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Abstract:  In the era of digital economy, Industry Revolution 4.0 has become the aim for manufacturing organisations in order 

to transform into a smart factory. With the advancement of technology, company engages in continuous improvement projects to 

ensure high quality products being manufactured. Assessing the strength of agreement between technicians’ ratings of quality 

problem identification results is of primary interest because an effective diagnostic procedure is dependent upon high levels of 

consistency between technicians. However, in practice, discrepancies are often observed between technicians’ ratings and it is 

considered as a major quality issue in monitoring the troubleshooting and repairs of the equipment. This has motivated us to 

evaluate the accuracy and agreement between technicians’ ratings. The primary objective of this study is to evaluate the inter-

rater reliability of the technicians on the continuous improvement projects before actual implementation. A case study is 

conducted in one of the smart manufacturing companies in the Penang Free Trade Zone. This study utilised Fleiss’s Kappa 

analysis because it is suitable in situations where there are more than two raters, i.e. six technicians who are responsible to 

identify six problems simulated for a continuous improvement project. The findings of the study show good to excellent 

agreement and high accuracy in problem identification. Overall, the technicians are capable in understanding the newly 

developed troubleshooting and repairs database and able to carry out the continuous improvement project effectively. This 

outcome provides top management an insight for evidence-based decision making to thoroughly execute the newly developed 

digital database in smart manufacturing.     
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I. INTRODUCTION 

Since the introduction of Industry 4.0, companies from 

various sectors especially manufacturing is moving towards 

a new level of manufacturing processes equipped with 

customized and flexible mass production technologies. 

Industry 4.0 which also known as “smart factory” is the 

fourth industrial revolution which focuses on Cyber-

Physical system-enabled manufacturing and service 

innovation [1]. In order to survive in a competitive world, 

companies especially the manufacturing companies must 

engage in continuous improvement to ensure the high 

quality of products and services produced. Continuous 

improvement is defined as an improvement initiative that 

increases success and reduces failures [2]. Continuous 
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improvement is also viewed as an offshoot of existing 

quality initiatives like total quality management or as a 

completely new approach of enhancing creativity and 

achieving competitive excellence in the market [3-5] 

 

Often, the continuous projects introduced in the 

manufacturing companies are often not communicated well 

to the technicians. As a matter of fact, technicians such as 

engineers, technicians and operators came from different 

background, education levels and nationalities. Therefore, 

the technicians have a lack of agreement in the continuous 

improvement projects as their understanding are dissimilar. 

This often leads to unsuccessful project implement and 

ultimately causes massive costs incurred and loss of 

reputation by the manufacturing company.  

 

Therefore, the main objective of this paper is to evaluate 

the inter-rater reliability of the technicians using Fleiss’ 

Kappa analysis on a continuous improvement project 

before actual implementation. This case study is conducted 

in one of the smart manufacturing companies in Penang 

Free Trade Zone. One of the continuous improvement 

projects is selected in this study to investigate the inter-

rater reliability of the technicians. 

 

The rest of this paper is organized as follows: In Section 2, 

details of Fleiss’ Kappa analysis are explained. In Section 

3, the design of the experiment is presented. The results of 

the experiment are discussed in Section 4. Finally, a 

conclusion is provided in the last section. 

 

II. FLEISS’ KAPPA ANALYSIS 

Several methods are available for measuring agreement 

between two raters. This study utilised Fleiss’s Kappa 

analysis because it is suitable in situations where there are 

more than two raters. The Kappa statistic was first 

proposed by Cohen [6] after Scott [7] proposed the π 

statistic as a measurement of the inter-rater reliability of 

two raters. Since then some extension works on evaluation 

of agreement between raters can be found in Cohen [8], 

Everitt [9], Maxwell [10], Fleiss [11], Fleiss [12], 

Bangdiwala [13], Barlow [14], among others.   

 

Inter-rater agreement analysis originated from the 

Measurement System Analysis. According to McHugh [6], 

there are two types of inter-rater agreement analysis such as 

Cohen’s Kappa [6] and Fleiss’ Kappa [11]. Cohen’s Kappa 

analysis is a measure of interrater agreement for qualitative 

items between two raters [15]. Meanwhile, Fleiss’ Kappa 

analysis is a measure of interrater agreement for qualitative 

items for three or more raters [16]. It can be interpreted as 

expressing the extent to which the observed amount of 

agreement among raters exceeds what would be expected if 

all raters made their ratings completely random. 

 

This study utilised Fleiss’s Kappa analysis because it is 

suitable in situations where there are more than two rates, 

i.e. six technicians who are responsible to identify six 

problems simulated for a continuous improvement project 

in the manufacturing company. The Kappa statistic that is 

implemented in the Minitab version 17 software for 

multiple raters is originally proposed by Fleiss [6]. A 

review of the statistical calculation of Fleiss Kappa statistic 

is warranted as follows.    

 

The Kappa (K) score represents the possibility of the 

agreement. The higher the K, the higher the agreement 

between the raters. The degree of agreement between the 

multiple raters provides some indication as to the 

consistency of the values. In other words, high agreement 

between the rates indicates the ratings reflect the actual 

circumstance. While, low agreement between the raters 

indicates less confidence in the results. Table 1 shows the 

interpretation of K in Fleiss’ Kappa analysis.  

 

TABLE 1. Summary of Fleiss’ Kappa analysis results 
K Interpretation 

< 0 No agreement 
0.0 – 0.40 Poor agreement 

0.41 – 0.75 Moderate agreement 

0.75 – 1.00 Good to excellent agreement 

 

The general form of K score is defined as [11], 

 

K = 
𝑃  − 𝑃 𝑒

1 − 𝑃 𝑒
   (1) 

 

Kappa statistic is a measure of agreement which naturally 

controls for chance. The factor 1 − 𝑃 𝑒  provides the degree 

of agreement that is attainable above chance while 𝑃  − 𝑃 𝑒  

provides the degree of agreement achieved above chance. If 

the ratersare able to achieve a complete agreement of the 

matter, the K score equals to 1. On the contrary, if there is 

no agreement between the raters, then the K score should 

be less than 0.  

 The detailed steps of calculating the K score are as 

follows.  

 

First, 𝑃 𝑒  is defined as: 

 

𝑃 𝑒   =  𝑝𝑗
2𝑘

𝑗=1    (2) 

 

where 

pj = 

1

𝑁𝑛
 𝑛𝑖𝑗

𝑁
𝑖=1  , 1 =   𝑝𝑗

𝑘
𝑗=1  (3) 

 

Let N be the total number of subjects, and n be the number 

of ratings per subject. Thereafter, let k denote the number 

of categories into the assignments are made. The subjects 

are indexed by i = 1, …, N and the categories are indexed 

by j = 1, …, k. The symbol 𝑛𝑖𝑗  represents the number of 

raters who assigned the i-th target subject independently 

into the j-th category. It is worth noting that the categories 

are mutually exclusive and exhaustive.   

 

Then 𝑃  is defined as: 

 

𝑃  = 
1

𝑁
 𝑃𝑖

𝑁
𝑖=1    (4) 
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where,  

 

𝑃𝑖  = 
1

𝑛 𝑛−1 
 𝑛𝑖𝑗

𝑘
𝑗=1  𝑛𝑖𝑗 − 1    

 

    = 
1

𝑛 𝑛−1 
  𝑛𝑖𝑗

2 − 𝑛𝑖𝑗  
𝑘
𝑗=1  

                                = 
1

𝑛 𝑛−1 
 [ ( 𝑛𝑖𝑗

2 ) − (𝑛)]𝑘
𝑗=1    (5) 

 

Next, insert Equation (5) into Equation (4),  

 

𝑃 = 
1

𝑁𝑛(𝑛−1)
 (  𝑛𝑖𝑗

2𝑘
𝑗 =1

𝑁
𝑖=1 − 𝑁𝑛)  (6) 

 

III. DESIGN OF THE EXPERIMENT 

In the realm of continuous quality improvement, a project 

on a newly developed troubleshooting and repairs database 

that used to capture the troubleshooting input of the 

technicians on the equipment is focused. As a matter of 

fact, in the era of the industrial revolution, fast-paced smart 

manufacturing process is running in a high speed. Hence 

equipment breakdowns are very common. In order to 

monitor the troubleshooting and repairs of the equipment 

systematically and effectively via knowledge management 

system, a predetermined drop-down selection of 

troubleshooting and repairs database has been developed. 

Since this is a predetermined drop-down selection for the 

technicians, assessing the strength of agreement between 

technicians’ ratings of quality problem identification results 

is of primary interest. This is because an effective 

diagnostic procedure is dependent upon high levels of 

consistency between technicians. Note that the 

discrepancies observed between technicians’ ratings are 

considered as major quality issues in monitoring the 

troubleshooting and repairs of the equipment.  

 

As presented in Section 2, Fleiss’ Kappa analysis is applied 

to examine the effectiveness of the troubleshooting and 

repairs database. There are six technicians from all three 

shifts in the manufacturing floor who are responsible in 

troubleshooting the equipment. All six technicians are 

involved in the Fleiss’ Kappa analysis. There are six 

simulated equipment quality problems and the problems are 

purposely repeated 3 times randomly to fulfil the accuracy, 

repeatability and reproducibility in the analysis. The 

sample size of the Fleiss’ Kappa analysis is consistent with 

the research done by [17]. With the assistance from a senior 

technician, the simulated problems were designed for one 

of the test stations in the manufacturing floor. The 

troubleshooting of the same set of simulated problems is 

conducted by each technician individually and randomly to 

avoid any bias during the experiment.  

 

Technicians are required to choose the paired problem-and-

solution respectively from the newly developed 

troubleshooting and repairs database when they were 

troubleshooting the simulated problems. The inputs are 

captured in an online form given to them. Troubleshooting 

inputs selected by the technicians on the simulated 

problems are presented in Table 2, Appendix A. Note that 

it is necessary to prepare a Minitab dataset as shown in 

Table 2 in order to compute the Fleiss’ Kappa statistic and 

the associated statistical tests and precision measures. From 

Table 2, the troubleshooting input dataset have 18 problems 

(subjects), 6 technicians (raters) and 18×6 (categories). The 

variables in the input dataset could be characters or 

numeric. Consequently, this input dataset is used to run the 

Fleiss’ Kappa analysis using Minitab version 17 software 

and the K score of the input data is computed. 

IV. RESULTS AND DISCUSSION 

After the experiment is conducted, the results of Fleiss’ 

Kappa analysis are compiled in Table 3. From Table 3 of 

the Fleiss’ Kappa analysis, there are 4 sets of outputs 

generated such as the K scores within the technicians, each 

technician versus standard, all technicians versus standard 

and technicians to technicians (between technicians). For 

Fleiss’ Kappa analysis (within technicians), the purpose is 

to measure the repeatability of the technicians in selecting 

the predetermined input given when troubleshooting the 

simulated problems. From Table 3, technicians 1, 2, 4 and 

6 (K=1.00000) managed to achieve good to excellent 

complete agreement while technicians 3 and 5 (K=0.61702) 

managed to achieve moderate agreement. In other words, 

the technician well agrees with himself across three trials. 

TABLE 2. Summary of Fleiss’ Kappa analysis results 
Appraiser K Score 

Fleiss’ Kappa Analysis – Within Technicians (Repeatability) 

Technician 1 1.00000 

Technician 2 1.00000 
Technician 3 0.61702 

Technician 4 1.00000 

Technician 5 0.61702 
Technician 6 1.00000 

Fleiss’ Kappa Analysis – Each Technician versus Standard (Accuracy) 

Technician 1 1.00000 

Technician 2 1.00000 
Technician 3 0.73982 

Technician 4 1.00000 

Technician 5 0.80539 
Technician 6 1.00000 

Fleiss’ Kappa Analysis – Between Technicians (Reproducibility) 

Overall 0.85315 

Fleiss’ Kappa Analysis – All Technicians versus Standard 

Overall 0.92420 

Note: All results are significant at α = 0.05 

For Fleiss’ Kappa analysis (each technician versus 

standard), the purpose is to determine the accuracy of each 

of the technicians. From Table 3, technicians 1, 2, 4, 5 and 

6 (K=0.80539 and K=1.00000) managed to achieve good to 

excellent agreement while technician 3 (K=0.73982) 

managed to achieve moderate agreement in Fleiss’ Kappa 

analysis for each technician versus standard. The 

technician’s assessment across trials is in accordance with 

the known standard. 
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For Fleiss’ Kappa analysis between technicians, the main 

purpose is to measure the reproducibility of the technicians 

in using the new database when troubleshooting the 

simulated problems. From Table 3, the K score (between 

technicians) 0.85315 is good to excellent agreement. This 

shows that the reproducibility of the technicians has shown 

excellent result. All technicians’ assessments agree with 

each other.  

Lastly, for the Fleiss’ Kappa analysis (all technicians 

versus standard), the ultimate purpose is to determine the 

repeatability, reproducibility and accuracy of all 

technicians in understanding the newly developed database 

when troubleshooting the simulated problems. The Fleiss 

Kappa analysis shows that the overall K score is 0.92420 

which is good to excellent agreement. All technicians’ 

assessments agree with the known standard.  Since the K 

score is more than 0.75, then the newly developed 

troubleshooting and repairs database is proven effective to 

be implemented in the manufacturing floor. 

V. CONCLUSION 

This paper successfully evaluates the inter-rater reliability 

of the technicians on the continuous quality improvement 

project before actual implementation. Rather than 

implementing the newly developed troubleshooting and 

repairs database with discrepancies between technicians’ 

ratings, the finding of the study shows good to excellent 

agreement and high accuracy in problem identification. 

Overall, the technicians are capable in understanding the 

newly developed troubleshooting and repairs database and 

able to carry out the continuous improvement project 

effectively. 

To the best of the authors’ knowledge, this is the first study 

which demonstrates how Fleiss’ Kappa for multiple raters 

can be easily implemented in Minitab software to evaluate 

Inter-rater reliability of the technicians in a smart 

manufacturing environment. The existing studies 

implement Fleiss’ Kappa for medical and health science 

case studies. In addition, the dataset generated from the 

simulation was based on a real-life scenario in monitoring 

the troubleshooting and repairs of the equipment.   

This case study only implements Fleiss’ Kappa analysis on 

one continuous quality improvement project. Therefore, in 

future research, the application of Fleiss’ Kappa analysis 

can be adopted in other continuous quality improvement 

projects and provide top management insights for evidence-

based decision making to thoroughly execute the newly 

developed digital database in smart manufacturing.     
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