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ABSTRACT

Lean manufacturing (LM) is a management system focused on eliminating waste and activities that do not add
value, with the aim of reducing costs and improving the quality and productivity of organizations. LM has been adopted
in diverse industries and several countries due to its advantages in cost, flexibility and rapid response (Muslimen et al.,
2013). The objective of this investigation is to analyze the implementation level to the Lean System via the SAE J4000
(SAE 1999a) standard carried out among companies of the State of Mexico automotive industry. In addition, this investi-
gation shows the inferential and descriptive statistics data analysis of Mexican companies compared to the automotive
industries in Spain and Brazil. Results show that the implementation level of the automotive industry is at 48.4% in the
State of Mexico according to the SAE J4000 standard. Moreover, the involvement of suppliers and the use of lean tools
in processes are higher in the State of Mexico compared to automotive industries in Spain and Brazil. However, previous
studies ranked the State of Mexico at a lower level of LM in contrast with Spain and Brazil production lines.

Keywords: Lean Manufacturing Implementation; SAE J4000; Automotive Industry; Automaker-Supplier-Customer Rela-
tionship; Lean Implementation; Automotive Comparison.
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1. INTRODUCTION

The Toyota Production System (TPS) is a rational manufac-
turing method that seeks to eliminate waste, with the aim
of increasing productivity and quality in organizations (Mon-
den, 1983). This system originated from Toyota’s efforts to
compete with the advanced nations of the West automotive
industry after the end of World War Il. In 1950 the General
Director, Eiji Toyoda, was convinced that he had to introduce
the mass production systems of Ford plants. Nevertheless,
he realized that implementing Ford’s mass production sys-
tem would be very difficult for Japan’s economic reality at
that time, because this production system operated with a
lot of muda (waste), from staff, space, time used, raw ma-
terials, over-processing and inventories (Vilana Arto, 2011).

As copying Ford’s mass production system was not pos-
sible, Toyota had to think of another way to do it. For this
reason and based on several fundamental principles, Taiichi
Ohno has implemented a series of groups in order to find
the best way to perform operations with their new way of
visualizing the production system. These types of groups
were the precursors of quality circles and Kaizen equipment
(continuous improvement). These are an organizational el-
ement in which the participation of the employees allows
contributing to the development of the company. On the
other hand, Taiichi Ohno focuses on small batch production,
developing a new system that coordinated the flow of parts
and materials where each part or material could only be pro-
duced if the next production step demanded the part. This
system is known as the Pull System. The key instrument de-
veloped by Ohno was the Kanban (information card), which
represented the link of the entire new production system
(Hosseini et al., 2015) (Ohno, 1988).

The main objective of TPS is to increase the production
efficiency consistently and completely, eliminating waste
(Shingo, 1989). According to Taiichi Ohno, all waste occurs
when an attempt to produce the same products in large ho-
mogeneous quantities is made. For the Toyota Production
System, the waste can be divided into seven types (Hosseini
et al., 2015): transportation, inventories, movements, wait-
ing, overproduction, overprocessing and defects. As a result,
this increases the costs of the organization and supports the
idea that it is cheaper to make one article at a time.

Gradually TPS became a great instrument of production
and management, combining the advantages of small pro-
duction batches, produce-to-order, continuous improve-
ment of processes, quality, economies of scale in manu-
facturing and purchasing, generating a great dynamics of
learning and growth (Vilana Arto, 2011).

TPS concept was first introduced to the western world
in 1990, with the name of Lean Manufacturing (LM), after

the publication of the book “The machine that changed the
world” (Roos et al., 1990). Published by MIT teachers during
the 1980’s, there was a great deal of interest in this system’s
implementation across US companies, because of the signif-
icant growth of Japanese vehicles imports and the oil crisis
of 1973 (Holweg, 2006).

Some researchers claim that, if organizations ignore LM
strategies, they will not be able to compete with leading
companies because of the high-quality requirements, low
costs and short lead times that customers demand (Holweg,
2006). Currently, in Mexico, the TPS tools are mainly imple-
mented by companies that manufacture products solely for
US exports (Srinivasaraghavan et Allada, 2006), and not only
automotive industry related, but also from different produc-
tive sectors.

The aim of the present investigation is to analyze the Lean
System implementation level, according to the SAE J4000
standard (SAE 1999a) in the State of Mexico automotive in-
dustry companies. Data collection is carried out, organized,
and analyzed to study the Mexican automotive industry.
Comparisons are made with the Spanish and Brazilian au-
tomotive industries, using data from a previous investiga-
tion (Araujo et al. 2012). A comparison is made with similar
annual production ranking such as Spain and Brazil — rank
eighth and ninth respectively — to Mexico — rank seventh (Ex-
pansién, 2016).

Literature review

The Lean System focuses primarily on eliminating waste,
improving system capacity, standardizing work, eliminating
bottlenecks, and improving communications. All this with
the aim of manufacturing products of the highest quality,
fastest delivery, and lowest cost (Hosseini et al., 2015). It
was called “Lean” because its system uses less of everything
compared to mass production: half of the workforce in the
factories, half the space for manufacturing, half the invest-
ment in tools and half the hours of engineering to develop a
new product. In the same way, Lean Manufacturing System
requires less plant and less inventory, thus allowing fewer
defects and the production of a greater variety of products
in small lots (The LeanMan, 2016).

Womack et Jones (1996) describe lean thinking as the
pursuit of perfection and an antidote to Muda, that is, a
systematic proposal for the search of activities that add
value to the product by eliminating waste in all aspects of
the organization’s processes. In the same way, it propos-
es to differentiate the system from mass production and
highlights the importance of people as a key piece of the
model.



The fundamental idea of LM is to maintain the contin-
uous flow of products in the factories, so that the orga-
nization can adapt flexibly to the changes of the demand.
As a result, this system naturally reduces staff and stock
surpluses, increasing productivity and reducing costs
(Monden, 1983). By implementing the concepts of Just in
Time and Jidoka, a continuous production flow is achieved,
adapted to the variations in demand. Both concepts are
the basic pillars of TPS. “Just in Time” (JIT), which means to
produce only the necessary items, when they are needed
and in the necessary quantity. For its part, “Jidoka” means
automation with a human touch (Ohno, 1988). This should
be interpreted as defect self-control and it supports the
concept of production in a timely manner, by preventing
the entry of defective units into the flow that would disrupt
the following process (Monden, 1983).

Some analysts (Srinivasaraghavan et Allada, 2006) even
pointed out that, if an organization ignores the LM strat-
egy, the company would not stand a chance against the
current leading companies due to the high requirements
demanded by customers.

LM implementation has also shown to improve quality
and productivity in the automotive industry (Muslimen et
al., 2013); therefore, several methodologies have been de-
veloped to analyze it. Researchers can determine the im-
plementation level and carry out classifications by taking
into account specific criteria. For example, Panizzolo (1998)
able to accurately define and operationalize the lean pro-
duction concept, was developed in order to carry out this
empirical study. The model represents a conceptualization
of lean production as consisting of a number of improve-
ment programmes or best practices characterizing different
areas of the company (i.e. process and equipment, manu-
facturing planning and control, human resources, product
design, supplier relationships, customer relationships clas-
sified Italian companies into three categories: flexible, net-
work and customer-driven enterprises. Nordin et al. (2010)
divided the Lean System into five categories (Process and
Equipment, Manufacturing Planning and Control, Human
Resources, Supplier relationship, Customer Relationship)
and classified the Malaysian automotive companies into
three types: non-lean, in-transition, and lean firms.

On the other hand, other researchers focused to deter-
mine the main factors that influenced the successful im-
plementation and the factors that prevented the adoption
of The Lean System. Achanga et al. (2006) identified critical
factors in implementing LM: leadership and management,
finance, skills and expertise, and supportive organizational
culture of the organization. However, Nordin et al. (2010)
state the factors that drive LM implementation focus to
customers’ satisfaction, in order to achieve continuous
improvement within the organization. He also states that
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the main barriers that prevent LM implementation are lean
concepts, such as lack of understanding and shop floor em-
ployees’ attitude.

The Lean System implementation level in Mexican Au-
tomotive companies is rising; however, the level of imple-
mentation has not been measured; therefore the authors
want to compare the LM implementation level of the
Mexican state automotive industry — 3,465,615 vehicles
produced in 2016 (AMIA, 2017) — with Spain, since it is
the second largest vehicle manufacturer in Europe — with
2,885.907 units (ANFAC, 2017) — and Brazil - 1,016,680
vehicles (OICA, 2017) — being the second largest in Latin
America.

2. SAE J4000

The Society for Automotive Engineers (SAE) approved
the Lean System best practices specifications, the J4000
standard (SAE 1999a) in 1999. The standard includes ele-
ments (Process and Equipment, Manufacturing Planning
and Control, Human Resources, Product Design, Supplier
Relationships, Customer Relationships) identified in a study
carried out by Panizzolo (Bergmiller et McCright, 2009). A
previous standard study also included the development of
a survey that allows determining the critical factors that
impact LM implementation in the organizations (Panizzo-
lo, 1998)able to accurately define and operationalize the
lean production concept, was developed in order to carry
out this empirical study. The model represents a concep-
tualization of lean production as consisting of a number
of improvement programmes or best practices charac-
terizing different areas of the company (i.e. process and
equipment, manufacturing planning and control, human
resources, product design, supplier relationships, custom-
er relationships.

The standard mentioned lists the criteria through which
LM can be reached. The main portion of the standard is
made up of 52 components, divided into 6 elements. They
are: Management/Trust (element 1), People (element 2),
Information (element 3), Supplier/Organization/Customer
Chain (element 4), Product (element 5), and Process/Flow
(element 6). Each element possesses a weight in the im-
plementation (estimated by the relative importance they
have for the Lean Production System), as established by
the standard SAE J4000.

This standard was complemented by SAE J4001 (SAE
1999b), which provides the necessary instructions to carry
out the evaluation suggested by SAE J4000 standard and
related percentages for each element, in order to obtain
the overall rating using a weighted average. These percent-
ages are shown in Table 1.
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Table 1. Percentages assigned to each element

Element Percentage

1 Management/Trust 25%
2 People 25%
3 Information
4 Supplier/Organization/Customer Chain 25%

PP & (Combined)
5 Product
6 Process/Flow 25%

Design of research and methodology

This effort seeks to determine the Lean System imple-
mentation level in the State of Mexico automotive industry
and how the existing knowledge can be expanded in LM (ex-
ploratory research).

A field of research that analyzed each company, using a
survey as measurement instrument proposed by SAE J4000,
was utilized. Interviews with managers were corroborated
with field information to validate the information provided.
This process allowed collecting and selecting the required
information to measure the LM implementation level of
each specific element for each company in the sample.

Moreover, the Cronbach’s Alpha reliability test was used to
measure the stability and consistency of the research instru-
ment. Several researchers (Sekaran et Bougie, 2010; Nordin
et al., 2010; Eswaramoorthi et al., 2011) agreed that 0.7 is a
lower limit value for Cronbach’s alpha. However, this value
may be used as low as 0.6 for exploratory research (Panizzo-
lo, 1998)able to accurately define and operationalize the lean
production concept, was developed in order to carry out this
empirical study. The model represents a conceptualization of
lean production as consisting of a number of improvement
programmes or best practices characterizing different areas
of the company (i.e. process and equipment, manufacturing
planning and control, human resources, product design, sup-
plier relationships, customer relationships.

The formula used to calculate the Cronbach’s Alpha is
shown below:

(1)

k ] W
= —— |1 ——
k-1 test
k = Refers to the number of scale items.
Vi = Refers to the variance associated with item i.

Vtest = Refers to the variance associated with the observed
total scores.

The Cronbach’s alpha calculation was performed for each
of the elements of the standard and for the overall result.
The results can be seen in Table 2. All the results proved

to be highly consistent, and therefore reliable with a Cron-
bach’s alpha greater than 0.7.

Table 2. Reliability Test Results

Description Alpha value
Element 1 0.97
Element 2 0.90
Element 3,4 and 5 0.89
Element 6 0.72
Total 0.97

3. DISCUSSION OF RESULTS

Statistical analysis of the data includes descriptive and
inferential statistics. The level of adherence of LM was cal-
culated individually for each company and generally for all
companies obtaining the detailed level of implementation.
All of the above was done by taking into account the weight-
ed average indicated in the SAE J4000 standard. The results
are divided in two sections: the first one focuses on the anal-
ysis of the implementation level to the Lean Production Sys-
tem in Mexico State; The second comprises a comparison
between Mexico, Brazil, and Spain, with the corresponding
statistical inferential analysis.

Evaluation on the Lean Production System
implementation level

The analysis of the implementation level was performed
for each company in the sample. The current level of each
element and an overall score for each company are shown
in Table 3.

Table 3. Results obtained for each company

Ele- Compa- Compa- Compa- Compa- Compa-
ment ny A ny B ny C ny D ny E

1 71.79% 7.69% 61.54% 7.69% 66.67%

2 72.22%  50.00% 55.56% 27.78% 75.00%

3 75.00% 33.33% 100.00% 41.67% 100.00%

4 75.00% 66.67% 66.67% 58.33%  66.67%

5 83.33% 22.22% 66.67% 33.33%  66.67%

6 38.46% 23.08% 48.72% 17.95% 25.64%

Total 65.06% 30.38% 60.90% 24.47% 61.27%

As shown below, a radar chart was made with the in-
formation of Table 3, allowing visualizing the best and the
worst result obtained for each element of the sample in the
Figure 1.
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Figure 1. State of Mexico Implementation level to the Lean
Production System

Companies with higher implementation level obtained
scores for elements 1 (Management/Trust) and 2 (People) as
best overall ratings. This could indicate that the involvement
of LM techniques in strategic planning, the commitment of
the managers, the inclusion of Lean principles in the organi-
zational objectives and in the Human Resources policies are
essential in the organization to successfully implement the
Lean System in the whole organization.

Additionally, the State of Mexico average implementa-
tion level for each element and a total score was deter-
mined, as shown in Table 4. This information shows that
the data has a high standard deviation resulting from the
large confidence intervals. Thus, these results exhibit that
the State of Mexico Lean System implementation level is
48.42%. However, the confidence interval obtained indi-
cates with an 80% confidence that this level is between
35.15% and 61.68%. This range can be reduced by adding
more observations to this research.
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Comparison of Results between the State of Mexico,
Brazil and Spain
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Based on the information gathered through the meth-
odology mentioned above, the information for the State
of Mexico is compared with the data from Spain and Brazil,
according to Araujo et al. 2012. The data was incorporated
through the SAE J400 standard and it is shown in Table 5.

Likewise, hypothesis tests were performed in Table 6 and
Table 7 to compare the average of The State of Mexico with
Brazil and the average of The State of Mexico with Spain re-
spectively.

In order to develop the hypothesis tests of all the ele-
ments, except for the fourth (supplier / organization / cus-
tomer), the test statistic and the critical value correspond to
the mean difference of two random samples of size n1 and
n2, respectively. This information was taken from two nor-
mal and independent populations with unknown but equal
variances, using formulas 2, 3, 4 and 7.

Only for element four, which evaluates the relationship
of the organization with its customers and suppliers, the sta-
tistical test and the critical value correspond to the mean
difference of two random samples of size n1 and n2, respec-
tively. This data was calculated from two normal and inde-
pendent populations with unknown but different variances
by using formulas 5, 6 and 7.

b Teet X+ %) -d,
=t—Test = ————

Pyny o ong
o SE0u =D 4530 = 1) 5
P n, +n, —2 (3)
Degrees of freedom =v =n, + 1, — 2 (4)

Table 4. Results obtained for The State of Mexico

=5 Element 1 Element 2 Element 3 Element 4 Element 5 Element 6 Total
Mean 0.4308 0.5611 0.7000 0.6667 0.5444 0.3077 0.4842
Standard deviation 0.3250 0.1908 0.3151 0.0589 0.2558 0.1256 0.1935
C.l Inferior Limit 0.2079 0.4303 0.4839 0.6263 0.3691 0.2216 0.3515
80% Superior Limit 0.6536 0.692 0.9161 0.7071 0.7198 0.3938 0.6168
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Table 5. Confidence intervals for Brazilian, Mexican and Spanish companies’ implementation level

Spain Brazil State of Mexico
Element
n=7 n=6 n=5
il 0.5824 0.5085 0.4308
Management/Trust o} 0.2494 0.2446 0.3250
C.l. 80% 0.4467-0.7181 0.3611 - 0.6559 0.2079 - 0.2229
W 0.6270 0.5000 0.5611
People o 0.2096 0.3068 0.1908
C.l. 80% 0.5129-0.7411 0.4421 - 0.8119 0.4303 - 0.1309
] 0.6310 0.5278 0.7000
Information o 0.1791 0.2396 0.3151
C.l. 80% 0.5335-0.7285 0.4866 - 0.7754 0.4839-0.2161
K 0.5119 0.4722 0.6667
Supplier/Organization/Customer Chain o 0.3021 0.0592 0.0589
C.l. 80% 0.3475-0.6763 0.4762 - 0.5476 0.6263 - 0.0404
K 0.6190 0.5185 0.5444
Product o 0.1936 0.2781 0.2558
C.l. 80% 0.5136-0.7244 0.4514 - 0.7866 0.3691-0.1754
] 0.6886 0.5385 0.3077
Process/Flow o 0.1773 0.2427 0.1256
C.l. 80% 0.5921-0.7851 0.5424 - 0.8348 0.2216 - 0.0861
] 0.6218 0.5139 0.4842
Total o 0.2016 0.2415 0.1935
C.l. 80% 0.5121-0.7315 0.4763 -0.7673 0.3515-0.1327
. X +xX)-d element is greater in the State of Mexico than in Brazil. This
t=t—Test = el result may be due to Mexico having automakers since 1962
|_L ey (5) (Holweg, 2006). Brazil started its production significantly af-
y M ter 1990, when a “New Automotive Regime” law was intro-
duced (Vanalle et Salles, 2012). Another reason may be due
to the present political circumstances in Brazil.
-2
n, +o The importance of the above is that automakers make an
Degrees of freedom =v = Pk 2y 7 (6) effort to develop successful relationships with their suppli-
(HL) (H:J ers. They achieve these successful relationships by sharing
Tn, L_ iy + . — 1 their best practices and information, contributing to improv-
- ing their technical skills and plant capacity. Through this,
they target the acceleration of new products development
One — sided critical value =t 2V and the promotion of JIT delivery (Vanalle et Salles, 2012).
X, = Corresponds to the mean of the sample 1 Therefore, Mexico has almost 30 years of advantage, com-
X, = Corresponds to the mean of the sample 2 pared to Brazil.
5% = Corresponds to the variance of the sample 1

. (7)

; = Corresponds to the variance of the sample 2
n, = Corresponds to the size of the sample 1
dy = X — X

a = Corresponds to the significance

As shown in Table 6, the null hypothesis, which evaluates
that the mean of the State of Mexico and Brazil is equal for
element 4, is rejected with 95% confidence. This means that
it can be confirm that the degree of implementation of this

In the same way, the results observed in Table 6 and Table
7 allow the rejection of the element 6, equality of means
null hypothesis, with a 95% confidence. Then, it can be con-
cluded that The State of Mexico shows a lower level of im-
plementation to the elements related to LM techniques in
the production lines, compared to Spain and Brazil. This re-
sult was not expected because North America was the first
regional group to establish vehicle assembly plants that im-
plemented LM techniques (Holweg, 2006). For this reason,
this unexpected result could be the answer to the fact that
data from Spain and Brazil was collected through surveys
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Table 6. Hypothesis test for mean values of the implementation levels between Brazil and The State of Mexico

Sampling average One-sided
Ele- L g - t-Test .
. State of Mexico L. critical p-value Ho H1 Result for Ho
ment Brazil n=6 statistics
n=5 value
1 0.5085 0.4308 0.4533 1.8331 0.3305 W= p2 W > P2 Do not Reject
2 0.5000 0.5611 0.3857 1.8331 0.3544 W = g2 Wi < P2 Do not Reject
3 0.5278 0.7000 1.0313 1.8331 0.1646 W= g2 W < 2 Do not Reject
4 0.4722 0.6667 5.4390 1.8595 0.0003 = P2 W < 12 Reject
5 0.5185 0.5444 0.1596 1.8331 0.4384 W = p2 W < 2 Do not Reject
6 0.5385 0.3077 1.9121 1.8331 0.0441 W = P2 W > p2 Reject
Total 0.5139 0.4842 0.2218 1.8331 0.4147 W= p2 W > p2 Do not Reject

sent by mail and there was not on-site verification of the
information provided (Araujo et al., 2012).

4. CONCLUSIONS

The State of Mexico implementation level is 48.42%;
however, this response presented a wide confidence in-
terval ranging from 35.15% to 61.68%. This ranging can be
reduced by adding more observations to the research, as
mentioned previously.

Based on the hypothesis tests carried out, the element 4
degree of implementation is greater in the State of Mexico
compared to Brazil. This may be due to Mexico possessing au-
tomakers since 1960, almost a 30-year difference compared to
Brazil. Consequently, the State of Mexico automotive industry
has developed successful relationships with its suppliers for
longer periods of time. This is one of the most important re-
quirements of automakers with their suppliers and a reason
to invest in their development and continuous improvement.

Statistical results show that the State of Mexico presents a
lower level of LM techniques implementation in the produc-
tion lines, compared to Spain and Brazil. However, this result
was not expected, given that Mexico is part of the first region-
al group to establish vehicle assembly plants that implement-
ed LM techniques. Future research is suggested in this ele-

ment, since the data was only collected in the State of Mexico.
Further verification of information collected from Spain and
Brazil is recommended since it was not face-to-face.

The State of Mexico has shown a significant difference in
the elements 4 and 6; however, for the others (1, 2, 3, and
5), the confidence level has remained the same, with 95%.
Despite these results, the total adherence level for the State
of Mexico, Spain, and Brazil is about the same.

Finally, other researchers use their own evaluations dif-
ferent from the SAE J4000 standard; thus, it is complicat-
ed to compare their results with the data presented in this
study to establish the LM adherence level.
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1 0.5824 0.4308 0.9180 1.8125 0.1901 pw=p2 w>p2 Do not Reject
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