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Abstract

This study examines the interrelationships between Kanban (KAN), One-Piece Flow (OPF), Just-In-Time (JIT), and economic
sustainability (ENS) in the Maquiladora industry of Ciudad Juarez, Mexico. The research analyzes data from 511 industry
professionals to assess the efficacy of these lean manufacturing tools in enhancing operational and economic performance. The
variables are related using five hypotheses validated using a structural equation model. The results reveal that Kanban
significantly boosts JIT and OPF efficiencies, with respective variances explained as 16.6% and 35.6%. Additionally, the findings
demonstrate that OPF substantially contributes to JIT efficiency, underlining the critical role of seamless production flow in
optimizing JIT systems. Both JIT and OPF positively impact ENS, highlighting the potential of lean practices to promote cost
reduction and profit enhancement. The study underscores the importance of integrating lean methodologies to drive sustainable
economic benefits in manufacturing. Future research should explore the longitudinal effects of these practices and their
applicability across diverse industrial contexts, considering the integration of technological advancements to streamline
operations further.
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subsystems, mechanisms, scheduling systems, and
tools, KAN is a pull method that regulates production
rates and inventory levels according to customer

1. Introduction

Just-in-Time (JIT) aims to eliminate all sources of
production waste by ensuring the precise delivery of
the necessary quantity of product at the right location
and time. Central to the JIT system is the Kanban (KAN)
methodology, which plays a crucial role in guiding the
operations of manufacturing organizations (Yurdakul
et al. 2020). KAN is indispensable for managing the
production process and facilitating communication
across production units (Kojima et al. 1998). Defined
variably by scholars as methods, methodologies,

demand forecasts, functioning through a signal that
prompts suppliers to produce and deliver a new batch
as existing materials are utilized (Cheng et al. 2015).

KAN is recognized as one of the simplest yet most
effective and economical methods for managing
production and inventory (Mukhopadhyay and
Shanker, 2005). It is also a component of the Toyota
Production System (TPS), which is occasionally devised
to manage inventory levels, production, and the supply
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of components, including raw materials (Lage Junior
and Godinho Filho 2010). Essentially, KAN serves as a
Material Flow Control mechanism, regulating the
quantity and timing of production to meet specific
requirements (Graves et al. 1995).

KAN effectively enhances team productivity by
minimizing downtime, thereby optimizing logistics
from a production standpoint and facilitating JIT
implementation (Wakode et al. 2015; Ohno 2019). The
system is characterized by its principles of work
visualization, limiting work-in-process (WIP),
focusing on workflow, and fostering continuous
improvement. It incorporates cards and containers;
cards indicate when materials need to be moved within
a facility or from an external supplier to the production
site, thereby hastening product replenishment, while
containers with removable cards containing product
details are exchanged in a cycle that involves
warehouses and suppliers to maintain material flow
(Wakode et al. 2015).

Thus, KAN is recognized as a versatile visual
management methodology applicable across various
contexts and organizations. This approach, predicated
on visualizing and controlling workflows, offers
numerous benefits, including reduced inventories,
minimized stock-outs, reduced reliance on computers,
lowered overhead costs, and enhancements in
empowerment, service, and quality (Monden 2011). It
also boosts productivity by enhancing visibility,
collaboration, and delivery times (Senapathi and
Drury-Grogan 2021), while curtailing email usage,
improving deadline management, and overcoming
challenges associated with managing electronic
resources (McLean and Canham 2018). Particularly in
software companies, KAN is instrumental in increasing
work visibility, reducing errors, streamlining
development processes, and enhancing team
coordination (Ahmad et al. 2016).

From an economic standpoint, KAN generates
significant benefits by optimizing inventory control,
enhancing flexibility, and reducing operational costs
(Mojarro-Magafia et al. 2018). Electronic KAN systems
enhance stock management, reduce warehouse
operator hours, and improve inventory level
management (Phumchusri and Panyavai 2015).

In manufacturing, KAN ensures uniform workflow
and adapts seamlessly to fluctuating capacity needs,
thereby improving inventory management,
production, and component supply. Adopting KAN is a
strategic approach to achieving business efficiency,
quality, and satisfaction in product and service
development and maintenance. Moreover, KAN
synergizes with other lean manufacturing tools,
facilitating material flow along assembly lines and
endorsing the production of only necessary quantities,
positioning it as a precursor to the JIT and one-piece
flow (OPF) methodologies. Studies highlight KAN’s
critical role in enhancing JIT performance alongside
other practices such as team readiness, pull system

support, and supplier quality (Sakakibara et al. 1993; Li
and Barnes 2000). Using signaling systems to facilitate
material flow through OPF translates into tangible
economic advantages (Wdnstréom and Medbo 2009).
However, it has been noted that KAN initiatives are
often discontinued early in the implementation phase
due to challenges in measuring the accrued benefits
(Jagan Mohan Reddy et al. 2021).

This article aims to quantify the interrelations
between KAN, JIT, and OPF and how these relationships
yield economic sustainability (ENS) for companies. To
this end, a structural equation model is utilized,
gathering data from the industry to statistically
validate these relationships and provide empirical
insights into their economic impacts.

Quantifying the relationship between the variables
analyzed in this study will allow industry managers to
prioritize resource allocation and better assign
resources to different programs, ensuring sound
financial performance.

Following this introduction, the subsequent
sections propose hypotheses, outline the methodology,
present findings, and discuss these in detail, offering
conclusions and recommendations.

2. Hypotheses and literature review

2.1. Relationship between KAN and JIT

JIT originated as a strategic approach to management,
primarily focused on tailoring supply and production
rates to match consumer demand directly (Javadian
Kootanaee et al. 2013). JIT is characterized by producing
a product unit that seamlessly integrates into a
downstream process at precisely the right time
(Ebrahtmpour and Schonberger 1984), ensuring that
the necessary components are available on the
production line exactly when needed, and only in the
required quantities (Friedman, 2017).

In JIT systems, both sellers and buyers engage in a
collaborative, long-term partnership aimed at creating
a cost-efficient inventory system within the supply
chain (Perez and Torres 2019). This efficiency is often
achieved through the adoption of smaller lot sizes and
increased frequency of deliveries, embodying the JIT
delivery principle (Matsui 2007).

Central to the functioning of JIT is the use of various
tools, among which KAN is pivotal. KAN enhances
communication and information flow and reduces the
costs related to inventories and work-in-process, all
while maintaining superior customer service. By
authorizing production and purchase orders, KAN
facilitates the effective implementation of JIT.

The interdependence of KAN and JIT has been the
subject of numerous studies. Sakakibara et al. (1993)
observed that KAN not only supports JIT performance
but also enhances overall firm performance by
fostering improved customer relationships (Li and



Barnes 2000). Similarly, Takahashi et al. (1997) noted
that KAN systems are integral to JIT production
planning and inventory control across multistage
production processes. The integration of KAN within
JIT systems is essential for lean production, leading to
reduced inventory levels, better production
synchronization, and enhanced operational efficiency
(Amer et al. 2016). Based on these insights, we propose
the following hypothesis:

Hi1: KAN has a direct and positive effect on JIT.

2.2. Relationship between KAN and OPF

OPF is a manufacturing technique deployed within
cellular environments to produce a single part correctly
at a time. This approach reduces unplanned stoppages
and shortens lead times (Bagshaw 2020). By allowing
for a more organized and sequential manufacturing
process, OPF helps mitigate issues associated with long
queues and batch production and eliminates non-
value-added movements (Tang et al. 2016). OPF
focuses primarily on the immediate processes essential
to product or transactional activities rather than on
waiting, storage, or transportation (Bagshaw 2020).

OPF is particularly advantageous when handling
hazardous materials and enhancing containment and
safety protocols (Movsisyan et al. 2016). In this context,
KAN functions as a signaling system that regulates the
flow of materials and information, ensuring a
streamlined and efficient production process (Pradeep
and Balaji 2022). Specifically, KAN aids in controlling
intermediate stock levels within production lines by
regulating production quantities.

When a buffer reaches its preset maximum capacity,
the preceding machine receives a signal to halt the
production of that specific part. KAN signals are crucial
in maintaining an inventory of frequently used items
within a facility, facilitating a continuous, piece-by-
piece flow (Balram 2003). Using KAN cards to indicate
the need for more parts when necessary, helps prevent
overproduction and supports a more balanced
production system. This alignment with the principles
of OPF leads us to propose the following hypothesis:

H2: KAN exerts a direct and positive influence on
OPF efficiency.

2.3. Relationship between OPF and JIT

OPF is a Lean Manufacturing (LM) tool known for its
benefits, which include shortened production times,
reduced in-process inventory, minimized production
footprints, and the facilitated detection of operational
inefficiencies. OPF enhances production efficiency,
enables accurate lead time estimation, and minimizes
waste (Hu et al. 2013). It seeks to lessen the production
cycle duration and heighten the proportion of value-
adding time within that cycle, thereby augmenting
productivity. Implementing OPF not only streamlines
production methods but also optimizes supply chain
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management for manufacturing entities (Wang and Li
2013).

JIT comprises a set of principles, tools, and
techniques designed to enable a firm to produce and
deliver products in minimal quantities and with
shortened lead times explicitly tailored to meet exact
customer requirements. In essence, JIT ensures the
delivery of the right items at the right time and in the
correct quantity, allowing for agile responses to daily
fluctuations in customer demand (Liker 2004).
Nevertheless, the effectiveness of JIT is significantly
enhanced by a precise OPF system that supports
inventory management (Liker 2004).

Characterized by the processing of individual items
sequentially without delays, OPF embodies the JIT
philosophy of manufacturing only what is necessary at
the moment it is needed (Ward and Zhou 2006). Based
on this alignment, the following hypothesis is
proposed:

H3: OPF exerts a direct and positive impact on JIT
performance.

2.4. Relationship between OPF and ENS

ENS involves developing superior methods for
evaluating essential aspects, setting resource
allocation priorities, and maximizing productive
systems' efficiency (Borgonovi and Compagni 2013). It
strives to achieve a delicate equilibrium between
maintaining short-term effectiveness and securing
long-term viability (Rezaee 2018).

Practices aimed at ENS are known to promote the
efficient utilization of resources, such as water and
energy, and to minimize waste generation, which
translates directly to financial savings (Mani et al.
2014). Sustainable production represents a vital
strategy for enhancing financial outcomes while
concurrently achieving social and environmental
objectives (Sharma 2021). From an environmental and
economic standpoint, sustainable manufacturing
practices are imperative for long-term operational
sustainability (Akbar and Irohara 2018). Manufacturers
are increasingly adopting production methods that
safeguard economic benefits while minimizing
environmental and social impacts (Zhou et al. 2016).

The comprehensive adoption of lean practices,
including KAN and OPF, has significantly enhanced
asset performance (Fullerton et al. 2014). OPF, which
involves processing each item individually without
delays, is a fundamental aspect of lean manufacturing
designed to streamline production, reduce waste, and
increase efficiency, thereby facilitating significant cost
reductions (Borazon et al. 2022). Moreover, integrating
capabilities related to green supply chain
management—which positively correlates with both
environmental and economic outcomes—has
demonstrated the potential to boost economic
performance in sectors like electronics, mainly when
OPF is employed (Raji¢ et al. 2020). In light of the
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preceding discussion, we propose the following
hypothesis:

H4: OPF positively influences the ENS of companies.

2.5. Relationship between JIT and ENS

While the JIT approach initially centered on inventory
management, its broader financial implications were
soon recognized by organizations such as Toyota.
Specifically, JIT, in conjunction with production flow
techniques, has been shown to positively affect sales
and customer order fulfillment metrics, thereby
generating substantial economic benefits (Dieste et al.
2021).

Extensive research has corroborated this
relationship. Mackelprang and Nair (2010) noted that
JIT practices could significantly enhance performance
metrics within an organization, suggesting a direct
impact on individual performance levels. Similarly,
Rahman et al. (2010) discussed how JIT facilitates faster
delivery compared to competitors, reduces unit costs,
boosts overall productivity, and enhances customer
satisfaction—all of which can lead to economic
advantages for a company. Additionally, Alcaraz et al.
(2016) and Alcaraz et al. (2014) identified the economic
performance of firms as one of the notable benefits
associated with JIT reported in the literature. Given
these findings, the following hypothesis is proposed:

Hs5: JIT exerts a direct and positive impact on the ENS
of a company.

Figure 1 illustrates the hypothesized relationships
among the variables.

H;

Just in Time
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Figure 1. Proposed model

3. Methodology

Data from the industry were required to statistically
validate the relationships among the variables depicted
in Figure 1. Consequently, the Maquiladora sector in
Ciudad Juarez, Mexico, was chosen as the focus of this
study. The process of validating the hypotheses

involved several steps, as outlined below:

3.1. Creation of a questionnaire

A comprehensive review of the literature was
undertaken to identify prior studies that had assessed
the levels of implementation of KAN, JIT, OPF, and CSA
in companies. This review was a rational validation,
building upon previously identified research items
(Garcia-Alcaraz et al. 2014).

To adapt these items to the local region's specific
industrial context and ensure their comprehensibility
to respondents, five experts—comprising two
academics and three industry managers from the
region—reviewed the literature-derived items. These
experts evaluated the items based on several criteria,
including relevance and representativeness, clarity and
precision of wording, adequacy of instructions,
structural and organizational aspects of the
questionnaire, overall length, suitability of response
options, neutrality of the items, and the internal
consistency of the questionnaire (Maclel-Monteon et
al. 2020).

The questionnaire was structured into three
sections: the first section collected demographic
information from the respondents, the second section
focused on the three lean manufacturing tools being
analyzed (KAN, JIT, OPF), and the third section gauged
the economic benefits that companies derived from
implementing these tools. Responses for sections two
and three were captured using a 5-point Likert scale,
where a rating of 1 indicated that the related activity
was never performed, and a rating of 5 indicated that it
was always performed. Intermediate values of 2, 3, and
4 were used to represent varying degrees of
implementation frequency.

3.2. Application of the questionnaire

The questionnaire was distributed to engineers
working in the maquiladora industry of Ciudad Juarez
using an online platform, Google Forms. All potential
participants were identified and contacted via email,
including a questionnaire link. The invitation
encouraged them to contribute to the research by
completing the questionnaire. This phase of data
collection was conducted from September 1 to
December 1, 2023.

3.3. Data capture and analysis

Upon completing the data collection period, the
responses were extracted from Google Forms on
December 2, 2023, and downloaded as an XLS file,
subsequently opened in Microsoft Office Excel. The
data was then imported into SPSS software (version 25)
for comprehensive analysis. The analysis focused on
descriptive statistics, explicitly calculating the median
for each item to establish a measure of central tendency
and the interquartile range to determine the dispersion
of responses.



3.4. Model validation

Given the nature of the variables under study, which are
latent and include observed variables referred to as
items, a structural equation modeling (SEM) approach
using partial least squares (PLS) was selected for
hypothesis validation (Garcia et al. 2014). This method
is particularly suitable for data measured on an ordinal
scale, as in this study.

3.4.1. Validation of variables

Prior to their analysis or integration into the structural
model, the variables were subjected to rigorous
statistical validation. Internal validation was
conducted using Cronbach’s alpha and composite
validity indices to assess reliability and overall
consistency. Convergent validity was determined
through the average variance extracted (AVE), ensuring
that their latent variable accounts for a significant
portion of the variance in the observed variables. The
coefficients R2 and adjusted R2 were utilized to assess
parametric predictive validity, providing insights into
the model's explanatory power. Additionally, the
variance inflation index was employed to evaluate the
presence of collinearity among the variables, adhering
to the maximum or minimum threshold values
recommended for each index (Kock 2019).

3.4.2. Structural equation model

Upon the statistical validation of the variables, they
were incorporated into the structural equation model.
The model’s robustness and appropriateness were
subsequently confirmed based on a series of indices
recommended by Kock (2021). These include the
average path coefficient (APC), average R> (ARS),
average adjusted R> (AARS), average variance inflation
index (AVIF), and the Tanenhous index. Together,
these metrics facilitated a comprehensive assessment
of the model’s predictive validity, the degree of
collinearity among variables, and the overall fit of the
data to the proposed model.

3.4.3. Validation of hypotheses

The structural equation modeling (SEM) analysis was
conducted using WarpPLS v. 8 software, with data
managed in an Excel database. All statistical
calculations, including parameter estimation and the
assessment of efficiency indices, were performed with
a 95% confidence level. Three effects or relationships
among the analyzed variables were estimated in the
PLS-SEM framework. Direct effects were primarily
used to validate the hypotheses illustrated in Figure 1.
For this purpose, a standardized coefficient g was
computed, representing the change in standard
deviations of the dependent variable for a one-unit
change in the independent variable (Ned 2010). A
statistical hypothesis test was carried out to assess the
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significance of this relationship, contrasting the null
hypothesis Ho: =0 against the alternative hypothesis
Hi: gzo0.

A statistically significant non-zero value of g (#0)
indicates a substantive relationship between the
variables, suggesting that changes in the independent
variable significantly impact the dependent variable.
Conversely, a B value of zero (B=0) implies no
relationship between the variables under study. The
effect size (ES) was also calculated to quantify the
variance in the dependent variable explained by the
independent variable.

Additionally, indirect effects mediated through third
variables were examined. Since two variables can have
multiple indirect pathways involving different
mediators, this study reported the aggregated sum of
these indirect effects across all identified pathways.
Finally, total effects, which represent the arithmetic
sum of direct and indirect effects, were detailed in the
analysis.

3.4.4. Sensitivity analysis

The WarpPLS v.8 software facilitates the calculation of
probabilities for variables within the model based on
the likelihood of specific values occurring (Kock 2015).
This analysis identifies a low-probability scenario
when the standardized zeta value falls below minus
one, represented as P(Z < -1). Conversely, a high
probability scenario is recognized when the
standardized value is one or more excellent, denoted as
P(Z > 1). Specifically, this study reports on three types
of probabilities:

- Probability of a variable independently reaching
either a high or low level.

- Probability of two variables co-occurring in
scenarios where their levels are a combination of
high and low.

- The conditional probability of the dependent
variable presenting in either a high or low scenario,
contingent upon the occurrence of the independent
variable in either a high or low state.

4. Results and discussion

4.1. Description of sample and items

From a total of 2,117 survey requests, 411 were
completed and deemed valid, yielding a response rate
of 19.41%. The demographic composition of
respondents included 177 women and 234 men,
predominantly employed in key industry sectors such
as automotive, medical, textiles, and electronics. Large
companies employed most participants: 147
respondents worked in companies with over 1,000
employees, 89 in companies with between 500 and
1,000 employees, and 54 in companies with more than
5,000 employees. Table 1 provides a detailed
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breakdown of the item medians and interquartile
ranges according to their descriptions. Notably, very
few items recorded medians below four, yet most were
above three, indicating a generally high level of
agreement or occurrence related to the surveyed
aspects.

Table 1. Items central tendency and dispersion

KAN Median IQR
Do you always know how much to produce? 420 156
Is the product manufactured or transported with its 411 1.63
production order?

Does its official order always accompany each 422 1.53
request to manufacture a product?

Is the inventory of the final product handled in the 3.53 2.08
company small?

Are there indicators that warn when a batch should 3.89 1.87
be discontinued?

Is Kanban used to signal to the downstream 3.94 1.85
operation that a task has been completed and that

components or materials need to be replenished to

continue work?

One-piece flow

Is production on a particular job based on the 412 147
current demand for its subsequent job?

Is a production lot manufactured only if there is a 427 150

customer’s purchase order?

Does the customer request only the specific quantity  4.23  1.50
manufactured?

Are the workstations making good use of the pull 411 1.54
system?

Inventory investment shows a decreasing trend over ~ 3.95  1.62
time.

Production lead times, as well as set-up times, are 4.07 155
reduced/shortened over time.

Just in time

The internal flow of materials is efficient and 3.94 160
continuous between operations.

Product reprocessing is reduced to an acceptable 3.92 157
minimum.

The implementation of improvements to reduce 415 1.51
waste is encouraged.

Material transport is minimized. 4.04  1.62
Waste in the production process and the supply 4.09 152
chain is identified.

ENS

Reduction of production costs 4.15 1.48
Improved profitability 411 1.45
Reduced product development costs 417 1.43
Reduction of energy costs 413 1.48
Reduction of inventory costs 419 1.43
Reduction of rejects and rework costs 421 141

4.2. Validation of variables

Table 2 presents the validation indices for the variables
used in the model, as depicted in Figure 1. The table’s
last row indicates each index's acceptable minimum or
maximum thresholds. The data confirm that all
variables meet these criteria, indicating they possess
adequate predictive, internal, and convergent validity
and are free from collinearity issues. Therefore, they
are suitable for integration into the model.

Table 2. Validation indices

KAN JIT OPF ENS Best if
RrR? 0.453 0.356 0.455 >0.02
Adj.R> 0.45 0.355 0.452 >0.02
CoR 0.906 0.926 0.93 0.955 >0.7
CrA 0.87 0.9 0.906 0.944,
AVE 0.659 0.716 0.727 0.781 >0.7
VIF 1.64 2.212 1.968 1.776 <3.3
Q2 0.452 0.357 0.456 >0

CoR: composite reliability; CrA: Cronbach’s alpha; AVE: Average variance
extracted; VIF: Variance inflation factor; VIF: Variance inflation factor.

4.3. Model validation

After incorporating the variables into the model and
executing the analysis using WarpPLS v.8 software, the
efficiency indices were obtained and are displayed in
Table 3. This table also specifies the desirable values for
each parameter. The results demonstrate that the
model meets all required indices with at least 95%
confidence. Consequently, the model was interpreted
based on these robust findings.

Table 3. Model efficiency indices

Index Validation Acceptable value
Average Path Coefficient (APC)  Predictive P<0.05
Average R-Squared (ARS) and Predictive P<0.05

Average
Adjusted R-Squared (AARS)

Average block VIF (AVIF) Collinearity Acceptable if < 5, ideally

=33
Average Full collinearity VIF Collinearity Acceptable if < 5, ideally
(AFVIF) <33
Tenenhaus GoF (GoF) Data model 20.36

fit

4.4. Structural equation model

Figure 2 displays the evaluated model. For each
relationship within the model, the value of B, the
associated p-value, and the effect size—which
measures the variance explained—are provided. The
direct effects depicted in Figure 2 substantiate the
conclusions drawn regarding the proposed hypotheses,
as summarized in Table 4. Given that all g coefficients
are nonzero and the p-value associated is lower than
0.001, we conclude that all hypotheses are statistically
significant, indicating that the independent variables
directly and positively affect the dependent variable.

For instance, in the KAN-JIT relationship, an
increase of one standard deviation in KAN results in a
0.293-unit increase in JIT, with a 99.9% confidence
level. Additionally, JIT accounts for up to 16.6% of the
variance in KAN, suggesting that KAN is a precursor to
JIT and must be effectively implemented for JIT to
succeed.
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Figure 2. Model evaluated
Table 4. Hypotheses validation
Rel B (p-value) EN Conclusion
KAN-JIT 0.293(< 0.001) 0.166 Accept
KAN-OPF 0.597(< 0.001) 0.356 Accept
OPFE-]JIT 0.454(< 0.001) 0.286 Accept
JIT-ENS 0.495(< 0.001) 0.321 Accept
OPF-ENS 0.242(< 0.001) 0.134 Accept

Notably, the most vital relationship is observed in
the KAN->OPF pathway, where B equals 0.597. This
correlation is logical, given that KAN labels enhance the
management and administration of inventories on
production lines. Other relationships within the model
were interpreted similarly.

4.5. Sum of direct and total effects

Table 5 presents the sum of indirect and total effects,
all statistically significant across the relationships, as
indicated by the p-values associated with each
estimated p coefficient. It is critical to note that indirect
effects were calculated through mediator variables, as
specified in the fourth column of the table. For
instance, the indirect effect in the KAN->JIT
relationship is mediated by OPF. This mediation
suggests that an increase of one standard deviation in
KAN leads to a corresponding increase of 0.271 in JIT,
attributable to the influence exerted by OPF. Among the
indirect effects analyzed, the KAN-ENS relationship
exhibits the most vital connection due to the inclusion
of both JIT and OPF as mediating variables.

Regarding total effects, which combine direct and
indirect influences, the relationship between KAN and
OPF displayed the highest ratio, with no indirect effects
observed. However, the KAN-JIT relationship, with a
total effect of 0.564, also stands out. This relationship
comprises a direct effect of 0.293 and an indirect effect
of 0.271, indicating that the indirect effect is nearly as
substantial as the direct effect. This underscores the
significant role of OPF in this dynamic.
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Table 5. Direct and indirect effects

The sum of indirect effects

Relation B (p-value) EN Mediating variables

KAN-JIT 0.271 (p<0.001) 0.154 OPF

KAN-ENS 0.424 (p<0.001) 0.171 OPF, JIT

OPF-ENS 0.225 (p<0.001) 0.124 JiT
Total effects

KAN-JIT 0.564 (p<0.001) 0.320 OPF

KAN-OPF 0.597 (p<0.001) 0.356

KAN-ENS 0.424 (p<0.001) 0.171 OPF, JIT

JIT>ENS 0.495 (p<0.001) 0.321

OPF->JIT 0.454 (p<0.001) 0.286

OPF-ENS 0.467 (p<0.001) 0.258 JiT

4.6 Sensitivity analysis

Table 6 details the sensitivity analysis results
conducted on the variables incorporated in the model.
In the analysis, low levels are denoted by "-" and high
levels by "+". For instance, KAN- signifies a low level
of KAN implementation, whereas ENS+ indicates a high
level of environmental sustainability.

The sensitivity analysis reveals, for example, that
KAN can independently occur at its high level with a
probability of 0.202, compared to a probability of 0.173
for occurring at alow level. This suggests that it is more
likely to observe a high level of KAN implementation
(KAN+) than a low level (KAN-) in the maquiladora
industry. Specifically, in the KAN-JIT relationship, the
probability of both KAN and JIT concurrently occurring
at high levels is 0.117. However, the conditional
probability of observing JIT at a high level (JIT+), given
that KAN is also at a high level (KAN+), is 0.578. This
indicates that for JIT to be successfully implemented,
KAN must be effectively operational. Conversely, the
conditional probability that JIT will be at a low level
(JIT-) given that KAN is poorly implemented (KAN-) is
0.451, highlighting that inadequate KAN practices can
adversely affect JIT performance on production lines.

5. Conclusions and limitations

This study aimed to elucidate the interrelationships
between KAN), OPF, JIT, and ENS within the context of
the Maquiladora industry in Ciudad Juarez, Mexico.
Utilizing structural equation modeling, responses from
511 participants were analyzed to validate hypotheses
concerning these lean manufacturing tools and their
impact on economic performance. The findings
underscore the pivotal role of KAN in enhancing
operational efficiencies through its significant positive
effects on both JIT and OPF systems. Specifically, an
increase in KAN implementation is statistically linked
to improvements in JIT performance (B = 0.297,
explaining 16.6% of variance) and OPF efficiency (B =
0.597, explaining 35.6% of variance). These results
affirm that effective KAN practices are essential for
optimizing the flow of production and inventory
management, which are critical components of JIT and
OPF methodologies. Moreover, the analysis confirmed
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that OPF contributes significantly to JIT efficiency (8 =
0.454, explaining 28.6% of variance), demonstrating
that the meticulous management of production flow
directly enhances the JIT system’s responsiveness and
efficiency. This finding highlights the importance of
fully integrating OPF into the production processes to
leverage its benefits. In terms of ENS, JIT and OPF
showed substantial positive impacts, with JIT
contributing to a 32.1% variance in ENS (g = 0.495) and
OPF explaining 13.4% (B = 0.242). These relationships
suggest that lean manufacturing tools optimize
production processes and promote ENS by reducing
costs and enhancing profitability. The study’s
implications are profound, offering practical insights

manufacturing principles. Future research should
consider exploring the potential long-term effects of
these practices on ENS and extend the analysis to other
industries to validate the generalizability of these
findings. Additionally, examining the role of
technological advancements, such as digital KAN and
automated OPF systems, could provide deeper insights
into the evolving landscape of lean manufacturing.

This study has several limitations. For example, only
three LM tools are analyzed, even though up to 25 are
reported in the literature. Therefore, future research
will study the relationship that other tools have on
economic sustainability and add environmental and
social aspects.

for industry practitioners aiming to enhance
productivity and sustainability through lean
Table 6. Sensitivity analysis
KAN OPF JIT
+ - + - + -
0.202 0.173 0.148 0.168 0.212
JIT + 0.212 &=0.117 &=0.005 &=0.100 &=0.010
IF=0.578 IF=0.028 IF=0.672 IF=0.058
- 0.2 &=0.010 &=0.078 &=0.010 &=0.112
IF=0.048 F=0.451 IF=0.058 IF=0.667
OPF + 0.148 &=0.085 &=0.007
1IF=0.422 IF=0.042
- 0.168 &=0.010 &=0.085
IF=0.048 IF=0.493
ENS + 0.18 &=0.092 &=0.010 &=0.075 &=0.010 &=0.092 &=0.005
IF=0.458 IF=0.056 IF=0.508 IF=0.058 IF=0.437 IF=0.024
- 0.163 &=0.010 &=0.054 &=0.007 &=0.092 &=0.002 &=0.119
IF=0.048 IF=0.310 IF=0.049 IF=0.551 IF=0.011 IF=0.598
] Akbar M, Irohara T (2018) Scheduling for sustainable
Funding manufacturing: A review. J Clean Prod 205:866-883

José Roberto Diaz Reza is awarded a postdoctoral
fellowship at the Universidad Auténoma de Ciudad
Judrez by Mexico's National Council for Humanities,
Science and Technology (CONAHCyT). Yashar Aryanfar
receives a national scholarship from CONAHCyT for his
Doctorate at Universidad Autonoma de Ciudad Juarez.

Acknowledgements.

The authors would like to thank the educational
authorities and companies that allowed their students
and employees to respond to the anonymous survey
that made this study possible.

References

Ahmad MO, Markkula J, Oivo M Insights into the
perceived benefits of Kanban in software
companies: Practitioners’ views. In: Agile
Processes, in Software Engineering, and Extreme
Programming: 17th International Conference, XP
2016, Edinburgh, UK, May 24-27, 2016, Proceedings
17, 2016. Springer, pp 156-168

Alcaraz JLG, Macias AAM, Luevano DJP, Fernandez JB,
Lépez AJG, Macias EJ (2016) Main benefits obtained
from a successful JIT implementation. International
Journal of Advanced Manufacturing Technology 86
(9-12):2711-2722. d0i:10.1007/s00170-016-8399-5

Alcaraz JLG, Maldonado AA, Iniesta AA, Robles GC,
Hernandez GA (2014) A systematic review/survey
for JIT implementation: Mexican maquiladoras as
case study. Computers in Industry 65 (4):761-773.
doi:10.1016/j.compind.2014.02.013

Amer M, Attia E-A, Baioumy S (2016) A Multi-Stage
Supply Chain System Controlled by Kanban. The
International Conference on Applied Mechanics and
Mechanical Engineering 17 (7):1-17.
doi:10.21608/amme.2016.35292

Bagshaw KB (2020) Work line balancing and
production efficiency of manufacturing firms in
Rivers State, Nigeria. American Journal of Industrial
and Business Management 10 (01):45

Balram B (2003) Kanban systems: the stirling engine



manufacturing cell. University of Manitoba,
Department of Mechanical & Industrial Engineering

Borazon EQ, Huang Y-C, Liu J-M (2022) Green market
orientation and organizational performance in
Taiwan’s electric and electronic industry: the
mediating role of green supply chain management
capability. Journal of Business & Industrial
Marketing 37 (7):1475-1496. doi:10.1108/JBIM-07-
2020-0321

Borgonovi E, Compagni A (2013) Sustaining universal
health coverage: the interaction of social, political,
and economic sustainability. Value in health 16
(1):S34-S38

Cheng SY, Bamford D, Papalexi M, Dehe B (2015)
Improving access to health services—challenges in
Lean application. International Journal of Public
Sector Management 28 (2):121-135

Dieste M, Panizzolo R, Garza-Reyes JA (2021) A
systematic literature review regarding the influence
of lean manufacturing on firms’ financial
performance. Journal of Manufacturing Technology
Management 32 (9):101-121

Ebrahtmpour M, Schonberger R] (1984) The Japanese
just-in-time/total quality control production
system: potential for developing countries. The
International Journal of Production Research 22
(3):421-430

Fullerton RR, Kennedy FA, Widener SK (2014) Lean
manufacturing and firm performance: The
incremental contribution of lean management
accounting practices. J] Oper Manag 32 (7-8):414-
428

Garcia-Alcaraz J, Maldonado A, Alvarado Iniesta A,
Cortes Robles G, Alor Hernandez G (2014) A
systematic review/survey for JIT implementation:
Mexican maquiladoras as case study. Computers in

Industry 65 (4):761-773.
doi:https://doi.org/10.1016/j.compind.2014.02.013

Garcia JL, Rivera L, Blanco J, Jiménez E, Martinez E
(2014) Structural equations modelling for relational
analysis of jit performance in maquiladora sector.
International Journal of Production Research 52
(17):4931-4949.
d0i:10.1080/00207543.2014.885143

GRAVES RJ, KONOPKA JM, MILNE R]J (1995) Literature
review of material flow control mechanisms.
Production Planning & Control 6 (5):395-403

Hu LY, Huo YR, Jin CQ, Zheng Y, Zheng Q, Xu YY (2013)
One-piece flow implementation research in the
garment enterprises. Advanced Materials Research
655:2352-2357

Jagan Mohan Reddy K, Neelakanteswara Rao A, Lanka
K, Gopal PRC (2021) System dynamics modelling of
fixed and dynamic Kanban controlled production
systems: a supply chain perspective. Journal of

Diaz Rezaetal. 9

Modelling in Management. doi:10.1108/JM2-06-
2020-0168

Javadian Kootanaee A, Babu KN, Talari H (2013) Just-
in-time manufacturing system: from introduction
to implement. Available at SSRN 2253243

Kock N (2015) Common Method Bias in PLS-SEM: A

Full Collinearity Assessment Approach.
International Journal of e-Collaboration (IJeC) 11
(4):1-10.

doi:https://doi.org/10.4018/ijec.2015100101

Kock N (2019) Factor-based structural equation
modeling with WarpPLS. Australasian Marketing
Journal (AM]J). doi:10.1016/j.ausm;j.2018.12.002

Kock N (2021) WarpPLS User Manual: Version 7.0.
ScriptWarp Systems, Laredo, TX, USA

Kojima M, Ohno K, Nakashima K (1998) Performance
evaluation of a JIT production system. Advances in
Production Management Systems: Perspectives and
future challenges:315-326

Lage Junior M, Godinho Filho M (2010) Variations of
the kanban system: Literature review and
classification. International Journal of Production
Economics 125 (1):13-21.
doi:https://doi.org/10.1016/].ijpe.2010.01.009

Lerche J, Enevoldsen P, Seppanen O (2022) Application
of Takt and Kanban to Modular Wind Turbine
Construction. Journal of Construction Engineering
and Management 148 (2):05021015.
doi:doi:10.1061/(ASCE)C0.1943-7862.0002245

Li J-W, Barnes DJ (2000) Investigating the factors
influencing the shop performance in a job shop

environment with kanban-based production
control. International Journal of Production
Research 38 (18):4683-4699.

d0i:10.1080/00207540050205587
Liker JK (2004), vol 1. McGraw-Hill,

Maclel-Monteon M, Limon-Romero J, Gastelum-
Acosta C, Tlapa D, Baez-Lopez Y, Solano-Lamphar
HA (2020) Measuring Critical Success Factors for
Six Sigma in Higher Education Institutions:
Development and Validation of a Surveying
Instrument. IEEE Access 8:1813-1823.
d0i:10.1109/ACCESS.2019.2962521

Mackelprang AW, Nair A (2010) Relationship between
just-in-time  manufacturing practices and
performance: A meta-analytic investigation.
Journal of Operations Management 28 (4):283-302.
doi:https://doi.org/10.1016/j.jom.2009.10.002

Mani M, Madan J, Lee JH, Lyons KW, Gupta S (2014)
Sustainability characterisation for manufacturing
processes. International journal of production
research 52 (20):5895-5912

Matsui Y (2007) An empirical analysis of just-in-time
production in Japanese manufacturing companies.


https://doi.org/10.1016/j.compind.2014.02.013
https://doi.org/10.4018/ijec.2015100101
https://doi.org/10.1016/j.ijpe.2010.01.009
https://doi.org/10.1016/j.jom.2009.10.002

10 | 36™ European Modeling & Simulation Symposium, EMSS 2024

Int J Prod Econ 108 (1-2):153-164

McLean J, Canham R (2018) Managing the electronic
resources lifecycle with kanban. Open Information
Science 2 (1):34-43

Mojarro-Magafia M, Olguin-Tiznado JE, Garcia-
Alcaraz JL, Camargo-Wilson C, Lopez-Barreras JA,
Pérez-Lopez RJ (2018) Impact of the Planning from
the Kanban System on the Company’s Operating
Benefits. Sustainability 10 (7):2506

Monden Y (2011) Toyota production system: an
integrated approach to just-in-time. CRc Press,

Movsisyan M, Delbeke E, Berton J, Battilocchio C, Ley S,
Stevens C (2016) Taming hazardous chemistry by
continuous flow technology. Chemical Society
Reviews 45 (18):4892-4928

Mukhopadhyay S, Shanker S (2005) Kanban
implementation at a tyre manufacturing plant: a
case study. Production Planning & Control 16
(5):488-499

Ned K (2010) Using WarpPLS in E-collaboration
Studies: An Overview of Five Main Analysis Steps.
International Journal of e-Collaboration (IJeC) 6
(4):1-11. doi:https://doi.org/10.4018/jec.2010100101

Ohno T (2019) Toyota production system: beyond
large-scale production. Productivity press,

Perez F, Torres F (2019) An integrated production-
inventory model for deteriorating items to evaluate
JIT purchasing alliances. International Journal of
Industrial Engineering Computations 10 (1):51-66

Phumchusri N, Panyavai T (2015) Electronic kanban
system for rubber seals production. Engineering
Journal 19 (1):37-49

Pradeep A, Balaji K (2022) Reduction of lead time in an
automobile rubber components manufacturing
process through value stream mapping.
Proceedings of the Institution of Mechanical
Engineers, Part E: Journal of Process Mechanical
Engineering 236 (6):2470-2479

Rahman S, Laosirihongthong T, Sohal AS (2010) Impact
of lean strategy on operational performance: a study
of Thai manufacturing companies. Journal of
Manufacturing Technology Management 21
(7):839-852. doi:10.1108/17410381011077946

Raji¢ MN, Maksimovi¢ RM, Milosavljevi¢ P, Pavlovi¢ D
(2020) Energy Management System Application for
Sustainable Development in Wood Industry
Enterprises. Sustainability 12 (1):76

Rezaee Z (2018) Supply chain management and
business sustainability synergy: A theoretical and
integrated perspective. Sustainability 10 (1):275

Sakakibara S, Flynn BB, Schroeder RG (1993) A
framework and measurement instrument for just-
in-time manufacturing. Production and Operations
Management 2 (3):177-194. doi:10.1111/j.1937-

5956.1993.tb00097.X

Senapathi M, Drury-Grogan ML (2021) Systems
Thinking Approach to Implementing Kanban: A case
study. Journal of Software: Evolution and Process 33
(4):e2322. doi:https://doi.org/10.1002/smr.2322

Sharma D (2021) Strategies for assessment and
implementation of sustainable manufacturing.
Journal of Engg Research ICARI Special Issue pp
184:193

Takahashi K, Nakamura N, Izumi M (1997) Concurrent
ordering in JIT production systems. International
Journal of Operations & Production Management 17
(3):267-290. d0i:10.1108/01443579710159905

Tang S, Ng T, Chong W, Chen K Case study on lean
manufacturing system implementation in batch
printing industry Malaysia. In: MATEC Web of
Conferences, 2016. EDP Sciences, p 05002

Wakode RB, Raut LP, Talmale P (2015) Overview on
kanban methodology and its implementation.
IJSRD-International Journal for Scientific Research
& Development 3 (02):2321-0613

Wang D-s, Li A-z A Case Study on One-Piece-Flow
Production Mode Designing. In: Qi E, Shen J, Dou R
(eds) International Asia Conference on Industrial
Engineering and Management Innovation
(IEMI2012) Proceedings, Berlin, Heidelberg, 2013//
2013. Springer Berlin Heidelberg, pp 373-380

Wanstrém C, Medbo L (2009) The impact of materials
feeding design on assembly process performance.
Journal of Manufacturing Technology Management
20 (1):30-51. d0i:10.1108/17410380910925398

Ward PT, Zhou H (2006) Impact of Information
Technology Integration and Lean/Just-In-Time
Practices on Lead-Time Performance*. Decision
Sciences 37 (2):177-203. do0i:10.1111/j.1540-
5915.2006.00121.X

Yurdakul M, i¢ YT, Gulsen M A Kanban Implementation
Study in a Production Line. In, Cham, 2020.
Advances in Manufacturing, Production
Management and Process Control. Springer
International Publishing, pp 228-234

Zhou G, Hu W, Huang W (2016) Are consumers willing
to pay more for sustainable products? A study of
eco-labeled tuna steak. Sustainability 8 (5):494


https://doi.org/10.4018/jec.2010100101
https://doi.org/10.1002/smr.2322

