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Abstract 
 
Quality infrastructure has an important role in supporting national economic development. The quality infrastructure 
consists of four core pillars: standards, accreditation, metrology, and conformity assessment services. ISO/IEC 17025: 
2017 regulates general requirements for the competence of calibration laboratories. In several countries, the number 
of accredited calibration laboratories is only one-fifth of the testing laboratories. Currently, there is not much research 
on calibration laboratories. Calibration activities are an important part of the quality infrastructure system because 
incorrect calibration results can lead to the withdrawal of distributed products, and can lead to customer doubts about 
the quality of the products. The results of case studies in Indonesia require additional accredited calibration 
laboratories for more than 49% of the current number. This indicates the very high need for calibration laboratories 
has not been supported by the growth in the number of laboratories. SWOT Analysis can be used as a method to obtain 
internal and external factors in the accreditation of calibration laboratories in strengthening Indonesia’s quality 
infrastructure. The results of the research show that factor “guarantee the validity of calibration result”, “lack of 
National Metrology Institute capabilities” and “pre-existing structure and facilitate” significantly related to calibration 
laboratory accreditation. 
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1. Introduction 
 
Quality infrastructure has an important role in supporting national economic development which consists of standards, 
accreditation, metrology, conformity assessment services (Kellermann 2020). Based on ISO/IEC 17011:2017 
Conformity assessment — Requirements for accreditation bodies accrediting conformity assessment bodies, 
accreditation is third party recognition of the conformity assessment body’s competency to carry out conformity 
assessment tasks and the conformity assessment agency (CAB) is an object that is accredited based on the conformity 
assessment activities carried out. CAB includes testing laboratories, calibration laboratories, medical laboratories, and 
certification bodies. Accreditation is conduct by the Accreditation Body (AB).  
 

Table 1. Number of Comparison of Accredited Testing Laboratories and Calibration Laboratories 
 

 

Accreditation Body Testing Laboratory Calibration Laboratory
CNAS-Cina 9036 1345
Standards Malaysia- Malaysia 586 95
KAN-Indonesia 1432 239
UKAS-UK 1180 370
A2LA-US 2699 802
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ISO/IEC 17025: 2017 regulates general requirements for the competence of testing laboratories and calibration 
laboratories. Products produced from the use of ISO/IEC 17025 standards have unquestionable quality, guaranteed 
safety, and are reliable (Sari and Nurcahyo 2018). Based on data taken from the website of the Accreditation Body in 
several countries in the world as shown in Table 1, it can be seen that the average ratio of the number of calibration 
laboratories compared to testing laboratories is 1: 5. This significant comparison, the question that might be arises: "Is 
accreditation of calibration laboratories not important?" 
 
Accreditation and metrology are the pillars of quality infrastructure and the relationship between the quality of 
infrastructure and the country's development is very positive (Kellermann 2020). Laboratory accreditation contributes 
positively to a country's gross domestic product (Grochau et al. 2017). Erginel and Gecer (2016) state that there has 
not been much research on calibration laboratories. Therefore, it is necessary to research for calibration laboratories, 
especially the identification of the factors that affect calibration laboratory accreditation in strengthening the quality 
of infrastructure. 
 
1.1 Objectives 
 
The study aims to analyze internal and external factors that influence the accreditation of calibration laboratories in 
strengthening quality infrastructure. From the results of the analysis of internal and external factors, it can be used as 
a basis for formulating a strategy to increase the number of calibration laboratory accreditations. 
 
2. Literature Review 
 
The definition of quality infrastructure (QI) is a system consisting of organizational (public and private) policies, 
relevant regulations, and practices to encourage and increase the quality, safety, and environmental health of processes, 
goods, services (Kellermann 2020). Strong national quality infrastructure is very important for facing the COVID-19 
pandemic, reviving the national economy, creating jobs, and encouraging product development according to 
international standards (Aswal 2020). 
 
Metrology is the oldest of the four pillars of quality infrastructure and as a science of measurement which is the basis 
for production and service activities of other quality infrastructure pillars (Kellermann 2020). Metrology plays an 
important role in science, industry, and commerce. Metrological standards and measurement traceability provide the 
basis for fair and accurate trade, increase market efficiency by creating economies of scale, reduce transaction costs, 
protect against market failures by preventing information asymmetry, and support and stimulate innovation (Kaarls 
2007).  
 
Based on JCGM 200:2012- International vocabulary of metrology – Basic and general concepts and associated terms 
(VIM), calibration is an operation under certain conditions to compare the measurement results of a measuring 
instrument against national and international measurement standards for units of measure and/or certified reference 
materials. The metrological traceability chain, as shown in Figure 1, is an unbroken calibration chain, expressed in 
terms of measurement uncertainty. Incorrect calibration results can cause the withdrawal of products that have been 
circulated, unexpected costs, and can lead to customer doubts about the quality of the products produced (Sanetra and 
Marban 2020). The role of calibration in metrology (measurement science) is very necessary, so it can be stated that 
calibration is an important part of the quality infrastructure system.  
 
This research will use SWOT analysis, SWOT analysis is a tool to determine opportunities, threats, strengths, and 
weaknesses, which is designed to be used in the early stages of decision making and serves to measure organizational 
resources, market opportunities, and possible threats (Srivastava et al. 2005). By developing a SWOT analysis, the 
organization can create a strategic plan (Nurcahyo et al. 2015). 
 
3. Case Study 
 
From the survey by Gecer and Erginel (2012), the results are shown in Figure 2, out of 103 companies in Turkey there 
are 60 companies have more than 100 measuring instruments that need to be calibrated. Each measuring instrument 
requires calibration after a certain time interval to provide accurate measurement results, equipment may need to be 
calibrated at shorter time intervals if used at a frequency above the standard usage for a certain time. A large number 
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of measuring instruments that require calibration and a high volume of calibration work requires a large number of 
calibration laboratories that can provide calibration services in various industrial sectors. 
 

 
Figure 1. Metrological Traceability Chain 

 

  
 
Figure 2. Distribution of measuring instruments   Figure 3. Adequacy of Calibration Services 

 
From Figure 3 it can be seen that the adequacy rate of calibration services in Indonesia is still low. Adequacy figure 
is the ratio of the number of calibration scopes available to the number of scopes required in an area. Currently, the 
number of accredited calibration laboratories in Indonesia is 239, which can be seen in Figure 4, with an average 
addition of 10 accredited calibration laboratories per year. 
 
Based on Permenkes Number 43 of 2019 concerning public health centers and Permenkes Number 54 of 2015 
concerning medical devices' testing and calibration, all equipment in health service facilities must be calibrated 
periodically by an accredited laboratory. Currently, the average number of health measuring instruments that must be 
calibrated is around 2,946,768 from hospital and clinic health service facilities in Indonesia (Table 2). With an estimate 
that each laboratory can carry out the calibration of 8,250 measuring instruments per year, then 358 calibration 
laboratories are needed. When compared with current conditions, to achieve the need for calibration in only the health 
service sector, it is necessary to add 118 new accredited calibration laboratories. Growth in hospitals and clinic in 
Indonesia averages 6% and 3.5% per year, if calculated based on the growth rate, the average growth of health 
measuring instruments that must be calibrated is 224,346 devices per year. 
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Figure 4. Number of Accredited Calibration Laboratories 
 

Table 2. Number of Health Service Facilities and Health Measuring Devices in Indonesia 
 

 
In 2016 the government issued Economic Policy Package VIII and Presidential Regulation No. 9/2016 on the 
implementation of the one map policy’s acceleration at level’s map accuracy of 1: 50,000. To be able to support 
Indonesia's priority program, a survey tool that is accurate and calibrated by an accredited calibration laboratory is 
needed. The need for the availability of accredited calibration laboratories is very high in various sectors in Indonesia. 
If the calibration laboratory as part of the quality infrastructure in Indonesia continues to grow and spread, then 
accurate measurement results, the quality of health services, the quality of products, and economic growth will 
continue to increase. 
 
3. Methods 
 
In the early stages of the SWOT analysis, the identification of external and internal factors that influence the 
accreditation of calibration laboratories in strengthening Indonesia's quality infrastructure was carried out. The authors 
collected supporting data from literature studies. The collected data will be used as a basis for conducting surveys 
through questionnaires and focus group discussions with 12 people, consisting of three calibration laboratory 
practitioners, three experts of ISO/IEC 17025, two metrologists, two accreditation experts, and 2 academics working 
as lecturers in relevant fields. The SWOT analysis will describe a map of strengths, weaknesses, opportunities, and 
threats in improving calibration laboratory accreditation. 
 

Amount Average Medical Devices 
Required Calibration (units) Total (units)

Hospital Type A 71 1893 134403
Type B 404 906 366024
Type C 1406 480 674880
Type D 746 306 228276
Non Class 231 97 22407

2858 1425990
Health Service Hospitalized 3459 182 629538

Non Hospitalized 6366 140 891240
9825 1520778

2946768

Service Facilities
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4. Results and Discussion 
 
4.1 Data Collection 
 
The analysis of external factors affecting the accreditation of a calibration laboratory aims to evaluate trends and 
conditions outside the control of a calibration laboratory. The focus of external factor analysis is to determine the key 
factors of opportunities and challenges. Thus, it will be easy to determine a strategy for using opportunities and 
overcoming threats. Table 3 is the external factor that affects the accreditation of calibration laboratories in Indonesia 
which is given to respondents to determine the SWOT variable based on four-point Likert type scales, from 1 = very 
less influence to 5 = very strong influence. 
 

Table 3. External Factor Analysis 
 

 
 

Table 4. Internal Factor Analysis 
 

 
 

One of the factors that influence the accreditation of calibration laboratories is the government policy (Jardali 2007), 
Permenkes Number 54 of 2015 concerning medical devices' testing and calibration that all equipment in health service 
facilities must be calibrated periodically by accredited laboratories and Presidential Regulation Number 9 of 2016 
concerning the implementation of policy one maps' acceleration at a map accuracy level of 1: 50,000. Another external 
factor is the mutual recognition agreement (MRA-APAC) on the results of the conformity assessment. Laboratories 
accredited by an accreditation body that sign an agreement on mutual recognition of the results of the conformity 
assessment will mutually acknowledge certificates and reports issued by the accredited Conformity Assessment Body, 
thereby reducing the potential for inspection of goods and services when moving from country to country other.  
 
Accredited laboratories will receive an accreditation certificate based on ISO 17025: 2017 which shows that the 
laboratory has made guarantees of the validity of the calibration results by clause 7.7 (ensuring the validity of result). 
Grochau et al. (2010) stated that customer satisfaction is one of the benefits of implementing laboratory accreditation. 
Training is one of the factors affecting accreditation (Boussemaere 2012, Fernandes et al. 2006), information on 
calibration laboratory training is still lacking in Indonesia. The National Metrology Institute (NMI) provides a 
connection between laboratory calibrations and international measurement standards through standard calibration of 
laboratory work equipment (Kellerman 2020) and Indonesia ranks 57th out of 63 in the CMC ranking (Liedtke and 
Oteiza, 2020). Fernandes et al. (2006), Vajda et al. (2006), and Lopes et al. (2014) stated that international resources 
are a factor influencing laboratory accreditation, one of the resource factors is reference documents. 
 

No External Factor Opportunities/threats
1 Government policy Opportunity (O1)
2 International recognition (APAC MRA) Opportunity (O2)
3 Guarantee the validity of calibration result Opportunity (O3)
4 Customer Satisfaction Opportunity (O4)
5 Lack of training institute information Threat (T1)
6 Lack of reference documents Threat (T2)
7 Lack of National Metrology Institute capabilities Threat (T3)

No Internal Factor Strengths/Weaknesses
1 Lack of financial resources Weaknesses (W1)
2 Lack of personnel Weaknesses (W2)
3 Lack of understanding ISO 17025 Weaknesses (W3)
4 High staff motivation Strength (S1)
5 Preexisting structure and facilitate Strength (S2)
6 Previous ISO 9001 certification Strength (S3)
7 Support from top management Strength (S4)

Proceedings of the 11th Annual International Conference on Industrial Engineering and Operations Management 
Singapore, March 7-11, 2021

© IEOM Society International 491



Internal factor analysis is determined from the factors in the calibration laboratory by identifying their strengths and 
weaknesses. Table 4 shows the internal factors that influence the accreditation of a calibration laboratory given to 
respondents to determine the SWOT variable based on four-point Likert type scales, from 1 = very less influence to 5 
= very strong influence. Lopes et al. (2014) state financial resources and top management support as facilitators who 
are influential in laboratory accreditation. According to Grochau et al. (2018), lack of personnel is the main obstacle 
in implementing accreditation, and pre-existing structures, the motivation of staff, and previous ISO 9001 certification 
are the driving factors for implementing accreditation. One of the obstacles in laboratory accreditation is the lack of 
training and qualifications of personnel (Fernandes et al. 2006) which causes a lack of understanding of ISO 17025.  
 
4.2 Validation 
 
From the survey results, the validation and reliability tests were carried out using SPSS software. The validity test is 
to determine whether the respondent's data is declared valid or invalid. The reliability test is to show reliable 
measurement results. In the number of respondents as many as 12, the value of r table product-moment with a 
significant level of 5% is 0.576. The results of the validity test recapitulation can be seen in Table 5 while the reliability 
test results can be seen in Table 6. 
 

Table 5. Validity Test Results      Table 6. Reliability Test Results 
 

 
 
A question item is declared valid if Pearson's r > r Table Product Moment (Chee and Queen, 2018), from Table 5 it 
can be seen that for all questions the value of Pearson's r > r Table Product Moment so that all questions are declared 
valid, which means that all questions on the questionnaire can be used in this study. The reliability test can be said to 
be reliable if it has a Cronbach's alpha value> 0.6 (Hulin et al. 2001). The results of reliability testing on the 
questionnaire for each SWOT factor obtained Cronbach's alpha value > 0.6 so that the questionnaire for each factor 
was declared reliable. 
 
4.3 The Internal-External (IE) Matrix 
 
In calculating the weight of external factors that come from outside the laboratory's environment is determined based 
on the level of importance ranging from a scale of 0 to 1 (0 = not important and 1 = very important) and does not 
exceed a total score of 1 when weights are added. The rating is between 1 and 4 for each external factor which shows 
how effective the company's current strategy is to respond to these factors, where 1 = poor response, 2 = average 
response, 3 = above-average response, and 4 = better response. The weight and rating values are based on the results 
of the questionnaire. The weighted score for each variable is obtained by multiplying the weight of each factor by the 
rating. The External Factor Evaluation (EFE) Matrix is obtained by determining the weight, rating, and weighted score 
with the results as shown in Table 7. 
 
 

Key Factor Pearson’s r r Table Product Moment
O1 0.803 0.576
O2 0.803 0.576
O3 0.664 0.576
O4 0.863 0.576
T1 0.84 0.576
T2 0.767 0.576
T3 0.761 0.576
W1 0.797 0.576
W2 0.874 0.576
W3 0.805 0.576
S1 0.693 0.576
S2 0.818 0.576
S3 0.779 0.576
S4 0.809 0.576

Cronbach's Alpha
Opportunities 0.778
Threats 0.69
Weaknesses 0.706
Strengths 0.769
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Table 7. The External Factor Evaluation (EFE) Matrix 
 

 
 

According to David (2011), the lowest possible total score for an organization is 1.0, the highest total weighted score 
is 4.0, and the average weighted total score is 2.5. Calibration laboratories in Indonesia are currently very good at 
handling the "Guarantee the validity of calibration result" factor. The total number of weighted scores is 3.45 (above 
the average mean value of 2.5), which indicates that currently, the calibration laboratory is good enough to avoid 
threats and make use of external opportunities, but there is still room for improvement, namely to better address threats 
"lack of the National Metrology Institute capabilities ". 
 
In counting the weight of internal factors, the steps used are the same as for calculating the weight of external factors. 
The rating is between 1 to 4 to indicate that factor represents, 1 = major weakness, 2 = minor weakness, 3 = minor 
strength, and 4 = major strength. The weight and rating values are based on the results of the questionnaire. The 
weighted score for each variable is obtained by multiplying the weight of each factor by the rating. Table 8 shows the 
internal Factor evaluation (IFE) matrix.  
 

Tabel 8. The Internal Factor Evaluation (IFE) Matrix 
 

 
 
Calibration laboratories have a big problem with “Lack of personnel”. Overall, the total score is above the average 
weighted value of 2.88 which shows there is still room for improvement, such as “Lack of personnel” and “Lack of 
financial resources”. The matrix (IE) is based on the total EFE weight score on the y-axis and the IFE total weight 
score on the x-axis. The total EFE weight score of 3.45 is plotted on the y-axis and the total IFE weight score of 2.88 
is plotted on the x-axis so that the internal and external factors that affect the calibration laboratory accreditation are 
in cell II as shown in the position of the circle in Figure 5. This suggests a grow and build strategy is suitable for 
increasing accreditation of calibration laboratories by considering the most influential external and internal factors. 
 
4.4 Analysis of the internal and external factors of calibration laboratory accreditation 
 
The Spearman's Rank Correlation test is a non-parametric test that is used if the data is not normally distributed and 
the data scale is ordinal (StatisticsSolutions 2021). In this research, the Spearman's Rank Correlation test was 

Weight Rating Weighted Score
Opportunities

1 O1 Government policy 0.144 4 0.577
2 O2 International recognition (APAC MRA) 0.144 3 0.433
3 O3 Guarantee the validity of calibration result 0.162 4 0.648
4 O4 Customer Satisfaction 0.148 4 0.592

Threats
5 T1 Lack of training institute information 0.12 3 0.359
6 T2 Lack of reference documents 0.130 3 0.391
7 T3 Lack of National Metrology Institute capabilities 0.151 3 0.454

Total 1 3.45

External Factor

Weight Rating Weighted Score
Weaknesses

1 W1 Lack of financial resources 0.15 2 0.299
2 W2 Lack of personnel 0.13 1 0.129
3 W3 Lack of understanding ISO 17025 0.146 2 0.293

Strength
4 S1 High staff motivation 0.157 4 0.627
5 S2 Preexisting structure and facilitate 0.160 4 0.641
6 S3 Previous ISO 9001 certification 0.139 3 0.418
7 S4 Support from top management 0.118 4 0.474

Total 1 2.88

Internal Factor
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conducted to identify factors that significantly influence calibration laboratory accreditation. If the p-value <0.05, it 
can be said that these factors have a significant effect on the calibration laboratory accreditation. The results of the 
calculations in Table 9 show that three factors have a significant effect on the accreditation of calibration laboratories: 
the factor “guarantee the validity of calibration result”, “lack of National Metrology Institute capabilities”, and “pre-
existing structure and facilitate”. Accreditation can ensure that the accuracy of the calibration results carried out by 
the laboratory is guaranteed, this encourages calibration laboratories to obtain accreditation. The National Metrology 
Institute (NMI) as the holder of the highest measurement traceability in a country has an important role because all 
standard equipment must be traceable by following with ISO / IEC 17025 so if the higher NMI capability in Indonesia, 
the calibration laboratory does not need to ensure traceability abroad which requires more expensive costs. Laboratory 
structures and facilities as resources that determine how the calibration laboratory operates. The pre-existing structure 
and facilitation will encourage laboratories to obtain accreditation. 
 

 
 

Figure 5. The Internal-External (IE) Matrix 
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Table 9. Factors associated with calibration laboratory accreditation 

 

 
 

4.5 The Matrix SWOT 
 
The SWOT matrix obtained from the focus group discussion is shown in Table 10 is the result of external and internal 
factors that affect the accreditation of calibration laboratories in Indonesia. 

 
Table 10. SWOT Matrix 

 

 
 

Factors p value Significance
Eksternal Factor
Government policy 0.053 X
International recognition (APAC MRA) 0.103 X
Guarantee the validity of calibration result 0.000 Y
Customer Satisfaction 0.817 X
Lack of training institute information 0.241 X
Lack of reference documents 0.511 X
Lack of National Metrology Institute capabilities 0.004 Y
Internal Factor
Lack of financial resources 0.212 X
Lack of personnel 0.862 X
Lack of understanding ISO 17025 0.201 X
High staff motivation 0.727 X
Preexisting structure and facilitate 0.001 Y
Previous ISO 9001 certification 0.649 X
Support from top management 0.170 X

Note: X = The factors are not significantly related to calibration laboratory accreditation; Y = The factors are 
significantly related to calibration laboratory accreditation

Strengths (S): Weaknesses (W):
1. High staff motivation
2. Preexisting structure and facilitate
3. Previous ISO 9001 certification
4. Support from top management

1. Lack of financial resources
2. Lack of personnel
3. Lack of understanding ISO 17025

Opportunities (O):
1. Government policy
2. International recognition (APAC 
MRA)
3. Guarantee the validity of 
calibration result
4. Customer Satisfaction

Strategy S-O (Weighted Score = 4.41):
Improving employee competencies (S1, 
S4, O1, O2)

Develop and increase opportunities
for implementation of the quality 
management system (S2, S3, O3, O4)

Strategy W-O (Weighted Score = 2.97):
Optimizing training employee & commitment 
to the implementation of ISO 17025 (W3, O1, 
O2)

Threats (T):
1. Lack of training institute 
information
2. Lack of reference documents
3. Lack of National Metrology 
Institute capabilities

Strategy S-T (Weighted Score = 3.36):
Increase the number of NMI capabilities 
& reference documents and engage staff 
for training & read reference documents 
(S1, T2, T3)

Strategy W-T (Weighted Score = 1.92):
Increase information and add training 
institutions & do a lot of online training at a 
lower cost (W1, T1)

Focus on providing personnel who 
understand ISO 17025 (W2, W3)
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The SWOT matrix can be used as a basis in determining the right strategy to increase calibration laboratory 
accreditation, as follows: improving employee competencies; develop and increase opportunities for the quality 
management system’s implementation; optimizing training employee and commitment to the ISO 17025’s 
implementation; increase the number of NMI capabilities, and reference documents, and engage staff for training and 
read reference documents; increase information and add training institutions and do a lot of online training at a lower 
cost; focus on providing personnel who understand ISO 17025. The highest strategy value is the S-O strategy with a 
total weighted score of 4.41. By implementing strategies in Table 10, it can increase calibration laboratory 
accreditation, so that the calibration needs in Indonesia can be achieved and can strengthen Indonesia's quality 
infrastructure. 
 
6. Conclusion 
 
In several countries, the number of accredited calibration laboratories is only one-fifth of testing laboratories. 
Calibration activities are an important part of the quality infrastructure system because incorrect calibration results 
can lead to the withdrawal of distributed products, unexpected costs, and can lead to customer doubts about the quality 
of the products produced. The results of case studies in Indonesia require additional accredited calibration laboratories 
for more than 49% of the current number. This shows the very high need for calibration laboratories has not been 
supported by the growth in the number of laboratories. SWOT Analysis can be used as a method to obtain internal 
and external factors of calibration laboratory accreditation in strengthening Indonesia’s quality infrastructure. The 
results of statistical analysis show that “guarantee the validity of calibration result”, “lack of National Metrology 
Institute capabilities” and “pre-existing structure and facilitate” significantly contribute to calibration laboratory 
accreditation. The SWOT matrix can be a basis for determining the right strategy to increase calibration laboratory 
accreditation. From the results of this study, the Indonesian government and calibration laboratories must jointly 
implement strategies that have been formulated to increase the number of accredited calibration laboratories, so that 
they can meet calibration needs and can strengthen the quality infrastructure in Indonesia. Further research can be 
carried out by involving matching and evaluation techniques for each alternative strategy to obtain the best strategic 
priority. 
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