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Featured Application: The findings in this research allow managers to know quantitatively
the importance of preventive maintenance in an adequate performance of total productive
maintenance and productivity benefits in a production system, allowing them pay attention on
those activities that are more important.

Abstract: The present research proposes a structural equation model to integrate four latent variables:
managerial commitment, preventive maintenance, total productive maintenance, and productivity
benefits. In addition, these variables are related through six research hypotheses that are validated
using collected data from 368 surveys administered in the Mexican manufacturing industry.
Consequently, the model is evaluated using partial least squares. The results show that managerial
commitment is critical to achieve productivity benefits, while preventive maintenance is indispensable
to total preventive maintenance. These results may encourage company managers to focus on
managerial commitment and implement preventive maintenance programs to guarantee the success
of total productive maintenance.

Keywords: TPM; implementation; managerial commitment; productivity benefits

1. Introduction

In current industrial scenarios, waste in production processes is frequent, usually the result of
the lack of skills of both operators and maintenance staff, not enough machinery available, and issues
with work tools [1]. Other types of waste include machinery downtime, not utilizing talents, damaged
machinery, and rejected parts, among others [2].

To increase competitiveness, manufacturing companies seek to reduce the activities that add no
value to a product but generate cost, and in this sense, one way of reducing waste is to adopt a lean
approach. The lean manufacturing (LM) approach aims to reduce the amount of non–value-added
activities in the production process, although it also has reported benefits at the administrative level [3].
LM relies on several tools to achieve its goal, and total productive maintenance (TPM) is one of the most
important, because it helps companies to minimize waste, such as damaged machinery and unplanned
work, and it encourages the development of production plans that prevent machine overload [4].
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Furthermore, TPM can be defined as an approach that rapidly improves production processes
through employee involvement and empowerment [5]. Nowadays, in the restless and uncertain global
business environment, well-managed organizations strive to improve their capabilities by operating
profitably; in other words, TPM is a tool that, if correctly implemented, can help businesses reach this
goal [6].

Currently, TPM is a successful tested LM tool for planning the maintenance of organizational
activities, which involve operators and maintenance staff working together as a team [7]. In this sense,
TPM is associated with human resources, and it integrates equipment maintenance in the production
process to increase machine availability, as well as adding commercial value to the organization [8].

Also, TPM aims to keep production equipment in proper working condition to prevent
breakdowns that eventually delay the production process or make unsafe workplaces, thus TPM is one
of the main operational activities in quality management systems [8]. Additionally, TPM emphasizes
proactive and preventive maintenance to maximize operational production machinery efficiency and
decrease the roles of the production and maintenance departments by empowering operators [8];
it improves organizational competitiveness and comprises a powerful and structured approach
to changing employee mentality and, consequently, the organizational culture. This also includes
employee involvement at all hierarchical levels in all company departments [9]. In addition, it involves
member alignment to improve corrective actions associated with safety [7].

Similarly, TPM not only focuses on machine efficiency, but also is an opportune area for
continuous improvement, looking for an ideal relationship between people and machines. In other
words, successful organizations must be supported by effective and efficient maintenance plans as
a competitive strategy [10]. However, production systems are not the only places where TPM can
be applied, because other service-based systems need to be in optimal operating condition as well,
such as medical equipment and instruments [11].

Because of the benefits that TPM brings to the industrial environment, one of the main academic
and industrial concerns is to find its critical success factors (CSFs). Identifying CSFs allows company
managers and administrators to prioritize the activities that ensure TPM success. Also, many studies
have reported the key activities involved in these TPM factors [12–15] as well as the obtained
benefits [16,17]. However, the relationship between these success factors and company benefits
have not been clearly defined.

In addition, it is observed that there is an academic and industrial interest to identify the
CSFs of TPM, as well as the activities that integrate them [12–15,18,19]. Similarly, there are several
reports associated with the obtained benefits from proper TPM implementation in production
systems [16,17,20]; however, the problem is that there are not enough studies that link CSF with
obtained benefits, and as a result, it has not been determined which CSFs are crucial for obtaining
specific desired benefits.

Kamath and Rodrigues [21] state that the CSFs may be different from one industrial sector to
another and that findings cannot be generalized. For example, Chlebus, et al. [22] report on activities
associated with TPM in a mine, and Ahuja and Khamba [23] report on manufacturing industries in
India. In Mexico there are currently 5518 maquiladora industries with manufacturing and export
services, and in Chihuahua state there are 510, and these amount to 9.25% of the national total. Of those
510 in Chihuahua state, Ciudad Juárez has 332, which is 65.10% of the state, directly employing
268,761 workers [24]. Those maquiladora companies are characterized by a high technological level
that requires a lot of maintenance services, and there are not enough studies indicating which are the
CSFs of TPM and the benefits gained in that industrial sector.

Because the relationship between CSFs for TPM and gained benefits is currently an interesting
research area, this paper presents a structural equation model that associates three CSFs: managerial
commitment, TPM implementation, and PM implementation, which are related to productivity benefits.
In addition, findings in this paper will help managers identify the most significant activities to have a
successful TPM implementation and guarantee its benefits.
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The purpose of this research is to quantify, through a structural equation model, the impact of
managerial commitment, the implementation process, and the plans and programs executed as CSFs
for TPM on productivity benefits gained, and it is validated using information from the maquiladora
industry in Mexico.

The rest of this paper is organized as follows: Section 2 provides a brief introduction to concepts
related to managerial importance in TPM implementation and its benefits, Section 3 presents the
research hypotheses that link the studied variables, Section 4 describes the research methodology,
Section 5 reports the research findings, and, finally, Section 6 shows the research conclusions and
industrial implications.

2. Maintenance and Concepts

2.1. Critical Success Factors of TPM

CSFs are relevant performance areas that help companies reach desired goals (e.g., TPM goals) [25].
The literature on TPM addresses a large number of CSFs for TPM implementation. For instance,
Park and Han [17] consider that a key factor is employee involvement, since the true power of TPM
is using employee knowledge and experience to generate ideas to achieve the desired goals and
objectives. On the other hand, Ng, Goh and Eze [12] found that human resources elements along with
managerial commitment, employee involvement, education, and training are fundamental in TPM.

In their research, Piechnicki, et al. [26] identified a set of critical TPM success factors and grouped
them into eight categories: education and training, teamwork, planning and preparation, senior
managerial commitment, resistance to change, change of culture, employee involvement, monitoring
results, and effective communication; as can be seen, there are a lot of CSF human resources for TPM.
However, Hernández Gómez et al. [27] classified three categories for CSF: strategic planning, technical
aspects, and human resources development. That list supports the importance of human resources in
TPM success.

In a recent study, Gómez, Toledo, Prado, and Morales [14] performed a factor analysis to evaluate
31 key activities in the TPM implementation process, and the results revealed nine critical success
factors: strategic alignment, continuous improvement practices, plant distribution, autonomous
maintenance, equipment alignment, employee and supplier involvement, cutting-edge technology,
technology development, and communication regarding the TPM development process. This research
reveals that top managers must be highly committed to TPM, since they provide the necessary
implementation resources. Similarly, operators are equally necessary to detect and prevent errors
before failures occur; this approach to equipment maintenance is called preventive maintenance,
which is another critical success factor of TPM.

2.2. Preventive Maintenance

Preventive maintenance (PM) is defined as a set of activities performed at certain times in a
planning horizon to extend the equipment life cycle and keep it in satisfactory working condition, and
to increase overall system reliability and availability [28]. Such activities are a part of maintenance
programs and attempt to minimize the risk of unplanned equipment downtime. According to its nature,
PM includes inspection, cleaning, lubrication, adjustment, alignment, and component replacement for
machinery and tools in a production process [28].

Those tasks play a vital role in any production process, as they preserve equipment operating
under desired long-term specifications [29]. Also, PM has a positive impact on cost, quality, and
delivery performance [30], because it minimizes quality costs by keeping the equipment in the best
working condition through proper maintenance programs that guarantee a high rate of compliant
products [31].

Currently there are studies that reveal the importance of PM in production systems. For example,
Eti et al. [32] make an association between the cost of PM and increased reliability of machinery and
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equipment; Anis et al. [33] propose a plan to relate PM program activities with batch size for production
lines to minimize the time lost due to stoppages associated with maintenance. Shrivastava et al. [34]
state that product quality is not the responsibility of one department, but preventive maintenance and
calibration and adjustments in machinery and equipment are essential to guarantee products with
specifications required for clients. Finally, given that PM requires stopping machines and equipment
continuously, Fumagalli et al. [35] recommend adequate orchestration of maintenance plans with
product delivery commitments in the production system.

All of the above show the importance of PM as a work culture focus for conservation of machinery,
and this has industrial and academic interest.

2.3. TPM Benefits

TPM critical success factors guarantee important benefits. According to Willmott and
McCarthy [16], they provide opportunities to develop suitable strategic plans for the company’s
capabilities, infrastructure, and human resources to support integration between the operation
and maintenance departments, and improve business relationships with customers and suppliers.
Similarly, Ma et al. [36] reported that TPM increases production system efficiency, brings social
benefits, and promotes management systems in production departments. On the other hand, Gupta,
Vardhan, and Haque [13] mention that TPM increases employee morale and skills, improves the use
of technology, and enhances equipment working conditions and customer satisfaction. Additionally,
successful industries that implement TPM increase their overall equipment efficiency (OEE) by 30%,
and some have increased OEE by 95%.

In addition, Ng et al. [37] found that TPM minimizes machine downtime, increases employee
motivation, and minimizes accidents. Likewise, Rodrigues and Hatakeyama [38] argue that companies
can increase daily production rates with their current productive capacity and workforce if they
implement TPM strategies; however, the researchers also claim that many companies tend to
spend little time on equipment maintenance and struggle to empower operators to help maintain
their equipment.

3. Hypotheses and Literature Review

The goal of TPM is to maximize equipment effectiveness by continuously improving availability
and preventing failures, but this cannot be achieved without managerial support [39] and employee
involvement. Therefore, participation by all employees promotes a preventive maintenance approach
based on motivation management and voluntary small group participation [40]. Also, TPM concepts
entail a long-term commitment to planning, especially from senior managers, and usually initiates as
a top-down exercise, but it can only be successfully implemented as “bottom-up” participation [7].
From this perspective, the operator commitment, performance, and morale reflect the managerial
commitment to TPM [41]. In conclusion, managerial commitment is the most essential factor in TPM
implementation [39], which is why the first hypothesis in this research can be proposed as follows:

Hypothesis 1. Managerial commitment has a positive and direct effect on TPM implementation.

TPM initiates with senior managers, since they have the power to implement the necessary
organizational changes and formulate the required plans, strategies, and policies, which must be
aligned with corporate objectives. Also, the maintenance manager is responsible for the effective
performance of TPM activities and setting the basic policies and objectives to be reached through a
carefully designed plan [39]. Similarly, senior managers should remove the obstacles that interfere
with TPM plans and implementation, and they must make sure that such plans are aligned with
the company’s short- and long-term goals [42]. In other words, because TPM is based on error
prevention, it is important to rely on effective preventive maintenance techniques. PM must be
aligned with managerial preferences and priorities in a production system, since that guarantees
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workers’ acceptance, and it always must be focused on preventing accidents or failures [43]. Therefore,
the second hypothesis in this research can be presented as follows:

Hypothesis 2. Managerial commitment has a positive and direct effect on PM implementation.

The main TPM characteristics are economic efficiency, preventive maintenance, improved
maintenance capacity, and employee involvement [44]. As Nakajima [45] argues, the main goal
in the TPM implementation stage is to increase equipment efficiency through specific techniques,
including autonomous maintenance, where employees improve their skills and help to maintain their
equipment. From this perspective, it is claimed that PM is part of the organizational culture and an
essential component of TPM; that is, there must be an error and failure prevention program to ensure
TPM. Therefore, the third hypothesis in this research can be proposed as follows:

Hypothesis 3. PM implementation has a positive and direct impact on TPM implementation.

As Nakajima [46] points out, the main TPM objectives are to improve productivity, increase
management efficiency, and eliminate the six types of production waste. In addition, managerial
commitment, along with clear and common goals and visible results, creates a responsibility shared
by a team and leads to fewer interruptions and higher reliability levels [47]. Therefore, TPM relies on
long-term managerial commitment to increase equipment efficiency and efficacy in order to offer the
expected benefits [9]. As a result, the fourth hypothesis in this research can be presented as follows:

Hypothesis 4. Managerial commitment has a positive direct effect on productivity benefits.

TPM implementation can minimize waste and redundant work, and increase company
profitability and image, which guarantee competitiveness for a company [39]. Likewise, TPM improves
OEE, productivity, safety, and quality, and minimizes equipment life cycle costs [48]. In addition,
implementing a TPM approach leads to increased efficiency and work quality; minimizes customer
complaints, accidents, and internal waste [49]; and improves delivery performance, stock turnover and
employee morale, productivity, and performance [50]. Therefore, the fifth hypothesis in this research is
proposed as follows:

Hypothesis 5. TPM implementation has a positive direct effect on productivity benefits.

PM is a scheduled activity usually initiated under certain statistical parameters (e.g., average time,
usage) that determine when maintenance actions are necessary before entering the risk zone (where
the probability of random equipment component failure increases) [51]. In addition, PM must help
prevent unplanned equipment downtime and maximize system availability by keeping equipment
in proper working condition and improving its availability. PM includes scheduled tasks, such as
supervision of hardware replacement and control before the equipment ends its life cycle. Due to
these PM activities, there is a direct impact on the production system [52]; the sixth hypothesis in this
research can be presented as follows:

Hypothesis 6. PM implementation has a positive direct effect on productivity benefits.

Figure 1 illustrates the established relationships between the studied variables relating CSFs for
TPM and gained benefits.
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Figure 1. Initial model. TPM, total productive maintenance; PM, preventive maintenance.

4. Materials and Methods

4.1. Stage 1: Survey Design

In order to validate the model in Figure 1, a survey instrument to gather data was designed. As a
matter of fact, designing the survey included reviewing works similar to this research to identify
which activities (items) integrate each latent variable (e.g., CSF for TPM and productivity benefits).
The previous studies were collected from multiple databases, including ScienceDirect, Springer, and
IEEE, among others. This literature review represented validation of the survey’s rationale [53] and
Table 1 illustrates the CSF for TPM (activities) and productivity benefits gained that were identified.

Table 1. Total productive maintenance (TPM) critical success factors and productivity benefits.

Latent Variable Items

preventive maintenance
(PM) Implementation

[51,54]

preventive maintenance as a quality strategy.
maintenance department committed to prevention and operator support.
report the maintenance actions performed on the equipment.
disclose statistics of the maintenance records.
easy access to equipment maintenance records.
record the quality generated by the equipment.
identify causes of machine failures and report the statistics.

TPM implementation
[4,26,27]

proper education and training of maintenance staff.
follow-up and control of the maintenance program.
commitment from managers and maintenance staff.
managerial leadership in TPM execution.
leadership from production and engineering departments in TPM execution.
maintenance staff leadership in TPM execution.
communication between production and maintenance departments.
knowledge of critical machine systems.
TPM focused on the life cycle of machine systems, parts, and components.
purchase of machines and equipment based on TPM.

managerial commitment
[26,27,39]

department leaders embrace their TPM responsibilities.
top managers lead TPM execution.
meetings are held between production and maintenance departments.
top managers promote employee participation and encourage preservation
of the work team.
top managers develop and communicate a quality- and maintenance-centered vision.
top managers are directly involved in maintenance projects.

productivity benefits
[15,37]

elimination of productivity losses.
increased equipment reliability and availability.
reduction of maintenance costs.
improved final product quality.
decreased spare parts inventory costs.
improved corporate technology.
improved response to market changes.
development of corporate competitive skills
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Next, the identified activities were used to develop a preliminary survey integrated by three
sections: sociodemographic information, activities of critical success factors for TPM and PM,
and productivity benefits.

4.2. Stage 2: Survey Administration

The final questionnaire was given to TPM practitioners in the Mexican manufacturing industry:
senior managers, engineers, technicians, supervisors, and operators. In order to select the sample, first a
stratified sampling technique was followed; that is, companies with fully consolidated maintenance
programs (10 years of implementation or more) that could corroborate such information through
equipment maintenance records were identified and considered.

The survey was answered with a five-point Likert scale, as seen in Table 2, through face-to-face
interviews. The lowest value on the scale (1) indicated that an activity was never performed or a
productivity benefit was never obtained, whereas the highest value (5) indicated that an activity was
always performed or a productivity benefit was always obtained. Also, experienced personnel who
were interviewed recommended other possible responders, then the snowball sampling technique
was implemented.

Table 2. Survey scale.

Value 1 2 3 4 5

interpretation never rarely regularly frequently always

4.3. Stage 3: Data Capture and Screening

The collected data were registered in a database using SPSS 24®; the columns represented the
survey items and the rows cases or questionnaires. Then, the database was screened by performing
the following operations:

• The standard deviation was calculated; if the value was lower than 0.5, that case was removed,
since all the items had a similar value [55].

• The missing values were identified; if a questionnaire had 10% or more missing values, it was
discarded [56]. On the other hand, for questionnaires that had less than 10% of missing values,
such values were replaced with the median in the item [57].

• Outliers were identified by standardizing each item; extreme or atypical observations with an
absolute standardized value greater than 4 [58,59] were replaced by a median value in the item.

4.4. Stage 4: Survey Validation

Once the data were evaluated, the 4 latent variables were tested by estimating the following
indices proposed by Kock [60]:

• R-squared and adjusted R-squared for the predictive validity of the survey from a parametric
perspective; only values over 0.2 were acceptable.

• Q-squared for the predictive validity of the survey from a nonparametric perspective; acceptable
Q-squared values, and their R-square values, must be greater than 0.

• Cronbach’s alpha and compound reliability index for internal variability of the latent variables;
internal validity can be estimated based on the variance or correlation index between the items of
a latent variable [61], and acceptable values must be greater than 0.7.

• Average variance extracted (AVE) for the convergent validity of the items in the latent variables;
acceptable values must be greater than 0.5.

• Average block variance inflation factor (VIF) and average full collinearity VIF (AFVIF) for the
collinearity of the items in the latent variables; acceptable values must be less than 3.3.
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4.5. Stage 5: Structural Equation Model

The 4 latent variables were integrated into a structural equation model (SEM), as illustrated in
Figure 1, with 6 research hypotheses. In addition, the SEM was tested using partial least squares
(PLS), which is widely accepted in multiple disciplines [62]. Also, the greatest advantage of an SEM
is its ability to model and illustrate, at the same time, the direct and indirect interrelations between
multiple dependent and independent latent variables, because the latent variables have different roles,
as dependent and independent, in this research. Likewise, SEMs are reliable even using nonnormal
data, small samples, or ordinal data [63].

The research hypotheses shown in Figure 1 were tested using WarpPLS v.6.0® software
(ScriptWarp Systems, Laredo, TX, USA, 2017), which is based on PLS; it is widely recommended
by Kock [64], and some PLS applications can be found, for instance, in Midiala Oropesa, et al. [65],
who modeled the effects of Kaizen in an industrial context, or in García-Alcaraz, et al. [66], who
modeled the effects of Just in Time (JIT) in the manufacturing industry.

The model was tested with a 95% reliability level, implying that the p-values of the parameters
had to be lower than 0.05. Before interpreting the SEM, 6 efficiency models and quality indices were
calculated, proposed by Kock [60]:

• Average path coefficient (APC): statistically validates the hypotheses in a generalized way.
The p-value must be less than 0.05.

• Average R-squared (ARS) and average adjusted R-squared (AARS): measure the model’s
predictive validity. Acceptable p-values for ARS and AARS must be less than 0.05. The null
hypotheses to be tested are APC = 0 and ARS = 0 against the alternative hypotheses, where
APC 6= 0 and ARS 6= 0.

• Average variance inflation factor (AVIF) and average full collinearity VIF (AFVIF): measure the
level of collinearity between the latent variables. The acceptable value must be less than 3.3.

• Tenenhaus goodness of fit (GoF): measures the explanatory power of the model. The GoF value
must be greater than 0.36.

4.5.1. Direct Effects

The direct effects in the model were evaluated and are illustrated in Figure 1 by arrows directly
connecting two latent variables, where each arrow represents a hypothesis. In addition, each effect
has a β value and a p-value; β expresses dependency in standard deviations between an independent
and a dependent latent variable, whereas p-value is for the hypothesis test where the null hypothesis
is β1 = 0, which is tested against the alternative hypothesis, β1 6= 0 [60]. Additionally, R2 for the
dependent variables was estimated as a coefficient that shows the amount of variance in a dependent
latent variable that is explained by an independent latent variable.

4.5.2. Indirect Effects and Total Effects

In SEMs, indirect effects occur between 2 latent variables through other latent variables, known
as mediators. Indirect effects also have p-values to determine whether they are statistically significant
or not. On the other hand, total effects in a relationship are the total direct and indirect effects; total
effects also have associated p-values.

Finally, for each effect (direct, indirect, or total), the effect size for decomposition of R-squared
was estimated when 2 or more independent latent variables influenced a dependent latent variable.

4.5.3. Sensitivity Analysis

Frequently, the relationship between the latent variables is not explained enough by β values
and it is necessary to know different scenarios for them. In this research, for every relationship or
hypothesis in Figure 1, the probability of occurrence for 2 scenarios is analyzed when each variable
occurs independently with low and high values. A third scenario represents the probability of the
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combination of both variables in a hypothesis when they occur simultaneously, while a fourth scenario
is about the probability that the dependent variable will occur in a high or low scenario because the
independent variable has occurred in a high or low scenario (a conditional probability). Since the
latent variables are standardized, values greater than 1 represent high scenarios in a latent variable,
while values less than 1 represent low scenarios for a latent variable.

In this research, scenarios with low values are represented by a minus sign (−) and scenarios with
high values are represented by a plus sign (+). In the same way, the probability of simultaneous or
simultaneous occurrence of scenarios between 2 variables (low or high) is represented by an ampersand
(&). Finally, the conditional probability of occurrence of a scenario in a dependent latent variable
because the scenario for the dependent variable has happened is represented by “If.”

In addition, since the automotive industrial sector in this geographic context is one of the most
representative in previous surveys reported by Mendoza-Fong, et al. [67], that sector is compared with
other sectors to find significant differences among them, so that a model is executed for the automotive
sector and a model is rejected for others, and differences in β are tested.

5. Results

5.1. Sample Description

After four months of survey administration, 368 questionnaires were collected. Table 3 lists the
surveyed industrial sectors and the respondents’ job positions. As can be observed, most of the sample
is from the automotive industry (74 technicians, 41 operators, 32 engineers, 22 supervisors, 1 manager,
and 2 other job positions).

Table 3. Industrial sector vs. job position.

Job Position
Industrial Sector

Aeronautics Electrics Automotive Electronics Medical Other Total

technician 0 21 74 29 7 11 142
operator 1 4 41 11 10 12 79
engineer 3 6 32 7 4 1 53

supervisor 1 9 22 8 2 6 48
manager 0 1 1 1 2 1 6

other 0 0 2 0 0 1 3

total 5 41 172 56 25 32 331

Also, only 331 respondents provided information. Most of the respondents are maintenance
technicians or operators; together the categories represent 66.67% of the sample. Such results
imply that the data collected from the survey were obtained from people directly involved in
equipment maintenance.

5.2. Survey Statistical Validation

Table 4 presents the estimated coefficients or indices for the latent variables. Based on these
indices, we concluded that the latent variables have enough parametric and nonparametric predictive
validity, internal validity, and convergent validity. Similarly, according to the VIF values, the latent
variables are free from internal collinearity problems. Consequently, because the latent variables
passed the validation process, they were integrated into the model and evaluated.
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Table 4. Survey validation.

Index Managerial
Commitment

TPM
Implementation

PM
Implementation

Productivity
Benefits

R-squared – 0.628 0.407 0.382
adj. R-squared – 0.626 0.405 0.377

composite reliability 0.942 0.939 0.902 0.956
cronbach’s alpha 0.926 0.928 0.873 0.948

average 0.729 0.608 0.569 0.732
variance inflation factor 2.560 2.804 1.982 1.499

Q-squared – 0.630 0.409 0.381

5.3. Structural Equation Model

Table 5 shows the model fit and estimated quality indices in the model. Based on the APC, ARS,
and AARS values, the model has enough predictive validity. Similarly, the VIF and AFVIF values
demonstrate that the model is free from collinearity problems, whereas GoF shows that the model fits
the data. According to these data, the effects between the variables can be interpreted.

Table 5. Model fit and quality indices.

Index Value

average path coefficient (APC) 0.368, p < 0.001
average R-squared (ARS) 0.472, p < 0.001

average adjusted R-squared (AARS) 0.470, p < 0.001
average block VIF (AVIF); acceptable if ≤ 5, ideally ≤ 3.3 1.912

average full collinearity VIF (AFVIF); acceptable if ≤ 5, ideally ≤ 3.3 2.211
tenenhaus goodness of fit (GoF); small ≥ 0.1, medium ≥ 0.25, large ≥ 0.36 0.558

5.3.1. Direct Effects

Figure 2 presents the model results once the latent variable coefficients, model fit, and quality
indices were estimated. As can be inferred from the p-values, all direct effects or direct relationships
between the latent variables are statistically significant with a 95% reliability level. Table 6 summarizes
the conclusions regarding the research hypotheses. All of the research hypotheses were accepted,
since they are statistically significant.
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Table 6. Hypothesis validation.

Hypothesis Independent Variable Dependent Variable β p-Value Conclusion

H1 managerial commitment TPM implementation 0.534 <0.001 accepted
H2 managerial commitment PM implementation 0.638 <0.001 accepted
H3 PM implementation TPM implementation 0.335 <0.001 accepted
H4 managerial commitment productivity benefits 0.289 <0.001 accepted
H5 TPM implementation productivity benefits 0.289 <0.001 accepted
H6 PM implementation productivity benefits 0.122 =0.009 accepted

Figure 2 also shows the R2 values from the dependent latent variables. In SEMs, R2 expresses the
amount of variance in a dependent variable that is explained by one or more independent variables.
For instance, the TPM implementation latent variable shows R2 = 0.628, which is explained by
managerial commitment (0.400) and PM implementation (0.228). In turn, PM implementation is
explained by only one latent variable, managerial commitment, with R2 = 0.407.

Finally, the productivity benefits latent variable is explained in 0.382 units by three latent
variables: managerial commitment (0.162), PM implementation (0.057), and TPM implementation
(0.164). These results imply that to ensure proper TPM implementation, it is important to perform
tasks from managerial commitment, since this latent variable explains 40% of the PM implementation.
Similarly, to obtain productivity benefits, companies must have managerial commitment and TPM
implementation, because those variables have a higher explanatory level.

5.3.2. Indirect Effects

Figure 2 displays four indirect effects, the p-value for its statistical validation, and the size effect
(SE) as an explanatory power: three of them occur through two segments, and one occurs through
three segments. Similarly, Table 7 lists the sum of indirect effects and associates them with their
corresponding p-values and SEs. For instance, managerial commitment is indirectly related to TPM
implementation through PM implementation. This indirect relationship is statistically significant
(p < 0.001) and has a value of 0.214, explaining 16.0% of variability.

Table 7. Indirect effects.

Dependent Variable
Independent Variable

Managerial Commitment PM Implementation

TPM implementation 0.214 p < 0.001
ES = 0.160 -

productivity benefits 0.293 p < 0.001
ES = 0.165

0.097 p = 0.004
ES = 0.045

Likewise, the managerial commitment latent variable has an indirect effect on productivity
benefits through two latent variables, TPM implementation and PM implementation; the value of
this indirect effect is 0.293 and it can explain 16.5% of variability. Finally, PM implementation has an
indirect effect on productivity benefits through TPM implementation with a low value of 0.097, but it
is still statistically significant and can explain 4.5% of variability.

5.3.3. Total Effects

Total effects in a relationship are total direct and indirect effects. In this sense, Table 8 shows
the total effects found in the model, the p-value associated with the statistical test, and the size effect.
For instance, the total effects in the relationship between managerial commitment and productivity
benefits (0.582) consists of the total direct effect (0.289) and the indirect effect (0.232).
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5.3.4. Sensitivity Analysis

Table 9 presents the probabilities of occurrence independently for the latent variables analyzed
by their high and low scenarios. For example, it is observed that the probability that managerial
commitment is presented at a low level is only 0.158, which represents a risk for the maintenance
manager, since it fully demonstrates that TPM implementation can only be possible if there is
precedence for it. Similarly, the probability of having managerial commitment in a high scenario
is 0.190. Interpretations of the other latent variables are performed in a similar way; in this case,
the low levels represent a risk or an improvement opportunity for maintenance managers to avoid
this occurrence.

Table 8. Total effects.

Dependent Variable
Independent Variable

Managerial
Commitment

TPM
Implementation

PM
Implementation

TPM implementation 0.748 p < 0.001
ES = 0.561 - 0.335 p < 0.001

ES = 0.228

PM implementation 0.638 p < 0.001
ES = 0.407 - -

productivity benefits 0.582 p < 0.001
ES = 0.326

0.289 p < 0.001
ES = 0.164

0.218 p < 0.001
ES = 0.102

Table 9. Scenarios and probabilities of independent occurrence.

Latent Variable Scenario Probability

managerial commitment – 0.158
+ 0.190

TPM implementation – 0.160
+ 0.166

PM implementation – 0.190
+ 0.179

productivity benefits – 0.155
+ 0.190

According to the previous information and based on the values of the variables in their low
scenarios, one of the biggest risks is to have a failure in the PM implementation process, since there is
a probability of 0.190. Consequently, managers must work hard to generate a work culture focused
on preservation of production equipment, because according to the model presented in Figure 1,
the success of a more complete program depends on it, as the TPM implementation. Likewise, it is
observed that two latent variables have a high probability of occurrence in their high scenarios,
managerial commitment and productivity benefits, with 0.190, therefore managers must focus their
efforts on increasing those values.

Table 10 shows the high and low scenario combinations for the variables analyzed, where the
dependent variables are presented in rows and the independent variables in columns, although each
value in every relationship can be discussed. In this section, some of them are analyzed in an illustrative
way. In addition, for each of the intersections, the probability of occurring simultaneously for the two
variables is represented by “&” and the conditional probability of occurrence of a dependent variable
because the independent variable has occurred is represented by “If.” Thus, there are scenarios that
are pessimistic where the two levels of the variables are low, and there are scenarios that are optimistic
because the two variables are at their high level.
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Table 10. Scenarios and probabilities for independent occurrence.

Dependent
Variable

Independent Variable

Managerial
Commitment TPM Implementation PM Implementation

Scenario – + – + – +

TPM
implementation

– & = 0.098
If = 0.621

& = 0.003
If = 0.016

+ & = 0.005
If = 0.034

& = 0.095
If = 0.565

PM
implementation

– & = 0.090
If = 0.569

& = 0.008
If = 0.048

& = 0.092
If = 0.486

& = 0.003
If = 0.014

+ & = 0.008
If = 0.052

& = 0.084
If = 0.500

& = 0.005
If = 0.030

& = 0.087
If = 0.485

productivity
benefits

– & = 0.065
If = 0.414

& = 0.00
If = 0.00

& = 0.076
If = 0.475

& = 0.003
If = 0.016

& = 0.065
If = 0.343

& = 0.003
If = 0.015

+ & = 0.027
If = 0.172

& = 0.068
If = 0.403

& = 0.027
If = 0.169

& = 0.065
If = 0.393

& = 0.024
If = 0.129

& = 0.063
If = 0.348

For instance, a pessimistic scenario can occur when managerial commitment and PM
implementation have simultaneously low levels, which has a simultaneous probability of 0.090,
representing a risk for the maintenance manager. However, the probability of the second latent
variable occurring since the first variable has happened is 0.569; in other words, if there is a low
managerial commitment to implementation of the maintenance program, the probability is 0.569 that
the policies focused on machinery and equipment preservation are also at their low level. In order
to avoid these scenarios during the TPM implementation process, it is important to have managerial
commitment at its high level, since the probability that this scenario is presented along with a low level
in PM implementation is only 0.008, which indicates that it will almost never happen, which shows the
importance of that variable. Also, the probability of having a low level in PM implementation because
there is a high managerial commitment level is 0.048, a very low value that indicates that the second
variable in high levels is not associated with low levels in first variable.

The above statement is easily demonstrated when the scenario is analyzed with the variables
inverted, that is, when managerial commitment is low and PM implementation is high, which can
occur simultaneously at a probability of 0.008, and this indicates that it will almost never happen. Also,
it is observed that it is very unlikely that the second variable will occur in its scenario because the first
variable has happened, since the probability is only 0.052. However, when managerial commitment
and PM implementation have high levels simultaneously, there is a probability of occurrence of 0.084,
but the probability that the second variable occurs at its high level since the first variable occurred at
its high level is 0.500. The previous data clearly indicate that high managerial commitment levels are
related to high PM implementation levels.

How does TPM implementation impact productivity benefits? In order to answer this question,
the situation where the first variable is independent and the second is dependent is analyzed. In this
case, in the pessimistic environment, when the two variables are at their low level, it is observed that
there is a probability of 0.076 that this scenario will occur. However, the probability of having low
productivity benefits because the TPM implementation at its low level is 0.475, which indicates that the
low levels of the second variable are related to the low levels of the first. Additionally, in an optimistic
environment, when TPM implementation and productivity benefits have high levels, the probability
that they will occur simultaneously is 0.065, which represents a low value for a maintenance manager;
however, the probability that the second variable will occur because the second variable has occurred in
its scenario is 0.393. The previous data indicate that TPM implementation is a program that guarantees
productivity benefits.
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In addition, the previous statement is easily validated when the probability of TPM
implementation is at a high level and productivity benefits is at a low level, which has a value
of 0.003, indicating that this scenario will almost never occur. Also, the probability that the second
variable is at its low level because the first variable is at its high level is only 0.016, which indicates
that TPM implementation at a high level is not associated with productivity benefits at a low level.
Due to space problems, the interpretation of other scenarios between the latent variables is left to the
reader, with an explanation similar to the one that is presented.

A structural equation model was executed, integrating data from the automotive sector,
with 172 cases, and another model integrates 159 cases from the aeronautics, electric, electronics,
medical, and other sectors. Table 11 shows the β values for every model in the multigroup analysis,
for example, for the relationship between managerial commitment and PM implementation for the
automotive model it is 0.654 and for the same relationship in the other sectors model it is 0.631, a similar
value that needs to be tested statistically for its difference.

Table 11. Beta values for models.

Dependent Variable

Automotive Sector Other Sectors

Independent Variable

MC PMI TPMI MC PMI TPMI

PM implementation 0.654 - - 0.631 - -
TPM implementation 0.49 0.364 - 0.573 0.298 -
productivity benefits 0.277 0.233 0.436 0.304 0.210 0.359

MC, managerial commitment; PMI, PM implementation; TPMI, TPM implementation.

Table 12 shows the confidence intervals for differences between two β values in the analyzed
models (automotive sector and other sectors) at a 95% confidence level. For every β value, it is
observed that the lower confidence value limit is negative and the upper confidence value limit is
positive, and this lets us conclude that there are no differences between analyzed groups, because the
zero value is included in that interval.

Table 12. Confidence intervals for differences in β.

Dependent Variable
Independent Variable

Managerial
Commitment

TPM
Implementation

PM
Implementation

TPM implementation –0.098 to 0.1333 - -

PM implementation –0.069 to 0.141 –0.096 to 0.115 -

productivity benefits –0.032 to 0.178 –0.035 to 0.174 –0.104 to 0.107

6. Conclusions and Industrial Implications

Based on the findings previously discussed, the research conclusions are as follows:

1. Based on the R2 values, TPM implementation has a 62.8% dependence on two variables,
but managerial commitment explains most of the variability in 40%. In this sense, manufacturing
companies must encourage department leaders and managers to embrace their responsibility
for and commitment to TPM. Similarly, managers must promote the active participation of
maintenance staff and communicate a corporate vision centered on quality and equipment
maintenance, and among these aspects, they must be actively involved in TPM projects. Two other
responsibilities of senior managers are to make sure that staff commitment to TPM is aligned
with the corporate mission and supervise tracking of the implemented maintenance plans.
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2. The managerial commitment latent variable explains 40.7% of PM implementation variability.
Therefore, for a preventive maintenance program to be successful, managerial commitment is
necessary. Hence, PM programs must be focused on adjusting and changing components before
the equipment fails. Also, preventing machine failures must be promoted by managers, since they
need to understand the components’ life cycle and generate a replacement plan.

3. TPM is a set of programs, among which is preventive maintenance. According to the findings,
PM implementation is an important antecedent to any comprehensive TPM program. In fact,
in this research, PM implementation explains 22.8% of the variability of TPM implementation.
These findings imply that TPM managers and operators must focus their efforts on preventive
maintenance programs that consider the components’ life cycle to make changes before
machines fail.

4. Statistically, three latent variables explain 38.3% of the productivity benefits latent variable:
TPM implementation (16.4%), managerial commitment (16.2%), and PM implementation (5.7%).
Such estimates imply that managers must pay close attention to the first two variables, since they
have the largest effects. Although the direct impact from PM implementation is low in
productivity benefits, the indirect effect has a value of 0.097, which can explain 4.55%. In the
end, the total effects of PM implementation on productivity benefits have a value of 0.218 units,
and this latent variable explains up to 10.2%. In other words, preventive maintenance as a part of
TPM implementation is vital if companies aim to obtain productivity benefits.

5. The total effects of managerial commitment are larger than 0.5 standard deviations, demonstrating
that this variable is a key element in productivity, TPM success, and PM programs. Consequently,
TPM operators must always demand managerial support before starting any preventive
maintenance program, because managerial commitment on its own does not guarantee all
the productivity benefits, since its direct effects on this variable were only 0.289. On the other
hand, the total effects of managerial commitment on productivity benefits where the TPM and
PM were involved had a value of 0.582.

6. It is interesting to observe the relationship between managerial commitment and productivity
benefits obtained from TPM, where the direct effect was only 0.289, but the indirect effect that
occurs through the mediating variables PM implementation and TPM implementation was 0.293,
that is, the indirect effect is greater than the direct effect, and the sum gives a total effect of 0.582.
The foregoing indicates that management commitment is not sufficient to obtain productivity
benefits, because it is necessary to have a labor culture focused on conserving the machinery and
equipment that can be reflected in a preventive maintenance program, but in addition, a more
holistic TPM implementation program in which all departments of the company are integrated
is required.

7. Based on information in Table 10, the following conclusions can be summarized:

a. High managerial commitment levels are not associated with low productivity benefits
levels, even if the probability of simultaneous occurrence is zero.

b. Even if managerial commitment is low, it is possible to obtain high productivity benefits,
because these may come from other sources.

c. Having low managerial commitment levels represent a risk in PM implementation,
TPM implementation, and productivity benefits.

d. High TPM implementation levels guarantee high productivity benefits levels.

8. There is no statistical evidence to declare that the automotive industrial sector is different from
other sectors when multiple groups are analyzed.
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7. Research Limitations and Suggestions for Future Work

TPM offers a broad range of benefits for companies, yet this research only analyzes the impact
of TPM on productivity. This is one of the limitations in the study, and in order to address it,
further research would have to expand the scope by considering other benefits, such as employee safety
benefits and organizational benefits. Another limitation in the proposed model and its hypotheses is
that it was evaluated using information from the Mexican maquiladora industry, and the same model
using data from other geographical areas and industrial sectors may have different results.

Similarly, a successful TPM implementation is not the result of just managerial commitment
and PM programs; it is important to explore the impact of other critical success factors, such as
machinery technology, employee commitment, employee education and training, tool maintenance,
and equipment, and as a result, R-squared is not equal to 1, because another latent variable is not
integrated into the model.
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