasser Al Eid, and Imad
Alsyouf. "Using six sigma DMAIC methodology to develop a facility layout for a new production line." In 2019 8th
International Conference on Modeling Simulation and Applied Optimization (ICMSAO), pp. 1-5. IEEE, 2019.
https://doi.org/10.1109/ICMSA0.2019.8880335

Ponsiglione, Alfonso Maria, Ricciardi Carlo, Improta Giovanni, Giovanni Dell’Aversana Orabona, Sorrentino Alfonso,
Amato Francesco, and Maria Romano. "A Six Sigma DMAIC methodology as a support tool for Health Technology
Assessment of two antibiotics." Mathematical Biosciences and Engineering 18, no. 4 (2021): 3469-3490.
https://doi.org/10.3934/mbe.2021174

Wang, Qian. "Application of six sigma management-based teaching method in financial management course online
teaching." International Journal of Emerging Technologies in Learning (iJET)17, no. 1 (2022): 60-73.
https://doi.org/10.3991/ijet.v17i01.28269

Achibat, Fatima Ezzahra, and Ahmed Lebkiri. "Application of Six Sigma in a company Automotive in Morocco." In E3S
Web of Conferences, vol. 319, p. 01093. EDP Sciences, 2021. https://doi.org/10.1051/e3sconf/202131901093

Jou, Yung-Tsan, Riana Magdalena Silitonga, Ming-Chang Lin, Ronald Sukwadi, and Jovian Rivaldo. "Application of
Six Sigma Methodology in an Automotive Manufacturing Company: A Case Study." Sustainability 14, no. 21 (2022):
14497. http://dx.doi.org/10.3390/su142114497

Alfaro, Carolina Rojas, Gina Bagnarello Madrigal, and Mauricio Chacén Herndndez. "Improving forensic processes
performance: A Lean Six Sigma approach." Forensic Science International: Synergy 2 (2020): 90-94.
https://doi.org/10.1016/j.fsisyn.2020.02.001

Talapatra, Subrata, and Anindya Gaine. "Putting green lean six sigma framework into practice in a jute industry of
Bangladesh: a case study." American Journal of Industrial and Business Management 9, no. 12 (2019): 2168-2189.
https://doi.org/10.4236/ajibm.2019.912144

73


https://doi.org/10.3390/ijerph18189846
https://doi.org/10.1080/23311916.2021.1896419
https://doi.org/10.1080/09537287.2020.1784485
https://doi.org/10.1016/j.eiar.2020.106396
https://doi.org/10.4995/ijpme.2022.16140
https://doi.org/10.1108/IJLSS-09-2019-0101
https://doi.org/10.20944/preprints201912.0062.v1
https://doi.org/10.1108/IJLSS-08-2018-0084
https://doi.org/10.3390/sym12050857
https://doi.org/10.3390/ijerph18062843
https://doi.org/10.1109/ICMSAO.2019.8880335
https://doi.org/10.3934/mbe.2021174
https://doi.org/10.3991/ijet.v17i01.28269
https://doi.org/10.1051/e3sconf/202131901093
http://dx.doi.org/10.3390/su142114497
https://doi.org/10.1016/j.fsisyn.2020.02.001
https://doi.org/10.4236/ajibm.2019.912144

Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 53, Issue 2 (2025) 63-75

(33]

(34]

(35]

(36]

(37]

(38]
(39]

(40]

(41]

(42]

(43]

(44]

(45]

(46]

(47]

(48]

(49]

(50]

(51]

(52]

Ponce, Javier Posligua, Pablo Loor Cedefio, and Vielka Belén Pinargote Mora. "Manabi: territorio de produccién
hacia la industrializacidn.é cdmo aprovechar su productividad?." Journal of Science and Research: Revista Ciencia e
Investigacién 4, no. 3 (2019): 44-50. https://doi.org/10.5281/zen0do.3280927

Diaz, América Alejandra Diaz, and Juan Alfonso Toscano Moctezuma. "El capital humano y la productividad de las
empresas." Revista Torredn Universitario 11, no. 30 (2022): 123-130. https://doi.org/10.5377/rtu.v11i30.13427
Chandren, Thiagu P., Fatimah Salim, Noorlizawati Abd Rahim, Wan Normeza Wan Zakaria, and Siti Hasliah Salleh.
"Determinants of Turnover Intention Among Employees: A Case Study of Manufacturing Company." Journal of
Advanced Research in Business and Management Studies 25, no. 1 (2021): 26-37.

Diaz Mufioz, Gabriel Alejandro, and Maria Dolores Quintana Lombeida. "La gestién del talento humano y su
influencia en la productividad de la organizaciéon." Gestion Joven 22, no. 1 (2021).

Urueiia, Ana Maria Martinez, and Maria Alejandra Mateus Moreno. "Importancia del talento humano y
herramientas tecnoldgicas en el desarrollo organizacional, para la mejora de la productividad laboral." Revista
Ingenieria,  Matemdticas y  Ciencias de la  Informacién7, no. 14 (2020): 117-126.
http://dx.doi.org/10.21017/rimci.2020.v7.n14.a88

Changuan, Marcelo Patricio Obando. "Capacitacion del talento humano y productividad: Una revision literaria." Eca
sinergia 11, no. 2 (2020): 166-173. https://doi.org/10.33936/eca_sinergia.v11i2.2254

Orrego, Beatriz Eugenia Agudelo, and Myriam Escobar Valencia. "Analisis de la productividad laboral en el sector
panificador del Valle del Cauca, Colombia." Revista de ciencias sociales 28, no. 2 (2022): 122-136.

Yong, Jiunn Boon, Lian See Tan, and Jully Tan. "Comparative life cycle assessment of biomass-based and coal-based
activated carbon production." Progress in Energy and Environment (2022): 1-15.
https://doi.org/10.37934/progee.20.1.115

Rodriguez, A., Xdchitl Segura, M. Elizondo, Reimundo Moreno, and Jesus Montalvo. "Diagndstico del impacto de la
motivacién laboral como medio para incrementar la productividad. Estudio de caso: Empresa TSR de Saltillo,
Coahuila, México." Revista Espacios 41, no. 43 (2020): 53-68. http://dx.doi.org/10.48082/espacios-a20v41n43p05
Gordillo-Salazar, Jessica M., Yolanda Sanchez-Torres, Anibal Terrones-Cordero, and Mario Cruz-Cruz. "La
productividad académica en las instituciones de educacidn superior en México: de la teoria a la
préctica." Propdsitos y Representaciones 8, no. 3 (2020). http://dx.doi.org/10.20511/pyr2020.v8n3.441

Diaz, Heri Oscar Landa. "Flujo internacional de conocimientos y productividad:: un estudio de la industria
manufacturera en México." Contaduria y administracion 64, no. 1 (2019): 1.
http://dx.doi.org/10.22201/fca.24488410e.2018.2174

Llera, Joaquin, Nora Martinengo, and Hugo Galiotti. "Aplicacién de técnicas de muestreo probabilistico para estimar
la calidad del mosto de uvas tintas." Revista de la Facultad de Ciencias Agrarias. Universidad Nacional de Cuyo 49,
no. 1(2017): 119-126.

Monsalve, Alexandra Maria Silva. "Las habilidades de investigacion en estudiantes de educacién superior: Un caso
de estudio." Revolucién Educativa en la Nueva Era Vol. | (2022): 64. https://doi.org/10.5281/zenodo0.7381951
Aceituno Huacani, Carlos, Rosmery Silva Minauro, and Roxana Cruz Chuyma. "Mitos y realidades de la investigacion
cientifica." (2022). http://hdl.handle.net/20.500.12390/2179

Valentin Melgarejo, Tedfilo Félix, Yasminda Doris Paz Poma, Tito Armando Rivera Espinoza, Pablo Lolo Valentin
Melgarejo, and Ulises Espinoza Apolinario. "Gestién administrativa educativa en la formacién basada por
competencias en estudiantes de Educacién Superior Tecnoldgica." Horizontes Revista de Investigacion en Ciencias
de la Educacion 5, no. 19 (2021): 803-812. https://doi.org/10.33996/revistahorizontes.v5i19.238

Guilcapi Briones, Kerly Anabel, and Christian Renan Obando Alvarez. "Disefio de un plan de mejora continuo para
optimizar las exportaciones a través de la mejora de los procesos de post cosecha de banano en la hacienda"
rosita"." Bachelor's thesis, 2021.

Arreaga Sudrez, Armando Francisco. "Disefio de modelo Six Sigma para optimizacion de proceso de produccion
bananera en la compaiiia Marisbell SA." PhD diss., 2020.

Ozturkoglu, Yucel, Yigit Kazancoglu, Muhittin Sagnak, and Jose Arturo Garza-Reyes. "Quality assurance for
operating room illumination through lean six sigma." International Journal of Mathematical, Engineering and
Management Sciences 6, no. 3 (2021): 752. https://doi.org/10.33889/IJMEMS.2021.6.3.045

Sharma, Mithun, Sanjeev P. Sahni, and Shilpi Sharma. "Validating a destructive measurement system using Gauge
R&R—a case study." Engineering Management in Production and Services11, no. 4 (2019): 34-42.
https://doi.org/10.2478/emj-2019-0031

Herndndez, Oswaldo Castafieda, Efrén Hernandez Baltazar, Enrique Amador Gonzdlez, And L. U. Z. Melgoza
Contreras. "Production of directly compressible excipients with mannitol by wet granulation: rheological,
compressibility and compactibility characterization." Farmacia 67, no. 6 (2019).
https://doi.org/10.31925/farmacia.2019.6.7

74


https://doi.org/10.5281/zenodo.3280927
https://doi.org/10.5377/rtu.v11i30.13427
http://dx.doi.org/10.21017/rimci.2020.v7.n14.a88
https://doi.org/10.33936/eca_sinergia.v11i2.2254
https://doi.org/10.37934/progee.20.1.115
http://dx.doi.org/10.48082/espacios-a20v41n43p05
http://dx.doi.org/10.20511/pyr2020.v8n3.441
http://dx.doi.org/10.22201/fca.24488410e.2018.2174
https://doi.org/10.5281/zenodo.7381951
http://hdl.handle.net/20.500.12390/2179
https://doi.org/10.33996/revistahorizontes.v5i19.238
https://doi.org/10.33889/IJMEMS.2021.6.3.045
https://doi.org/10.2478/emj-2019-0031
https://doi.org/10.31925/farmacia.2019.6.7

Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 53, Issue 2 (2025) 63-75

(53]

(54]

(55]

(56]

(57]

(58]

(59]

(60]

(61]

(62]

(63]

(64]

(65]

(66]

Alexander, Paul, Jiju Antony, and Bryan Rodgers. "Lean Six Sigma for small-and medium-sized manufacturing
enterprises: a systematic review." International Journal of Quality & Reliability Management 36, no. 3 (2019): 378-
397. https://doi.org/10.1108/IJQRM-03-2018-0074

Carvalho, Roberto, Mariana Lobo, Mariana Oliveira, Ana Raquel Oliveira, Fernando Lopes, Julio Souza, André
Ramalho et al. "Analysis of root causes of problems affecting the quality of hospital administrative data: A
systematic review and Ishikawa diagram." International journal of medical informatics 156 (2021): 104584.
https://doi.org/10.1016/j.ijmedinf.2021.104584

Roy-Garcia, lvonne, Rodolfo Rivas-Ruiz, Marcela Pérez-Rodriguez, and Lino Palacios-Cruz. "Correlacién: no toda
correlacion implica causalidad." Revista Alergia Meéxico 66, no. 3 (2019): 354-360.
https://doi.org/10.29262/ram.v66i3.651

Sreedharan V, Raja, R. Raju, Vijaya Sunder M, and Jiju Antony. "Assessment of Lean Six Sigma Readiness (LESIRE)
for manufacturing industries using fuzzy logic." International Journal of Quality & Reliability Management 36, no. 2
(2019): 137-161. https://doi.org/10.1108/1JQRM-09-2017-0181

Barrera, Briggitte Bellen Valdivieso, Heidy Yessenia Meza Barrera, and Elias Gutierrez Pesantes. "Aplicacién de la
mejora de métodos de trabajo para incrementar la productividad en la produccion del filete de
anchoas." INGnosis 5, no. 2 (2019): 113-125. https://doi.org/10.18050/ingnosis.v5i2.2333

Ramirez Castro, Adolfo Emilio, and Liudmyla Shkiliova. "Evaluaciéon tecnoldgica-explotativa del conjunto
trasplantadora Checchi Magli Unitrium-tractor Deutz Fahr Agrofarm 420-T en el cultivo de tabaco." (2019).

Coello, Ray David Gémez, and Ricardo David Espin Guerrero. "Optimizacién de los procesos operativos de la
empresa Promacero de la ciudad de Pelileo, mediante la aplicacién de la metodologia 5’s." Ciencia Latina Revista
Cientifica Multidisciplinar 6, no. 2 (2022): 1241-1251. https://doi.org/10.37811/cl rcm.v6i2.1949

Torino, Rocio. "Tecnologia litica en el sitio Las Toscas 3 (llanura Interserrana, regién pampeana, Argentina). Uso de
materias primas liticas y manufactura de artefactos." Intersecciones en antropologia 21, no. 1 (2020): 29-41.
Cepeda, Otto Eulogio Arellano, Yolanda Nataly Moscoso Zurita, and Gabith Miriam Quispe Fernandez. "Valoracién
del costo-beneficio en la recuperacion de residuos de materia prima en empresas industriales." In Conference
Proceedings (Machala), vol. 3, no. 1, pp. 669-686. 2019.

Carboni, Brenda L. Narciso, Nadia S. Navarrete De la Cruz, and Ruth M. Quiliche-Castellares. "Aplicacién de la
metodologia PHVA para incrementar la productividad en una empresa conservera de pescado." INGnosis 5, no. 2
(2019): 92-105. https://doi.org/10.18050/ingnosis.v5i2.2330

Acosta, Ana M., Maria Elena Bonomie, and Mary Urdaneta. "Costos de produccidon en unidades productivas
familiares del sector panadero en Maracaibo-Zulia, Venezuela." Revista de ciencias sociales 27, no. 3 (2021): 491-
507. https://doi.org/10.31876/rcs.v27i3.36784

Carrasco Vega, Yajaira Lizeth, Nil Edinson Mendoza Virhuez, Yelka Martina Lopez Cuadra, Rémulo Mori Zavaleta,
and Juan Carlos Alvarado Ibdfiez. "La competitividad empresarial en las pymes: retos y alcances." Revista
Universidad y Sociedad 13, no. 5 (2021): 557-564.

Magodi, Aluwani Yvonne, llesmni Afolabi Daniyan, and Khumbulani Mpofu. "Application of Lean Six Sigma to a small
enterprise in the Gauteng province: A case study." South African Journal of Industrial Engineering 33, no. 1 (2022):
190-204. https://dx.doi.org/10.7166/31-1-2504

Rathi, Rajeev, Mahender Singh Kaswan, Jose Arturo Garza-Reyes, Jiju Antony, and Jennifer Cross. "Green Lean Six
Sigma for improving manufacturing sustainability: Framework development and validation." Journal of Cleaner
Production 345 (2022): 131130. https://doi.org/10.1016/j.jclepro.2022.131130

75


https://doi.org/10.1108/IJQRM-03-2018-0074
https://doi.org/10.1016/j.ijmedinf.2021.104584
https://doi.org/10.29262/ram.v66i3.651
https://doi.org/10.1108/IJQRM-09-2017-0181
https://doi.org/10.18050/ingnosis.v5i2.2333
https://doi.org/10.37811/cl_rcm.v6i2.1949
https://doi.org/10.18050/ingnosis.v5i2.2330
https://doi.org/10.31876/rcs.v27i3.36784
https://dx.doi.org/10.7166/31-1-2504
https://doi.org/10.1016/j.jclepro.2022.131130

