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Abstract: The objective of this study is to assess the impact of Lean Manufacturing tools on the efficiency of a 
laboratory within a production company located in Lima. To this end, a total of 16 weekly records from the pre-test 
stage (from November to February) and an additional 16 records from the post-test period (from July to October 
2025) were reviewed. The research was characterized by its applied nature, employing a quantitative approach, an 
explanatory level, and a pre-experimental design. Information was collected using record formats and checklists. 
The findings indicated significant enhancements after the implementation of the 5S and Poka-Yoke methodologies. 
The total efficiency of the system increased from 56%. The percentage increased from 45% to 86.41%, indicating a 
substantial rise of 53.06%. Concurrently, there was a 15% increase in the efficiency of material usage. 24% of the 
labor force by 15. The efficiency of the teams was found to be 87%, which is a 14% increase from the previous year. 
The observed discrepancy, which amounted to 10%, was primarily attributable to a reduction in downtime. The 
hypothesis was analyzed, yielding a significance value of 0.00. This finding serves to reinforce the conclusion that 
the implementation of Lean Manufacturing practices is conducive to enhancing the efficiency of the laboratory.   
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1   INTRODUCTION 

In the contemporary business landscape, 
particularly within the industrial sector, 
organizational effectiveness has emerged as a pivotal 
element in ensuring sustainability and 
competitiveness. This is particularly pronounced in a 
global environment characterized by escalating 
expectations for quality, expeditiousness, and the 
optimization of resources. The enhancement of 
efficiency not only facilitates augmented productivity 
but also contributes to the reduction of operating 
costs, fosters continuous improvement, and fortifies 
internal processes. These principles align with SDG 
9, which pertains to Industry, Innovation and 
Infrastructure, emphasizing the modernization of 
processes through technological advancements, 
sophisticated methodologies, and the establishment of 

orderly and safe work environments. In this manner, 
a well-organized, clean, and standardized workplace 
not only circumvents issues in production procedures 
and pattern control, but also ensures immediate 
access to essential tools, facilitating compliance with 
the requisite quality standards (UN, 2024). This 
approach is especially relevant in key areas such as 
quality laboratories, where any deviation or delay can 
directly affect the production chain. 

On an international scale, the packaging sector has 
undergone consistent expansion, propelled by robust 
demand from the food, pharmaceutical, cosmetics, 
and consumer goods industries. This growth has led 
to a substantial increase in the sector's value, which 
reached a staggering 1.24 trillion dollars in the year 
2024. Projections indicate that by 2034, it will exhibit 
a growth rate of 3.16% annually, underscoring the 
imperative for enhanced efficiency, adaptability, and 
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sustainability in operational processes (Statista, 
2025). Companies with a global reach, such as Pepsi, 
have begun to apply redesign strategies in the 
production and use of recycled materials. For instance, 
they have incorporated 50% recycled plastic in their 
premium packaging, with the aim of improving 
sustainability and optimizing efficiency in critical 
processes (El Empaque, 2024). Concurrently, the 
global plastic packaging market, propelled by novel 
regulations, the pursuit of biodegradable alternatives, 
and escalating industrial demand, is anticipated to 
expand from 6.220 million in 2024 to 7.300 million 
by 2025, exhibiting a compound annual growth rate 
of 17.4% (The Business Research Company, 2025). 
This trend underscores the importance of companies 
optimizing their internal processes to ensure quality, 
traceability, and a rapid response to market 
challenges. 

In Latin America, several economies have 
demonstrated consistent development in the 
manufacturing sector. Mexico and Brazil are salient 
examples that demonstrate the region's capacity to 
cope with variations in the global economy, as 
evidenced by their growth figures. In particular, 
Mexico reported a 5% increase in the second quarter 
of 2024 compared to the previous quarter (TLC 
Magazine Mexico, 2024). This growth can be 
attributed to several factors, including the 
consolidation of supply chains, the relocation of 
factories, and the adoption of automated technologies. 
In Peru, the manufacturing sector demonstrated a 
year-over-year growth of 2.7% in September 2024, 
signifying a transition towards more technical and 
effective methodologies (ANDINA, 2024). 
Furthermore, policies have been implemented with 
the objective of reducing the use of single-use plastics. 
For instance, the Plastic Law promoted the import and 
production of biodegradable packaging between 2021 
and 2022. However, research has demonstrated 
significant variations in the operational efficiency of 
certain companies within this sector, including one 
factory with an efficiency rating of 71. The data 
indicates that 67% of the population requires the 
implementation of continuous improvement strategies 
(INEI, 2022). 

In the local context, the company, which has over 
three decades of experience in the production of 

sustainable plastic packaging, faces challenges in its 
Quality Laboratory in the injection area. This area is 
responsible for the manufacture of standard 
performance. These performances play a pivotal role 
in ensuring that production aligns with the standards 
set by customers. However, a progressive decline in 
the efficiency of this laboratory has been observed, 
attributed to the following factors: inadequate 
classification, disorganization of inputs, and incorrect 
arrangement of the standards. These issues result in 
downtime, reprocesses, control errors, and delays in 
deliveries to production. The laboratory constitutes a 
pivotal component within the value chain, and any 
failure at this stage has the capacity to exert a direct 
and substantial impact on the entire production line. 
This underscores the imperative for the 
implementation of systematic improvement tools. 

To identify the underlying causes of this 
inefficiency, root cause analysis techniques were 
implemented, leading to a comprehensive 
understanding of the contributing factors. The 
brainstorming technique was initially employed to 
elicit a range of concepts associated with the 
challenges identified by the area team. Subsequently, 
the Ishikawa Diagram was implemented to categorize 
the root causes according to the 6M, thereby offering 
a comprehensive understanding of the genesis of the 
discrepancies. Subsequently, the Vester Matrix 
enabled the assessment of the interactions and 
influence of each factor, yielding a score of 149 in the 
active variables. These findings enabled the 
formulation of a frequency table and the development 
of a Pareto chart, which revealed that 80% of the 
observed low efficiency was attributable to 20% of 
the factors, including insufficient drawers, inadequate 
classification, and errors in the placement of patterns. 
This analysis enabled the identification of a particular 
group of critical causes that required immediate 
attention. Conversely, stratification revealed that the 
Quality Laboratory, with a score of 498, was the 
primary domain where issues were concentrated, 
thereby designating it as the suitable experimental 
group for the intervention. 

Pursuant to the findings of the diagnostic 
evaluation, a range of alternative solutions was 
contemplated through the utilization of a matrix that 
facilitated a comparative analysis of engineering 
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tools. This analysis determined that Lean 
Manufacturing was the most suitable methodology to 
address the issue of low efficiency, due to its 
emphasis on the elimination of waste and the 
enhancement of processes. This approach enabled the 
delineation of both the overarching problem and its 
constituent elements, with a particular emphasis on 
the evaluation of Lean's impact on efficiency metrics 
such as overall, material, labor, and equipment 
efficiency within the context of the manufacturing 
company's laboratory. 

The rationale underlying the study is found upon 
three pivotal aspects. From a pragmatic standpoint, 
the objective is to address a genuine problem by 
implementing novel methodologies that enhance 
quality and standardize processes (Romero et al., 
2023, p. 7). In the methodological domain, the 
objective is to develop instruments that facilitate 
precise measurement of variables, thereby 
establishing the interrelationships between them 
within the context of research (Romero et al., 2023, p. 
6). In terms of their social impact, the findings will 
directly benefit laboratory staff by improving 
accessibility, order, and availability of patterns, 
which will reduce unnecessary time and alleviate the 
operational burden (Romero et al., 2023, p. 9). 
Consequently, this study enhances operational 
efficiency, fosters employee well-being, and 
strengthens organizational culture. 

The background analysis supports the 
implementation of Lean Manufacturing as an 
effective strategy to increase efficiency in several 
production areas. Hinojosa and Cabrera (2022) 
demonstrated an increase of 144. A survey of 
microenterprises in Guayaquil revealed that 21% of 
them were affected. Manzano and Ramos (2024) 
reported a growth of 23.55%, while Malavé et al. 
(2024) demonstrated an increase of 28%. Seventy-
seven percent of the subjects in the diesel injection 
laboratory reported that they had done so. In the 
industrial field in Ecuador, Espinales et al. (2024) 
achieved 86% efficiency after the tests, and Ganesan 
et al. (2023) demonstrated an increase of 31%. The 
application of Lean practices resulted in a 71% 
increase in productivity. In Peru, Bruce (2025) 
documented significant improvements of 28%, while 
Campos et al. (2024) reported increases of 12%. The 

extant research demonstrates an increase of 62%, as 
evidenced by Olivares et al. (2023) and Bravo (2023), 
with further increases of 22.95% and 26%, 
respectively. 92%, respectively. Finally, Delgado and 
Esquen (2021) achieved an increase of 5. The 
evidence that Lean Manufacturing can be applied in 
various sectors with effective results is further 
strengthened by the finding that 42% of the 
respondents were in the opinion that Lean 
Manufacturing is effective. These studies contribute 
to the contextualization and validation of the efficacy 
of Lean tools within the laboratory under 
investigation. 

From a conceptual standpoint, Lean 
Manufacturing is defined as "a management 
philosophy whose primary objective is to reduce 
waste and maximize value for the customer" (Rajadell, 
2021). The Toyota Production System (TPS) was 
developed in the aftermath of World War II and has 
since gained international recognition for its 
competitive advantages (Rahardjo et al., 2023, p. 6). 
Cerro (2022) characterizes this methodology as an 
approach focused on waste management, while 
Vargas and Camero (2021, p. 2) see it as a philosophy 
focused on eliminating activities that do not add value. 
As Munive et al. (2022, p. 2) emphasize, this 
approach is pertinent to economic growth and 
continuous improvement, with a view to sustainable 
development. The identification of waste, otherwise 
known as "mute," is of crucial importance in the Lean 
framework, as any activity that consumes resources 
without adding value must be reduced or eliminated 
(Rajadell, 2021). The eight types of shedding—
defects, overproduction, waiting, untapped talent, 
transportation, inventory, movement, and 
overprocessing—form the foundational operational 
framework upon which improvements are structured. 

The theory of the five zeros aims to establish 
ambitious goals to achieve complete waste 
elimination (Ariza & Martín, 2025). Consequently, 
several foundational principles such as VSM, 5S, 
Poka-Yoke, Kaizen, SMED, JIT, Andon, TQM, 
Heijunka, and Kanban are integral components of the 
Lean Manufacturing methodological approach 
(Hinojosa & Cabrera, 2022, p. 4). In this study, the 
5S and Poka-Yoke tools were the only ones 
implemented. The 5S methodology prioritizes the 
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classification, organization, cleaning, standardization, 
and maintenance of discipline in the work 
environment, with a focus on enhancing efficiency, 
safety, and the reduction of errors (Gómez, 2020; 
Hernández et al., 2023; Aldaz, 2022; Palomino & 
Vásquez, 2023; Juárez et al., 2021; Jaén et al., 2020). 
Concurrently, Poka-Yoke functions as an "error-
proof" system, emphasizing the prevention of human 
errors from the initial stages of the process (Olivares, 
Salas, & Gil, 2023, p. 1). The integration of these 
tools fosters an environment characterized by order 
and resilience, thereby mitigating the risk of 
operational failures. 

Conversely, efficiency is defined as "the 
appropriate use of resources" to achieve goals or 
generate results with minimal inputs (Ruffier, 1998). 
This concept may also be interpreted as the optimal 
relationship between the cost of the resources utilized 
and the results obtained (Olivera, 2022, p. 10). 
Efficiency can be categorized into two distinct 
dimensions: technical and economic. The technical 
dimension pertains to a firm's capacity to optimize 
production by leveraging available resources. In 
contrast, economic efficiency focuses on minimizing 
costs through the most efficient utilization of those 
resources (Ruiz et al., 2022). In the industrial sector, 
efficiency is paramount to ensure the continuity of 
operations, the quality of the final product, and 
competitiveness in the market. 

In consideration of the theoretical and contextual 
underpinnings, the study posits a general hypothesis 
that the implementation of Lean Manufacturing tools 
enhances the efficiency of the Quality Laboratory of 
a manufacturing company in Lima. Furthermore, 
specific hypotheses are formulated related to 
improvements in material, labor, and equipment 
efficiency. The evaluation of these hypotheses will be 
conducted using a pre-experimental design, which 
will enable the measurement of the intervention's 
effect before and after its implementation. 

 
2   METHOD 

The research presented is considered applied, as it 
is conducted with the objective of providing an 
immediate solution to a specific problem that has been 
identified in the Quality Laboratory of a manufacturing 
company. This type of study, also known as empirical 

or practical, aims to generate knowledge that is useful 
and that can be transferred to improve specific 
processes within organizations. It aligns with the need 
to optimize operational efficiency using Lean 
Manufacturing tools. As Vizcaíno et al. (2023, p. 9737) 
have noted, the objective of applied research is to 
identify viable solutions that can be implemented in 
various industrial contexts. In this case, an intervention 
was developed that employs 5S and Poka-Yoke to 
address root causes that had been previously identified 
through Pareto and Ishikawa analysis. 

The approach that was adopted was a quantitative 
paradigm, which is characterized by the objective 
collection of data, the use of standardized tools, and 
the implementation of strict statistical methods for the 
analysis of the variables under study. This 
methodological approach facilitates the attainment of 
reliable results, which can be replicated and 
comparatively analyzed, particularly in cases where 
the objective is to measure variations between two 
distinct moments—before and after a specified 
intervention. Vizcaíno et al. (2023, p. 9726) emphasize 
that quantitative research is predicated on the 
collection of numerical data and the application of 
statistical techniques, rendering this type of design 
appropriate for assessing the observed changes in the 
dimensions of efficiency: inputs, labor, and machinery. 

The research is explanatory in nature, as it not only 
delineates the problem but also endeavors to 
comprehend the relationship between cause and effect 
concerning the use of Lean Manufacturing tools and 
alterations in efficiency. This analytical level enables 
us to investigate the underlying causes of the 
phenomenon and ascertain the impact of specific 
variables on the observed behavior (Vizcaíno et al., 
2023, p. 9740). Consequently, the study's scope 
extends beyond the mere assessment of efficiency, 
encompassing an evaluation of whether the Lean-based 
intervention has contributed to its enhancement. This 
evaluation is meticulously executed through a 
systematic quantitative process, encompassing a pre-
intervention and post-intervention assessment. 

The selected design is a pre-experimental design, 
specifically the type that performs a pre-test and post-
test with a single group. This design is commonly used 
in applied research when it is not feasible or not 
considered appropriate to have a control group. The 
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design of the study involves the evaluation of the same 
group before and after the intervention to ascertain the 
effect that the application of the strategy (Lean 
Manufacturing) has had. According to Vizcaíno et al. 
(2023, p. 9731), this design incorporates a single group 
(G), an initial measurement (O1), the implementation 
of the intervention (X), and a subsequent measurement 
(O2). In the present study, the group is constituted by 
the company's Quality Laboratory, where the 5S and 
Poka-Yoke tools were implemented, enabling a direct 
comparison between the initial state and the final state. 

From a pragmatic standpoint, the independent 
variable, Lean Manufacturing, was examined through 
two lenses: The 5S and Poka-Yoke methodologies 
were implemented, with the objective of utilizing 
quantifiable metrics to assess the degree of adherence 
to the 5S and Poka-Yoke principles. The evaluation 
framework encompassed the 5S Compliance (C5S) and 
Poka-Yoke Compliance (CPY). The evaluation was 
conducted using registration forms and checklists, 
employing a ratio measurement scale, given that the 
values obtained have an absolute zero and permit 
mathematical calculations to be made. The 
determination of compliance with the 5S was achieved 
through the implementation of the formula. 

 

    (1) 
 
while for Poka-Yoke the relationship was used: 
 

    (2) 
 
These indicators enabled the objective assessment 

of the implementation level of each tool within the 
laboratory. 

Conversely, the dependent variable, Efficiency, was 
operationalized in three dimensions: Material 
efficiency, labor efficiency, and equipment efficiency 
are measured using percentage indicators that are 
frequently employed in industrial process studies. The 
following formula was utilized to ascertain the 
efficiency of the materials: 

 

    (3) 
which determines the amount of material used 

versus the amount allocated. Labor efficiency was 
measured by: 

 

   (4) 
and equipment efficiency was assessed by: 
 

    (5) 
The evaluation of these dimensions was conducted 

through the analysis of weekly operation records and 
checklists, employing a ratio scale to ensure the 
validity of the results from both mathematical and 
comparative perspectives in the two instances 
examined. 

With respect to the population, it was defined as the 
aggregate of weekly records pertaining to the 
fabrication of standard preforms executed in the 
Quality Laboratory. A total of 16 records were 
identified for the pre-test period (from November to 
February), and an additional 16 records were selected 
for the post-test period (from July to October 2025). 
These records were meticulously defined to include 
only those occurring from Monday to Saturday, 
excluding Sundays and activities deemed unrelated to 
the identification of patterns. Given the population's 
accessibility and manageable size, the sample 
encompassed the entire population, thereby 
eliminating the necessity for probability sampling. The 
unit of analysis was each of the weekly pattern creation 
records, which ensured consistency and comparability 
in the measurements. 

The efficacy of methods such as document analysis 
and on-site observation in obtaining data was 
demonstrated, particularly in the context of reviewing 
operational records and assessing compliance with 
procedures within the laboratory. The instruments 
employed in this study encompassed efficiency record 
forms, 5S and Poka-Yoke lists, in addition to official 
checklists and formats stipulated by the company for 
the governance of laboratory tasks. These instruments 
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enabled the collection of quantifiable and consistent 
data throughout the process. 

The validity of the instruments was of a contained 
type, as assessed through the judgment of experts who 
examined the instruments in terms of clarity, relevance, 
and relevance. The instruments were evaluated by 
three specialists from the Faculty of Engineering and 
Architecture, who confirmed their suitability for 
evaluating the established dimensions (see Table 3). 
Conversely, the reliability of the data was 
substantiated by the calibration certificates of the 
equipment utilized for time measurement, along with a 
formal endorsement from the company, which attested 
to the accuracy of the collected information. 

With regard to the analysis of data, both descriptive 
and inferential statistical techniques were employed. 
The descriptive analysis encompassed measures of 
central tendency (mean, median, mode), dispersion 
(standard deviation, variance), and shape (asymmetry 
and kurtosis). These statistics offer a detailed 
characterization of the behavior of each dimension of 
the efficiency variable in both contexts. Subsequently, 
the normality of the data was evaluated using the 
Shapiro-Wilk test, given that the sample size was 50 
units or less. The distribution found necessitated the 
implementation of the Student's T-test, a statistical test 
used to compare the general and specific hypotheses. 
This approach enabled the determination of statistical 
significance between the observed differences in 
measurements before and after the intervention (Ibáñez 
et al., 2023). 

In conclusion, the fundamental ethical principles 
were addressed, including the promotion of well-being, 
the prevention of harm, equity, and privacy. The 
intervention was meticulously designed to ensure that 
it offered advantages to staff, while also taking 
measures to avoid any form of harm or danger. 
Furthermore, it was implemented with the objective of 
ensuring that all parties had equitable access to the 
resulting benefits. In a similar way, the information 
provided by the company was treated confidentially. 
This approach was taken to safeguard the identity of 
the collaborators and to ensure that the data was used 
exclusively for academic purposes. This protocol was 
in accordance with the guidelines established by Reyes 
et al. (2020) and Gonzáles et al. (2024). 
 

3   RESULTS 

In relation to the general objective for Total 
Efficiency, the average for the two evaluation stages is 
detailed, as can be seen in Fig. 1. 

 
 
 
 
 
 
 
 
 

Fig. 1. Variation in Total Efficiency 
As illustrated in Fig. 1, the mean percentage for the 

pre-test was recorded at 56.45%, while for the post-test, 
it was recorded at 86.41%. This discrepancy can be 
attributed to the standardization of laboratory 
procedures. According to the data, the calculation was 
performed to determine the variation in the increase 
using the formula: 

 
%	𝑜𝑓	𝐼𝑚𝑝𝑟𝑜𝑣𝑒𝑚𝑒𝑛𝑡	𝑣𝑎𝑟𝑖𝑎𝑡𝑖𝑜𝑛 = 0!"#$	$&#$'!(&	$&#$

!(&$&#$
1 𝑥100%            (6) 

Recording the data in the figure, the following 
formula was obtained: 

 
%	𝑜𝑓	𝐼𝑚𝑝𝑟𝑜𝑣𝑒𝑚𝑒𝑛𝑡	𝑣𝑎𝑟𝑖𝑎𝑡𝑖𝑜𝑛 = 0!".$%&'".$'

!".$%
1𝑥100%           (7)   

 
%	𝑜𝑓	𝐼𝑚𝑝𝑟𝑜𝑣𝑒𝑚𝑒𝑛𝑡	𝑣𝑎𝑟𝑖𝑎𝑡𝑖𝑜𝑛 = 53.06%               (8) 
 
Consequently, the total efficiency exhibited a 

marked increase of 53.06%, attributable to the 
effective utilization of designated resources, including 
materials, labor, and equipment, within the laboratory 
sector of the study company. 

With regard to the initial specific objective 
concerning material efficiency, the mean for the two 
evaluation stages is illustrated in Fig. 2. 

 
Fig. 2. Varying Material Efficiency 

56.45%

86.41%

0.00% 20.00%40.00%60.00%80.00%100.00%

PRE TEST

POST TEST
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The Fig. indicates an average pre-test score of 

86.31% and a post-test score of 99.47%. This 
improvement can be attributed to the standardization 
of the material necessary for the creation of a pattern, 
in accordance with the order programming. According 
to the data, the calculation was performed to determine 
the variation in the increase using the following 
formula. 

 
%	𝑜𝑓	𝐼𝑚𝑝𝑟𝑜𝑣𝑒𝑚𝑒𝑛𝑡	𝑣𝑎𝑟𝑖𝑎𝑡𝑖𝑜𝑛 = 0!"#$	$&#$'!(&	$&#$

!(&$&#$
1 𝑥100%            (9) 

Recording the data in the figure, the following 
formula (4) was obtained: 

 
%	𝑜𝑓	𝐼𝑚𝑝𝑟𝑜𝑣𝑒𝑚𝑒𝑛𝑡	𝑣𝑎𝑟𝑖𝑎𝑡𝑖𝑜𝑛 = 0)).+,'-../0

-../0
1 𝑥100%            (10) 

 
%	𝑜𝑓	𝐼𝑚𝑝𝑟𝑜𝑣𝑒𝑚𝑒𝑛𝑡	𝑣𝑎𝑟𝑖𝑎𝑡𝑖𝑜𝑛 = 15.24%           (11) 
Consequently, Material Efficiency exhibited an 

augmentation of 15.24%, attributable to the effective 
application of materials, a development that proved 
advantageous for the study company. 

In regard to the second specific objective for labor 
efficiency, the mean for the two evaluation stages is 
illustrated in Fig. 3. 

 
 
 
 
 
 
 
 

Fig. 3. Labor Efficiency Variation 
 
From Fig. 3, it is indicated that the average for the 

pre-test was 81.25% and for the post-test it was 94.14%, 
this is because it was possible to reduce unnecessary 
times where the staff did not comply with their work 
activities. According to this, an attempt was made to 
ascertain the extent of the variation in the increase by 
employing the following formula: 

 
%	𝑜𝑓	𝐼𝑚𝑝𝑟𝑜𝑣𝑒𝑚𝑒𝑛𝑡	𝑣𝑎𝑟𝑖𝑎𝑡𝑖𝑜𝑛 = 0!"#$	$&#$'!(&	$&#$

!(&$&#$
1 𝑥100             (12) 

 
Recording the data in the figure, the following 

formula was obtained: 
 

%	𝑜𝑓	𝐼𝑚𝑝𝑟𝑜𝑣𝑒𝑚𝑒𝑛𝑡	𝑣𝑎𝑟𝑖𝑎𝑡𝑖𝑜𝑛 = 0)+.0+'-0.12
-0.12

1 𝑥100%        (13) 

 
%	𝑜𝑓	𝐼𝑚𝑝𝑟𝑜𝑣𝑒𝑚𝑒𝑛𝑡	𝑣𝑎𝑟𝑖𝑎𝑡𝑖𝑜𝑛 = 15.87%         (14)                                                
 
Consequently, Labor Efficiency exhibited an 

augmentation of 15.87%, with the eradication of 
downtime from 0.3 hours to 0.1 hours, thereby 
facilitating an escalation in patterns, adhering to the 
stipulated schedule, and ensuring client satisfaction. 

In regard to the third specific objective for team 
efficiency, the mean for the two evaluation stages is 
illustrated in Fig. 4. 

 
 
 
 
 
 
 
 

Fig. 4. Variation in Equipment Efficiency 
Fig. indicates an average of 80.90% for the pre-test 

and 91.94% for the post-test. This improvement can be 
attributed to the effective programming of the 
equipment by the personnel of the area, who utilized 
the equipment in an orderly and programmed manner. 
According to the data, the calculation was performed 
to determine the variation in the increase using the 
formula: 

 
%	𝑜𝑓	𝐼𝑚𝑝𝑟𝑜𝑣𝑒𝑚𝑒𝑛𝑡	𝑣𝑎𝑟𝑖𝑎𝑡𝑖𝑜𝑛 = 0!"#$	$&#$'!(&	$&#$

!(&$&#$
1 𝑥100%              (15) 

Recording the data in the figure, the following 
formula was obtained: 

%	𝑜𝑓	𝐼𝑚𝑝𝑟𝑜𝑣𝑒𝑚𝑒𝑛𝑡	𝑣𝑎𝑟𝑖𝑎𝑡𝑖𝑜𝑛 = 0)0.)+'-3.)3
-3.)3

1 𝑥100               (16) 

 
%	𝑜𝑓	𝐼𝑚𝑝𝑟𝑜𝑣𝑒𝑚𝑒𝑛𝑡	𝑣𝑎𝑟𝑖𝑎𝑡𝑖𝑜𝑛 = 13.65%                    (17) 
 
Then, Equipment Efficiency achieved an increase 

of 13.65%, using the equipment according to the 
schedule, allowing the evaluation of the patterns in 
time to be sent to production and their manufacture 
according to the customer's request. 

 
3.1 Descriptive analysis of Total Efficiency 

Then, the descriptive statistical analysis of the 
Total Efficiency was carried out, as detailed in Table 
1. 

81.25%

94.14%

70.00%75.00%80.00%85.00%90.00%95.00%100.00%

PRE TEST

POST TEST

80.90%

92.30%

75.00% 80.00% 85.00% 90.00% 95.00%

PRE TEST

POST TEST
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Table 1. Descriptive type of central trend of Total 

Efficiency 
Central trend 
  ET_PRE ET_POST 
Stocking 56,45 86,41 
Median 55,78 86,53 
Fashion 46.89a 79.07a 

 
According to the central trend, the average value 

exhibited a substantial increase, surpassing 30%. This 
finding is the most significant evidence of a substantial 
positive impact of the intervention. The median value 
also showed a substantial increase. The distribution of 
the data is relatively balanced around the mean in both 
cases, as evidenced by the proximity of the median to 
the mean in both the PRE and POST analysis. The most 
common value (mode) also increased; however, it is 
considerably lower than the mean and median in the 
two states. This finding suggests that the data may still 
indicate a concentration of low values. 

 
Table 2. Dispersion type description of the Total 
Efficiency 

Dispersion 
  ET_PRE ET_POST 

Desv. 
Deviation 

5,42 3,88 

Variance 29,33 15,03 
 

The standard deviation of the data increased 
substantially following the intervention, indicating a 
significant increase in the variability of the data points 
relative to the pre-intervention levels. This increase in 
variability suggests that, while the mean value has 
increased, the individual data points are less consistent 
and more dispersed than before. To calculating 
variance, the standard deviation squared was 
multiplied by a factor of three. This calculation yielded 
an approximate result of 3.46. This finding indicates 
that the variability of total efficiency data has 
increased considerably in conjunction with the 
implementation of Lean Manufacturing. 

 
Table 3. Labor Efficiency Description 
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3.2 Descriptive Analysis of Material Efficiency 

Then, the descriptive statistical analysis of the 
Efficiency of Materials was carried out, as detailed in 
Table 4. 
 

Table 4. Descriptive type of central trend of 
Equipment Efficiency 

Central trend 
  EE_PRE EE_POST 
Stocking 80.90 92.79 
Median 80.00 92.84 
Fashion 75.00 91.93a 

 
According to the central trend, the average value 

exhibited a substantial increase, surpassing 37. This 
finding is the most significant evidence of a substantial 
positive impact of the intervention. The median value 
also showed a substantial increase. The distribution of 
the data is relatively balanced around the mean in both 
cases, as evidenced by the proximity of the median to 
the mean in both the PRE and POST analysis. The most 
common value (mode) also increased; however, it is 
considerably lower than the mean and median in the 
two states. This finding suggests that the data may still 
indicate a concentration of low values. 
 
Table 5. Description of the dispersion type of the 
Equipment Efficiency  
Dispersion 

  EE_PRE EE_POST 
Desv. 
Deviation 

6.42 1.57 

Variance 41.24 2.47 
 
The standard deviation of the data increased 

substantially following the intervention, indicating a 
significant increase in the variability of the data points 
relative to the pre-intervention levels. This increase in 
variability can be attributed to the intervention, as it 
has been observed to result in a notable shift in the data 
distribution, characterized by reduced consistency and 
increased dispersion of the individual data points. For 
the purpose of calculating variance, the standard 
deviation squared was multiplied by a factor of three. 
This calculation yielded an approximate result of 3.46.  
This finding indicates that the variability of data has 
increased considerably in conjunction with the 
implementation of Lean Manufacturing. 

 
Table 6. Description of Equipment Efficiency 
 

 
 
 
 

ASYMMETRY KURTOSIS 
PRE (+0.54): The 

distribution shows a bias 
to the left of moderate 
intensity. This means 
that in the distribution, 
the queue is on the left 
and the data is mostly on 
the right (the values are 
higher). 

PRE (-0.93): Being 
close to zero 
(platicurtic), indicates a 
distribution with peaks 
similar to normal. 

 
 
 
 

KURTOSIS ASYMMETRY 
POST (0.058): A 

positive (mesocurtic) 
value, indicating a 
distribution with high-
density tails and a high, 
accentuated peak. This 
indicates that there is a 
high concentration of 
values around the center, 
but also that there are 
extreme outliers. 

POST (0.00): The 
distribution being zero, 
indicates that it is 
symmetrical, there is no 
dispersion in the data. 
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ASYMMETRY KURTOSIS 
PRE (0.53): The 

distribution shows a bias 
to the left of moderate 
intensity. This means 
that in the distribution, 
the queue is on the left 
and the data is mostly on 
the right (the values are 
higher). 

PRE (-1.03): Being 
close to zero (platicurtic 
or mesocurtic), indicates 
a distribution with peaks 
similar to normal. 

 
 
 
 

KURTOSIS ASYMMETRY 
POST (-0.21): A 

high and positive value 
(leptocurtic), indicating 
a distribution with high-
density tails and a high 
and accentuated peak. 
This indicates that there 
is a high concentration 
of values around the 
center, but also that 
there are extreme 
outliers. 

POST (-0.61): The 
distribution has a 
marked bias to the right, 
with a significant 
positive skew. This 
indicates that the right 
side of the queue is on 
the right and that the 
data is mostly on the left 
(the lowest values 
compared to the 
average). 

 
Inferential Analysis 
General Hypothesis Test according to Total 

Efficiency 
According to this, this analysis was carried out in 

two stages that were normality and the hypothesis test 
of total efficiency, detailing the following: 

Normality test 
According to the number of samples studied, which 

were 16 weeks of total efficiency recording, Shapiro 
Wilk was analyzed, which complies when it is less than 
50 data, as shown in Table 7. 

 
Table 7. Description of Equipment Efficiency 
 Statistical Gl Gis. 
ET_PRE ,972 16 ,872 
ET_POST ,986 16 ,994 

 
Therefore, as a result of the sig (p-value) that for 

measurement stages were 0.872 and 0.994 greater than 
0.05 (5%), then it is indicated that the results present 
parametric behavior. Therefore, T-Student is applied 
for hypothesis testing. 

Hypothesis testing 
From the formulation of the general hypothesis, the 

following sub-hypotheses are included: 
Ho: The application of Lean Manufacturing tools 

"does not" improve the Efficiency of the laboratory of 
a Manufacturing Company, Lima 2025 

Ha: The application of Lean Manufacturing tools 
"if" improves the Efficiency of the laboratory of a 
Manufacturing Company, Lima 2025 

 
Table 8. T-Student of Total Efficiency 

 

Paired differences 

t 
G
l 

Sig. 
(bilater
al) 

Stocki
ng 

Desv. 
Deviati
on 

Desv. 
Avera
ge 
error 

95% difference 
confidence 
interval 
Inferio
r 

Superi
or 

Pa
r 1 

ET_PO
ST 
ET_PR
E 

29,956
88 

7,3540
0 

1,838
50 

26,038
21 

33,875
54 

16,2
94 

1
5 

,000 

 
According to the result of the sig (p-value) was 0.00, 

which is less than 0.05 (5%), it means that the Ha is 
affirmed, rejecting the Ho. In other words, applying 
Lean Manufacturing does improve overall efficiency. 

 
3.3 General Hypothesis Test According to Material 
Efficiency 

According to this analysis, this analysis was carried 
out in two stages that were normality and the 
hypothesis test of material efficiency, detailing the 
following: 

Normality test 
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According to the number of samples studied, which 
were 16 weeks of total efficiency recording, Shapiro 
Wilk was analyzed, which complies when it is less than 
50 data, as shown in Table 9. 
 
Table 9. Material Efficiency Normality Test (Shapiro-
Wilk) 

 Statistical Gl Gis. 
EM_PRE ,972 16 ,872 
EM_POST ,986 16 ,994 

 
Therefore, as a result of the sig (p-value) that for 

measurement stages were 0.872 and 0.994 greater than 
0.05 (5%), then it is indicated that the results present a 
parametric behavior. Therefore, T-Student is applied 
for hypothesis testing. 

Hypothesis testing 
From the formulation of specific hypothesis n°1, 

the following sub-hypotheses are included: 
Ho: The application of Lean Manufacturing tools 

"does not" improve the Material Efficiency of a 
Manufacturing Company, Lima 2025 

Ha: The application of Lean Manufacturing tools 
"if" improves the Material Efficiency of a 
Manufacturing Company, Lima 2025 

 
Table 10. T-Student Material Efficiency 

 

Paired differences 

t 
G
l 

Sig. 
(bilater
al) 

Stocki
ng 

Desv. 
Deviati
on 

Desv. 
Avera
ge 
error 

95% difference 
confidence 
interval 
Inferio
r 

Superi
or 

Pa
r 1 

EM_PO
ST - 
EM_PR
E 

29,956
88 

7,3540
0 

1,838
50 

26,038
21 

33,875
54 

16,2
94 

1
5 

,000 

 
According to the result of the sig (p-value) was 0.00, 

which is less than 0.05 (5%), it means that the Ha is 
affirmed, rejecting the Ho. In other words, applying 
Lean Manufacturing does improve material efficiency. 
 
3.4 General Hypothesis Test according to Labor 
Efficiency 

According to this, this analysis was carried out in 
two stages that were normality and the hypothesis test 
of the efficiency of Labor, detailing the following: 

Normality test 

According to the number of samples studied, which 
were 16 weeks of labor efficiency recording, Shapiro 
Wilk was analyzed, which complies when it is less than 
50 data, as shown in Table 11. 
 
Table 11. Normality Test of Labor Efficiency 
(Shapiro-Wilk) 

 Statistical Gl Gis. 
EMO_PRE ,972 16 ,872 
EMO_POST ,986 16 ,994 
 
Therefore, as a result of the sig (p-value) that for 

measurement stages were 0.872 and 0.994 greater than 
0.05 (5%), then it is indicated that the results present 
parametric behavior. Therefore, T-Student is applied 
for hypothesis testing. 

Hypothesis testing 
From the formulation of specific hypothesis n°2, 

the following sub-hypotheses are included: 
Ho: The application of Lean Manufacturing tools 

"does not" improve the Labor Efficiency of a 
Manufacturing Company, Lima 2025 

Ha: The application of Lean Manufacturing tools 
"yes" improves the Labor Efficiency of a 
Manufacturing Company, Lima 2025 

 
Table 12. T-Student Labor Efficiency 

 

Paired differences 

t 
G
l 

Sig. 
(bilater
al) 

Stocki
ng 

Desv. 
Deviati
on 

Desv. 
Avera
ge 
error 

95% 
difference 
confidence 
interval 
Inferio
r 

Superi
or 

Pa
r 1 

EMO_PO
ST - 
EMO_PR
E 

29,956
88 

7,3540
0 

1,838
50 

26,038
21 

33,875
54 

16,2
94 

1
5 

,000 

 
According to the result of the sig (p-value) was 0.00, 

which is less than 0.05 (5%), it means that the Ha is 
affirmed, rejecting the Ho. In other words, applying 
Lean Manufacturing does improve labor efficiency. 
 
3.5 General Hypothesis Test according to 
Equipment Efficiency 

According to this, this analysis was carried out in 
two stages that were normality and the hypothesis test 
of the efficiency of Equipment, detailing the following: 

Normality test 
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According to the number of samples studied, which 
were 16 weeks of total efficiency recording, Shapiro 
Wilk was analyzed, which complies when it is less than 
50 data, as shown in Table 13. 
 
Table 13. Equipment Efficiency Normality Test 
(Shapiro-Wilk) 

 Statistical Gl Gis. 
EE_PRE ,972 16 ,872 
EE_POST ,986 16 ,994 
 
Therefore, as a result of the sig (p-value) that for 

measurement stages were 0.872 and 0.994 greater than 
0.05 (5%), then it is indicated that the results present 
parametric behavior. Therefore, T-Student is applied 
for hypothesis testing. 

Hypothesis testing 
From the formulation of specific hypothesis n°3, 

the following sub-hypotheses are included: 
Ho: The application of Lean Manufacturing tools 

"does not" improve the Equipment Efficiency of a 
Manufacturing Company, Lima 2025 

Ha: The application of Lean Manufacturing tools 
"yes" improves the Equipment Efficiency of a 
Manufacturing Company, Lima 2025 
 

Table 14. T-Student Team Efficiency 

 

Paired differences 

t 
G
l 

Sig. 
(bilater
al) 

Stocki
ng 

Desv. 
Deviati
on 

Desv. 
Avera
ge 
error 

95% difference 
confidence 
interval 
Inferio
r 

Superi
or 

Pa
r 1 

EE_PO
ST - 
EE_PR
E 

29,956
88 

7,3540
0 

1,838
50 

26,038
21 

33,875
54 

16,2
94 

1
5 

,000 

 
According to the result of the sig (p-value) was 0.00, 

which is less than 0.05 (5%), it means that sex affirms 
the Ha, rejecting the Ho. In other words, applying Lean 
Manufacturing does improve the efficiency of 
Equipment. 

 
4   DISCUSSION 

The findings of this research indicate that the 
implementation of Lean Manufacturing tools, 
specifically 5S and Poka-Yoke, has resulted in 
substantial advancements in the efficacy of the Quality 
Lab. This finding aligns with the findings of previous 

studies that have demonstrated substantial 
improvements in operational performance following 
the implementation of Lean methodologies in 
analogous contexts. The 53.06% increase in overall 
efficiency, as measured by the difference between the 
pre-test (56.45%) and the post-test (86.41%), provides 
substantial evidence that the elimination of waste, the 
organization of the workspace, and the standardization 
of procedures have a direct and significant impact on 
the productivity of the system. 

With respect to efficiency in the utilization of 
materials, the observed increase of 15.24% indicates a 
more efficient use of raw materials. This outcome is 
associated with the "Classify" pillar (1S), which 
facilitated the elimination of superfluous materials, 
and "Order" (2S), which promoted the effective 
management of inputs. Concurrently, the 
implementation of Poka-Yoke technology averted 
errors in the manipulation and utilization of the 
standard preforms. This finding aligns with the 
conclusions of Piedra et al. (2021), who assert that the 
judicious utilization of the material leads to a reduction 
in variability and enhances the efficacy of production 
processes. A reduction in waste and greater accuracy 
in the amount of resin used is also observed, which is 
crucial in sectors where raw material represents a high 
percentage of the total cost. 

The increase of 15.87% in efficiency among the 
workforce indicates that the elimination of 
unproductive time and the reorganization of activities 
can result in a substantial enhancement of employee 
productivity. Prior to the intervention, periods of 
inactivity were observed due to the search for 
equipment, tools, or patterns that were in suboptimal 
locations. Following the intervention, the 
standardization of space facilitated the execution of 
tasks by workers, resulting in enhanced efficiency. 
This phenomenon aligns with the assertions put forth 
by Ramírez et al. (2022), who contend that efficiency 
is contingent upon the effective utilization of human 
resources. Furthermore, the training component of the 
fifth S (Discipline) served to fortify the organizational 
culture, thereby enabling staff members to embrace 
and perpetuate operational practices that are in 
alignment with the principles of Lean. 

The enhancement of 13.65% in the efficiency of the 
equipment can be ascribed to the judicious scheduling 
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of its utilization, the assurance of its availability in a 
timely manner, and the mitigation of waiting times that 
were attributable to inadequate internal coordination. 
Prior to the intervention, the absence of 
standardization resulted in the temporary inoperability 
of certain equipment, thereby causing delays in the 
quality control process. Following the implementation 
of Lean, the equipment was made accessible in 
accordance with the demand of the process, as 
suggested by the continuous flow principles of Lean 
Manufacturing. This phenomenon aligns with the 
observations reported by Malavé et al. (2024), who 
documented substantial enhancements in diesel 
injection laboratories following a restructuring of 
equipment and work cycles. 

A comparison of the findings with the literature 
reviewed reveals that the behavior exhibited by the 
laboratory analyzed displays a trend analogous to that 
observed in previous studies, including those 
conducted by Hinojosa and Cabrera (2022), who 
documented an increase of 144. The findings of this 
study demonstrate that, following the implementation 
of the Lean methodology, there was a 21% increase in 
the specified outcome. This observation aligns with the 
results reported by Espinales et al. (2024), who 
documented an increase of 26%. The research indicates 
that 47% of the population is affected by the issue. 
Despite the variability in the percentages observed 
across different production processes, a consensus has 
emerged that Lean Manufacturing consistently yields 
substantial improvements, particularly in cases where 
root causes are associated with disorder, improper 
sorting, rework, or downtime. In a similar vein, the 
outcomes of this study are analogous to those reported 
by Bruce (2025) and Olivares et al. (2023). These 
researchers observed enhancements in efficiency 
following the implementation of 5S and Poka-Yoke in 
the domains of quality control and production. 

A salient finding is that the outcomes not only 
mirror enhancements in operational procedures but 
also shifts in staff conduct. As posited by Aldaz (2022), 
the discipline stage of the 5S methodology represents 
the most arduous phase, necessitating the modification 
of established practices and the cultivation of a culture 
that fosters order and perpetual enhancement. The 
findings of this research indicate an advancement in 
average scores from 54% to 70% and beyond, reaching 

levels above 90%. This outcome suggests that the 
intervention had not only a technical impact, but also a 
cultural one. This is imperative to ensure the continuity 
of the change and to prevent the laboratory from 
reverting to its previous state. 

Furthermore, the congruence between the findings 
of the descriptive analysis and the statistical test 
conducted (T-Student) serves to substantiate the 
reliability of the results obtained. The statistical 
significance value of 0.00 indicates that the observed 
differences are not random but rather are directly 
attributed to the implementation of Lean 
Manufacturing. This statistical behavior lends support 
to the robustness of the pre-experimental design, 
despite the absence of a control group. 

A thorough economic analysis demonstrates that 
the intervention is not only effective from an 
operational perspective but is also financially 
sustainable. The positive net present value (S/ 
5,169.35), the benefit/cost ratio above 1 (1.28), and the 
return on investment in 8 months and 28 days validate 
that Lean Manufacturing represents a profitable 
strategy for the organization, especially in contexts 
where waste of materials and time generate significant 
losses. 

The evidence collected indicates that Lean 
Manufacturing is an effective tool for improving 
laboratory efficiency, increasing staff productivity, 
optimizing material usage, and ensuring equipment 
availability. This finding underscores the relevance of 
the subject in analogous industrial contexts and 
establishes a foundation for subsequent research 
endeavors. These future studies might encompass more 
intricate experimental frameworks or the integration of 
additional Lean principles, such as Kaizen, SMED, or 
VSM.  

 
5   CONCLUSION 

The implementation of Lean Manufacturing resulted in 
a substantial and quantifiable enhancement in the overall 
efficiency of the Quality Lab, with the efficiency rate 
increasing from 56.45% to 86.41%, representing a 53.06% 
increase. This increase indicates that the Lean 
methodology, when employing only two of its tools (5S 
and Poka-Yoke), can substantially transform processes 
characterized by high variability, clutter, and downtime. 
The statistical outcomes (p = 0.00) substantiate that the 
intervention exerted a direct and substantial influence on 
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performance, thereby validating the general hypothesis. 
These findings indicate that the organization of the 
environment, the standardization of processes, and the 
elimination of waste are pivotal in enhancing performance 
in quality control activities. 

Material use efficiency exhibited an increase of 15%. 
The utilization of raw materials was optimized, resulting in 
a 24% reduction in waste generation during the fabrication 
of standard preforms. This achievement signifies a 
substantial enhancement in the effective management of 
resources and a notable decrease in the environmental 
impact of the manufacturing process. This advancement 
was facilitated by the effective separation, classification, 
and organization of supplies, which enabled the 
identification of excesses, the prevention of losses, and the 
assurance of expeditious access to the requisite resources 
by workers for each task. Moreover, the implementation of 
Poka-Yoke has been shown to reduce errors in material 
handling and control, thereby enhancing the traceability of 
material usage. The evidence presented herein 
demonstrates that Lean offers benefits not only in terms of 
productivity, but also in terms of sustainability and cost 
reduction. 

The efficiency of work increased by 15%. The data 
indicates that the performance of the human team is 
significantly enhanced when the work environment is well-
organized, marked, and standardized, with an observed 
improvement rate of 87%. Prior to the implementation of 
the new system, employees experienced periods of 
downtime due to the time-consuming nature of locating 
misplaced tools or patterns. The implementation of the 5S 
methodology resulted in several notable improvements. A 
more efficient workflow was achieved, characterized by a 
reduction in the number of superfluous trips and an 
enhancement in concentration on assigned tasks. 
Concurrently, there was a decline in operational errors. The 
enhancement in personnel further corroborates the notion 
that Lean exerts a significant impact on organizational 
culture, cultivating attributes such as discipline, 
responsibility, and a sense of belonging. These elements 
are indispensable for the sustenance of enduring change 
within an organization. 

The equipment's utility experienced a 13% increase. 
The result, indicating an availability rate of 65%, 
underscores the significance of ensuring adequate 
availability, fundamental maintenance practices, and 
effective organization of laboratory equipment. The 
intervention successfully addressed the issues of prolonged 
wait times due to the search for devices, the absence of 
order, and the lack of clear procedures for their use. 

Consequently, work cycles became more efficient, and the 
performance of the equipment demonstrated greater 
stability. This finding underscores the notion that Lean 
does not merely impact human behavior or materials, but 
also the manner in which technological resources are 
integrated into the workflow. 

The findings support the hypothesis that Lean 
Manufacturing is an effective, versatile, and highly 
relevant approach for comparable industrial environments, 
especially in those where problems such as clutter, the need 
for rework, unnecessary movements, and lack of 
standardization are frequently encountered. The extant 
literature suggests that even a partial intervention, i.e., one 
that does not encompass the full implementation of Lean 
tools, can generate significant impacts in a relatively brief 
timeframe. This adaptability renders Lean a viable option 
for a range of manufacturing entities seeking to enhance 
their efficiency without the necessity of substantial 
investments. 

The intervention proved to be financially lucrative, 
demonstrating its economic viability. The analysis yielded 
a positive net present value (NPV) of S/ 5,169. The cost-
benefit ratio is 1:35, the recovery time is less than one year 
(8 months and 28 days), and the cost-benefit ratio is 1.28. 
This finding suggests that the implementation of Lean not 
only yields operational advantages but also generates 
quantifiable economic benefits, thereby underscoring its 
value in strategic decision-making within the organization. 

A notable finding of the analysis was the reinforcement 
of the organizational culture concerning order, cleanliness, 
and discipline—fundamental elements in guaranteeing the 
sustainability of the transformation. The consolidation of 
the fifth S (Discipline) enabled employees to adopt new 
practices, decrease initial resistance to change, and adopt 
more systematic and responsible behavior. This cultural 
aspect is crucial, as Lean requires continuity and 
consistency to prevent methods from reverting to their 
previous state after intervention. 

The research enabled the empirical verification of both 
the general and specific hypotheses, thereby confirming 
the significant impact of Lean Manufacturing on total 
efficiency as well as on the efficiencies of materials, labor, 
and equipment. These confirmations serve two primary 
functions. First, they serve to reinforce the study's 
methodological framework. Second, they provide useful 
evidence for future research seeking to replicate or extend 
the intervention across different sectors or functional areas. 

The study's findings underscore the efficacy of Lean 
Manufacturing as a sustainable strategy for continuous 
improvement, paving the way for the implementation of 
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additional tools such as Kaizen, SMED, Kanban, or VSM 
in subsequent stages of optimization. The initial 
intervention's success establishes the foundation for the 
organization to transition towards a more efficient, 
competitive management model that aligns with 
international quality standards. 
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