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Abstract
The number of testing laboratories accredited with ISO 17025:2017 has continued to increase in the past decade.
Accreditation is needed in international and national trade which is increasingly intensive and requires compliance
with regulations. The application of accreditation to testing laboratories, this indicates that the laboratory has the
technical competence to specifically determine the type of testing to be carried out. Proper maintenance practices
can contribute to the overall business performance of the quality, efficiency, and effectiveness of a company's
operations. Therefore, it is necessary to conduct research to determine which factors play an important role and the
relationship between the factors involved in maintaining the testing laboratory. The research was carried out in 50
testing laboratories in 8 provinces in Indonesia through a survey. Data processing in this study was processed using
statistical tests. Among other things, by conducting correlation, normality, reliability, and linear regression tests to
determine the key factors for testing laboratories in maintenance management based on ISO 17025:2017. The data
shows that human resources are a key factor in the success of testing laboratory maintenance management.
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1. Introduction
The number of laboratories accredited with ISO 17025:2017 has continued to increase worldwide in the past decade.
Increasingly intensive requests for accreditation are needed to comply with regulations in international and national
trade. Also, research and development (R&D) laboratories require competent assessments to provide evidence of the
quality and traceability of their results (Grochau, 2018).
1366 testing laboratories have been accredited by the National Accreditation Committee in Indonesia. This
laboratory tests the quality and suitability of various things related to everyday human activities, such as; foodstuffs,
textiles, paper, iron, motor vehicle tires to water, and air quality. This testing laboratory is not only owned by the
government but also by the private sector spread throughout Indonesia (BSN, 2020).
The application of ISO 17025:2017 in testing laboratories indicates that laboratories have the technical competence
to specifically determine the type of testing carried out. The accuracy of the test results carried out has been
guaranteed, traceable, and repeatable with the same results, because it has a planned, documented, and implemented
program so that the data produced by the testing laboratory can be legally accounted for (ISO 17025:2017). Besides,
by implementing ISO 17025:2017, it can increase income between 10% to 40% (Nurcahyo et al, 2018).
Testing laboratories use the ISO/IEC 17025 standard, as a benchmark for general requirements for testing
competencies for improving the quality management system. This standard is also used to ensure quality,
administrative and technical activities. Customers, regulators, and accreditation institutes can also use it to confirm
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or acknowledge the competence of laboratories. The application of standards in testing laboratories is closely related
to the achievement of quality objectives contained in the laboratory. By using ISO / IEC 17025 standards, products
are guaranteed safety, reliability, and of course quality. Testing laboratories can be said to be effective if they can
manage flexibility, customers, production, value-oriented, and the main jobs of its employees (Nurcahyo et al,
2018).
To ensure the quality of tests, appropriate maintenance is required to ensure the equipment in testing laboratories
work properly and prevent inaccuracies or damage (clause 6.4.3, ISO 17025: 2017). The laboratory must have
personnel that apart from other responsibilities, have the authority and resources necessary. It is needed to carry out
their duties, including implementation, maintenance, and improvement of the management system (clause 5.6, ISO
17025: 2017).
Maintenance required in testing laboratories can cover all maintenance activities including preventive, predictive,
corrective, overhaul, design modification, and emergency maintenance efficiently and effectively (Ben-Daya, 2009).
Maintenance at testing laboratories required several factors to support among others; Policy Deployment &
Organization (Ben-Daya, 2009) (clause 5, ISO 17025:2017), Human resources (Ben-Daya, 2009) (clause 6.2, ISO
17025: 2017), Budget in maintenance (Ben-Daya, 2009) (clause A.2.3, ISO 17025:2017), Maintenance planning and
scheduling (Jonsson, 1997) (Cholasuke, 2004), Maintenance performance (Buys, 2006) and Continuous
maintenance (clause 8.2, ISO 17025: 2017).
Proper maintenance practices can contribute to overall business performance through their impact on the quality,
efficiency, and effectiveness of a company's operations. This can increase the company's competitiveness, such as
productivity advantage, value advantage, and long-term profitability (Alsyouf, 2009). Therefore, this research is
important to do to find out what factors influence and the correlation between the factors involved in maintaining the
testing laboratory.

1.1 Objective
To find out the key factor in policy deployment and organization to fulfill maintenance management of testing
laboratories in Indonesia, according to ISO 17025:2017.

2. Literature Review
Equipment maintenance in laboratory services is a part of quality management to keep equipment in good condition,
safe, reliable, consistent, and accurate. To ensure quality and reduce damage to machine tools, a maintenance
method approach is needed (Nurcahyo, Dachyar, & Habiburrahman, 2018). A quality management system in an ISO
17025-based laboratory will run effectively if several key factors in the effectiveness clause can be implemented
properly, including organization, management system, management review, personnel, test methods, and quality
assurance of test results. Management and technical clauses are parameters for assessing how the laboratory can
achieve its operational objectives (Sari, 2018).
Research to determine the factors involved in maintenance has been carried out in several models/frameworks using
surveys. Several researchers have researched a series of factors that influence management success, maintenance
performance, and how to manage maintenance tools (Cholasuke et al., 2004; Chinese & Ghirardo, 2010; Jonsson,
1997). These factors are arranged based on the main criteria for maintenance including technical, financial,
organizational, environmental, and educational (Alsyouf, 2009). Surveys with selected factors can be used ranging
from large-scale manufacturing (Jin et al., 2016) to MSMEs (Fumagalli et al., 2009). Surveys can be carried out
using a key performance indicator (KPI) (Naji et al., 2019) or using a survey questionnaire with a Likert scale (Buys
& Nkado, 2006).
Maintenance is a key function in maintaining long-term profitability for an organization. To optimize maintenance
performance, several aspects of the skills and competencies of the maintenance team need to be considered in
maintenance management. Training is an important element in enhancing skills, competencies, and creating a highperformance culture. Based on the research, it was found that there was a relationship between training and
performance in the maintenance department (Fatoni, 2018).
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Selection of budget factors if implemented effectively, can increase productivity, improve quality, and reduce
maintenance costs significantly by reducing the number of unnecessary scheduled preventive maintenance
operations (Fumagalli et al., 2009; Naji et al., 2019). Therefore, maintenance managers must come up with strong
and well-supported arguments if they want maintenance to be given higher priority in the overall budget plan (Jin et
al., 2016).
The maintenance and continuous improvement approach are also a very important factor in maintenance. Cholasuke
et al. (2004) found that related to highly effective maintenance management. Continuous improvement is developed
within the scope of a holistic view with the consideration of combining strategies from various departments that
affect maintenance management (Naji et al., 2019).
Buys & Nkado (2006) put policy criteria as the 3rd rank in terms of importance. A maintenance policy is a method
used to maintain certain equipment or systems such as condition-based maintenance (CBM) or curative maintenance
(Naji et al., 2019). Lack of relationship between maintenance policy and the overall strategy of the organization
leads to poor maintenance performance (Cholasuke et al., 2004). For this reason, the policy factor is determined as
one that greatly affects the success of maintenance.
The laboratory shall establish, document, implement and maintain a management system that is capable of
supporting and demonstrating the consistent achievement of the requirements of this document and assuring the
quality of the laboratory results (ISO 17025:2017). The effectiveness of the maintenance management policy
depends a lot on the strength of the links between these components as well as on their effectiveness (Jonsson,
1997). So that research on Policy Deployment & Organization in the maintenance of laboratory management is
important to do.
This research questionnaire was designed through the selection of the factors contained in the above literature. These
factors consider aspects that are relevant to maintenance in test laboratories where the preparation of the
questionnaire is also related to ISO 17025: 2017 and BS EN 13306:2017.

3. Research Methodology
This research was conducted by obtaining data through a survey, by distributing questionnaires to laboratory staff in
various companies. The data obtained is primary data. The process of distributing questionnaires was carried out
online. The research methodology consists of the following steps in Figure 1.
Data collection
In this study, the questionnaire was filled out by 50 testing laboratories located in 8 provinces of Indonesia (Table
1). the survey was carried out to government-owned, private to university testing laboratories. The scope of testing
laboratories participating in this survey includes; Mechanical Testing laboratories, Tire Testing, Chemical testing,
Material testing, etc. The questionnaire was filled by various positions such as the head of the Testing Laboratory,
quality manager, researcher/engineer, and technician, etc (Table 2).
Table 1. Testing lab location
Province
North Sumatera
Banten
Jakarta
West Java
Central Java
Yogyakarta
East Java
East Kalimantan
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Table 2. Job identity
Position
Head of Lab / Head of Section
Quality / Testing Manager
Researcher / Engineer
Technician/Staff

Total
17
19
6
8

Survey Questionnaire Development
The questionnaire designed in this survey consists of two main parts, project objectives, and questionnaire body. As
the most important part, the questionnaire body is divided into two parts, there are:
(1) General information, questions that will provide general information on participating organizations such as
the name of the testing lab, location, scope, and the data of questionnaire filler.
(2) Measurement of maintenance is an important question for survey purposes. We use six maintenance factors
with five Likert scales; strongly disagree, disagree, not sure, agree, and strongly agree.
The questions are designed based on a list of maintenance performance measures (variables) formulated from the
literature as shown in Figure 1 below.
Research Methodology
Start

Initial Research

Topic determination

Goal setting

Normality &
reliability test
Regression &
correlation
analysis

Research scope
determination

Maintenance
management

Literature review

ISO
17025:2017

Field study

Data Collection

Specification
determination

Making a Questionnaire
Filling out a
questionnaire by an
expert

Data Analysis

Data collection

Normality and reliability testing
NO
Proper?
OK

Final Research

Regression and correlation analysis
Determination of the key factor for the implementation of
maintenance management based on ISO 17025: 2017
Conclusion and recommendation
End

Figure 1. Research Methodology
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Policy Deployment & Organization
• Testing laboratory management is committed to supporting equipment maintenance. (Alsyouf, 2009),
(Cholasuke, 2004).
• Testing laboratory management applies a quality system (ISO / IEC 17025:2017), (Cholasuke, 2004).
• Testing laboratory quality management plays an important role in the laboratory (ISO / IEC 17025:2017),
(Cholasuke, 2004).
• The head of the testing laboratory plays an important role in the laboratory (ISO / IEC 17025:2017), (Buys,
2006).
• Maintenance (replacement of spare parts) of equipment is well scheduled (Chinese, 2010) (Buys, 2006).
• Well scheduled equipment calibration (Chinese, 2010), (ISO / IEC 17025:2017).
• SOP/document on the quality of equipment maintenance activities carried out properly (ISO / IEC
17025:2017).
• Have a list of inventory and equipment status with updated conditions (Fumagalli, 2009), (ISO / IEC
17025:2017), (Alsyouf, 2009).
Human Resources
• All laboratory examiners attend training on understanding the quality system or ISO (ISO 17025:2017).
• All testing laboratory personnel attend training on the use of testing laboratory equipment (Naughton, 2013),
(ISO 17025:2017).
• All testing laboratory personnel participate in testing laboratory equipment maintenance training (Naughton,
2013), (ISO 17025:2017).
• Laboratory examiners attend training to improve personnel skills and maintain competence regularly
(Naughton, 2013), (Buys, 2006).
• Employees who enter the laboratory use complete Personal protective equipment (PPE) and follow health
protocols according to the implemented SOP (Naji, 2019).
Budget
• Testing laboratories provide sufficient budget for training in understanding quality systems or ISO for
laboratory personnel (Cholasuke, 2004), (ISO 17025:2017).
• Testing laboratories provide a sufficient budget for maintenance training for laboratory personnel (Buys,
2006), (Jonsson, 1997).
• Testing laboratories provide a sufficient calibration budget for laboratory equipment (Buys, 2006), (Naji,
2019).
• Testing laboratories provide sufficient budget for replacement of laboratory spare parts (Buys, 2006), (BS EN
13306:2017), (Alsyouf, 2009).
• Testing laboratories provide adequate maintenance budgets based on certain conditions outside of routine
laboratory schedules (BS EN 13306:2017), (Jonsson, 1997).
Maintenance Planning and Scheduling
• The cleaning of the testing laboratory is carried out periodically according to schedule (BS EN 13306:2017).
• Testing laboratory equipment that requires calibration, calibrated according to schedule (ISO/IEC
17025:2017).
• Testing laboratory equipment that requires replacement of spare parts, replacement of spare parts has been
carried out according to schedule (Jonsson, 1997), (Cholasuke, 2004).
• Maintenance of testing laboratory equipment that requires maintenance based on certain conditions outside of
routine laboratory schedules (Jin, 2016), (ISO 17025:2017).
Maintenance Performance
• Periodic recording of calibration activities (ISO 17025:2017) (Buys, 2006).
• Testing laboratory personnel clean equipment and premises after use (BS EN 13306:2017).
• Recording of spare parts replacement activities (ISO 17025:2017).
• Record internal and external maintenance activities (ISO 17025:2017).
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Sustainable Improvement
• Proficiency testing is carried out to guarantee the quality of maintenance and service (ISO 17025:2017).
• Performed internal audits periodically (ISO 17025:2017)
• Corrective action was taken after the internal audit (ISO 17025:2017)
• Review for continuous improvement (ISO 17025:2017)

4. Results

Data processing in this study was carried out using statistical tests. Among other things, by doing a normality test,
reliability test, correlation test, and multiple linear regression to determine the key factor of the laboratory-based on
ISO 17025:2017 standard. The data processing that has been done is as follows:
Normality test
The normality test in this study used the Ryan-Joiner statistic. The Ryan-Joiner statistic measures how well the data
follows a normal distribution by calculating the correlation between the data and the data's normal score. If the
correlation coefficient is close to 1, the population tends to be normal. The normality test for each factor obtained
using the Minitab 19 will be shown as follows

Figure 2. Normality Test of Policy and Deployment

Figure 4. Normality Test of Budget

Figure 3. Normality Test of Human Resources

Figure 5. Maintenance Planning and Scheduling
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Figure 6. Normality Test of Maintenance Performance

Figure 7. Normality Test of Continuous Improvement

RJ value: 0.977 with P-Value> 0.100 where it is more than 0.05, then the variable is declared to be normally
distributed (support.minitab.com). The normality test of policy and deployment can be shown in figure 2.
RJ value: 0.997 with P-Value> 0.100 where it is more than 0.05, then the variable is declared to be normally
distributed (support.minitab.com). The normality test of human resources can be shown in figure 3.
RJ value: 0.991 with P-Value> 0.100 where it is more than 0.05, then the variable is declared to be normally
distributed (support.minitab.com). The normality test of the budget is shown in figure 4.
RJ value: 0.980 with a P-Value> 0.100 where it is more than 0.05, then the variable is declared to be normally
distributed (Source: support.minitab.com). The normality test of maintenance planning and scheduling can be shown
in figure 5.
RJ value: 0.980 with a P-Value> 0.100 where it is more than 0.05, then the variable is declared to be normally
distributed (Source: support.minitab.com). The normality test of maintenance performance can be shown in figure 6.
RJ value: 0.981 with P-Value> 0.100 where it is more than 0.05, then the variable is declared to be normally
distributed (support.minitab.com). The normality test of continuous improvement can be shown in figure 7.
Reliability test
The reliability test in this study is to find the value of Cronbach's alpha. Cronbach's alpha is a common measure of
internal consistency reliability, often used when having several Likert questions in a survey/questionnaire that make
up the scale and want to determine whether the scale is reliable. It is also frequently used in conjunction with data
reduction techniques such as principal component analysis (PCA) or factor analysis. The reliability test results will
be shown in Table 3.
Table 3. Cronbach’s Alpha Test Result
Omitted
Variable
F1
F2
F3
F4
F5
F6

Adj. Total
Mean
93,90
108,34
109,58
113,36
112,76
112,56

Adj. Total
StDEv
0,8167
0,8112
0,8563
0,8556
0,7861
0,7462

Item Adj. Total
Error
0,8167
0,8112
0,8563
0,8556
0,7861
0,7462

Squared
Multiple
0,7350
0,7302
0,7596
0,7515
0,7143
0,6212

Cronbach’s
Alpha
0,9175
0,9109
0,9040
0,9083
0,9180
0,9210

Note: F1 = policy deployment and organization, F2 = human resources management, F3 = budget, F4 = maintenance planning and scheduling,
F5 = maintenance performance, F6 = continuous improvement.
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From the result in Table 3, it is obtained that Cronbach's Alpha value> 0.05, so it can be said that the data is reliable
(Hannon et al. 2015).
Correlation test
The correlation between factors (human resources, budget, maintenance approach, continuous maintenance, and
policy and deployment) produces a value close to 1 so the relationship is positive (Iriawan & Astuti, 2006). These
results are shown in Table 4.
Table 4. Correlation Test Result
F2
F3
F4
F5
F6

F1
0.826
0.729
0.742
0.628
0.614

F2
0.747
0.707
0.601
0.601

F3
0.808
0.774
0.693

F4

0.772
0.714

F5

0.752

Note: F1 = policy deployment and organization, F2 = human resources management, F3 =
budget, F4 = maintenance planning and scheduling, F5 = maintenance performance, F6 =
continuous improvement.

Spearman-rho test was adopted to find out the relationship between the maintenance success factor. Table 4 shows
the result of the correlation study. As mentioned by Hannon et al., (2015) a correlation value in the range <0.2 were
considered weak; 0.2-0.39 considered as weak; range 0.4-0.59 is considered as moderate correlation; higher value
0.6-0.79 is considered as strong correlation, and 0.8-1.0 is considered as very strong correlation.
Regression test
This study uses multiple linear regression. The advantages of the multiple linear regression method include
generalizing and extracting from certain data patterns, being able to acquire knowledge even though there is no
certainty, and being able to perform calculations in parallel so that the process is shorter. The results obtained using
the Minitab 19 software can be shown.
Regression Test Result:
𝐹𝐹1 = 11.44 + 0.683 𝐹𝐹2 + 0.076 𝐹𝐹3 + 0.400 𝐹𝐹4 + 0.032 𝐹𝐹5 + 0.063 𝐹𝐹6

Note: F1 = policy deployment and organization, F2 = human resources management, F3 = budget, F4 = maintenance planning and scheduling,
F5 = maintenance performance, F6 = continuous improvement.

The regression equation above shows that if the independent variables are human resources, budget, maintenance
planning, and scheduling, and continuous improvement do not work or equal to 0, then policy and deployment will
contribute 11.44 times. The regression coefficient for human resources shows if there is an increase in human
resources by 1 time, then the policy and deployment will increase by 0.683 times. If the budget increases by 1 time,
then the policy and deployment will increase by 0.076 times. The maintenance planning and scheduling which has
increased by 1 time, will also increasing policy and deployment by 0.400 times. The maintenance performance
coefficient regression shows an increase of 1 time, then the policy deployment will also increase by 0.032 times.
Finally, the continuous improvement regression coefficient shows an increase of 1 time, then the policy and
deployment will also increase by 0.063 times.
Of all the determinants of the laboratory in maintenance management in the ISO 17025:2017 standard, the greatest
value lies in the human resource factor. This shows that human resource is a key factor in the success of
maintenance management in laboratories based on ISO 17025:2017 standards.
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5. Conclusion
The results showed that Human resource is the main factor in the success of the laboratory in fulfilling maintenance
management based on ISO 17025:2017 standards. The factors that are key to fulfilling maintenance management in
testing laboratories in Indonesia are:
•
•
•
•
•

Training on understanding the quality system or ISO for all testing laboratory personnel.
Training on the use of testing laboratory equipment for all testing laboratory personnel.
Training in the maintenance of testing laboratory equipment for all testing laboratory personnel.
Personnel capacity building training and competency maintenance are conducted regularly to all testing
laboratory personnel.
SOPs for employees entering the laboratory using complete PPE and following health protocols.
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