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Abstract— Maintenance of production facilities is an important part of supporting the production process. Maintenance 
Performance is one of the inputs for the production process. The production performance measurements need to be carried 
out to determine the effectiveness of the maintenance program has been implemented. This research aims to analyze the 
factors that influence maintenance performance consisting of Maintenance Process, Maintenance Workforce, and 
Maintenance Quality Control. Furthermore, the influence of Maintenance Performance on Production Performance was 
also analyzed. In this research, the data was collected by spreading questionnaires from 100 selected respondents, and 
then data was analyzed using the PLS-SEM method using SmartPLS 3.2.9 software. The analysis results show that 
Maintenance Process, Maintenance Workforce, and Maintenance Quality Control have a positive and significant effect 
on Maintenance Performance. Likewise, Maintenance Performance has a positive and significant effect on Production 
Performance. 

Keywords— Maintenance process, Maintenance Workforce, Maintenance Quality Control, Maintenance Performance, 
Production Performance, PLS-SEM, SmartPLS. 

I. INTRODUCTION 
This research was conducted at PT. XYZ is a company 
engaged in the exploration and production of petroleum 
and natural gas in Indonesia. The challenges faced by 
the company currently are decreasing their production 
from oil and gas wells, the age of production facilities, 
and the reliability of facilities starting to decline as 
indicated by an increase in the number of breakdown 
and maintenance backlogs, as well as PM/CM ratio and 
PPM compliance the low. 

Maintenance backlog is a deferred maintenance activity 
and has not been completed according to plan. This 
could be due to the increasing number of corrective 
maintenance being carried out, the ratio of the number 
of workers and workload being unbalanced, the 
availability of materials, or being postponed because it 
needs to be aligned with the planned production facility 
maintenance schedule (planned shutdown).  

Planned Plant Maintenance (PPM) compliance is an 
indicator used to measure the level of completion of the 
Planned Maintenance programs. PPM compliance data 
show achievement within the range of 70% - 90%, 
which is still below the company's target of above 90%. 
Based on Best Maintenance Practices (BMP), PPM 

compliance should be above 90% (R. Smith & Hawkins, 
2004:221). 

PM/CM Ratio is a comparison of the number of working 
hours used for preventive maintenance (PM) and 
corrective maintenance (CM). Smith & Hawkins (2004) 
stated that based on Best Maintenance Practices (BMP), 
the PM/CM ratio value is 6 PM:1 CM, or if converted to 
the ratio value it is 6. If the PM/CM ratio value is >6, the 
value indicates the maintenance function has done too 
much work in preventive maintenance. On the other 
hand, if the PM/CM ratio is <6 the program's preventive 
maintenance of the existing ones is not good enough, 
causing a lot of work corrective maintenance triggered 
by premature damage to production facilities (Smith & 
Hawkins, 2004). 

Unplanned shutdown is the impact of problems with the 
reliability of production equipment and facilities which 
causes lost production opportunities (LPO). 
Maintenance record data for 2020-2021 shows that there 
have been several damages to production facilities 
including the serious damage classification category. 
Severe damage that occurs to production facilities has 
an impact on reducing production capacity (capacity 
impairment), increased repair costs, and loss of the 
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opportunity to carry out production (lost production 
opportunity). 

This research aims to determine the direction and 
magnitude of the influence of the Maintenance Process, 
Maintenance Workforce, and Maintenance Quality 
Control on Maintenance Performance. And what is the 
direction and magnitude of the influence of Maintenance 
Performance on Production Performance? Researchers 
developed a conceptual framework and research 
hypotheses as follows: 

 
Figure 1. Conceptual Framework 

Research Hypothesis: 

H1: Maintenance Process has a positive and significant 
effect on Maintenance Performance 

H2: Maintenance Workforce has a positive and 
significant effect on Maintenance Performance 

H3: Maintenance Quality Control has a positive and 
significant effect on Maintenance Performance 

H4: Maintenance Performance has a positive and 
significant effect on Production Performance 

II. LITERATURE REVIEW 
Assauri (2008:133) maintenance is an activity to be 
carried out to maintain production equipment or 
facilities and carry out repairs, adjustments, or 
replacements as necessary to obtain a production 
process activity that is satisfactory and by what was 
planned (Firmansyah, 2015).  

Maintenance aims to ensure that the machine and all 
production equipment are ready for use, reduce or slow 
down the level of wear and damage to the machine, 
obtain the lowest possible maintenance costs by carrying 
out regular and planned maintenance activities, maintain 
quality at the right level to meet the requirements of the 

product, and so that production activities are not 
disrupted. 

Production facility maintenance strategies can be carried 
out in several ways, they are preventive maintenance 
(PM), corrective maintenance (CM), and predictive 
maintenance (PdM). 

PM is a maintenance strategy designed to carry out 
maintenance activities at predetermined intervals to 
reduce the possibility of failure or decreased 
performance (Ben-Daya et al., 2009). CM is 
maintenance performed after a functional failure occurs 
and is intended to return equipment to a state where it 
can perform its required function. This concept has 
weaknesses in the form of unplanned production process 
stops, excessive damage, spare parts problems, high 
repair costs, excessive waiting times, maintenance 
duration, and problem-solving times (Mohamed Ben-
Daya et al., 2009). PdM is a maintenance activity that is 
initiated based on analyzing historical process data 
forecasting based on data trends, and predicting the right 
time to carry out maintenance tasks (Jimenez et al., 
2020). 

The maintenance management process is very important 
in determining the effectiveness and efficiency of 
Maintenance Performance. Wireman (1998) mentioned 
that maintenance effectiveness can represent overall 
company satisfaction with achieving production 
capacity and the availability of its assets. Palmer (1999), 
The effectiveness of maintenance can also be shown 
through the reduction in company costs obtained 
because production capacity is available when needed 
(Barberá et al., 2012). Efficiency is an action related to 
minimizing waste, expenditure, or unnecessary effort. 
Efficiency is then understood as performing better 
maintenance at the same cost as before (Barberá et al., 
2012). The Maintenance Management Process consists 
of a plan, execution, evaluation, and control. 

Furthermore, the composition and contribution of the 
Maintenance Workforce is important in carrying out 
maintenance tasks. Maintenance Workforce's capacity, 
competence, and motivation will greatly influence 
Maintenance Performance. Workforce size (Ighravwe & 
Oke, 2014), knowledge (Hariadi et al., 2020), skills and 
motivation (Maryulina, 2010), and work discipline 
(Haryadi et al., 2018)are several factors that influence 
workforce performance and productivity. 
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Quality maintenance provides a certain level of 
confidence that the equipment being repaired or 
maintained will function safely and reliably. Quality in 
maintenance is very important because poor quality 
maintenance can cause severe consequences in 
production facilities (Dhillon, 2006:140). The 
development of good maintenance quality control is 
essential to ensure high-quality repairs, accurate 
standards, maximum availability, and equipment life 
cycle as well as efficient equipment production levels 
(Ben-Daya & Duffuaa, 1995). 

Maintenance quality control is responsible for ensuring 
that the quality objectives of resources, procedures, and 
standards used in the Maintenance Process are met. In 
addition, he carries out inspections of maintenance work 
and testing of equipment before it is accepted or put into 
operation. The quality of maintenance depends largely 
on the skills, motivation, and attitudes of maintenance 
personnel, the effectiveness of supervisors, and the level 
of compliance with work standards and instructions 
(Duffuaa & Raouf, 2015). 

Maintenance performance (maintenance performance) 
is the company's ability to use all its resources to realize 
strategic plans and maintenance programs for 
production facilities to achieve a target level of 
effectiveness, efficiency, and productivity that has been 
determined and agreed upon. Meanwhile, according to 
Kadim (2017: 113), two factors are often used to 
measure production system performance, namely 
Utilization and Efficiency. Utilization is the percentage 
of utilization achieved against the design capacity 
(design capacity) from a production facility. Meanwhile, 
efficiency is the percentage of achieved utilization of 
effective capacity (effective capacity) from a production 
facility (Kadim, 2017). 

III. METHOD 
This research will explain the causal relationship 
between variables through hypothesis testing, namely 
testing research hypotheses based on previously 
formulated theories, then the data obtained calculating 
using a quantitative approach (Sugiyono, 2018).  

Data collection was carried out by distributing 
questionnaires to a predetermined sample, involving 100 
respondents who worked as core employees at PT. XYZ 
in the division maintenance, operation, planning & 
scheduling. After all the questionnaire data had been 
collected then continuing with the data processing and 

analysis using the SmartPLS Application Version 3.2.9 
to obtain the results of the algorithm analysis 
(algorithm). 

PLS-SEM analysis consists of two sub-models, namely: 
the outer model and the inner model. Testing the Outer 
Model or outer relation or measurement model defines 
the relationship between indicators and their latent 
variables. Testing in the outer model is a validity and 
reliability test. Validity testing consists of convergent 
validity and discriminant validity. Convergent validity 
is tested through parameters loading factor and value 
Average Variance Extracted (AVE). The measurement 
results are declared valid if the value loading factor is 
more than 0.7 and the AVE value is more than 0.5 (Hair 
et al., 2014). Discriminant validity is established when 
an indicator's loading on a construct is higher than all its 
cross-loadings with other constructs. The reliability test 
is seen based on the value Cronbach's alpha must be 
greater than 0.7 and the composite reliability value must 
be greater than 0.7 (Hair et al., 2014). 

An inner model test was carried out to test the 
relationship between latent constructs. Inner models 
include inner relations, structural models and 
substantive theory describes the relationship between 
latent variables based on substantive theory.  

The inner model is tested by looking at the R-square, Q-
square, and path coefficient (path coefficient) to obtain 
information on how much the dependent latent variable 
is influenced by the independent latent variable, as well 
as a significance test to test the significance value of the 
relationship or influence between variables (Hair et al., 
2014).  

For the measurement of the significance of the 
hypothesis, a comparison of T-table and T-statistic 
values can be used. If the T-statistic value is greater than 
the T-table value, then it is significant. Conversely, if the 
T-statistic value is smaller than the T-table value, then it 
is not significant (Jogiyanto & Abdillah, 2009). 

IV. PLS-SEM ANALYSIS RESULTS 
4.1. Outer Model Analysis (Measurement Model) 

Validity Test 

a. Outer Loading 
In the first iteration, the evaluation using 41 indicators 
produced 36 indicators with outer loading values >0.7 
and 5 indicators <0.7.  
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Outer loading 36 indicators were declared valid, and 5 
indicators were invalid, so they had to be eliminated 

from the model. The following are the results of the 
model used in the research model for further analysis: 

Table 1. Loading Factor 

 

b. Average Variance Extracted (AVE) 
All latent variables including maintenance process, 
maintenance workforce, maintenance quality control, 

maintenance performance, and production performance 
have an AVE value greater than 0.5. Thus, it can be 
stated that each variable has good validity. 

Table 2. Average Variance Extracted (AVE) 

 
c. Cross loading 
The cross-loading value is declared valid if the loading 
indicator on a construct is higher than all cross-loadings 

with other constructs. A measurement is categorized as 
having discriminant validity if it has a cross-loading 
value of 0.7. The loading value in the model can be seen 
in the following table: 

Table 3. Cross loading 
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Based on the table above, the loading indicator of a 
construct (which is printed in bold) has the highest value 
for the variable it forms, compared to the loading 
indicator with other variables (cross-loading), thus the 
cross-loading value of all indicators for each variable is 
declared valid. 

d. Fornell-Larcker Criterion 
The Fornell-Larcker Criterion states that the square root 
of the AVE value for each construct must be higher than 
the correlation value between constructs in a model. 
Sarwono (2007) states that the Fornell-Larcker Criteria 
is used to ensure discriminant validity, so the AVE for 
each latent variable must be higher than the R-square 
with all other latent variables. 

Tabel 4. Fornell-Larcker Criterion 

 
The table above shows that the square root value of AVE 
is higher than the correlation value between latent 
variables. Thus, all variables are declared valid based on 
the Fornell-Larcker criteria. 

Reliability Test 
Reliability tests are carried out to prove the accuracy, 
consistency, and precision of the instrument for 

measuring the construct.  Cronbach's alpha provides an 
estimate of reliability based on the intercorrelation of 
observed indicator variables. To achieve good 
reliability, the composite reliability value and 
Cronbach's alpha must be greater than 0.70

 
Table 5. Composite Reliability and Cronbach’s alpha 
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Based on the table above, the composite reliability and 
Cronbach alpha values for all variables used in this study 
have composite reliability Cronbach alpha values of 
more than 0.7 (reliable). Thus, it can be concluded that 
each indicator of each variable is declared reliable, 
accurate, consistent, and appropriate for measuring the 
variables used in this research. 

4.2. Outer Model Evaluation 

Coefficient of Determination (R-Square) 
Evaluation of the R-Square, determination coefficient is 
used to show how much effect or influence the 
independent variable has on the dependent variable. 
Chin (1998) states that R-square results of 0.67 and 
above for endogenous latent variables in the structural 
model indicate that the influence of exogenous variables 
on endogenous variables is in a good category. 
Meanwhile, if the result is 0.33 – 0.67 then it is included 
in the moderate category, and if the result is 0.19 – 0.33 
then it is included in the weak category (Chin, 1998). 

Table 6. R-Square Value 

Variable R 
Square 

Evaluation 

Z1. Maintenance 
Performance 

0.624 Moderate 

Y1. Production 
Performance 

0.640 Moderate 

Based on the table above, Maintenance Performance and 
Production Performance have a "Moderate" level of 
reliability. 

In assessing goodness of fit or predictive relevance, it 
can be determined through the Q-Square value. Ghozali 
(2014:79), Q-Square can be used to measure how well 
the observation values are produced by the model and 
also the estimated parameters. A Q-square value >0 
indicates that the model has good predictive relevance. 
The calculation of the Q-Square value is as follows (Hair 
et al., 2011): 

…………………..(1) 

The calculation results show that the Q-square value is 
0.865, meaning that the amount of diversity in the 
research data that can be explained by the structural 
model developed in this research is 86.5%. Based on 
these results, the structural model in the research has a 
large goodness of fit. The GoF value ranges from 0 to 1 
with the interpretation of the values: 0.1 (small GoF), 
0.25 (medium GoF), and 0.36 (large GoF) (Hair et al., 
2014). 

Hypothesis Test 
The Hypothesis test in this research was carried out by 
comparing T-Statistics and T-Table, where the research 
hypothesis can be accepted if the T-Statistics > T table. 

Table 7. Hypothesis test results 

 

Table 6 above shows that H1, H2, H3, and H4 have path 
coefficient values greater than 0.1 and are positive, thus 
all hypotheses have a positive influence. Meanwhile, the 
significance value can be seen from a p-value <0.05, 
based on the data above H1, H2, H3, and H4 have a p-
value <0.05 which means it is significant. The T-statistic 
value for H1, H2, H3, and H4 is greater than the T-table, 
meaning that all hypotheses are "accepted". 

V. DISCUSSION 
H1: The Effect of Maintenance 
Process on Maintenance Performance 
H1 obtained T-Statistics (2.190) > T table (1.985), 
meaning that there is a positive and significant influence 
Maintenance Process on Maintenance Performance. The 
path coefficient of Maintenance Process (X1) to 
Maintenance Performance (Z1) is 0.263 (positive). The 

𝑸𝟐 = 1 − (1− 𝑅12) (1− 𝑅22)   
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coefficient value shows a direct influence, namely if the 
other variables are constant, then Maintenance 
Performance (Z1) is influenced by Maintenance Process 
(X1) by 26.3%. This explains that the better the 
Maintenance Process, the performance of maintenance 
performance will also be better or increased. Likewise, 
if the Maintenance Process is lower, the Maintenance 
Performance will be lower or decrease. This is in line 
with research conducted by Muchiri, (2011) which 
stated that the Maintenance Process is a determining 
factor for success that drives Maintenance Performance 
(Muchiri et al., 2011). 

H2: The Effect of Maintenance Workforce on 
Maintenance Performance 
H2 obtained T-Statistics (3.052) > T table (1.985), This 
means that there is a significant positive influence of 
Maintenance Workforce on Maintenance Performance. 
The path coefficient of Maintenance Workforce (X2) to 
Maintenance Performance (Z1) is 0.290 (positive). The 
coefficient value shows a direct influence, namely if the 
other variables are constant, then Maintenance 
Performance (Z1) is influenced by Maintenance 
Workforce (X2) by 29.0%. This explains that a higher 
Maintenance Workforce value leads to higher 
Maintenance Performance. Likewise, if the 
Maintenance Workforce value is lower, Maintenance 
Performance will be lower or decrease. According to 
Groote (1995), the competence of the maintenance team 
is an important factor that impacts maintenance 
performance. This means that maintenance performance 
depends on the expertise and knowledge of the team in 
completing maintenance tasks (Fatoni et al, 2018). 
Peach et al, (2016) in their research revealed that 
competence (skill level) and motivation are the most 
important human maintenance factors that affect the 
performance of the maintenance function (Peach et al., 
2016). 

H3: The Effect of Maintenance Quality Control on 
Maintenance Performance 
Maintenance Quality Control has a positive and 
significant effect on Maintenance Performance. The 
obtained T-Statistics value (2.668) > T table (1.985). 
This means that Maintenance Quality Control has a 
significant positive influence on Maintenance 
Performance. The path coefficient of the Maintenance 
Quality Control (X3) on Maintenance Performance (Z1) 
is 0.322 (positive). The coefficient value shows a direct 
effect, namely if the other variables are constant then 
Maintenance Performance (Z1) is influenced by 

Maintenance Quality Control (X3) by 32.2%. This 
explains that a higher Maintenance Quality Control 
value leads to higher on Maintenance Performance. 
Likewise, if the Maintenance Quality Control value is 
lower, the Maintenance Performance value will be lower 
or decrease. This is in line with research conducted by 
Maletič (2014) which states that maintenance quality 

has a significant effect on Maintenance Performance 
(Maletič et al., 2014). 

H4: The Effect of Maintenance Performance on 
Production Performance 
The Maintenance Performance has a positive and 
significant effect on The Production Performance 
measured in terms of facility utilization and production 
efficiency. The obtained T-statistics value (17.767) > T-
table (1.985). This means Maintenance Performance has 
a significant positive effect on Production Performance. 
The path coefficient of the Maintenance Performance 
(Z1) on Production Performance (Y1) is 0.800 
(positive). The coefficient value shows a direct 
influence, namely if the other variables are constant then 
Production Performance (Y1) is influenced by 
Maintenance Performance (Z1) by 80.0%. This explains 
that the higher the Maintenance Performance value, the 
higher or increased Production Performance will be. 
Likewise, if the Maintenance Performance value is 
lower, Production Performance will be lower or 
decrease. These results are in line with research 
conducted by Jasasila (2017), Iqbal (2017, and 
Anggraeni et al. (2016); maintenance activities have a 
significant and influential effect on the production 
process and Production Performance (Jasasila, 2017), 
there is an influence of preventive maintenance and 
breakdown maintenance activities on the smoothness of 
the production process and Production Performance 
(Iqbal, 2017), maintenance has a positive and significant 
effect on product quality and production performance 
(Anggraini & Maulana, 2016). 

VI. CONCLUSION 
Based on the results of the research that has been carried 
out, the following can be concluded: 

1. The Maintenance Process which consists of 
planning, execution, monitoring, and control, has a 
positive and significant effect on Maintenance 
Performance by 26.3%. This explains that the better 
the implementation of the Maintenance Process, the 
better the Maintenance Performance will be, and 
vice versa. 
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2. Maintenance Workforce Maintenance 
(maintenance workforce) which consists of 
capacity, capability, and motivation has a positive 
and significant effect on Maintenance Performance 
by 29.0%. This means that the better the quality of 
the Maintenance Workforce as assessed by 
capacity, capability, and work motivation, the better 
the Maintenance Performance will be, and vice 
versa. 

3. Maintenance Quality Control consists of methods, 
work equipment (tools), and improving the quality 
of the Maintenance Workforce has a positive and 
significant effect on Maintenance Performance by 
32.2%. This explains that the better the choice of 
work methods, the use of standardized work 
equipment, and the improvement in the quality of 
the Maintenance Workforce, the better the 
Maintenance Performance will be, and vice versa. 

4. Maintenance Performance which is influenced by 
three independent variables, namely Maintenance 
Process, Maintenance Workforce, and Maintenance 
Quality Control has a positive and significant effect 
on Production Performance by 80.0%. This 
explains that the better the Maintenance 
Performance, the better the Production 
Performance, and vice versa. 

VII. SUGGESTION 
Based on the limitations of this research, the researcher 
suggests improvements for further research as follows: 

1. It is hoped that further research can develop this 
research or further explore the influence of the 
independent variables used in this research on 
Maintenance Performance, especially in companies 
engaged in the exploration and production of 
petroleum and natural gas (oil & gas companies) 
more broadly, or by using other independent 
variables such as to get a more complete picture of 
Maintenance Performance and the independent 
variables that influence it. 

2. This needs to be done considering that currently, the 
development of information technology is 
increasingly rapid, which can have a direct and 
indirect impact on the strategies and work methods 
used by companies to achieve optimum results 
more effectively and efficiently. 

3. Campaigns by government agencies and 
community organizations throughout the world that 
are concerned about sustainability and the use of 
green energy to prevent uncontrolled global 

installations will have an impact on government 
policies towards companies operating in these 
countries, in particular companies engaged in the 
exploration and production of petroleum and 
natural gas. With this policy, of course, companies 
are required to adjust their company strategy 
immediately so that they can run their operation 
effectively and efficiently. 

4. Further research using a larger sample, more 
complete independent variables, and involving 
more companies operating in the oil and gas 
business sector in Indonesia. Of course, this 
research will have a bigger and broader impact, both 
for oil and gas companies operating in Indonesia 
and for the government as the owner and manager 
of natural resources, especially oil and natural gas 
in Indonesia. 
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