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ABSTRACT  

Introduction: Occupational health and safety (OH&S) in small organizations are 

still unable to meet OHS requirements. This may have an impact on the health and 

safety of employees. There are many requirements for ISO 45001implementation. 

Many organizations lack sufficient evidence regarding which requirements are 

important and must be prioritized for system implementation. This study aimed to 

determine the importance of weights (IW) from OHS requirements including 

setting new optional requirements for use as OHS guidelines. 

Methods: The study was conducted from August and September 2023. Data 

collection involved using standardized questionnaires related to ISO 45001 

requirements and additional requirements based on expert’s opinions. Delphi 

technique and Analytic Hierarchy Process (AHP) were used for data analysis. 

Results: The IW from ISO45001 requirements included the context of the 

organization (IW=0.203), leadership and worker participation (IW=0.254), planning 

(IW=0.184), support (IW=0.100), operation (IW=0.102), performance evaluation 

(IW=0.076) and improvement (IW=0.081). The leadership and worker participation 

were the highest of IW, while the performance evaluation indicated the lowest of 

IW. In addition, the new optional requirement apart from ISO 45001 indicated that 

there were nine essential requirements of significance. These requirements 

included business competition in the market, product safety development, product 

pricing cost, modern machinery and equipment used for production processes, 

work experience, budget allocation for safety control and system supervisor, 

operations, compliance with laws and regulations, safety recommendations and 

hazard control. 

Conclusion: Prioritization of ISO 45001 requirements could use the 

implementation guidelines effectively. In addition, the inclusion of relevant new 

requirements also increased confidence in protecting the safety of employees. 

Keywords: Analytic Hierarchy Process, Delphi technique, ISO 45001, Occupational    

Health and Safety  

 

Introduction 

The International Organization for 

Standardization (ISO) is an organization that 

issues various standards related to business and 

industry, such as ISO 9001 for Quality 

Management Systems (QMS), ISO 14001 for 

Environmental Management Systems (EMS), and 

ISO45001 for Occupational Health and Safety 

Management Systems (OHSMS). These standards 

are globally recognized as effective methods for 

assessing and auditing management systems. 
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ISO45001 helps to control risks for employees, 

visitors, or external contractors, and assists 

organizations in establishing processes for 

continual improvement in Occupational Health 

and Safety (OH&S).1 Achieving an OHSMS 

demonstrates an organization's commitment to 

the well-being of its employees and third parties. 

A good OHSMS can benefit both the organization 

and its employees by reducing costs and 

workplace accidents.2 This standard is suitable for 

all types of organizations looking to improve 

efficiency in management and reduce workplace 

accidents. An effective OHSMS also benefits an 

organization's partners and provides a 

competitive advantage.3-4  

Previous studies related to establishing 

requirements and guidelines in OH&S through 

experts’ judgement5, such as Parimonthonsakul6, 

focused on the selection of information 

technology management standards using the 

Analytic Hierarchy Process (AHP); this study 

used in-depth interviews to select a standard 

system. Phattharasetsophon7 studied the factors 

affecting customer satisfaction in marketing by 

using AHP method for computing the important 

weights. There are additional studies, such as 

Phangchandha and Ketsakorn8, who conducted a 

study on the new risk assessment criteria in the 

fuel oil transfer process. This study was to 

establish the new opportunity criteria and 

calculate the relative weight of likelihood criteria 

using the Delphi technique and AHP. 

Senchanthichai9 studied future trends in 

cosmetics products for the next 5 years using the 

Delphi technique. Bunmee, Chaemchanya and 

Asavakovitphong10 studied on the temporary 

shelter location selection during air pollution 

disasters caused by PM2.5 using the Delphi 

technique and Pimoonchat11 studied the 

development of safety risk assessment criteria in 

the process of traction battery charging for 

electrical forklift. There is also a study by 

Panjawongroj12 focused on the problem of 

prioritizing criteria and selecting sustainable 

management systems. Many studies have been 

undertaken to identify suitable criteria for 

different types of industries or organizations and 

criteria beyond standard requirements for 

consideration. However, when considering the 

complexity of standard requirements and the 

weighting of their importance, it remains 

ambiguous and varies. 

According to ISO 45001, there are 7 keys 

requirement: organizational context (Clause 4), 

leadership and participation (Clause 5), planning 

(Clause 6), support (Clause 7), operation (Clause 

8), performance evaluation (Clause 9), and 

improvement (Clause 10). All the literature 

reviews focused on the prioritization of 

requirements in OHSMS but there is no focus on a 

new tool for calculating the important weights of 

OHSMS requirements. There is still a lack of 

reliable OHSMS requirements assessment for 

reduction of bias in individual experts’ judgement. 

Therefore, this study aimed to determine the 

important weights of OHSMS requirements and 

other requirements affecting OHSMS that should 

be considered in combination with existing 

requirements.  

Methods 

A cross-sectional study was conducted from 

August and September 2023 in electrical and 

electronic home appliances, Samut Sakhon 

province, Thailand. This industry was selected by 

considering the prioritization of OH&S problems, 

namely, attention to problems of staff, attention of 

management to problem solving, problem size, 

including not being certified with ISO 45001. An 

instrument for data collection consisted of the 

OHSMS requirements and other requirements 

affecting the occupational health and safety 

management system. Expert Choice version 11 

was used in computing the important weights 

from an AHP structure and determining the 

prioritization of OHSMS requirements. The 

Delphi technique was used to identify the other 

factors that may affect existing OHSMS 

requirements.13,14 Assessment forms and ISO 

45001 requirements were included in this study. 

There were 17 experts: 8 university professors and 

9 OH&S professionals in the organization. All 

experts were selected for a purposive sampling 
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method and more than 5 years’ experience in 

occupational health and safety. The statement 

indicates that the rate of error reduction in each 

process or system was minimal and reached a 

stable level of 0.02 when the number of experts 

involved was 17 or more.5 To evaluate the ISO 

45001 requirements and other factors that may 

affect existing OHSMS requirements. The 

questionnaires were developed by researchers 

which were approved by 3 experts before data 

collection with IOC; 0.70-1.00.15, 16  

Delphi technique was used for discovering other 

factors that may affect existing OHSMS 

requirements.17,18 This technique was classified 

into three rounds: 

In the first round: an open-ended 

questionnaire was created. All experts were asked 

to provide their opinions freely, and the 

questionnaire included rating scale to measure the 

importance of various factors.19 

The second round used a closed-end 

questionnaire with a rating scale (1 to 5), where 5 

indicated the highest agreement and 1 indicated 

the lowest agreement. The questionnaire 

contained similar questions to the first round but 

with the addition of statistical values. Median and 

Interquartile Range (IQR) values were considered 

in this round. The numerical values of median 

consideration and IQR values were evaluated. 

These numerical values ranged from 1-5. The 

highest-level criterion, high-level criterion, 

medium-level criterion, low-level criterion, and 

the lowest-level criterion displayed the median 

numerical values of 4.50 to 5.00, 4.00 to 4.49, 3.50 

to 3.99, 2.50 to 3.49, and less than 2.49, 

respectively.20  

Expert Choice software version 11 was used for 

computing important weights from an AHP 

structure.21,22 The Expert Choice is software for 

cooperative decision-making solutions that are 

based on multicriteria decision making. This 

software helps organizations make better 

decisions and manage risk with speed, 

transparency, and alignment. Expert Choice 

implemented the AHP of Saaty19 and has been 

used in fields such as manufacturing and 

environmental management23, shipbuilding24 and 

agriculture.11 This tool was used to compute the 

important weights by brainstorming of expert’s 

judgement. The AHP provided a structural 

framework is shown in Figure 1. The scale of 1–9 

was quantified for pairwise comparison on each 

level of the hierarchy. The most used is the linear 

scale in Table 1 that was proposed by Saaty19, 

probably because it was integrated into the 

leading Expert choice software program.  

 
Figure 1: A three-level decision hierarchy. 

 

Table 1: Numerical value pairwise comparison 

scale of Saaty.19 

Numerical 

rating 

Description 

1 Equivalently 

2 Equivalently to neutrally more 

3 Neutrally more 

4 Neutrally to greatly more 

5 Greatly more 

6 Greatly to very greatly more 

7 Very greatly more 

8 Very greatly to extremely more 

9 Extremely more 

 

The pairwise comparisons between the decision 

and alternative criteria were conducted by asking 

OH&S expert’s questions. The answers to those 

questions were given in an m × m pairwise 

comparison matrix, stated as follows in Equation 

(1). 

𝐴 = (𝑎𝑖𝑗)
𝑚×𝑚

=

𝐶1

𝐶2

⋮
𝐶𝑚

[

𝑎11 𝑎12 … 𝑎1𝑚

𝑎21
𝑎22 … 𝑎2𝑚

⋮
𝑎𝑚1

⋮      …
𝑎𝑚2 …

⋮
𝑎𝑚𝑛

]  (1) 

 

Where aij denoted a numerical judgment on wi/wj 

with aii = 1 and aij =1/aji for i, j = 1, …,m. On 

condition that the pairwise comparison matrix A = 

(aij)m×m fulfilled aij =aikakj for any i, j, k = 1,…,m, 
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afterwards, A was said to be magnificently 

consistent; otherwise, it was said to be inconsistent. 

The pairwise comparison matrix A and the weight 

vector W was computed by solving Equation (2). 

 

𝐴𝑊 =  𝜆𝑚𝑎𝑥𝑊      (2) 

Where λmax was the maximum eigenvalue of A. 

The answers from experts may not be competent 

enough to contribute to ideally accordant pairwise 

comparisons, Therefore, it was determined that 

the pairwise comparison matrix A had acceptable 

regularity, which was examined by the following 

consistency ratio (C.R.), as expressed in Equation 

(3). 

𝐶. 𝑅. =  
(𝜆𝑚𝑎𝑥−𝑛 )/(𝑛−1)

𝑅𝐼
     (3) 

Where Random consistency Index (RI) was a 

random inconsistency index; those values 

deviated with the order of the pairwise 

comparison matrix. The RI values for the pairwise 

comparison matrices with the order from 1 to 10; 

order (n) 1,2,…,10 described the RI values of 0,0, 

0.58, 0.90, 1.12, 1.24, 1.32, 1.41, 1.45, and 1.49, 

respectively.19 C.R. ≤  0.1 pairwise comparison 

matrix was considered acceptable consistency. On 

the other hand, it must be corrected. 

Alternatives were considered pairwise regarding 

each decision criterion. After the weights of 

decision criteria and the weights of decision 

alternatives were achieved by using pairwise 

comparison matrices, the overall weight of each 

decision alternative regarding the decision goal 

was produced by the following addition 

weighting method19, as expressed in Equation (4). 

𝑤𝐴𝑖 = ∑ 𝑤𝑖𝑗
𝑚
𝑗=1 𝑤𝑗 , 𝑖 = 1, … , 𝑛    (4) 

Where wj (j = 1, ..., m) were the weights of decision 

criteria, wij (i = 1, … ,n) were the weights of 

decision alternatives regarding criterion j, and wAi 

(i = 1, … , n) were the overall weights of decision 

alternatives. The best decision alternative was the 

one that had the greatest overall weight relative to 

the decision goal. 

Expert Choice implemented the AHP that was 

used for computing the relative weight, instead of 

calculating by hand according to Equations (1)-(4). 

The determination of each weighting criteria and 

weighting attribute were assumed using a 

pairwise comparison matrix provided by 

decision-makers based on the Delphi MAH 

technique developed by the Rand Corporation 

Company and the maximize agreement heuristic 

(MAH).25 This technique consisted of three steps: 

the numerical data were acquired from the OHS 

experts26, all decision data were averaged, and 

average values from all the decision-makers were 

considered. 

Results

The assessment of relative weight was based on 

brainstorming with OH&S experts. Expert Choice 

V.11 implemented the AHP27 for computing the 

important weights of each OHSMS requirement. 

The result is shown in Figure 2. The OHSMS 

requirements were categorized into seven 

elements. A pairwise comparison matrix for the 

seven alternative criteria was provided by 

decision-makers. Table 2 shows the relative weight 

based on the Delphi MAH technique.28, 29 

 
Figure 2: Importance weight of ISO 45001 using Expert Choice V.11 program. 
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Table 2: Relative weight based on the Delphi MAH technique. 

 

ISO 45001 

requirements 

No. 1 No. 2 No. 3 No. 4 No. 5 … No. 17 Average 

weight 

4 and 5 1 1/9 9 3 1/5 … 1/4 2.27 

4 and 6 4 1/7 3 1/4 1/3 … 1/6 0.86 

4 and 7 1/3 1/9 1 1 1/3 … 1/4 1.96 

4 and 8 1/3 1/7 1 1/3 1/7 … 1/4 1.58 

4 and 9 1 1/5 2 1/2 1/5 … 1/9 2.47 

4 and 10 1 1/5 1 1/2 1/5 … 1/9 1.94 

5 and 6 4 3 9 1 3 … 1 3.21 

5 and 7 1 3 3 3 3 … 1/4 2.48 

5 and 8 5 5 2 1 3 … 1/6 3.84 

5 and 9 5 3 1 2 1 … 1/9 2.65 

5 and 10 4 3 1 1 3 … 1/9 2.53 

6 and 7 1/3 3 1/2 1 3 … 1 3.17 

6 and 8 1 1/3 1 1/3 3 … 1/9 1.07 

6 and 9 1 3 1 1/2 3 … 1/9 2.52 

6 and 10 1 1/3 1 1 1/3 … 1/9 2.20 

7 and 8 4 3 6 1/3 1/3 … 1/4 2.28 

7 and 9 5 1/3 1 1/2 1/3 … 1/9 1.71 

7 and 10 4 1/3 1 1/3 1/3 … 1/9 0.55 

8 and 9 1 3 1 1 5 … 1/4 2.23 

8 and 10 1 3 1 1 3 … 1/9 1.43 

9 and 10 1 3 1 1 3 … 1/9 2.01 

 

The pairwise comparison of the requirements 

showed that leadership and worker participation 

were the most important of the alternative criteria 

(25.4%). Performance evaluation requirement 

showed the lowest important weight (7.6%). 

The calculation of the consistency ratio was 

divided into the following steps. 

(1) Relative weight of the consistency and 

the maximum eigenvalue (λmax) for each 

matrix from Table 3 based on the 

number of alternative criteria (n). 

(2) Consistency index calculation for each 

matrix based on the number of 

alternative criteria (n) CI=(λmax-n)/(n-1) = 

(7.804-7)/ (7-1) = 0.134 

(3) Consistency ratio calculation, which was 

C.R. = CI/RI = 0.134/ 1.32=0.10 

Table 3: Maximum eigenvalue (λmax). 

 

ISO 45001 requirement 

C.R.≤0.1 

A B C D E F G Horizontal sum 

of value 

A 1.00 2.27 0.86 1.96 1.58 2.47 1.94 0.208 

B 0.44 1.00 3.21 2.48 3.84 2.65 2.53 0.247 

C 1.16 0.31 1.00 3.17 1.07 2.52 2.20 0.172 

D 0.51 0.40 0.32 1.00 2.28 1.71 0.55 0.101 

E 0.63 0.26 0.94 0.44 1.00 2.23 1.43 0.106 

F 0.41 0.38 0.40 0.59 0.45 1.00 2.01 0.080 

G 0.52 0.40 0.46 1.82 0.70 0.50 1.00 0.086 

Vertical sum of value 4.67 5.02 7.17 11.45 10.92 13.08 11.66 1.000 

Eigenvalue: λmax 0.971 1.240 1.237 1.159 1.155 1.042 0.999 7.804 

Notes: A is organization; B is leadership; C is planning; D is support; E is operation; F is performance; G is 

improvement 
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In addition, this study found the new 

requirements apart from ISO 45001 that may affect 

the occupational health and safety system. There 

were nine essential requirements. These 

requirements included business competition in the 

market, product safety development, product 

pricing cost, modern machinery and equipment 

used for production processes, work experience, 

budget allocation for safety control and system 

supervisor, operations, compliance with laws and 

regulations, safety recommendations, and hazard 

control as shown in Table 4. The median and 

interquartile ranges of all additional essential 

requirements indicated that those criteria should 

be given additional importance.  

 

Table 4: Additional essential requirements using Delphi technique. 

No Requirements Literature Expert IOC Round 2 Round 3 

Median IQR Median IQR 

1 Business 

competition in the 

market 

● ● 1.00 4.29 1.00 4.47 1.00 

2 Product safety 

development 

● ● 0.67 4.29 1.00 4.41 1.00 

3 Product pricing 

cost 

● ● 1.00 4.06 1.00 4.18 1.00 

4 Modern 

machinery and 

equipment used 

for production 

processes 

● ● 1.00 4.18 1.00 4.35 1.00 

5 Work experience ● ● 1.00 4.12 1.50 4.12 1.50 

6 Budget allocation 

for safety control 

and system 

supervisor 

● ● 1.00 4.53 1.00 4.53 1.00 

7 Operation 

compliance with 

laws and 

regulations 

● ● 1.00 4.59 1.00 4.65 1.00 

8 Safety 

recommendations 

● ● 1.00 4.35 1.00 4.47 1.00 

9 Hazard control ● ● 1.00 4.71 1.00 4.71 1.00 

Note: IQR is interquartile range

All additional essential requirements were also 

assessed, the relative weight using Expert Choice 

V.11 based on brainstorming from OHS experts. 

The result is shown in Figure 3.  

 

Figure 3: Importance weight of additional essential requirements using Expert Choice V.11 program.
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Discussion 

OHSMS requirements prioritization is important 

in occupational health and safety.30 The relative 

weight assessment must be reliable for OHSMS 

requirements prioritization. Consequently, this 

study focused on conducting as AHP using Expert 

Choice V.11 program to determine the important 

weights of each requirement to estimate prioritize 

the OHSMS requirements in the electrical 

appliance manufacturing industry in 

Samutsakhon province, Thailand. Consistency 

Ratio (C.R.) was shown as 0.10. This Consistency 

Ratio (C.R.) indicated an acceptable level of 

consistency in the pairwise comparison.31 ISO 

45001 requirements were assessed as the 

important weights of each requirement. 

Leadership and worker participation requirement 

showed the highest important weights of 0.254. 

Because the key to creating a successful system 

requires everyone's participation and 

organizational leaders must set serious 

operational policies. This finding was consistent 

with the study of Suebsap, Khacharanan and 

Tangsuwan32 and Aksornpim.1 These previous 

studies stated that all employees increased 

involvement in understanding the risk within 

their work contributed to improvement the 

efficiency of managing safety and occupational 

health. On the other hand, the performance 

evaluation requirement indicated the lowest 

important weight of 0.076. The performance 

evaluation was the result after the work has been 

carried out, which was consistent with the study 

of Rueanngen33, Ruechakul, Kulchatchai, and 

Satyaprasert34, and Otitolaiye et al.35 These 

previous studies stated that the ISO 45001 was 

final process of requirement were performance 

evaluation such as monitoring, auditing and 

management review. There were additionally 

nine essential requirements using Delphi 

technique. These requirements involved business 

competition in the market, product safety 

development, product pricing cost, modern 

machinery and equipment used for production 

processes, work experience, budget allocation for 

safety control and system supervisor, operations, 

compliance with laws and regulations, safety 

recommendations and hazard control. These 

requirements should be further considered to 

strengthen the organization's ability to implement 

an occupational health and safety management 

system. These findings were consistent with the 

study of Patasetasopol7 and Senchanthichai9 

stated that the future of product manufacturing 

and development involved modern production 

processes utilizing machinery that assists 

manufacturers in working more accurately, 

precisely, and swiftly. These considerations for the 

safety of workers and the environment. 

Additionally, product development focuses on 

highly efficient innovations to enhance product 

quality, pricing strategies, and marketing 

techniques.  

This study provides useful information for 

practitioners in the field of occupational health 

and safety in organizations to initiate appropriate 

compliance with relevant standards. The 

implementation of a workplace health and safety 

management system should start with the most 

important requirements. In addition, considering 

other factors related to the workplace health and 

safety system may also increase the effectiveness 

of preventing hazards in the workplace. The 

principles and activities for improving the Delphi 

technique outcomes are broadly applicable across 

various industries, including the electronics sector 

and other related fields. Here’s how these 

principles can be tailored and applied to 

organizations in the electronics industry and 

similar sectors. 

Limitations 

Limitations of this study were based on the survey 

of only one company and brainstorming of OH&S 

experts for determining the relative weight 

assessment. Therefore, it may not represent the 

actuality of the situation due to time limitation 

and resources available. However, it represented 

the general facts. 

Conclusion 

This study would be useful information for 

practitioners in the field of OH&S within 
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organizations to initiate practices correctly in 

accordance with applicable standards. The 

implementation of occupational health and safety 

management system requirements should be 

started with the most important requirements. In 

addition, consideration of other relevant factors in 

occupational health and safety systems may also 

increase the efficiency of preventing occupational 

hazards as well. Further studies may be expanded 

with another technique for computing the 

important weights of occupational health and 

safety system requirements such as fuzzy analytic 

hierarchy process (FAHP) approach to manage 

uncertainty in a better way. 
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