International Journal of Computer Information Systems and Industrial Management Applications
ISSN 2150-7988 Volume 18(225s) 2026 pp. 1675-1691
https://doi.org/10.70917/ijcisim-2026-5764
Article

Impact of Standardization and Lean Six Sigma
Methodologies on Waste Reduction: Evidence
from Goldsmith Workshops in Guerrero, Mexico

Julio César Flores Cabrera'*, Norma Rodriguez Bucio', Verdnica Petra Herniandez Pastrana’,
Pascual Felipe Perez Cabrera’, Juan Carlos Kido Miranda', Agustin Acevedo Figueroa’

"National Technological Institute of Mexico / Technological Institute of Iguala, Iguala, Guerrero, Mexico
Email: jcesar.flores@iguala.tecnm.mx

Abstract: This study examines the impact of process standardization, administrative controls, and Lean Six Sigma methodologies
on waste reduction in goldsmith workshops located in Guerrero, Mexico. Using an exploratory mixed-methods design, data were
collected through structured interviews with managers and owners of 20 jewelry workshops in Taxco and Iguala. The analysis
evaluated process documentation practices, administrative controls, critical production stages, and the implementation of
continuous improvement methodologies in relation to reported material losses. Results indicate that workshops with documented
procedures and structured management systems reported lower waste levels than those operating without formal controls. Acid
treatment, sanding, and polishing were identified as the production stages most associated with material losses. Workshops
implementing Manufacturing Excellence and Six Sigma achieved the lowest average waste rate (2.5%), compared with workshops
using alternative methodologies or no formal methodology. The findings suggest that process standardization and Lean Six Sigma
practices are associated with lower reported waste levels in artisanal jewelry workshops.
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1. Introduction

The jewelry industry occupies a significant position at the intersection of cultural heritage, artisanal
craftsmanship, and economic development. Across various countries, jewelry production has emerged from traditional
family-based activities into highly competitive industries that must fulfill modern demands for quality, competence,
sustainability, and international competitiveness. Regardless of this transformation, most of the small and medium-
sized jewelry enterprises rely on the inherited production practices, which are characterized by confined process
documentation, informal management systems, and low levels of operational standardization (Alonso Aguilar et al.,
2024; Rodriguez-Aldana & Reynoso, 2021). As these traditional practices significantly contribute to the individuality
and artistic value of handcrafted jewelry, they might even increase the process variability, decrease the operational
efficiency, and create significant material losses in production (Ortiz et al., 2024).

One of the most tenacious challenges in jewelry manufacturing refers to the management of production waste,
commonly known as merma. Waste is actually a loss of raw material, which happens during manufacturing processes
because of cutting, polishing, filing, melting, chemical treatments, errors in handling, or inefficiencies in process
(Almeida et al., 2017; Gonzalez et al., 2020). The literature distinguishes between the normal waste, expected under
the standard production conditions, and the abnormal waste, which results from avoidable inefficiencies, insufficient
controls, or poor process management(Almeida et al., 2017). In the industries that process high-value raw materials
like gold and silver, even small percentages of waste can translate into considerable economic losses (Ortiz et al.,
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2025). Accordingly, waste reduction has been a strategic objective directly linked to productivity, profitability, and
long-term business sustainability.

The importance of waste control is mainly evident in the valuable metals sector, as gold and silver are traded
internationally as commodities categorized by high prices and market volatility. Their value is affected by economic
conditions, geopolitical uncertainty, inflation expectations, and investment demand (Kosteli¢ et al., 2023; Vigne et al.,
2017). As jewelry manufacturers have less influence over raw material prices, operational efficiency has been one of
the few controllable factors that are capable of protecting the profit margins (Vargas Soto & Avila Garcia, 2024).
Excessive waste not only increases production costs but also reduces competitiveness in the domestic and international
markets (Alshizawi & Ithawi, 2026). Hence, improvement in the process control and minimizing material losses are
important to ensure the sustainability of jewelry enterprises, mainly small artisanal workshops which operate with
limited resources (Al-Shizawi, 2026).

In Mexico, the state of Guerrero is one of the most important jewelry-producing regions in the country (Akil et
al., 2024). The cities of Taxco and Iguala have attained national and international recognition historically for silver
and gold craftsmanship, individually, which contributes significantly to regional employment, cultural identity, and
economic activity(Garcia & Clausen, 2020; Sdnchez Rangel, 2019). Most of the workshops operate as family-owned
businesses in which technical knowledge is transmitted across the generations. Though this model tends to preserve
the valuable artisanal traditions, it even results in low levels of formal management, confined technological adoption,
and inadequate process documentation (Alonso Aguilar et al., 2024). Moreover, extensive globalization has put local
producers under intense international competition, mainly from countries like Italy, where standardized production
systems as well as advanced manufacturing practices have strengthened productivity and export performance (De
Marchi et al., 2014; Matricano & Vitagliano, 2018) As Mexican jewelry exports continue to expand, bringing
improvement in the operational efficiency has turned out to be critical to maintain competitiveness in global
markets(Guzman et al., 2016).

Contemporary manufacturing literature specifies process standardization as a fundamental prerequisite for
performance improvement and waste reduction. Process standardization includes the systematic documentation,
measurement, and control of operational activities for ensuring the consistency and repeatability in production
outcomes (Pablo David, 2019; Vivanco Vergara, 2017). Standardized procedures are helpful for facilitating the
training, monitoring, quality assurance, and continuous improvement to establish clear operational guidelines and
performance indicators (Akil et al., 2019). From a management viewpoint, effective control systems rely on the ability
to measure and evaluate the process performance, making documentation a vital foundation for organizational
improvement(Llanes-Font et al., 2014).

Among the most influential methodologies for operational excellence are Lean Manufacturing and Six Sigma.
Lean Manufacturing emphasises eliminating the non-value-added activities and reducing the waste through the
production process. While improving process flow, decreasing unnecessary activities, and optimizing resource
utilization, Lean contributes towards higher productivity and enhanced product quality (Powell et al., 2017). Six Sigma
tends to complement this approach while concentrating on reducing the process variability and defects by the statistical
analysis and structured problem-solving techniques, mainly the DMAIC framework (Define, Measure, Analyze,
Improve, and Control) (Moosa & Sajid, 2010). Many studies have demonstrated that Six Sigma implementation can
create considerable savings, enhance quality performance, and improve operational efficiency in both large
organizations and small and medium-sized enterprises (Antony, 2008; Cardona Zuluaga & Manzur Hasbun, 2015).

Integrating Lean Manufacturing and Six Sigma into the Lean Six Sigma framework has attained considerable
attention in recent years because of its ability to concurrently address waste elimination as well as variability reduction
(Bajgain et al., 2025). Research has proved that Lean Six Sigma improves operational performance, quality of product,
environmental sustainability, and customer satisfaction across a broad range of industrial sectors (Caiado et al., 2018;
da Silva et al., 2019). Recent studies have even demonstrated its contribution towards sustainable manufacturing and
circular economy initiatives by the reductions in terms of material consumption and waste generation (Alanezi &

1676



Franchetti, 2025; Huang et al., 2023; Porras et al., 2023; Ramirez et al., 2024). Regardless of these documented
benefits, empirical evidence about the application of Lean Six Sigma in artisanal jewelry production is extremely
limited (Praveen et al., 2025).

Existing research on the jewelry sector has mainly focused on the competitiveness, marketing strategies,
production planning, and certification systems (Ferreira et al., 2021; Peralta Vera, 2024; Rodriguez-Aldana &
Reynoso, 2021). Few studies have quantitatively assessed the waste generation in jewelry manufacturing, and even
fewer have assessed the relationship between process standardization, administrative controls, and Lean Six Sigma
implementation in the artisanal workshops (Balasubramanian et al., 2026). Furthermore, limited empirical evidence
is available that identifies the particular production stages contributing most significantly to material losses in precious
metal manufacturing (Ortiz et al., 2025). This particular gap is relevant as artisanal production is even perceived as
incompatible with the standardized management systems, regardless of evidence that suggests that standardization can
be applied successfully to operational processes while not compromising product creativity or craftsmanship(Gewehr
& da Cruz, 2023).

This study pays heed to this research gap while investigating the effect of process standardization and Lean Six
Sigma methodologies on the waste reduction in goldsmith workshops located in Guerrero, Mexico (Akil et al., 2023).
With the use of empirical data gathered from workshops working in the major jewelry-producing cities of Taxco and
Iguala, the research assesses the relationship between process documentation, administrative controls, continuous
improvement practices, and waste levels (Akil et al., 2024). Much attention is given to identifying key production
stages where intervention efforts can create the greatest reductions in terms of material losses.

The novelty of this study is in its provision of one of the prime quantitative assessments of waste management
practices in the Mexican artisanal jewelry sector. It even contributes by integrating the process standardization,
administrative controls, Lean Manufacturing, and Six Sigma into a unified analytical framework, particularly designed
for precious metal production environments (Bajgain et al., 2022). In addition, the study identifies critical production
processes that are associated with the highest waste levels and validates that methodologies traditionally applied in
industrial settings can be adapted effectively to small, family-owned artisanal workshops (Bajgain, 2025). Thus, the
main objective of this research is to assess the impact of process standardization and Lean Six Sigma methodologies
on the waste reduction in goldsmith workshops in Guerrero, Mexico, and identify the critical processes and
management practices contributing to improved operational performance, competitiveness, and sustainability (Parikh,
2026d).

2. Theoretical Framework

This study is theoretically based on the process management theory, administrative control theory, Lean
Manufacturing philosophy, and Six Sigma quality management principles. Process management theory tends to argue
that organizational performance can be improved by the systematic design, measurement, control, and improvement
of operational activities improvement(Llanes-Font et al., 2014).From this viewpoint, production processes must be
viewed as interconnected systems whose efficiency is reliant on standardization and continuous monitoring (Parikh,
2026b).

The concept of administrative control originated from classical management theory, particularly the work of
Fayol (1916), who found control to be one of the major managerial functions(Fayol, 2016). Administrative controls
let the organizations compare actual performance against the established standards and execute the corrective actions
when deviations occur (Parikh, 2025c). In manufacturing environments, controls like production records, quality
inspections, and operational audits contribute to the process stability and performance improvement (Hernandez,
2020).

Lean Manufacturing gives an additional theoretical foundation while focusing on eliminating waste and
maximizing value creation. Lean theory finds waste as any activity that consumes resources while not adding value to
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the final product (Parikh, 2025b). Through continuous improvement and process optimization, organizations can
decrease inefficiencies and enhance operational performance (Powell et al., 2017).

Six Sigma theory complements Lean while focusing on process variation and defect reduction. The DMAIC
methodology helps promote evidence-based decision-making and systematic problem-solving for achieving higher
levels of quality and consistency(Moosa & Sajid, 2010). Preceding studies have discussed that Six Sigma can create
substantial operational improvements even in small and medium-sized enterprises (Antony, 2008; Parikh, 2026a).

Integrating Lean Manufacturing and Six Sigma forms the Lean Six Sigma framework, combining the waste
elimination with variability reduction. Such an integrated approach has been identified as an effective strategy to
enhance the operational excellence, sustainability, and competitiveness in the manufacturing organizations (Caiado et
al., 2018; da Silva et al., 2019). This study uses all these theoretical perspectives for understanding and explaining the
waste reduction in the artisanal goldsmith workshops (Parikh, 2024).

2.1 Conceptual framework

The conceptual framework of this study is based on the premise that waste generation in goldsmith workshops
is affected by the level of process control, including the adoption of continuous improvement practices. In artisanal
jewelry manufacturing, production activities like alloying, casting, soldering, filing, polishing, and acid treatment
include direct manipulation of precious metals, which makes them highly susceptible to material losses. The
framework suggests that waste reduction is not completely dependent on technical skills, but also on implementing
structured management practices.

Process standardization establishes the first component of the framework. Standardized procedures give
operational consistency, facilitate monitoring, and develop clear guidelines for workers. According to the
documentation, workshops can classify deviations, measure performance, and execute the corrective actions.

Administrative controls are the second component and include production records, quality inspections, waste
monitoring systems, and comparative analyses between planned and actual production outcomes. Such controls
improve traceability while supporting informed decision-making. The third component includes Lean Manufacturing
practices, which focus on the elimination of non-value-adding activities and reducing operational inefficiencies. Lean
principles seek to minimize the waste that arises from excessive handling, needless movements, rework, and process
delays. Complementing Lean, Six Sigma brings a data-driven approach towards decreasing the process variability and
defects by systematic problem-solving and performance measurement. Integrating .ean Manufacturing and Six Sigma
creates a comprehensive improvement system that is capable of simultaneously addressing waste generation and
process inconsistency.

The framework considers that the combined implementation of process standardization, administrative controls,
Lean Manufacturing, and Six Sigma practices positively affects the operational performance while reducing the
material losses during production. Reduced waste levels contribute to enhanced productivity, lower production costs,
higher profitability, and enhanced competitiveness. Accordingly, waste reduction works as an instant operational
outcome, and improved organizational sustainability and market competitiveness tend to constitute the extensive
strategic outcomes of the proposed framework.
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Figure 1. Conceptual Framework
2.2 Research Gap

Though Lean Manufacturing and Six Sigma have been studied extensively in industrial and large-scale
manufacturing environments, empirical evidence about their application in artisanal jewelry production is limited.
Existing studies mainly focus on the competitiveness, marketing strategies, certification systems, production planning,
and business development in the jewelry sector (Ferreira et al., 2021; Peralta Vera, 2024; Rodriguez-Aldana &
Reynoso, 2021). Accordingly, there is a lack of quantitative research that examines the determinants of waste
generation and the effectiveness of structured management practices to reduce the material losses in precious metal
workshops (Parikh, 2025a).

Moreover, preceding studies rarely explore the relationship between process standardization, administrative
controls, and Lean Six Sigma implementation in the traditional artisanal production systems (Parikh, 2026¢). The
majority of accessible research has been conducted in industrial manufacturing contexts, which leaves uncertainty
about the applicability of such methodologies in family-owned workshops that are characterized by informal
management structures and craft-based production processes.

Another key gap is identifying specific production stages that are responsible for the highest levels of waste
generation (Parikh, 2025d). Less evidence is available about which operational activities contribute most significantly
to the material losses in goldsmith workshops and how targeted interventions can improve performance. Thus, this
study addresses a key theoretical and practical gap by giving quantitative evidence from the Mexican jewelry sector
and assessing the effectiveness of process standardization and Lean Six Sigma practices to reduce the waste and
enhance competitiveness within the artisanal manufacturing environments.

3. Methods

3.1 Research Design

This study adopted an exploratory descriptive mixed-methods design. Quantitative data were obtained from
closed-ended questionnaire items measuring workshop characteristics, administrative controls, production-process
monitoring, methodology adoption, and reported waste percentages. Qualitative information was collected from open-
ended responses regarding operational practices and perceived causes of material losses. The exploratory design was
chosen as empirical research examining material waste (merma) management in the artisanal goldsmith workshops
remains scarce, specifically within the Mexican jewelry sector. Exploratory studies are suitable when investigating
under-researched phenomena and when the objective is to attain a deeper understanding of relationships among
variables that have not been examined extensively in previous literature.

The study used a non-experimental design as the researchers did not manipulate any of the variables or introduce
controlled interventions in the participating workshops. Rather, existing production practices, administrative controls,
and waste levels were found and analyzed in their natural operational settings. The approach was considered suitable
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as per the artisanal nature of the sector and the practical limitations linked with experimentally altering production
systems in functioning workshops. Moreover, the research had a descriptive-correlational scope, which aimed to
describe current waste management practices and examine the relationship between process standardization,
administrative controls, Lean Manufacturing, Six Sigma implementation, and reported waste levels.

3.2 Study Setting

The study was done in the state of Guerrero, Mexico, mainly focusing on goldsmith workshops located in the
cities of Iguala and Taxco. The cities were chosen as they represent the most significant jewelry production centers in
the region. Taxco is recognized internationally for silver craftsmanship, and Iguala is famous for its gold jewelry
production. Both of the locations have a long-standing artisanal tradition and contribute significantly to the regional
economic activity.

The chosen setting gave a suitable environment to investigate the waste management practices, as the
workshops process high-value raw materials like gold and silver, where even minor material losses can create
substantial economic consequences. In addition, the predominance of family-owned businesses and traditional
production methods provided an opportunity for examining the applicability of modern process improvement
methodologies within artisanal manufacturing environments.

3.3 Participant Details

The target population comprises formally operating goldsmith workshops that are located within the state of
Guerrero. Referring to the original study, a total population of 37 workshops was found. Workshop owners, managers,
or individuals directly involved in production supervision served as the main respondents as they had detailed
knowledge about the production processes, operational controls, waste levels, and management practices.

To ensure the reliability and relevance of the information gathered, workshops were needed to meet particular
inclusion criteria. Eligible workshops had to demonstrate a minimum level of operational formality, use at least five
workers, and maintain regular production activities. These criteria were made to ensure that participation in workshops
had sufficiently structured production systems that were capable of providing meaningful information about waste
generation and process management practices.

3.4 Sampling Method

A non-probabilistic purposive sampling strategy was used. The approach was justified due to the highly closed
and traditional nature of the goldsmith sector, in which access to operational information is even restricted. Many
workshops consider the production practices, material consumption, and waste levels to be sensitive business
information, which makes the probability-based sampling difficult for implementation.

Depending on the population of 37 workshops, an initial sample size of 15 workshops was calculated with the
use of a confidence level of 95%, a Z-value of 1.96, and a margin of error of 20%. Through direct engagement with
workshop owners and managers, the effective sample was extended to 20 workshops. This higher level of participation
improved the representativeness of the study and gave a wider perspective on production practices in the regional
goldsmith sector.

3.5 Data Collection Tools

Data were collected with the use of a structured questionnaire administered by face-to-face interviews that were
conducted at the participating workshops. The questionnaire was made considering the research objectives as well as
the variables found in the literature about waste management, process control, and continuous improvement
methodologies.

The instrument had closed-ended and open-ended questions, which were designed to collect qualitative and
quantitative information. Mainly, the questionnaire gathered data about the type of metal processed, the existence of
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documented production procedures, administrative control mechanisms, production phases subject to monitoring,
critical operational processes, implementation of Lean Manufacturing and Six Sigma methodologies, reported waste
percentages, and perceptions regarding the usefulness of the process controls.

Using a structured questionnaire ensured consistency across the interviews and facilitated the systematic
collection of comparable information from the participating workshops. Face-to-face administration was chosen as it
allowed clarifying the questions, higher response accuracy, and enhanced participation rates in a sector characterized
by confined formal documentation.

3.6 Data Collection Procedure

Data collection was conducted by on-site visits to all participating workshops. Before interviews, workshop
representatives were informed regarding the objectives of the study and invited to participate voluntarily. Once consent
was attained, the structured questionnaire was directly administered to workshop owners, managers, or production
SUpervisors.

The interviews were done in the operational environments of the participants, which enabled researchers to gain
a contextual understanding of production activities and management practices. Responses were recorded and then
organized for the qualitative categorization and quantitative analysis. The on-site approach even improved data
reliability while allowing researchers to clarify the ambiguities and verify information directly with respondents.

3.7 Materials Used

The primary research material consisted of the structured questionnaire used in the interviews. Further materials
included interview records, field notes, production documentation provided by participating workshops, along with
the data registration sheets that are used for organizing responses.

The variables assessed in the study included the type of metal processed, process documentation, administrative
controls, controlled production stages, critical procedures, implementation of Lean Manufacturing and Six Sigma
methodologies, perceived benefits of controls, and final waste percentages. All the variables were chosen as they
directly corresponded to the study objective to evaluate factors linked with waste reduction in the goldsmith production
processes.

3.8 Data Analysis Method

Data analysis had both qualitative and quantitative techniques. Qualitative responses attained from open-ended
questions were divided according to recurring themes and operational characteristics. This categorization helped in
the identification of common practices and perceptions about waste management and process controls.

Quantitative analysis emphasised descriptive and correlational techniques. Frequency distributions were used
for summarizing the workshop characteristics and management practices. Graphical correlation analyses were done
to examine the relationships between waste percentages and key variables, which included process documentation,
number of administrative controls, and execution of Lean Manufacturing and Six Sigma methodologies. In addition,
linear trend projections were used for identifying the patterns and relationships among variables.

The combination of qualitative and quantitative analyses was appropriate as it gave both contextual
understanding and empirical evidence about the factors that influence the waste generation in the artisanal goldsmith
workshops.

3.9 Ethical Considerations

The study adhered to the essential ethical principles in the research process. Participation was voluntary,
whereas informed consent was obtained from all the respondents before data collection. Participants were informed
regarding the objectives of the study, the projected use of the information collected, and their right to withdraw from
the research at any time.
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For protecting confidentiality, the identities of participating workshops and respondents were not disclosed in
the publication or research output. Data were analyzed and reported in aggregate form to prevent the identification of
individual businesses. Moreover, all information collected was exclusively used for academic and research purposes.
These measures were mainly important, given the sensitive nature of production and financial information in the
goldsmith sector, and contributed to establishing trust between the researchers and participants.

4. Results

4.1 Characteristics of Surveyed Workshops

Overall, 20 jewelry workshops had taken part in the study. The distribution of workshops as per the primary
metal processed specifies a predominance of silver-working establishments (50%), followed by gold (30%) and steel
(20%). This distribution shows the production structure of the local jewelry sector and signifies the relevance of silver
manufacturing activities in the sample.

Table 1. Characteristics of Surveyed Workshops (n = 20)

Variable Category Frequency Percentage
Metal Processed Gold 6 30.0
Silver 10 50.0
Steel 4 20.0
Process Documentation | Yes 18 90.0
No 2 10.0

Table 1 shows that most workshops had reported maintaining documented production procedures. This suggests
widespread adoption of the administrative controls. Nonetheless, a minority of establishments still operate without
formal documentation, significantly increasing the operational variability and material losses.

DISTRIBUTION OF WORKSHOPS BY
METAL PROCESSED

B Silver mGold mSteel

Silver

50%

Figure 2. Distribution of Workshops by Metal Processed

Figure 2 represents silver-processing workshops, which constitute the largest segment of the sample,
representing half of all surveyed establishments. The majority of silver production may affect the waste profile of the
sector because of differences in the material handling requirements and production complexity.
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4.2 Adoption of Administrative Controls

Administrative controls are important to monitor the production activities and minimize operational
inefficiencies. The results show that 90% of workshops maintain documented production processes, but only 10%
operate without formal documentation.

DOCUMENTATION OF PRODUCTION
PROCESSES

HYes ENo

Figure 3. Documentation of Production Processes

Figure 3 shows that 18 of the 20 surveyed workshops reported having documented production processes..
Though the presence of undocumented workshops suggests opportunities for improvement in standardization

practices.
Table 2. Administrative control for waste registration
Control type n %
Specific format 10 50
Data without format 10 50
Logbook 4 20
None 0 0

Regarding waste registration practices, Table 2 shows that half of the workshops reported using specific
formats, while the remaining workshops recorded waste information without a standardized format. Four workshops
maintained operational logs.

4.3 Critical Production Processes Associated with Material Losses

The surveyed workshops found many production phases to be critical sources of waste generation. Among
these, acid treatment, sanding, polishing, rolling, and finishing operations were most frequently cited.
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Critical Production Processes
Reported by Workshops
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Acid Treatment I I
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Figure 4. Critical Production Processes Reported by Workshops

Figure 4 shows that acid treatment emerged as the most critical operation, accounting for half of all responses.
The finding suggests that the chemical treatment stages show significant opportunities for the waste-reduction
interventions and process optimization.

4.4 Relationship Between Management Methodologies and Waste Generation

Three categories of management methodologies were found among participating workshops: Manufacturing
Excellence (ME), which was combined with Six Sigma, other internal methodologies, and the absence of formal
management methodologies.

Table 3. Waste Percentage According to the Methodology Implemented

Methodology Workshops (n) Average Waste (%)
ME + Six Sigma 4 2.5

Other Methodologies 4 12.75

None 12 15.8

Table 3 shows that workshops that implement ME + Six Sigma have reported substantially lower waste levels
in comparison to those using alternative approaches or no methodology at all. These findings recommend that

structured continuous-improvement frameworks contribute significantly to waste minimization.
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AVERAGE WASTE PERCENTAGE BY
MANAGEMENT METHODOLOGY

mME + Six Sigma  ®Other methodologies = ®No methodology

Other methodologies 12.75%

ME + Six Sigma  [AIL7

No methodology 15.80%

0.00% 2.00% 4.00% 6.00% 8.00%10.0094.2.00%4.4.00%4.6.00%4.8.00%

Figure 5. Average Waste Percentage by Management Methodology

Average reported waste percentages differed among workshops according to the methodology category (Figure
5). Workshops using advanced quality-management systems attained considerably lower waste rates, which reinforced
the effectiveness of systematic process improvement practices.

4.5 Influence of Process Documentation on Waste Reduction

For evaluating the effectiveness of administrative controls, waste percentages were compared between
workshops with documented and undocumented production processes.

Table 4. Waste Percentage by Documentation Status

Documentation Workshops (n) Average Waste (%)
Documented 18 12.1
Not Documented 2 20.0

Table 4 shows that undocumented workshops had reported the highest waste levels observed in the study. The
results prove that lower reported waste percentages were observed among workshops with documented processes and
lower material losses.
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Waste Percentage According to
Process Documentation

Non-documented processes

Axis Title

Documented processes

0.00% 5.00% 10.00% 15.00% 20.00% 25.00%
Axis Title

Figure 6. Waste Percentage According to Process Documentation

The findings shared in Figure 6 reveal a considerable difference in waste generation between documented and
undocumented workshops. Process standardization appears to support better control of production activities as well
as more efficient use of raw materials.

5. Discussion

The findings of this study provide empirical evidence that administrative controls, process standardization, and
Lean—Six Sigma methodologies play a significant role in reducing material losses in jewelry workshops. Though 90%
of the surveyed workshops reported having documented production procedures, the results specify that documentation
alone does not guarantee optimal performance. Workshops having documented processes continued to report waste
levels that range from 2% to 20%, which suggests that standardization must be viewed as a basic requirement instead
of a complete solution. This observation is consistent with the principles of internal control that were proposed by
(Barquero, 2013) and (Hernandez, 2020).emphasizing that documentation is effective only when it is accompanied by
monitoring mechanisms as well as corrective actions. Similarly, (Vergara Nieto et al., 2025) argues that the procedural
manuals work as instruments for organizational control; their effectiveness is dependent on consistent implementation
and operational discipline (Quraishi et al., 2025).

The analysis even revealed that waste generation is concentrated in particular production stages, mainly
sanding, polishing, and acid treatment. Workshops that focused their control efforts on such critical activities generally
reported lower material losses than those that depended on generalized administrative oversight (Quraishi et al., 2026).
This finding supports the process-management perspective shared by (Llanes-Font et al., 2014) arguing that
organizational performance is enhanced when management efforts are directed toward value-generating and high-risk
activities. Alike conclusions were reached by (Mendoza-Arvizo & Thelma Solis-Rodriguez, 2022) demonstrating that
process optimization in small manufacturing firms is quite effective when interventions target bottlenecks and critical
operations instead of attempting broad, non-prioritized improvements (Alqasrawi et al., 2026). Provided the high
economic value of precious metals, even small inefficiencies in such stages can have significant financial
consequences, which reinforced observations by (Tavara Maza, 2019)and (Gonzalez et al., 2020) about the effect of
production losses on the manufacturing costs and profitability.

The most important finding significantly concerns the relationship between management methodologies and
waste reduction. Workshops that implement Manufacturing Excellence and Six Sigma attained an average waste level
of 2.5%, considerably lower than the values observed among workshops with the use of alternative methodologies or
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no formal methodology. This result ensures the growing body of evidence supporting Lean—Six Sigma as an effective
framework for operational improvement in manufacturing environments. Six Sigma can be implemented successfully
in small and medium-sized enterprises regardless of resource limitations, and the present findings give further support
for this proposition within the context of artisanal jewelry production(Antony, 2008). Similar improvements are
reported in metalworking and fabrication industries, in which Lean—Six Sigma interventions decreased process
variability, setup times, and operational waste (Celis-Gracia et al., 2024; Medina, 2023).

The effectiveness of Lean—Six Sigma found in this study may be explained by its structured and data-driven
approach to problem solving. Referring to (Tlapa et al., 2016) the successful implementation of Six Sigma is dependent
on the integration of measurement systems, managerial commitment, and continuous improvement practices.
Workshops that apply these principles are better positioned for identifying sources of variability and removing
activities that do not add value. Moreover, (da Silva et al., 2019) focus on how Lean—Six Sigma improves
organizational competitiveness by combining waste elimination with process stabilization, a mechanism that seems
particularly relevant in jewelry production, where raw materials are expensive, and losses affect profitability directly.

The findings even contribute to the emerging literature relating to Lean—Six Sigma with sustainability. Recent
studies discuss that a reduction in operational waste simultaneously enhances the economic and environmental
performance(Alanezi & Franchetti, 2025; Huang et al., 2023). While minimizing material losses, jewelry workshops
not only reduce production costs but also reduce the resource consumption and environmental effects associated with
the precious-metal extraction and processing. These conclusions align with the ones shared by (Caiado et al., 2018;
Porras et al., 2023; Powell et al., 2017; Ramirez et al., 2024) who found that Lean—Six Sigma initiatives often generate
sustainability benefits by more efficient resource utilization. Integrating quality management, environmental
responsibility, and operational excellence is highly recognized as a critical factor for long-term competitiveness in the
manufacturing sectors(Boumsisse et al., 2024).

From an industry viewpoint, the results challenge the assumption that artisanal production and process
standardization are mismatched. Jewelry manufacturing is traditionally associated with craftsmanship, customization,
and artistic expression (Alonso Aguilar et al., 2024; Salcedo Restrepo, 1989). Though the evidence suggests that the
standardization of intermediate production stages can coexist with the artisanal value creation. This finding is relatable
to (Gewehr & da Cruz, 2023)who observed that artisanal sectors can preserve the product uniqueness while
implementing standardized operational procedures. Same modernization efforts have been reported in the jewelry
industries facing international competition, mainly in Italy, where process improvements and technological integration
have contributed to the enhanced competitiveness (De Marchi et al., 2014; Matricano & Vitagliano, 2018).

Thus, the results indicate that the most effective pathway to reduce the material losses follows a progressive
sequence. Workshops must first establish documented procedures and operational standards, then execute focused
controls on the critical processes, and finally integrate Lean—Six Sigma methodologies into organizational culture.
This progression shows the evolution from basic administrative control toward a comprehensive system of continuous
improvement. The findings thus support the argument that the sustainable productivity gains in jewelry manufacturing
are attained not by the isolated interventions but by the systematic integration of standardization, targeted process
control, and data-driven improvement methodologies.

6. Conclusion

This study assessed the effect of administrative controls, process standardization, and quality-management
methodologies on the material losses in jewelry workshops found in Guerrero, Mexico. The findings confirm the
proposed hypothesis that standardization and the adoption of Lean—Six Sigma methodologies significantly contribute
to reducing the material losses within jewelry manufacturing operations.

The results show that documentary standardization is a key prerequisite for process control, but is insufficient
on its own for achieving the substantial performance improvements. The greatest reductions in the waste were
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observed among workshops that combined documented procedures with focused monitoring of critical processes and
the execution of structured continuous-improvement methodologies.

Among all production stages, sanding, polishing, and acid treatment are found to be the most critical processes
associated with the material losses. Consequently, these activities show priority targets for operational improvement
initiatives. Workshops executing Manufacturing Excellence and Six Sigma attained the lowest observed waste levels,
which indicate the effectiveness of systematic problem-solving and process-optimization approaches in artisanal
manufacturing environments.

The study even suggests that the most effective adoption pathway follows a progressive sequence:
documentation of procedures, implementation of focused operational controls, and eventual integration of formal
methodologies into organizational culture. This phased approach facilitates gradual capability development and
minimizes resistance to organizational change.

From a theoretical perspective, the study contributes empirical evidence about the feasibility and effectiveness
of Lean—Six Sigma methodologies in a traditional Mexican artisanal sector. The findings demonstrate that the quality-
management principles commonly linked with large industrial organizations can even generate substantial benefits in
the small-scale jewelry manufacturing environments.

6.1 Recommendations

The findings recommend that jewelry workshops must adopt a progressive improvement strategy centered on
process standardization, targeted controls, and Lean—Six Sigma implementation. Primarily, workshops must establish
electronic process logbooks and standardized operating procedures for improving documentation, traceability, and
operational consistency. Effective documentation forms the basis for internal control and facilitates performance
monitoring and decision-making(Barquero, 2013; Vergara Nieto et al., 2025).

Improvement efforts must prioritize critical production stages, mainly sanding, polishing, and acid treatment,
which were found as the primary sources of material losses. Concentrating monitoring and corrective actions on such
processes is likely to yield higher reductions in waste than applying generalized controls across all operations (Celis-
Gracia et al., 2024; Mendoza-Arvizo & Thelma Solis-Rodriguez, 2022). Workshops must even establish Key
Performance Indicators (KPIs) for monitoring the material loss by metal type and production stage.

For achieving the sustained improvements, managers and operators must receive training in Lean—Six Sigma
principles, which include the DMAIC methodology and the identification of the seven Lean wastes. Preceding studies
have demonstrated that such methodologies can significantly enhance the productivity, quality, and operational
performance in small and medium-sized enterprises (Antony, 2008; da Silva et al., 2019; Tlapa et al., 2016). Lastly,
industry associations and public institutions must promote specialized training and technical-support programs for
jewelry-related MSMEs. These initiatives could improve competitiveness and reduce material consumption and
support sustainable manufacturing practices, consistent with the recent evidence linking Lean—Six Sigma
implementation to both economic and environmental benefits (Alanezi & Franchetti, 2025; Huang et al., 2023).

6.2 Future Research Directions

Future studies must examine the long-term effects of Lean—Six Sigma implementation by longitudinal analyses
of jewelry workshops undergoing organizational transformation. Comparative studies including other jewelry-
producing regions, such as Oaxaca, Jalisco, and Mexico City, would give valuable insights regarding regional
differences in management practices and operational performance.

Further research should even investigate the integration of Industry 4.0 technologies, which include Internet of
Things (IoT) devices, computer vision systems, and digital process-monitoring platforms, into critical production
stages. Lastly, future investigations must quantify the financial impact of production controls and quality-management
systems on profitability, competitiveness, and business sustainability within the jewelry sector.
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This article is based on the doctoral thesis entitled Administrative Controls to Reduce Waste in Production
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