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Abstract: The Statistical Process Control - SPC is a set of statistical techniques
focused on process control, monitoring and analyzing variation causes in the quality
characteristics and/or in the parameters used to control and process improvements.
Implementing SPC in organizations is a complex task. The reasons for its failure are
related to organizational or social factors such as lack of top management commitment
and little understanding about its potential benefits. Other aspects concern technical
factors such as lack of training on and understanding about the statistical techniques.
The main aim of the present article is to understand the interrelations between
conditioning factors associated with top management commitment (Support), SPC
Training and Application, as well as to understand the relationships between these
factors and the benefits associated with the implementation of the program. The Partial
Least Squares Structural Equation Modeling (PLS-SEM) was used in the analysis since
the main goal is to establish the causal relations. A cross-section survey was used as
research method to collect information of samples from Brazilian auto-parts companies,
which were selected according to guides from the auto-parts industry associations. A
total of 170 companies were contacted by e-mail and by phone in order to be invited
to participate in the survey. However, just 93 industries agreed on participating, and
only 43 answered the questionnaire. The results showed that the senior management
support considerably affects the way companies develop their training programs. In turn,
these trainings affect the way companies apply the techniques. Thus, it will reflect on the
benefits gotten from implementing the program. It was observed that the managerial
and technical aspects are closely connected to each other and that they are represented by
the ratio between top management and training support. The technical aspects observed

through SPC application directly affect the benefits from the program.
Keywords : Quality control, Quality improvement, SPC, Structural Equations Model.

1 Introduction

The Statistical Process Control - SPC is a set of statistical techniques
focused on process control, monitoring and analyzing the variation causes
in the quality characteristics and/or in the process parameters. Several
authors see SPC not only as a collection of techniques, but also as a
conceptable to define the criteria to interpret variabilities and their causes
(Antony & Taner, 2003; Burr, 1976; Caulcutt, 1996; Hayes & Romig,
1977; Oakland, 2008; Woodall, 2000).
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The use of SPC, specifically of the control chart, is based on statistical
methods. It aims at stabilizing the process by identifying and acting on
the two types of variation causes. Special causes are few, but identifiable
and they have strong effect on variability and product quality. There are
many common causes, but they have little effect on process variability
(Montgomery, 2010; Montgomery, 2014; Oakland, 2008; Woodall &
Montgomery, 1999).

The SPC is a widespread technique, mainly in the automobile sector,
which uses it as control and process improvement tool (Montgomery,
2010; Woodall & Montgomery, 1999; Woodall, 2000). Its use has
expanded in the automotive sector in the XXI century due to the
diffusion of many improvement programs such as Six Sigma, TPM (Total
Productive Maintenance) and TQM (Total Quality Management).
These programs have incorporated the monitoring and statistical control
process philosophy to their principles. However, it is still difficult
to implement, do the maintenance and keep SPC running in the
organizations (Antony et al., 2000; Does et al., 1997; Elg et al., 2008;
Montgomery, 2010).

Two main action types should be developed in order to apply SPC:
the local action, which is conducted by line operators who must monitor
the process and restore the status quo; and the systemic action, which
is conducted by the top management. The systemic action requires
investments and efforts to change the system maintenance culture, but
such change enables mid- and long-term impact on the results (Elg et al,,
2008; Mason & Antony, 2000). Therefore, it is reasonable inferring that
the SPC implementation involves actions in the strategic, tactical and
operational levels (Hoerl & Snee, 2010).

Implementing SPC in organizations is a complex task. The main
reasons for its failure are related to organizational, managerial, cultural
and social factors, such as lack of top management commitment and
support. Other reasons are associated with technical factors such as
lack of training in statistical techniques and in their inappropriate
application, as well as little understanding about the control chart and the
statistical tools (Antony et al., 2000; Does et al., 1997; Judi et al., 2009;
Mason & Antony, 2000). More research on the herein discussed topic
is necessary due to the importance of factors successfully affecting SPC
implementation and to the lack of studies about the influence of these
factors on its implementation in the Brazilian industries of the auto-parts
sector.

The aim of the present paper is to identify the Critical Success Factors
(CSF) through a Systematic Literature Review (SLR) in order to set a
successful SPC and to prepare a field survey instrument able to capture the
perceptions of SPC users from the Brazilian auto-parts industries about
these factors and about the results associated with the program. Antony
et al. (2000) have defined the CSF as the essential points to be achieved
or the main areas responsible for producing competitive advantages. The
CSF listed in the present article are: actions, tactics, methods, tools and
techniques that contribute to SPC success.
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The main aim of the current study is to understand the interrelations
between conditioning factors associated with top management
commitment (Support), SPC and statistical tools (Training) knowledge,
and with SPC use (Application), as well as the factors associated with
the relationships between these factors and the benefits coming from
the implementation of the program. The Partial Least Squares Structural
Equation Modeling (PLS-SEM) was used in the analysis, since the goal is
to set the causal relationships.

The present paper was divided in six sections. The introduction
presents the subject and the research problems. It is followed by the
second section, which shows a literature review on CSF for SPC
implementation. The third section presents the research method, and
section four analyzes the results and discusses the main findings. The fifth
section presents the limitations of the present study. The article ends in
the conclusion.

2 Literature review
2.1 Identifying CSF for SPC implementation

There are complex and numerous factors affecting the SPC
implementation. These factors are prerequisites for the creation of an
environment favorable for the SPC use. The CSF conduction failure
may lead to issues associated with the implementation, maintenance and
continuity of the program (Antony et al., 2000; Lim et al., 2014; Rohani
et al., 2010; Woodall & Montgomery, 1999).

There are two important aspects associated with SPC implementation:
the managerial aspect, also called organizational; and the technical or
operational aspects (Does et al., 1997; Mason & Antony, 2000; Elg et al.,
2008; Putri & Yusof, 2008; Rohani et al., 2009; Rohani et al., 2010; Xie
& Goh, 1999). These two aspects of SPC implementation were taken into
consideration in the analysis conducted in the current study. The CSF can
be classified as a managerial or technical factor, and it enables analyzing
these two aspects.

The technical impairments prevent the application of statistical
concepts and tools. The greatest challenge is to eliminate the barriers
people face when they deal with such tools. This goal can be achieved
through continuous SPC training (Elg et al.,, 2008; Lim et al., 2014;
Mason & Antony, 2000). From an organizational viewpoint, it is quite
difficult to have the whole organization committed with the program,
but such commitment is accomplished through top management support
(Elgetal., 2008; Lim et al., 2014).

Many studies (Fryer et al, 2007; Lee, 2004; Marin-Garcia at
al, 2008) have focused on identifying CSF through Continuous
Improvement (CI) activities. The authors also emphasize the importance
of management aspects such as senior management support and
of technical aspects, such as training for CI implementation and
maintenance. Despite the fact that SPC is considered a CI form (Mason
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& Antony, 2000; Grigg & Walls, 2007b), few studies have analyzed the
CSF related to SPC use in Brazilian companies.

A Systematic Literature Review (SLR) was conducted to define the
procedures in order to impartially identify, analyze and interpret the
available evidences related to a particular topic, research question or
phenomenon of interest, which can be replicable and evidence-based
to create generalizations (Biolchini et al., 2007; Brereton et al., 2007;
Tranfield et al., 2003). The following search string was adopted to identify
critical factors in the literature: “statistical process control” or “SPC” or
“control chart”, and “critical success factors” or “success factors”.

The search string was applied to four relevant databases to the research:
Web of Science, Scopus, Engineering Village and Google Scholar. After
reading the titles and abstracts, 39 relevant articles were identified, and
another 10 papers found through cross-reference were added to the
corpus. At the end, there was information from 20 journal and conference
papers and 43 CSF. Compilations of the main factors and authors are
seen in Table 1. The most cited CSFs in the literature (80% of the 173
citations about CSF) are shown in Table 1.

Table 1
Key Critical Success Factors in SPC implementation.

Critical Success Factors 1 2 3 4 5 6 7 8 % 10 11 12 13 14 15 16 17 18 19 20
L Top_ mana!r;c'm_:nt TURpOTY x X x x X- X X x X X X X X X X X X X
commitment/actions
2. Training and education in SPC X X X X X X X x X X X X x x x x X X
3. Teamwork [ team SPC X x x x x x X x x X x x x %
4. Properly control chart construction

: : X x : - S 3 x X X X x x x
based on valid assumptions
5. Adequate measurement system X x X % 2 X X X x x x X X
6. ldentification and measurement of
g 5 i X x X X X x X x x X x x
critical quality characteristics
7. Cultural change x X X X X x X % X
8. Process definition and prientization X x ;O X x x x x
9. Use of the SPC software system X X X x X X x
10. Adoption of a pilet study X : S X x x X
11. Use of a 5PC facilitator X X X x x x
12. Empowerment x X x X X
13. Documentation and process
X x X x
knowledge updates
14. Properly interpreted and handled
X X X X X

control chart

After being identified, the CSFs (Table 1) were divided in
technical and managerial aspects for SPC implementation. The top
management support/commitment/actions (factor 1) were appointed
as managerial factor (Antony et al, 2000; Does et al., 1997; Elg et
al., 2008). Training and education in SPC (factor 2), properly control
chart construction based on valid assumptions (factor 4), adequate
measurement system (factor 5), identification and measurement of
critical quality characteristics (factor 6) and properly interpreted and
handled control chart (factor 14) were pointed out as CSFs related to
technical impairments (Antony et al., 2000; Does et al., 1997; Mason
& Antony, 2000). The other factors (3, 7, 8,9, 10, 11, 12 and 13) were
not taken into consideration in the present study, because they were
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less associated with the managerial and technical aspects. The selected
CSF were subdivided in the following constructs of the present research:
Support, Training and Application.

2.2 Formulating the research hypotheses

According to the literature, the construction of an environment focused
on an improvement culture is an important aspect for SPC deployment.
It is worth focusing on customer satisfaction, on mutual trust among
peers and on the improved visibility of problems within the scope of
organizations that understand SPC as a necessary technique to keep
stable processes (Grigg & Walls, 2007a). Top management support and
resources are the basic conditions to create an improvement culture
(Antony & Taner, 2003; Mahanti & Evans, 2012). Top management
commitment is one of the most important factors for a successful SPC
implementation (Mahanti & Evans, 2012; Rungasamy et al., 2002).

Senior executives should assist initiatives supporting time, financial
and human resources (Antony & Taner, 2003; Mahanti & Evans, 2012;
Mason & Antony, 2000). The senior management support and training
initiatives to generate and spread SPC knowledge are related to each
other. The SPC should start in the top management level and then
be spread to other organizational levels through trainings supported by
the senior management (Grigg & Walls, 2007a). Senior management is
responsible for making resources available for the training sessions, as
well as for encouraging employees to participate in them (Mahanti &
Evans, 2012; Phyanthamilkumaran & Fernando, 2008). Based on these
theoretical statements, the current paper aims to confirm the following
research hypothesis.

The resistance to SPC adoption at different organizational levels is one
of the main challenges faced throughout the implementation program.
One of the reasons for such resistance results from the lack of statistical
knowledge; however, this gap can be fulfilled with top management
support (Grigg & Walls, 2007b; Lim et al., 2014). However, it demands
time to employees to dedicate to SPC and to make the appropriate
decisions to apply the control charts; to observe the technical aspects, such
as the statistical assumptions used at the time to generate the chart; to
identify the critical characteristics during the application of the statistical
control charts; and to analyze and remove the special causes. Such time
demand requires top management support to be fulfilled (Lim & Antony,
2013; Mahanti & Evans, 2012; Sharma & Kharub, 2014). Therefore, the
present study aims at confirming the following research hypothesis:

The control chart application is based on proper statistical assumption
domains and on the correct selection of control charts (Antony & Taner,
2003; Rungasamy et al., 2002), which may enable process adjustments,
whenever necessary (Mason & Antony, 2000). The control charts
should be applied to the critical characteristics as functional and safety
features of products and processes (Antony & Taner, 2003). Training
is responsible for the possibility of properly applying the control charts
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and the statistical tools, and it regards the correct choice for charts and
critical characteristic (Mahanti & Evans, 2012; Phyanthamilkumaran
& Fernando, 2008; Rohani et al., 2010; Mahanti & Evans, 2012).
Knowledge is a conditioning factor for the appropriate choice for
control charts and for their application, which requires training and
education (Mahanti & Evans, 2012; Putri & Yusof, 2008). Based on
the aforementioned, the third research hypothesis to be confirmed was
formulated.

According to Yamamoto & Bellgran (2013), infrastructural
investments in the organization regard not only the physical assets, but
also organizational procedures and intangible assets such as knowledge,
skill, motivation and leadership. The SPC training should present
different control chart types and the situations that each chart should be
applied, as well as how to identify special causes, to collect and record
data in the control chart (Antony & Taner, 2003; Rohani et al., 2010);
the presence of these issues concern a quality training. Other important
issues associated with quality training are related when the acquired
knowledge about SPC is applied after the training session. and when
there is additional training in SPC application and tools (it features
new control chart techniques and recalls the fundamental concepts of
conducting the enforcement activities of control charts) (Mahanti &
Evans, 2012).

It is consensus among many authors that one of the benefits from SPC
is the process variation reduction to achieve the best quality performance
of processes/products (Antony etal., 2000; Antony & Taner, 2003; Grigg
& Walls, 2007a; Hoerl & Snee, 2010; Lim et al., 2014; Lim & Antony,
2013). However, such demands rapidly identify and act on the special
variation causes (Mason & Antony, 2000).

There is the paradigm that using control charts allows process behavior
prediction since there is knowledge accumulation and the systematic
use of statistical methods to reduce future uncertainties able to cause a
paralyzing behavior with time (Lim & Antony, 2013). Other benefits
reported in the literature are: significant reduction in the time spent
to solve quality issues aiming at reducing scrap, rework and inspection
(Antony etal., 2000; Lim & Antony, 2013; Mason & Antony, 2000); fact
that leads to cost reduction (Grigg & Walls, 2007a, b; Mason & Antony,
2000).

The identification of critical quality characteristics of control chart
applications (Rungasamy et al., 2002; Antony & Taner, 2003), of
proper charts interpretation and of taking the necessary actions when
special variation causes are presented are important factors for SPC
implementation and for its results (Mason & Antony, 2000). More
statistical issues such as sampling frequency, sub-group size and limit
calculations are essential for making the correct interpretations and
for the routing actions (Antony & Taner, 2003). According to the
literature and from a technical perspective, the choice and correct use of
control charts are important factors for achieving positive results from
the SPC use in the organizations (Antony et al., 2000; Mahanti & Evans,
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2012). The effective application of control charts is directly related to
the benefits generated by the SPC program (Mahanti & Evans, 2012;
Phyanthamilkumaran & Fernando, 2008; Putri & Yusof, 2008; Rohani
et al,, 2010). Thus, the fourth hypothesis was established according to
SPC application concepts.

A model was established to analyze the relationships between CSF
and the benefits generated by the program (Figure 1). The aim is
to analyze whether there are positive relationships between the three
independent constructs (Support, Training and Application) and the
dependent construct (Benefits), as well as to analyze the relationships
between the independent constructs, which derive from the existing
interaction between the Support and Training, Support and Application
and Training and Application.

Training

Benefits

Figure 1
Research model.

2.3 Identifying the research variables

The managerial and technical aspects are of great importance to SPC
implementation. A SLR about CSF was conducted to identify the
important factors related to these aspects. These CSFs were divided in
three constructs. One of these constructs was directly related to the
managerial aspect (Support). Because there was a large number of CSFs
related to the technical aspect, it was split in two constructs, namely:
Training and Application.

The variables of each construct are shown in Table 2. These variables
derive from CSF-associated concepts and are divided according to the
model of the constructs: Support (managerial aspect), Training and

Application (technical aspect), Benefits (results). The CSFs for SPC in
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the present study are shown in Table 1; just the CSF associated with the
technical and managerial aspects were herein taken into account. Thus,
the following factors were included in the study: i) top management
support/commitment/action (Factor 1 in Table 1 — Support construct) ;
ii) SPC training and education (Factor 2 — Training construct); iii)
properly control chart construction based on valid assumptions (Factor
4 — Application construct); iv) adequate measurement system (Factor 5
— Application construct); v) identification and measurement of critical
quality characteristics (Factor 6 - Application construct); and vi)
properly interpreted and handled control chart (Factor 14 — Application
construct). The other factors shown in Table 1 were not included in the
current survey because they were less representative of the aspects chosen
for the present article.
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Table 2

Constructs and variables.

Constructs Variahles Concepts Authors’ Concept
Anteny ct al. (2000), Grigg & Walls {2007a),
VCA1 - Top management Top management should enable and emphasize Hayes & R_nrmg (1977), HM’TI 4 dines (2010,
. 5 : Lachavichicn ct al. (2011], Lim & Antony
reqularly leads the quality of  the continuous improvement culture, value the -
improvement cfforts (factor 1) gains incrementally and steadily made (2013), Mahanti & Bvans (2012), Montgomery
(2014], Dakland (2008), Phyanthamilkumaran &
Femando (2008).
Support Anteny ct al. (2000]), Antony & Taner (2003,
PP VICA2- Top management e Grigg & Walls (2007a), Hoerl & Snee (2010),
F Providing the necessary resources such as s 3
provides adequate resources training and providing incentives for SPC use Lachavichicn et al. (2011), Mahanti & Evans
to promote SPC (factor 1) 9 P 9 (2012), Mason & Antony (2000), Sharma &
Kharub (2014).
VCA3- Top management Support available for SPC implementation such  Ahmed ct al. (2012), Bhote (1987), Lim &
provides structurc support for  as cxpert adviee, training, dedication hours of  Antony (2013), Mahanti & Evans (2012),
SPC (factor 1) employees and specific software license Rohani et al. (2010}, Sharma & Kharub (2014).
_ R It is impertant that the training program
\'Tﬁ The SPC tra_mmg b include operators. The training should address
given te workers imvolved in . - - : Anteny & Taner (2003), Cauleutt (1996),
i the identification of special causcs, of correct d
the manufacture and in SPC z Rohani et al. (2010).
{factor 2] control chart types, data collection and control
chart filling
_—— :fz'ird‘a:’;z‘fs‘sg; wonticg ThE acquircd SPC knowledge in training should  Ahmed ct al. (2012), Bhotc (1987), Lim &
9 im?‘cnu:diatc}y s traini:p be applicd immediately after training in order  Antony [2013), Mahanti & Evans (2012],
(fa g to avoid significant concept losses Rohani et al. (2010), Sharma & Kharub (2014).
ctor 2]
VT3- Additional training in There should be trainings to feature the new
SPC application and tools control chart techniques and to recall the main -~ Anteny ct al. (2000), Hayes & Romig (1977),
is regularly accomplished concepts to achicve the enforcement activitics  Mahanti & Evans (2012), Rohani ct al. (2010).
(factor 2) of control charts
VA1- Appropriate control Appropriste contralcharts:shauld hecoscd; Antony et al. (2000), Grigg & Walls (2007b),
f chart type must be set, as well as the
charts are used to monitor : Hoerl & Snec (2010), Montgomery (2014),
tability (factor 4) parameters to be controlled according to the Rohani ct al. (2010)
process s features about to be serutinized ) )
VAZ- The 5tatistical
?::nm]'i"s‘]';: ::r:'“:‘h‘“:i g People involved with SPC have adequate Ahmed <t al. (2012), Bhote (1987), Lim &
3 P & i t‘); command of statistical methods that enable Antomny (2013), Mahanti & Evans (2012],
:}':::3 :hxza;;rtc}::c:sc - control chart operations Sharma & Kharub [2014).
Application control charts (factor 5)
\«‘%\3_— The SFF is applied to Bositoit: et shambil e s milad e iabid; Antemy et al. (2000], Grigg &_Wa‘ﬂs (2007a, b),
critical, functional and safety L i 2 Hoerl & Snee (2010), Mahanti & BEvans (2012),
e functional and safety characteristics of :
characteristics of products R Montgomery (2014), Rohani ct al. (2010),
and processes (factor 6) P P Sharma & Kharub (2014).
R In case the process is out of contrel, the
i tiﬁpd 4 dweh mechanisms that enable the operator to make  Ahmed ct al. (2012), Bhote (1987), Lim &
lh:“ rozcsjr;s :::“:::cor‘::r;n adjustments whenever necessary should be Antony (2013), Mahanti & Evans (2012),
[Fac:or 14) adopted in order to bring the process back to Sharma & Kharub (2014).
stability
VR1 - The SPC substantially | conscquences from customer satisfaction o o 1 (2000), Grigg & Walls (2007l,
; are more reliability on products, which = E
increases customer e 9 Putri & Yusof (2008), Rohani ct al. (2009,
sisfaction positively affects the perception about the 2010
= guality characteristics of products by customers 3
VR2- The SPC enhances the The SPC helps identifying and solving problems
ability to analyze and solve when it is applied according to & continuous Caulcutt (1996), Mason & Antorry (2000).
problems improvement approach
Benefits

VR3- The SPC helps reducing
process variations

The 5PC allows displaying process variahility
and improving actions to reduce variability and
to decrease special causes

Antomy et al. (2000, Antony & Taner (2003,
Grigg & Walls (2007a, b), Hoerl & Snee (2010),
Lim ct al. (2014), Mason & Antony (2000).

VR4- The SPC use contributes
to defect reduction and
productivity gain

The 5PC provides improved conformation
quality and product defect reduction in the
field, as well as improves business productivity
by reducing mistakes during manufacturing
and production line shutdowns

Antony ct al. (2000), Antony & Taner (2003),
Grigg & Walls (2007a), Hoerl & Sncc (2010),
Lim et al. (2014), Mason & Antony (2000).

Table 2 also shows the concepts related to the constructs and presents
the authors who point out their importance. The concepts were turned
into research variables associated with CSF. Each variable in Table 2 has
a classification acronym based on the related construct, the factor it is
related to is shown in parenthesis. The variables are applied to measure
respondents’ perception about how they are practicing these concepts
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in the auto-parts industries in order to capture the correlation between
constructs.

3 Research method

A cross-section survey was used as research method to collect information
of samples from Brazilian companies of the auto-parts sector according to
Forza (2002) recommendations. The companies were selected based on
the auto industry's guide from the National Association of Automobile
Manufacturers and from the Brazilian Association of the Auto-Parts
Industry, which brings together the leading manufacturers of the
Brazilian auto-parts industry.

The population of interest comprises the auto-parts companies that
have production plants in Brazil. The number of companies is not possible
to be quantified, as the automotive chain has several links. However, 341
auto-parts manufacturing companies were identified and listed in the
associations related to the sector. These 341 companies sere considered
the population of the present study. Researches tried to contact these 341
companies, but only 170 of them were, actually, reached by phone or e-
mail, or presented the features required by the present study, for example,
some of these were commercial offices. Only 93 out of the 170 potential
respondents agreed on participating in the study. Unfortunately, as the
study is based on individual perspectives, it is not possible to retrieve data,
unless the respondent agrees on participating.

New telephone and e-mail contacts, with those who have agreed with
the survey, were made as an attempt to improve the representativeness
of the sample; however, only 43 participants (12.6% of the population)
finished answering the questionnaire. The respondents were responsible
for the company’s SPC, as well as experienced in carrying out SPC
activities. The major interest of the present study lies on the opinion
of those who have been responsible for SPC for at least three years in
the auto-parts sector. The fact of not having access to all the population
can produce bias in the estimation of statistical parameters and it is
not possible to generalize the results. However, the present article is
of exploratory nature and aims at identifying the relationships between
constructs. The statistical theories assume that the measured values of
each population feature is accurate, but accuracy is difficult to be obtained
in a complex research field (Cochran, 1977).

The variables were identified through SLR and through the analysis
of CSF. The concepts of these critical factors, which were pointed
out by leading authors, were operationalized in the questionnaire
through statements for the respondents. The answers were given through
a 05-point-Likert scale (“Despicable-01”, “Very unimportant-02”,
“Indifferent-03”, “Important-04”, and “Very Important-05”). Each
construct was measured based on the respondent’s experience in order to
test the research hypotheses suggested by the conceptual model.

After the development of the survey instrument and due to the
complexity of the field research, significant number of variables of
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different nature and large qualitative measurements, it was important
carrying out a structured pre-test questionnaire. Such procedure was
important to mitigate and dispel doubts. The SPC experts from two
previously selected companies have validated an electronic version of
the questionnaire. They have filled out the questionnaire in front of the
researcher. The respondents have given their opinions on the design of
the sentences during the pre-test; thus, the ambiguities and unnecessary
matters were removed from it.

The data collection stage in primary sources took place after the pre-
test questionnaire was completed. A key concern of the field sampling
research is to minimize bias estimates of the statistical parameters of
interest to the researchers. Therefore, it is critical to assure the accuracy
of measurements applied to the research variables. There is also the need
to drive a sampling process based on random statistical assumptions and
on the unconditional independence between individuals belonging to the
sample.

The revised version of the questionnaire was electronically sent to each
company and the statistical validity of the questionnaire was verified
through Cronbach's alpha in the 43 questionnaires. The data were
tabulated in Microsoft Excel spreadsheet after the answers were obtained,
and it enabled implementing the Statistica software to start data analysis.

The Cronbach’s alpha showed that the application of the multivariate
analysis was appropriate, because it indirectly shows the validity of the
data collection instrument. Such analysis is important because problems
may arise from data collection. These problems could affect the accuracy
of the study, thus alpha is important to verify: i) whether the sample
belongs to the population of interest; ii) whether the research instrument
was properly filled out; iii) whether the variables were precisely measured
(Cochran, 1977). The alpha Cronbach is used to assess whether the
sample is free of bias and whether the answers - as a whole - are reliable
in a PLS-SEM. It supports the reliability of the model and the internal
consistency analysis (Hair et al.,, 2014).

3.1 Procedure for data analysis - Partial Least Squares Structural Equation
Modeling (PLS-SEM)

The first part of the SEM analysis lies on developing a confirmatory
factor analysis to validate the research variables. The application of the
Confirmatory Factor Analysis allows assessing whether the variables
are directly or indirectly related to the corresponding latent constructs
(constructs that cannot be directly measured because they are subjective)
(Hair et al., 2009; Jobson, 1992).

There are two steps to be followed in the confirmatory analysis. At
first, it is worth finding the variables belonging to a specific construct that
had high common variance degree, as well as congruence of high-factor
loadings. In other words, this type of analysis checks whether the variables
were related to the construct through the internal validity of the variables
(Basilevsky, 1994). The second moment concerned the discriminant
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validity; it analyzed the ability of the constructs to be different from
one another through external validity. Thus, there was the attempt to
determine whether the latent constructs are different and to minimize
the adverse effects on the analysis and on data interpretation (Hair et al,
2009; Jobson, 1992).

It was made the choice for using the PLS-SEM. The main reasons for
making the option of using the PLS are basically the same in several
studies, namely: small violations in data normality, formative measures,
small sample size, and the last one is the most prevalent reason in recent
years (Hair et al., 2012). The benefit from PLS-SEM is the ability to
confirm the relationships between latent variables when they are found
in the population, especially in situations when sample sizes are small
(Hair et al., 2012). Thus, the PLS-SEM is useful in exploratory research
and in estimating complex models (Hair et al., 2011, 2012). Despite
the method consistency, it was assessed whether there were significant
violations in the statistical assumptions (multivariate normality and
multicollinearity); however, none has been violated.

Regarding the number of variables related to the latent constructs, the
literature recommends that four variables are able to explain a construct
(Hair et al.,, 2009). The selection of the number of variables depends
on criteria such as freedom degrees, and variance and covariance matrix.
Thus, there will be, at least in theory, enough information to identify
a solution to the set of structural equations (Hair et al., 2009; Jobson,
1992). No more than four variables were selected to represent each
construct, as shown in Table 2.

The model will be presented through a path diagram for a better
understanding. It is necessary to build a model pointing out the one-way
effect of one variable on another, as the PLS-SEM is a more exploratory
than confirmatory model. The diagram indicates the relationship through
the arrows to graphically show the relationships between variables. A
visual representation of paths diagram helps clarifying the factor loadings,
identifying the most significant variables of each construct by specifying
the structural model (Hair et al., 2009).

The analysis was performed by estimating the paths, which consists
of assessing the load factor regarded as optimal value > 0.5. Result loads
higher than 0.7 are considered to be good. Variables with low loads,
less than 0.3, should be excluded from the model after the confirmatory
analysis (Hair et al., 2009).

4 Result analysis
4.1 Confirmatory analysis

In the previous section, all the procedures were presented and the
importance of making the confirmatory analysis was showed. The
confirmatory factor analysis was used to analyze the legitimacy and
veracity of certain variables to build the study and remove less
representative variables. The factor analysis, as proposed by Hair et al.



Production, 2017,27(00), ISSN: 0103-6513 / 1980-5411

(2009), was performed through statistical Chi square test, using the T-
Studentdistribution. The suitability of a variable in a structural model was
determined by the generated p-value. In view of the results obtained after
running the model (Table 3), only one variable did not present significant
correlation with the construct.

Table 3
Conﬁrmatory Factor Analysis.

Factorial Weight

Construct Variahles Parameter Estimate Standard Error T Statistic p-value
VCAL 0.591 0.138 4.270 0.000
Support VCAZ 041 0113 3.654 0.000
VCA3 0.440 0.129 3.422 0.001
VTi 0.455 0.160 2845 0.004
Training VT2 0.392 0.140 2802 0.005
VT3 0.252 0.114 2210 0.027
VA1 0.510 0.099 5159 0.000
5 g VA4 0.323 0.105 3o 0.002
Application
VA3 0.223 0.154 1.446 0.148
VAZ 0.364 0.092 3952 0.000
VRI 0.570 0127 4.501 0.000
VRZ 0.282 0.098 2881 0.004
Bencfits
VR3 0.4n 0.136 305 0.003
VR4 0.479 0.182 2629 0.009

The Confirmatory Analysis has shown that the variable VA3* (The
SPC is applied to critical, functional and safety characteristics of products
and processes) belonging to the construct Application displays p-value
<0.05. The minimum requirement for the variable infers the internal
validity of the construct at p-value >0.05; thus, it is a non-significant
variable for the model. Accordingly, this variable did not explain its
construct within the model and the variable had to be removed from the
model for subsequent analysis.

The hypothesis test seen in Table 3 shows the first part of the data
analysis. The following table shows the significance level of the variables
selected according to the confirmatory data analysis.

4.2 Interpretation and propositions

The next step after the internal validation was to validate the research
hypotheses. The validation initiated with the Alpha Cronbach analysis,
which aimed at analyzing the reliability of the model and its internal
consistency (Hair etal.,, 2014). The alpha was calculated in each construct,
and the elimination of variable VA3 was taken into account. The alpha
value above 0.60 is considered suitable for exploratory research; thus, it
can be considered a valid construct (Hair et al., 2009; Hair et al., 2014).
Table 4 presents the validation results of the constructs.
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Table 4
Cronbach’s alpha test.

Constructs Cronbach’s alpha
Support 076
Training 0.603

Application 0.74
Benefits 0.668

Regarding the PLS-SEM, the analysis of factor loadings was performed
between the analyzed constructs and it enabled validating the hypotheses
of the present study. Figure 2 shows the main results based on the
proposed conceptual model. No violations were found in the model after
the internal and external validity analysis.

Training
0.556 0.603

0.190 0.521

Application
0.740

Benefits

0.668

Figure 2
Patch diagram.

The values in the arrows of Figure 2 refer to the factor loading results
that were analyzed to validate the constructs: Support, Application,
Training and Benefit. The path modeling method of PLS-SEM was
chosen, as already stated, because it is considered more robust and less
sensitive to sample size considerations and statistical assumptions such
as the normality multivariate. Therefore, the literature recommends that
loads < 0.3 are not representative and the variables should be removed
from the model (Hair et al., 2014). Preferably, the factor loading value
is 2 0.5, and it indicates that the variable is representative of the model.
There were no variables with factor loadings < 0.3 in the proposed model,
fact that would justify a review in the variables describing the constructs

(Garcia, 1995; Hair et al., 2009).



Production, 2017,27(00), ISSN: 0103-6513 / 1980-5411

According to the factor loading results of the ‘Support’ construct, all
loads were > 0.644, and it indicates a strong grip in the variables of the
construct. The most representative variable assisting the construct was
VCA2 (0.877) [The top management provides adequate resources to
promote the SPC]. Based on the opinion of respondents, the best way
to represent the support given to the senior management through the
SPC activities provides the adequate resources for the program. The other
variables are also representative of the ‘Support’ construct but they are
less intense.

In relation to the construct “Training, all variables that made up
this construct presented factor loading > 0.661 and it indicates that all
variables explaining this construct are significant. The variable presenting
the greatest factorial load was the VT1 (0.840) [Basic training in
SPC was given to workers involved in manufacture]. According to the
respondents, the training offered at the operational level is the most
representative variable of this construct.

As for the ‘Application’ construct, all variables composing this
construct presented factor loadings >0.740. Such result indicates that all
variables explaining this construct are significant. The variable with the
greatest factorial load was the VA1 (0.878) [appropriate control charts
are used to monitor process stability]. According to the respondents,
the application of control charts to monitor the production process is
considered the most significant variable of this construct.

Regarding the construct ‘Benefit’, all variables composing this
construct presented factor loading > 0.550. Such result indicates that
all variables explaining this construct are significant. The variable with
the greatest load factor was VR1 (0.868) [SPC substantially increases
customer satisfaction]. According to the respondents, the increased
customer satisfaction can be considered the most prominent benefit
obtained from causal relations expressed through the model.

4.3 Analyzing the relationships between constructs and the validation of the
hypotheses

The first hypothesis proposed by the conceptual model investigates the
relationship between Support and Training. A factor loading 0.566 was
observed. Such value indicates that one cannot reject the influence of
the construct 'Support’ on Training development. Companies where
the senior management is leading efforts for quality programs assure
the structure and resources to promote proper training structure, and
staff training in practical situations concerning the company's daily
routine and the recycling of learned concepts. Accordingly, the variables
belonging to the construct ‘Support’ are crucial to influence the way the
company articulates its Training,

The second hypothesis proposed by the conceptual model investigates
the relationship between Support and Application. A factor loading
0.190 was observed. Such value indicates that it may reject the influence
of the construct ‘Support’ on senior management in SPC Application.
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Therefore, the variables belonging to the construct ‘Support’ did not
directly influence SPC application.

The third hypothesis proposed by the conceptual model investigates
the relationship between Training and Application. A factor loading
0.521 was observed. Such value indicates that it is not possible to refuse
the direct influence of the construct “Training and of its interactions with
the ‘Application’.

When training courses and SPC improvement application tools are
regularly held and directed to workers related to production and the
acquired knowledge about SPC is applied immediately after training, this
training articulation directly influences the proper selection of control
charts. It is an observance of the Statistical assumptions identified and
allows removing special variation causes. Therefore, it is conclusive that
the practices represented by the construct “Training’ directly influenced
the way SPC was applied in the organization.

H4: The correct application of control charts positively affects the
benefits generated by the program

The fourth hypothesis proposed by the conceptual model investigates
the relationship between Application and Benefits. A factor loading
0.467 was observed. Such value indicated that it is not possible rejecting
the influence of the construct ‘Application’ and of its interactions with
the ‘Benefits’.

Therefore, the observation of the statistical assumptions associated
with the use of appropriate control charts and especially the performance
of variation causes are crucial to the development of the skills of people
involved with the SPC to solve problems, reduce process variability and,
mainly, to increase customers’ satisfaction. It was observed in the field
that companies using proper SPC tools as a mechanism to solve costumer
’s problems have great influence on customer ’s satisfaction. The benefits
from SPC implementation are partly attributed to its proper application.

However, given the fragility of such relationship, because factor loading
< 0.5, it is appropriate to infer that there are other factors and variables
not prescribed by this model and also influenced in getting benefits.
Future studies seeking to analyze the causal relationships between CSF
and benefits using other variables may complete the results found in
the present study. Table 5 summarizes the validation of the research
hypotheses.

Table S

Summarizes the validation of research hypotheses.

Research Hypotheses Validation

Top management commitment positively affects the training and

H, cducation of SPC There is no evidence to refute this hypothesis
u Top management cormmitment positively affects SPC application There is evidence to refute this hypothesis
¥ and usc
The statistical training increases the technical understanding shout : : Sy >
H, SPC, and consequently, it positively affects SPC application and use Thers s anovedence o refute:ths hypoties
¥ t applicati f eontrol chart: it ffects th - ) . .
H te coiect pplicetin sl coniinl charty pesitalyefct f There is ne cvidence to refute this hypothesis

* henefits generated by the program
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S Research limitations

The research limitations are related to the difficulty of having access to
the entire population and of getting answers, since the participation of
companies/respondents was voluntary. The lack of companies’ adherence
to conduct the studies has impacted on the amount and quality of
valid data (Forza, 2002). Such issue limited the sample size, which
just comprised 43 respondents. However, although the small sample
size, was not found significant violations in the statistical assumptions
(multivariate normality and multicollinearity) a robust method (PLS)
was used to minimize possible estimation errors; such method is suitable
to small samples and exploratory models.

Despite the choice for the method, the small sample is a limitation
that may lead to false positives and to difficulty to generalize the
results in the study. Small samples are common in exploratory models
and in studies about strategic management, creating difficulties for the
results generalizations (Hair et al.,, 2012). Studies related to strategic
management have much smaller sample sizes in comparison to other field
studies, although PLS-SEM can be used in smaller sample sizes, there
are problems associated (Hair et al., 2012). The more heterogeneous the
population, the larger the required sample size necessary to adequately
reflect the population and to obtain accurate estimates. Smaller sample
sizes can generate larger sampling errors, which become more severe
with heterogeneous populations. The auto-parts industries have specific
characteristics that can interfere on the application of control charts
such as production volume and variety. However, there was no outlier
in the survey sample. Another problem concerns the effect of the bias
generated by small sample sizes that accentuated non-normal data (Hair
etal.,, 2012); however it was not the case of the present data.

The study limitations do not allow generalizations. However, since it is
an exploratory study, it provides an initial view of the relations between
CSF and the studied constructs. Future researches can replicate the study
in larger samples, in other sectors and even increase the number of critical
factors and involved constructs.

6 Conclusions

The support to lead quality improvement efforts that provide adequate
resources to promote program activities and structure for the SPC
directly influenced the way organizations articulate their training. It also
enabled offering basic training to SPC workers involved in manufacture,
as well as the application of the knowledge acquired immediately after
the training to practical situations and the conduction of knowledge
enhancement as appropriate.

In turn, such proper training reflects on the best observation of the
statistical assumptions involved with the control chart using graphics
suitable to monitor process stability. These graphs also allow identifying
and minimizing the variance effect in the process. Managers achieve a
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substantial increase in customer’s satisfaction, an analytical improvement
in skills and in solving problems of those involved in the SPC as a direct
consequence of the reduced variability. Additionally, the positive impacts
on reducing defects and productivity gains are also reported as benefits.

It is possible saying that the aim of the present article to explain the
causal relationships between CSF and its effects on SPC deployment in
Brazilian auto-parts companies was achieved, since the study established
the causal relationships herein suggested. The results indicated that the
senior management support considerably affected the way companies
develop their training. In turn, these trainings affect the way companies
apply techniques, and hence this will reflect on the benefits seen with
the implementation of the program. It was also observed that the
managerial and technical aspects are closely connected to each other
and are represented through the ratio between the top management and
training support, and the technical aspects observed in the application
directly affect the benefits from the program.
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