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Abstract: In the first article in this series, the research methodology concerning the 

analysis of inspection errors based on MSA attribute study data set for the improvement 

purposes was presented. In the final article in the series, applying the methodology in 

practice step by step was presented. Instructions for correct performance of the 

analysis, in compliance with the author's procedure, were determined. Both advantages 

and disadvantages of the developed approach were underlined. 

 

Keywords: Attribute MSA Study, data analysis, improvement, pros and cons 

 

 

 

1. INTRODUCTION 

Every problem requires an effective solution (Dostál, 2015). The more weight the 

problem and the more severe its effects are to stakeholders; the sooner remedial action 

should be taken (Sharma and Srivastava, 2018). In the aim to successfully solve the 

problem, it is necessary to reach its root cause (Okes, 2019). It is only when the root 

cause is properly discovered, and the remedial actions successfully implemented that 

there is a big chance that the problem will not appear again (Puvanasvaran, 2008). 

When analyzing a problem, the potential of the interdisciplinary team should be used in 

an adequate description of the problem and its potential causes (Fischer et al., 2012). 

Using the right tools and techniques will help in analyzing and solving the problem 

(Robitaille, 2004). Analyzing the problem by a specific procedure and its effective 

solution gives a specific standard of how to do. Standards are needed because they 

give tips on how the activities should go and allow easy control when something is 

wrong (Liker, 2004). The standard for analyzing a particular type of problem makes it 

easier to solve. In alternative control, the problem is the incorrect assessment of the 

product's compliance with the requirements reflected by errors of type I and II (Knop 

and Mielczarek, 2018). The way to check if these errors occur is through periodic Kappa 

study following the MSA manual (MSA, 2010). The MSA manual does not guide how to 

approach the analysis of errors from an alternative control to eliminate them, only 

specifying when such actions should be or can be taken based on the calculated 

indicators. Specifying actions towards error analysis by indicating the procedure would 
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certainly be helpful for the person supervising the Kappa study and preparing the report 

for improvement purposes of inspection results. 

The article aimed to present a new approach to analyzing the results from the Kappa 

study based on conformity assessment errors for improvement purposes – increase the 

effectiveness of the attribute control system. In the first article in the series research 

problem and assumptions for the needs of research work were introduced. This article 

presents the procedure for analyzing the results from Kappa study for improvement 

purposes. The results analysis procedure developed by the author use MS Excel 

spreadsheet as a data analysis tool. 

 

2. RESULTS 

After the Kappa study, i.e. assessment of the quasi-random 50 parts by three appraisers 

(quality inspectors) in three trials (standard procedure), the specific analysis of the 

results for improvement purposes should be conducted. This analysis should be 

initiated by a person supervising the Kappa study. The analysis of the results should be 

performed with the use of the spreadsheet in Excel. The new results analysis procedure 

for improvement purpose covers the specific, defined stages. The data for the analysis 

of the exemplary results posted in the article came from the MSA manual (MSA, 2010). 

The procedure starts with the analysis of type II errors due to their more significant 

negative impact on the efficiency of the production process. The results analysis 

procedure consists of 11 stages: 

1. Searching for parts in the Excel sheet, in the case of which the inspectors made 

type II errors.  

For this purpose, use an Excel function called "filter", which "pin” to cells called "ref. 

value" and "code". Afterwards, enter "0" in the "ref value” field, and "x" in the "code" 

field, pointing to erroneous decisions. The outcome of such filtration of results is shown 

in Fig. 1. 

 

 
Fig. 1. Result of filtration of results, which presents cases of the type II errors committed by the 

inspectors 

 

It suggests that the inspectors made type II errors concerning five products under 

assessment, no. 12, 22, 26, 30, 34. 

On the next stage of analysis, please calculate the total number of type II errors.. 

 

2. Calculating the total number of type II errors made by inspectors concerning 

erroneously assessed parts. 

The function COUNTIF is used for this purpose: "=COUNTIF(cell range;1)". The result 

of using this formula is shown in a column called "how many errors?" (Fig. 2).  

The calculations show that the highest number of type II errors were made concerning 

parts no. 22 and 34 (4 each), then for part no. 26 (2), and the least for parts no. 12 and 

30 (1 each). 
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Afterwards, based on the total number of errors, the priority in corrective actions is 

determined. 

 

 
Fig. 2. The result of the calculation of the total number of errors of type II in relation to 

individual parts 

 

3. Applying the priority rule to determine the order for analysis of cases to limit the 
type II errors. 

The following principle is applied to establish a priority of corrective actions: the lower 

the rank, the higher the priority in corrective actions. When the number of errors is the 

same for several parts, then the same rank is assigned. The results from the priority 

analysis are presented in the column called "priority" (Fig. 3). 

 

 
Fig. 3. The result of determining the priority for corrective actions in the elimination of the type 

II errors 

 

According to the applied priority rule, the corrective actions should be started from an 

analysis of a case where the number of wrong decisions would be the greatest, i.e. for 

parts no. 22 and 34 (priority 1); afterwards the part no. 26 (priority 2) should be 

analyzed, and then parts no 12 and 30 (priority 3).  

Afterwards, an analogical analysis procedure must be employed for the type I errors. 

 

4. Searching for products in the Excel sheet, in the case of which the inspectors made 

type I errors. 

For this purpose, you need to switch the results filter for the reference value into "1", 

having marked the "x" position. The outcome of such filtration of results is shown in Fig. 

4. 

 

 
Fig. 4. Result of filtration of results, which presents cases of the type I errors made by 

inspectors 

 

Figure 4 suggests that the inspectors made type I errors in relation to six parts no. 6, 7, 

14, 21, 36, 43. 

On the next stage of analysis, the total number of type I errors will be calculated. 
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5. Calculating the total number of type I errors made by inspectors in relation to each 

erroneously assessed part. 

The function COUNTIF is used for this purpose: "=COUNTIF(cell range;0)". The result 

of using this formula is shown in a column called "how many errors?" (Fig. 5). 

 

 
Fig. 5. Result of the calculation of the total number of the type I errors in relation to individual 

parts 

 

The calculations show that the highest number of type I errors were made concerning 

parts no. 6 and 21 (4 each), then for part no. 14 (3), parts no. 36 and 43 (2 each), and 

the least for part no. 7 (1).  

Priority in implementation of corrective actions is determined on the next stage. 

 

6. Application of the priority rule in the introduction of corrective actions for the 

elimination of type I errors.  

The results from the priority analysis are presented in the column called "priority" (Fig. 

6). 

 

 
Fig. 6. The result of determining the priority for corrective actions regarding the elimination of 

the type I errors. 

 

The analyses suggest that the corrective actions should be started from the analysis of 

parts no 6 and 21 (priority 1), and afterwards with those that have the highest rank.  The 

next stage includes a comparison of results to determine the direction of improvement 

actions. 

 

7. Comparison of results for the purpose of defining the direction of corrective actions.  

The result of such a comparison is presented in Fig. 7. 
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Fig. 7. Define the direction of corrective actions 

 

Eventually, the corrective actions should be carried out in the following order (parts 

indexes): 22 ⟼ 34 ⟼ 26 ⟼ 12 ⟼ 30 ⟼ 6 ⟼21 ⟼ 14 ⟼ 36 ⟼ 43 ⟼ 7. 

The next stage is to link erroneous decisions to the responsible inspectors. 

 

8. Assigning responsibility for erroneous decisions to particular inspectors. 

A result from such an analysis (designation of an inspector who made the error is 

provided for in brackets, next to the part no.) is as follows: 

22 (A, B, C) ⟼ 34 (A, B, C) ⟼ 26 (A, C) ⟼ 12 (C) ⟼ 30 (B) ⟼ 6 (A, B, C) ⟼ 21 (A, 

B, C) ⟼ 14 (A, C) ⟼ 36 (A, C) ⟼ 43 (A, C) ⟼ 7 (C). 

The first phase of results analysis ends at stage 8. Subsequent stages will refer to 

searching for the root causes of the errors and determination of remedial actions. 

Since we already know the order for the analysis of products and responsibility for 

particular errors, the next stage is about adequate preparation of part samples, in 

compliance with the employed priority rule. 

 

9. Completion of part samples with which the inspector made wrong decisions, and 

their prioritization according to the adopted rule. 

The parts that were erroneously assessed by the inspectors are collected, put in a 

specific place (preferably in the same location where the attribute study was carried 

out), in the order complying with the priority rule.  

According to Armstrong, "if an error was made, there is a need to analyze its causes 

and ensure it does not occur again. What’s done is done" (Armstrong, 2017). It is, 

therefore, necessary to proceed with the search for source causes of errors. For this 

purpose, a coaching session (Chandler and Richardson, 2012) and a WHY-WHY 

analysis were used. 
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10. Searching for the root cause(s) of errors by a coaching session and WHY-WHY 

analysis, along with a proposal for remedial actions. 

Each inspector is called individually to a place (room) with the prepared parts samples. 

Trying to understand the causes of errors, the person conducting the attribute study 

should listen to the inspectors’ opinions. For this purpose, they should have a free and 

positive conversation with each inspector, according to an exemplary scenario (the 

"interviewer" begins): "During the conformity assessment of this part, various decisions 

were made. We’re glad that this various decision occurred because we now have a 

chance to prevent such a situation in the future. This is what we care the most about. 

We intend to find the cause for these inconsistent decisions. What is your opinion about 

it? Please take you a look at this part once more and reassess its compliance. Pause. 

What did prompt you to make such a decision?" The inspector is asked to give their 

opinion about the reasons for their decisions. Such opinions (on potential causes of 

errors) are collected from all inspectors "involved" in making a given error. It is essential 

to identify the problem thoroughly before searching for its root causes (Knop and 

Mielczarek, 2018). For example, when it comes to part no. 22, opinions must be 

collected from inspectors A, B and C. Afterwards, the causes are entered into the WHY-

WHY form (Stanek et al., 2011) to reach the actual root cause. Such a form is presented 

in Fig. 8. 

 

 
Fig. 8. The WHY-WHY analysis sheet (Grissinger, 2003) for searching for the source cause of 

conformity assessment errors 

 

Then, all inspectors involved in a given error and conducting the attribute study, seek 

for an actual source of the error through the WHY-WHY technique.  

On the next stage, the potential root causes (pointed by the inspectors) are verified by 

the person conducting the investigation. This is a very important stage. All presumptions 

(causes) must be verified. The investigator must check what lies behind a given error. 

When the verification is completed, those causes that impacted a given error are 

pointed out (acceptance of potential causes = real causes). Concerning them, the 

investigator identifies the remedial action (or actions) that will aim at preventing the 

recurrence of the error in the future. While determining and selecting the remedial 

actions, the costs of their implementation, all practical difficulties that may emerge and 

potential responses from appraisers (quality inspectors) must be taken into account. 
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Afterwards, there is an action selected which may lead to the best and acceptable 

solution to a given error. 

The next step is to plan the implementation of remedial actions, i.e. determine the 

schedule and necessary resources.  

The last stage is the implementation of a corrective action, where it is necessary to 

check the progress and determine the results (effectiveness assessment). In the aim to 

assess the effectiveness of conducted preventive actions, it is recommended to carry 

out the attribute study again on an identical parts sample (the same as in the first study), 

and calculate an adequate effectiveness index and/or the indexes recommended by 

MSA: 

 

11. Repeated attribute study on an identical (the same as in the first study) parts 

sample to evaluate the efficiency of the implemented remedial actions. Calculation 

of the efficiency of remedial actions index. 

There is a need for a repeated attribute study to be carried out on an identical product 

sample (the same as in the first attribute study) to assess the efficiency of the 

implemented remedial actions. The implemented remedial actions will be effective if 

there are no errors in the conformity assessment of the samples (parts), where errors 

were previously recorded. This applies to each inspector taking part in the study, who 

has made errors. To monitor the efficiency of remedial actions, an indicator assessing 

this aspect is introduced as the following formula: 

 

The number of again erroneously assessed parts (acceptance of a 

defective/rejection of a good part) by the all appraisers in the second 

attribute study 
 

= Efficiency of 

remedial actions 
The number of erroneously assessed parts (acceptance of a 

defective/rejection of a good part) by the all appraisers in the first 

attribute study 

 

 

The purpose for again the attribute MSA study (perfect situation) is to achieve the index 

of the efficiency of remedial actions equal to "0", which indicates type I or II errors will 

not occur again. For example, this index equals 0, when the inspector A, B and C make 

no erroneous decisions (in the repeated attribute study), such as "erroneous rejection" 

of parts No. 6, 7, 12, 14, 21, 22, 26, 30, 34, 36, 43 (i.e. parts that they erroneously 

assessed in the previous study) which will be expressed by means of the following 

formula adopting the index: 

 

The number of again erroneously assessed parts 
(acceptance of a defective/rejection of a good part) by the all 

appraisers in the second attribute study 
= 

0 
= 0 

The number of erroneously assessed parts (acceptance of a 
defective/rejection of a good part) by the all appraisers in the 

first attribute study 

11 

 

The ideal value of the efficiency of remedial actions index is 0. It indicates the situation 

in which all appraisers (A/B/C) did not make wrong decisions in the scope of conformity 

assessment in relation to the sample of the parts assessed incorrectly in the previous 

attribute study by the appraisers (A/B/C). 
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In order to reduce the time required to the next attribute study, it can be prepared a 

sample of the products not consisting of 50 parts but of fewer parts. For example, all 

appraisers made wrong decisions in relation to 11 selected parts, in the next study it 

can be given all appraisers three times the number of products to evaluate, e.g. 33, 

where 11 were the ones that were wrongly assessed with requirements, 22 were well 

evaluated with requirements (11 always OK, 11 always NOK). This will significantly 

reduce the time of such analysis and allow to check whether the appraisers made the 

same wrong decisions or not. 

 

3. DISCUSSION 

The following advantages were defined about the elaborated procedure for the analysis 

of errors in alternative quality inspection: 

 complete use of information from the Kappa study compared to the traditional 

approach based on calculating indicators, 

 focusing on data (not on indicators), which is always closer to the process than 

indicators, which allowed to adequately direct the analysis of conformity errors and 

implementation of corrective actions, 

 focusing on errors because they affect costs and cause a decrease in the 

effectiveness of the production process, 

 treating each error as a separate case to be analysed and eliminated. Every error 

is an opportunity to improve the alternative inspection process, thus is not 

neglected. Every error in alternative inspection is analysed to eliminate, 

 more knowledge about alternative inspection system and its problems providing a 

better chance for the quality control process management and improvement,  

 focusing on searching to solve the problem with errors in alternative inspection 

immediately after the Kappa Study, 

 using of the inspectors’ knowledge to seek for the root causes of occurred 

inspection errors, 

 using the potential of proven methods and techniques for problem-solving, i.e. the 

WHY-WHY method and coaching. 

The final effect of applying the developed procedure of analysis of the Attribute MSA 

study results should be the elimination of errors of conformity assessment and thus, 

improvement of efficiency of the production process. 

Among the disadvantages of the proposed procedure, it should be indicated that it is 

more time-consuming, labour-intensive, and it generates greater effort (time, 

resources). However, these deficiencies can be moved to the background if the 

inspection errors will be completely eliminated thanks to the implemented procedure.  

It is crucial to deeply analyze the inspection errors to properly propose remedial 

measures, where a person conducting the Kappa study have an important role. Some 

guideline for adequate conduct of procedure was presented. It is to help people initiating 

and coordinating attribute study data set analysis following the elaborated procedure: 

 the root cause analysis of errors should be carried out directly after the Kappa 

Study, so the inspectors can immediately explain the reasons for their erroneous 

decisions, and thus it was easier to find the root cause of the errors, it is necessary 

to deeply understand the causes of errors in aim to be eliminated − 5WHY or WHY-

WHY analysis may be used for this purpose,  
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 it is worth choosing the right person to conduct and supervise the Kappa study. 

This person should show appropriate enthusiasm, involvement, a positive attitude 

to the problem that needs to be solved,   

 the person supervising the Kappa study should record all observations and 

comments during the assessment of parts carried out by the inspectors. Such 

information can be useful when searching to root causes of errors in conformity 

assessment at the stage of analysing these errors, 

 it is important to communicate a solution to errors in inspection (Jagusiak-Kocik, 

2014) easily by applying visual management tools (Mielczarek and Knop, 2016; 

Borkowski and Knop, 2013), training inspectors by using such tools and 

determining the method for standards verification by using Kamishibai cards (Knop 

and Ulewicz, 2018). 

 

4. CONCLUSION 

Improvement is a continuous process, demanding analysis of the existing and potential 

problems. By analysing a problem in alternative inspection, managers know more about 

the nature of the process and its variability. A single error in control hides information 

about the process and gives a chance to improve it. Such an approach to errors and 

problems is in line with Kaizen philosophy and professed in the Toyota production 

system what has become an inspiration to prepare such analysis.  

The elaborate procedure indicated that the periodic Kappa Study is an excellent chance 

to improve the effectiveness of the quality inspection system by reducing conformity 

assessment errors. The procedure about analysis of the attribute study results for 

improvement of the inspection process stressed the need for a detailed analysis of error 

cases, where in the first place there is a need to "send the big guns" to those errors that 

are critical for the customers, i.e. the type II errors. A detailed analysis of error cases 

conducted directly after the attribute study and with the participation of all inspectors 

and the investigator should ensure an effective solution to the problem. Solving 

problems without getting to the root cause is doomed to failure - underlined elaborated 

procedure.  

In the procedure emphasised that to solve problems in the alternative inspection 

process effectively, the person delegated to carry out this type of inspection must 

demonstrate the appropriate commitment and approach. The managers must leave the 

model of a prosecutor and adopt a coaching attitude: move away from proving guilt to 

the inspectors, and instead search for errors and works towards the following sequence 

of events: erroneous decisions of inspectors → cause analysis → removal of causes 

→ adequate decisions of supervisors, and this is also stressed in (Blikle, 2018). This is 

the right path to sustainable improvement.  

The elaborated procedure for the alternative inspection process improvement is not free 

from limitations. However, its strength lays in simplicity and ease of implementation. It 

conveys a particular message that no error in inspection should be underestimated, 

because a neglected problem may generate high cost in the future. Each error in 

inspection must be treated as an opportunity to improve the quality control process and 

the production process. 
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