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ABSTRACT 

5S is a lean tool, which is a visual housekeeping technique that can be implemented in a 

shop floor to eliminate waste and improve the process. The performance of the 5S tool in a 

workplace is evaluated using a 5S audit checklist and the observers perform the evaluation. The 

scores of the completed checklist reflect the performance of 5S tool in the workplace. A study by 

Natarajan (2011) has shown that the current 5S audit checklist commonly being used in 

aerospace had low rater-reliability scores in a particular scenario. Therefore the objective of this 

thesis was to improve the reliability for the 5S audit checklist. First, the content validity of the 

checklist was tested with the help of five industry people and the checklist was modified. Then, a 

training procedure was developed on how to rate a workplace using the modified audit checklist. 

Then a study was performed to test the reliability of the modified checklist. For the study two 

groups of students were selected as raters. The first group, the control group, did not receive any 

training. The control group was asked to rate a virtual reality model of a factory workplace using 

the modified checklist. The second group, the experimental group, received the specially 

developed training on how to rate a workplace and was asked to rate the same virtual reality 

model. This study was performed again with a time gap of 3 weeks and the experimental group 

dint receive any training while doing it for the second time. The obtained results were analyzed 

using SPSS software  and the control group results showed that the modified checklist had 

impact on improving the rater-reliability scores of the modified checklist but the experimental 

group results showed that training the raters has helped in improving the rater-reliability of the 

modified checklist. This suggests that training the raters before audits could produce good results 

because training will create a common frame of reference within the raters.    
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CHAPTER 1 

INTRODUCTION  

1.1 Introduction 
Traditional manufacturing systems used to work mostly on the principle of economies of 

scale. The main goal of this type of manufacturing system is to reduce the overall production 

cost by having large batch sizes and large work in process inventory to create greater 

efficiencies. The problems faced with this type of production system were low quality products, 

high scrap rates, and high inventory costs (Sullivan et al., 2002). Therefore as an alternative to 

batch and queue production systems, the Toyota Production System (TPS), also known as lean 

manufacturing, has widely been adopted in US and throughout the world from Toyota (Womack 

and Jones, 1996). After manufacturing firms started following lean principles, smooth workflow 

for a wide variety of products was enabled, a considerable amount of waste was reduced from 

the processes, there was consistency in the quality of products, and the result was low total unit 

production costs (Ho, 1997). Therefore, because of these advantages lean manufacturing was 

promoted in manufacturing firms. 

1.2 Overview to lean manufacturing 

For many issues faced by mainly automotive and aircraft manufacturing industries, lean 

manufacturing is increasingly being used as a potential solution. Lean manufacturing has been 

developed as an approach to eliminate waste and to produce products that meet customer 

expectations (Hines and Taylor, 2000). Some tools used in lean manufacturing are: Kaizen, one-

piece flow, 5S, cellular manufacturing, inventory management, pokayoke, standardized work, 
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and scrap reduction (Russell and Taylor, 1999). These tools when used systematically in an 

organization will help in the effective implementation of lean. 5S is a powerful lean tool used to 

establish and maintain a quality environment. The name 5S stands for five Japanese words: Seiri 

(Sort), Seiton (Set in order), Seiso (Shine), Seiketsu (Standardize) and Shitsuke (Sustain) (Osada, 

1991). In a manufacturing environment when tools like 5S are put into practice on the shop floor, 

improvements in housekeeping, health and safety, and environmental performance occur. 

Effective implementation of 5S in an organization requires commitment from top management 

and workers from all levels within the firm. 

1.3 Significance of 5S 

5S is useful as it helps everyone in the organization to live a better life (Ho, 1997). 5S is 

an extremely powerful tool that can be used to reduce waste and achieve a workplace with high 

productivity and quality through an orderly maintenance. It helps organizations remove cost, 

ensures on time delivery, creates a safe environment for working, and promotes morale. Clean 

and neat workstations will eliminate obstructions at the worksite thereby improving the working 

conditions and making it safe and conducive for the workflow. Implementing 5S in the 

organization will help the organization as the values of 5S will be observed into the workplace’s 

existing configuration (Moriones et al., 2010). 

1.4 Overview on checklists and their reliability 

An important tool in error management in the fields of aviation, aeronautics and product 

manufacturing is the checklist. A checklist is a device that consists of a list of activities, items 

and criteria used to perform a certain task (Martz, 2009). It can be used to reduce human error 
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thereby reducing costly mistakes and improving overall outcomes. Typically a checklist consists 

of a list of action items arranged in a systematic manner in order to ensure that the user has 

checked the presence/absence of individual items that are required to complete certain task 

(Hales and Pronovost, 2006). Checklists are used to serve many purposes like memory recall, 

standardization of processes or methods, as a diagnostic tool. However the main purpose of a 

checklist is error reduction or best practice adherence. However for poorly designed checklists 

there are potential negative impacts like checklist fatigue, decrease in reliability by adding 

unnecessary complexity and delay in the completion of the evaluation process. Checklist fatigue 

occurs when there is an excessive use of checkpoints in the checklist (Hales and Pronovost, 

2006). For example when a pilot is using a checklist with many checkpoints, it may influence the 

pilot performance and thus the safety and outcome of the flight. Reliability of an instrument is 

defined as its ability to measure consistently what it is intended to measure (Brennan et al., 

1996). While analyzing a tool or a workplace, it is important to use data obtained from reliable 

instruments because such data is consistent and gives correct results. 

1.5 Importance of rater-reliability and ways to improve it 

In most cases, ratings are commonly used for determining the reliability of performance 

measures. Therefore rating plays a major role in determining whether the performance is reliable. 

But unfortunately most performance measures are contaminated by rating errors leading to 

inaccurate performance evaluation scores (Borman, 1975). Therefore, in order to improve the 

rating of the performance measures, numerous authors have suggested using rater-training 

programs to improve ratings of performance. Spool (1978), has concluded, “Accuracy in 

observation can be improved by training observers to minimize rating errors.” Therefore several 
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training methods have been created that could eliminate the rating errors and give better results.  

1.6 SWOT analysis 

Strengths, weakness, opportunities and threats involved in using a 5S audit checklist are 

briefly explained in this section. Figure 1.1 shows the SWOT analysis for 5S audit checklist. 

1.6.1 Strengths 

A checklist is a list for convenient checking and reference. An audit checklist helps in 

providing guidance for collecting, evaluating, organizing, analyzing, synthesizing, and reporting 

information (Stufflebeam, 2001). Therefore all these activities help in overall improvement of 

the merit and worth of a program. Whenever an organization is planning to conduct an audit to 

check the performance of a program, the audit checklists can be used as they clearly identify the 

areas that need improvement (Eaton, 2000). Therefore, concentrating on those areas will help the 

organization sustain the program for longer periods.           

1.6.2 Weakness 

In previous research, the rater-reliability scores were shown to be low for a 5S audit 

checklist (Natarajan, 2011). This makes it difficult to assess the actual reliability of the program. 

Also there are few standard training techniques present on how to use a checklist or on how to 

mark a 5S checklist (Eocha, 2000) due to which it becomes difficult to use this checklist.      
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1.6.3 Opportunities  

 Using an audit checklist helps the organization evaluate the performance of a tool or a 

process correctly (Martz, 2009). This will help identify the actual performance of the tool or the 

process and the necessary areas of improvements if needed.                   

1.6.4 Threats       

In order to perform audits in the organization using the 5S audit checklist, top 

management commitment towards the program is needed. Also the workers who mark the audit 

checklist need to be fully involved, as their full commitment only gives accurate results.   

          

Figure 1.1 SWOT analysis on 5S audit checklist    

                                                                                         



  

 

6 

 

1.7 Project road map 

In this section the existing conditions and the desired conditions related to rater-reliability 

are discussed. The obstacles present in achieving the desired conditions will be explained. Also 

the strategy followed to attain the desired results will be discussed. The thesis road map is 

illustrated in fig 1.2. 

1.7.1 Existing condition 

The 5S audit checklist commonly used in aerospace industries, hereafter referred to as the 

existing 5S audit checklist, is not reliable due to poor inter-rater and intra-rater reliability. 

1.7.2 Desired condition 

To have a reliable 5S audit checklist that is capable of evaluating the correct conditions 

of the workplace.  

1.7.3 Obstacles 

The following obstacles prevent from obtaining the goal of a reliable 5S audit checklists. 

 Low rater-reliability 

Natarajan (2011) has tested the reliability of the existing 5S audit checklist for his 

master’s project and found that the inter-rater and intra-rater reliability scores of the checklist 

were low. Due to low rater-reliability, it becomes difficult to determine the actual impact of the 

5S process in the factory thereby making this checklist unreliable.  
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    Figure 1.2 Thesis road map 

 Evaluation myopia 

Evaluation myopia is known as the inability of the checklist developer to identify side 

effects or side impacts of certain checkpoints which make rating difficult for the rater (Martz, 

2009). Therefore while developing the checklist the author must take the raters knowledge on 

that topic into consideration and develop the checkpoints. If not, the checklist may have 

checkpoints that are irrelevant to the current scenario or that are too complex for the rater to 

understand therefore leading to low reliability scores. 
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 Lack of proper training to workers 

Also, the ability of the rater to rate any given material depends upon the intelligence of 

the rater, the rater’s knowledge of the performance dimensions and the training received by the 

rater (Eocha, 2000). Therefore if the rater is not trained well in all the aspects of the checklist 

marking it may lead to low rater-reliability scores.  

1.7.4 Strategy  

Adopting and implementing a strategy can achieve the goal of the thesis. The strategy 

adopted to improve the rater-reliability is to develop training techniques in which the raters will 

be trained to avoid rating errors.  

1.7.5 Objectives 

The goal of the thesis can be obtained by following the objectives described below: 

 Analyze the existing audit checklist 

Content validity of the checklist plays a very important role in determining the reliability 

of the checklist (Aday, 2006). Therefore it is very important to analyze the checklist first and to 

check whether the question chosen represents the concepts they are intended to reflect. Asking 

the raters to mark the checklist with questions that are irrelevant to the topic leads to low 

reliability scores as the raters are not sure what rating to give for a certain checkpoint. Therefore 

content validity of the existing 5S audit checklist will be performed to check for the validity of 

the checkpoints. Depending upon the scores and comments, the checkpoints will be either 

modified or eliminated. 
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 Develop a training procedure 

In the current scenario the reliability scores of the 5S audit checklist are low because 

raters differ in their interpretations. Therefore training the raters in different areas of checklist 

marking can help achieve better reliability scores (Huot, 1993). Therefore a training procedure 

was developed that best suits the current situation and improves rater reliability. 

 Train the raters 

Once the training techniques have been developed, the raters need to be trained in these 

techniques thoroughly. Such training sessions will help the raters to get a clear understanding of 

the topic and the rating procedures that will definitely help in improving the rater reliability.  

 Validate the reliability after training  

Once the training has been completed the raters are now allowed to rate a workplace 

using the 5S checklist. A thorough analysis of the rating is done before declaring that the training 

techniques were useful in improving the rater-reliability.   

1.8 Summary 

This chapter discussed lean manufacturing and 5S. The chapter also discussed checklists 

and their reliability and the importance of rater-reliability and ways to improve it. The strengths, 

weaknesses, opportunities and threats for using a 5S audit checklist were discussed in the SWOT 

analysis section. The thesis road map that was discussed in this section identified the problem in 

the current scenario, which was using an unreliable 5S audit checklist for assessing the 

workplace. The thesis road map presented the goal of this thesis and identified the obstacles that 

are preventing from obtaining the desired conditions. A strategy was developed and proposed 
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which can be used to achieve the desired condition of a reliable checklist. This strategy can be 

used to improve the reliability scores of checklists in general.  

1.9 Thesis organization 

A detailed literature review will be included in the second chapter. It will discuss the 

basics of lean manufacturing and lean strategy. Later one of the lean tools, 5S will be discussed 

in detail. Also the need of audit checklists to evaluate the 5S program, the problems caused by 

poor rating and finally the methods to improve rater-reliability will be discussed.  

The third chapter will be presented in the form of a paper that consists of introduction, 

literature review, method followed for the thesis, data collection, results and conclusion with 

future work. 
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 CHAPTER 2 

LITERATURE REVIEW 

2.1 Introduction 

The chapter discusses the basic concepts of lean manufacturing and 5S. It also describes 

the importance of validating a checklist being used in an organization. This chapter discusses the 

importance of modifying the existing checklist when the validated checklist is not reliable and 

also about the importance of employee training and various steps involved.  

2.2 Lean manufacturing 

Heightened challenges from global competitors during the past two decades have 

prompted many manufacturing firms to adopt new manufacturing approaches (Meredith and 

McTavish, 1992). Lean production is a salient manufacturing technique that has been adopted by 

many manufacturing firms. Lean manufacturing, also known as Toyota Production System (TPS) 

(Womack and Jones, 1996), was introduced by Toyota to eliminate waste from the system. 

Waste can be defined as anything beyond the strict minimum needed by way of equipment, 

materials, components, space or worker time in order for the value added to the goods produced 

(Bonavia and Marin, 2006). Lean manufacturing identifies seven basic wastes present in the 

system and eliminates them using various tools (Chapman, 2005). These seven basic wastes are: 

1) Overproduction ahead of demand. 

2) Waiting for the next production step. 
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3) Unnecessary transport. 

4) Over-Processing due to poor tooling and product design. 

5)  Inventories more than the absolute minimum. 

6) Unnecessary movement of workers. 

7) Production of defective parts. 

There are five basic steps that define lean thinking and enable lean production: specify 

value, identify the value stream, flow, pull and perfection (Womack and Jones, 1996). 

2.2.1 Specify value 

In lean manufacturing, the value of the end product is completely determined by the 

customer (Womack and Jones, 1996). The product must be manufactured at a specific time and 

price which best suits customer interest. Thousands of other activities that are performed to 

deliver the product are of little interest to the customer. Therefore it is important for an 

organization to identify value added and non-value added activities and try to eliminate possible 

non-value added activities from the system. 

2.2.2 Value stream 

In a value stream all the activities required to manufacture a specific product are 

identified and then the whole process is optimized from the customer point of view (Abdulmalek 

& Rajgopal, 2006). Value stream mapping is done to identify all the steps involved in a product 
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manufacturing, so that the process can be improved. Again, the customer’s viewpoint is critical 

because it helps the organization identify value added and non-value added activities.  

2.2.3 Flow 

After specific values from the customer point of view have been determined and its value 

stream has been identified, the next activity involves determining the flow of the process without 

interruption. In lean manufacturing flow means to process parts continuously, from raw materials 

to finished goods, one piece at a time (Melton, 2005). Flow eliminates lengthy queue times and 

reduces inventory that indirectly reduces the cost of the product.  

2.2.4 Pull 

In lean manufacturing, the production process starts only when there is a customer order 

and this type of production is known as pull production. The main objective of pull production is 

to produce the right product in the right quantity and at the right time (Shah and Ward, 2002). 

This eliminates excessive inventory cost and also gives the organization the ability to respond to 

changing customer demands. 

2.2.5 Perfection 

If the organization can follow the first four steps well, then all the activities become 

transparent. This enables people to identify and eliminate waste and focus on improving the 

activities that create value (Emiliani, 1998). Perfection in lean manufacturing is pursuing the 

opportunities for continuous improvement. 
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2.3 Significance of lean manufacturing 

Implementing lean manufacturing in world class manufacturing plants has given high 

performance results (Sakakibara et al., 1997).  Overall results have indicated that implementing 

lean manufacturing has resulted in improvements in operational performance measures. 

Improvement in labor productivity and quality, reduction in customer lead times, cycle times, 

manufacturing costs are some of the advantages of implementing lean. Lean manufacturing is an 

integrated manufacturing system; therefore implementation of this system requires a diverse set 

of manufacturing principles (Shah and Ward, 2002). Application of such various principles 

results in high operational performances as they are interrelated to each other. As lean 

manufacturing emphasizes continuous improvement, which is also known as Kaizen activities, 

applying these principles will help the organization learn. Lean manufacturing categorizes every 

activity into value added and non-value added activities (Melton, 2005). Value added activities 

are those for which the customer is willing to pay money and non-value added activities are 

those for which he/she is not willing to pay. Therefore once the organization has classified all 

activities as value added and non value added, they try to eliminate all the possible non-value 

added activities from the system which reduces cycle time, operational costs, and improves 

product quality. 

In order to eliminate waste from the system lean practitioners use many lean tools and 

principles like one piece flow, error proofing, visual management, 5S, value stream mapping, 

total quality management (TQM), just in time manufacturing (JIT) (Abdulmalek & Rajgopal, 

2006). Of the various lean tools, 5S is one powerful tool being used in most organizations to 

maintain an organized shop floor. 
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2.4 5S 

Maintaining a clean and organized shop floor will increase efficiency and effectiveness of 

the system (Chapman, 2005). Even the employees working on the shop floor like to have a clean 

and orderly workplace because in such a workplace identifying tools and equipment becomes 

easy thereby helping them accomplish their tasks without interference. Production managers will 

take the concept of a clean workplace seriously only when they understand the fact that clean and 

organized workplaces improve productivity and quality along with lowering product cost and 

enhancing flexibility in operations (Pheng and Khoo, 2001). This can be accomplished by 

implementing various lean tools like 5S and Kaizen. 

The term 5S stands for five Japanese words: Seiri, Seiton, Seiso, Seiketsu and Shitsuke 

(Osada, 1991). The English equivalents for these terms along with examples are shown in table 

2.1: 
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Table 2.1 the 5S practice 

Japanese English Meaning Examples 

Seiri Sort Organization Throw away 

unwanted items 

Seiton Set In Order Neatness 30 seconds retrieval 

of  a document 

Seiso Shine Cleaning Individual cleaning 

responsibility 

Seiketsu Standardize Standardization Transparency of work 

Shitsuke Sustain Discipline Do 5S daily 

 

Most Japanese practitioners believe that 5S not only improves the physical environment 

but also improves the thinking process of the workers (Ho, 1997). In practice, effective 

implementation of 5S depends on the total involvement of the employees at all levels of the firm 

and its implementation is influenced by human factors and resource limitations. 

2.4.1 Seiri-Sort 

In this process, the workplace is thoroughly evaluated and then unnecessary items are 

separated from necessary items. The necessary items include machinery, tools and other 

materials. The essentials required for the work are determined and the rest are removed from the 
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work area. It is important to save things but it is just as important to throw things out. Also it is 

worthwhile to introduce and follow the principle of “one is best” (Ho, 1997). Applications of this 

principle include one set of tools, a one page form, one day processing time, a one stop service 

for the customer. Therefore cleaning the area by sorting out things, disposing the unwanted 

things and storing only the wanted items enhances housekeeping and overall safety in the 

workplace. 

2.4.2 Seiton-Set in order 

After the workplace has been sorted, decisions must be made whether the storage 

locations must be centralized or decentralized. Such decisions will depend upon the usage 

frequency of the item and the functions of the items. The main objective of this activity is that a 

new person who visits the workplace must be able to understand the arrangement of the work 

and its flow. Items and tools must be stored in locations that are easily noticeable, accessible and 

not in obstruction of work processes. Also the organization must ensure that the right quantity of 

tools and items is available at the right time (Becker, 2001). Safety is also an important factor 

that has to be taken into consideration. Storing heavy items at the right location that is easy to 

access, proper use of ladders and chairs for retrieval of items stored at higher levels must be 

practiced. Finally, implementing visual controls like color-coding, shapes, symbols, and 

electronic lights that make some of the activities like inventory counting and identification of 

different tools easy is highly recommended during this stage (Eocha, 2000). 
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2.4.3 Seiso-Shine 

The main goal of an effective housekeeping program is to inculcate the habit of 

maintaining a clean workplace a part of workers job. By maintaining a daily cleaning process, 

waste sources can be easily identified. Also cleaning the workplace and equipment on regular 

basis will help identifying production area problems such as (Ho, 1997):  

 Dirty air-conditioning filters leads to defects in printing. 

 Filings in the conveyance chutes lead to scratching. 

 Scraps in the die lead to faulty pressings. 

 Things fall from the equipment and get into the products. 

 Things get dented or bent in conveyance. 

 Filings and other particles contaminate the resin. 

 Dust and other substances ruin the paint. 

Therefore dedication to good housekeeping practices will inevitably resolve quality 

concerns. By routine housekeeping practices hazards associated with waste can be greatly 

reduced. To achieve good cleaning techniques, management has to support the workers by 

providing them with appropriate cleaning tools. 
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2.4.4 Seiketsu-Standardize 

In standardization, the emphasis is on visual management. After implementing the first 

3S in the workplace, management tries to standardize them so that the workers don’t return to 

their original practices. Standardization creates transparency of work among workers and it also 

helps them understand how things are done. It also helps the work process continue in the 

absence of the employee. With standardization, employees will be able to suggest areas of 

improvements because it will make them understand the entire company workflow (Pheng and 

Khoo, 2001). Color management can be used to create a standardized workplace by using visual 

aids like indicators, labels, and markers. These visual aids make communication simple and 

make the workflow easy and transparent for the workers.  

2.4.5 Shitsuke-Sustain  

Self-discipline deals with forming favorable conditions in the workplace and maintaining 

them for long term. By making all the workers practice the first 4S’s, transparency in the 

workflow allows workers to identify loopholes in work procedures. Self-discipline is difficult to 

achieve, as it requires commitment from both top management and the workers involved. 

Management commitment to the 5S program can be shown by continuously evaluating progress 

of the entire process and posting progress reports achieved during the program (Becker, 2001).  

This will help maintain enthusiasm for the program among workers. Workers can show 

commitment by obeying rules laid down by top management and showing good progress in their 

work. Also the workers need to give suggestions for continuous improvement of their work 

procedures. 
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2.5  Advantages of implementing 5S in the workplace 

Implementing a 5S program will help the company to rethink its current processes and 

identify areas of improvement. The sustained practice of 5S techniques can have significant 

results. The workplace will appear organized and neat, as housekeeping will be done a on regular 

basis. As the workplace is organized without obstructions this will improve the working 

conditions as the workers clearly understand the workflow in the shop floor. A 5S workplace is 

high in quality and productivity, keeps the cost down, ensures delivery on time, is safe for people 

to work and is high in morale (Ho, 1997). An organized shop floor will leave a good impression 

on visitors too, which may indirectly help the company to gain more business. Practicing 5S can 

considerably reduce various kinds of waste thereby leading to cost reduction for the organization. 

Being consistently able to practice 5S techniques will help achieve various ISO quality 

certifications that will help the organization in gaining more reputation and business. Results 

show that, from its nature, 5S can be used as a good environmental management program 

(Fliendner, 2008). Environmental performance is also linked with housekeeping, therefore the 

shop floor and the storage area becomes the primary focus of attention. Therefore maintaining a 

clean shop floor without spillage and accidents will definitely help in maintaining a clean and 

safe work environment. 

2.6 Checklists 

A checklist is a list of checkpoints for convenient checking and reference. Checklists 

have been used in areas such as aviation, aeronautical, product manufacturing, and health care 

where safety and precision are at most required (Oxman, 1994). In these industries checklists are 
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being used as a tool for reducing human error, costly mistakes and improving overall outcomes. 

An evaluation checklist is a list used for judging the merit and worth of an enterprise, activity, 

program (Martz, 2009). When a checklist is used for audits, it is know as an audit checklist. 

Audit checklists are developed to help evaluators understand how the current program is 

performing and what improvements are to be made in order to achieve better results. Checklists 

reduce the chance of forgetting something important to check, making the job easier for the 

layperson to understand, and validating the performance of a job. Therefore audit checklists are 

used for planning and contracting for evaluations, collecting, organizing, analyzing, 

synthesizing, reporting information, managing evaluations operations, and arriving at judgments 

of merit and worth of the program (Stufflebeam, 2001). However poorly designed checklists can 

have potential negative impacts like checklist fatigue, decreased reliability by adding 

unnecessary complexity to the evaluation process, and delays in the completion of the evaluation 

process. In addition it may also lead to evaluation myopia, which means the inability of the 

evaluator to identify side effects or side impacts due to rigid application and non-reflective use of 

the checklist (Martz, 2009). 

2.7 Validity and reliability of checklists 

 In order to check whether the checklist is performing its required job or not, validity and 

reliability of the checklist is done. Validity testing addresses whether an outcomes instrument 

measures the properties it was intended to measure. Validity testing can be done using the 

following validity testing methods: content validity, criterion validity and construct validity 

(Godfrey et al. 2007). Content validity is done to check whether the questions chosen represent 

the concepts they are intended to reflect. Criterion validity refers to the extent to which the data 
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obtained agrees with some gold standard measure. Construct validity of a survey assumes that 

there are well-developed theories or hypothesis about the relationships of that variable to others 

being measured in the study (Aday, 2006). Reliability is defined as the ability of a measure to 

reproduce the same value for the same phenomenon (Brennan et al., 1995). Evaluators trying to 

evaluate the reliability of the data use mathematical tools to estimate random or systematic error. 

Random errors occur by chance and they do not impact the consistency of the data but systematic 

errors impact some results and frequently occur due to a problem in the checklist. Evaluation of 

rater reliability is necessary to identify systematic errors and for this, intra-rater reliability and 

inter-rater reliability is determined. The degree to which two measurements, collected by the 

same person, vary from one rating to the next over a period of time is called intra-rater 

reliability. The degree to which two measurements, collected by two or more persons, vary is 

called inter-rater reliability (Thompson and Barrett, 2007). 

2.8 5S checklist and its reliability 

According to an unpublished project by Natarajan (2011), the author has suggested that 

the existing 5S checklist is not reliable in a specific scenario due to low inter-rater and intra-rater 

reliability. The author analyzed data from a Lean Manufacturing class at Wichita State 

University (Fall 2007). The raters were 45 students who participated in the survey for a class 

assignment. These raters received class lectures on 5S and had initial knowledge on the 

importance of implementing 5S in the shop floor. They were asked to mark the checklist (shown 

in appendix A 1) by watching a simulation model of a worker working in a workplace and the 

data was collected electronically. In order to determine the intra-rater reliability a similar 

exercise was followed after 6 months. For the second replicate the consent form, virtual reality 
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factory model, and the checklist were sent and collected electronically through e-mail.  A total of 

21 students of the initial 45 students took part in the survey for the second replicate. 

Using this data the author calculated intra and inter- rater reliability and obtained the following 

results: 

Table 2.2 Reliability scores of 5S checklist 

Subdivisions of 
the 5S checklist  

Inter-rater 
reliability  

Result  Intra-rater 
reliability  

Result  

Sort  0.0724  Slight reliability  0.4504  Fair to good 
reproducibility  

Set in order  0.0201  Slight reliability  0.1776  Poor 
reproducibility 

Shine  -0.0007  Poor reliability -0.0074  Poor 
reproducibility 

Standardize  0.0237  Slight reliability  0.2029  Poor 
reproducibility 

Sustain  0.0323  Slight reliability  0.2597  Poor 
reproducibility 
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The author used the following guidelines to verify his results: 

Table 2.3 Guidelines for inter-rater and intra-rater reliability (Fleiss, 1986 & Landis and 

Koch, 1977) 

Guidelines for inter-rater reliability 

 
 

Kappa 
scores  

Reliability of the 
rating  

0.80 - 1  

0.60 – 0.79  

0.40 – 0.59  

0.20 – 0.39  

0 – 0.19  

< 0  

Almost perfect  

Substantial  

Moderate  

Fair  

Slight  

Poor  

Guidelines for intra-rater reliability 

 

 

 

 

Intraclass 
correlation 
coefficient  

( 
1
)  

Reproducibility  

< 0.4  

0.4 – 0.75  

 
>0.75                                    

Poor reproducibility  

Fair to good 
reproducibility  

Excellent reproducibility  

 

Therefore the inter-rater and intra rater reliability for most of the sub-divisions of the 

checklist were either slightly reliable or poorly reliable. Finally, the author concluded that the 

existing 5S checklist had low reliability and in his future work suggested methods like rater 

training, modifying the content of the checklist and performing the study in a real world 

workplace instead of a virtual reality factory model may improve the reliability of the results. 
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2.9  Reasons for low rater-reliability 

Reasons for low reliability scores of checklists in general are- checkpoint complexity, 

lack of specificity to focus and the length of the checklist (Zenk et al., 2007). Not only that but in 

some companies where there are lots of differences in the culture, norms, policies or 

organizational climate among the workers are also causes of low reliability scores (Glisson and 

Hemmelgarn, 1998). Other factors that play a vital role in determining the reliability are, the 

ability of the rater to rate any given material depending upon the intelligence of the rater (Spool, 

1978), the rater’s knowledge of the performance dimensions (Ilgen et al, 1983) and the training 

received by the rater (Wherry and Bartlett, 1982). If not properly trained, the above mentioned 

processes may lead to low reliability scores because of the limited information-processing 

capabilities of the rater. Content validity also plays an important role in determining the 

reliability (Aday, 2006). Content validity verifies whether the question chosen represents the 

concepts they are intended to reflect or not. Therefore asking questions that are irrelevant to the 

topic may lead to low inter-rater and intra rater reliability due to poor knowledge of the rater on 

the irrelevant topic.   

2.10 Methods to improve rater-reliability 

As described earlier reliability is often defined as the percentage of exact agreement in 

scoring between raters. Exact agreement can be achieved only if the raters have the same 

similarities of classifications. But as people may differ in their interpretations (Huot, 1993) these 

conditions cannot be guaranteed. But it can be achieved by training the raters in different areas. 
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Over a period of time various authors have called for rater or observer training program to 

improve the ratings of performance. For instance Latham, Wexley, and Pursell (1975) interpreted 

that knowledge of rating errors alone won’t help raters in taking effective steps to counter attack 

them. They suggested that an intensive workshop with effective training techniques would help 

in reducing rater bias. Also Bernardin and Walter (1977) did several investigations on the effect 

of training programs on rating errors and concluded that training had a positive impact on 

reducing leniency error and halo effect. Leniency error was defined as the shift in mean ratings 

from the mid point of the scale in the favorable directions and halo effect was defined as 

standard deviation across dimensions of a rater's rating of a particular ratee (Sharon & Bartlett, 

1969). Inter-rater reliability was higher for groups who received training. Therefore the results in 

general revealed that training programs are effective in improving the accuracy of the rating 

(Spool, 1978).  

Literature suggests various training techniques, which have been used to improve rater 

reliability. Goldstein and Sorcher (1974) suggested that a training workshop with the following 

four activities. (a) Modeling- where raters watched a videotape (models) of different types of 

rating errors (b) Practice- where raters practiced the effective behaviors demonstrated by the 

models (c) Social reinforcement- which is provided by the trainer and trainees in the form of 

constructive feedback, and (d) transfer of training, which involves implementing the above three 

activities in more complex and realistic situations. This training workshop had good impact on 

reducing rating errors. Also many other training workshops have been developed using this 

model as reference. The following training methods were followed during the workshop training 

to improve rater reliability. The raters were asked to maintain a diary so that the observation can 
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be standardized. The main aim of this method is to enhance the observation skills of the raters. 

Results indicated that the training that used a diary had significantly less leniency and halo effect 

and most importantly greater inter-rater and intra-rater agreement (Bernardin and Buckley, 

1981).    

Another method to improve rater reliability is to show the raters videos, which consists of 

activities that they are supposed to rate. Then the raters are made to rate those videos and finally 

their ratings are open for a group discussion. In the group discussion, the moderator (who 

conducts the training the session) discusses the nature of the problem and how it can be solved. 

During these sessions the supervisor avoids the interjection of his own ideas, instead encourages 

the raters to generate a number of ideas, until the entire group arrives at one decision acceptable 

to all. It is also very important to train the rater to cope with negative appraisal situations 

(Bernardin and Buckley, 1981). While marking the audit checklist the rater believes that a fair 

marking could be the basis for a critical administrative decision. But at the same time the rater 

could seriously question his or her capability of coping with the resultant situation (e.g., the 

ratee's fury) and such a situation is known as negative appraisal situation. 

During the training workshops, in order to increase observational skills it is essential to 

have a common frame of reference for observing and rating (Latham et al., 1975). In order to 

achieve this common frame of reference, it is essential to identify raters with distinguishing 

standards of work performance (i.e. those whose standards are not in match with the 

organizational terms). After identifying such raters, attempts must be made to bring their 

perceptions closer to the organization policies. Frame-of-reference is one such attempt where the 

identified raters are required to attend a special workshop (Henemen et al, 1987). After attending 
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the special workshop where they are reminded of their duties, the raters are asked to rate three 

old videos comprising of critical incidents of job performance. Each video illustrates an 

outstanding employee, an average employee and an unsatisfied employee. After the rater finishes 

the rating the trainer informs the participants what the correct rating for each video should be, 

based on the normative data. This kind of training is helpful in creating a common frame of 

reference among all the raters. Along with the common frame the workshop also helps the rater 

by getting used to observing important and unimportant behaviors present in the job thereby 

increasing inter-rater agreement (Bernardin, 1980). 

2.11 Research void and research objective 

A study by Natarajan (2011) has suggested that the existing 5S audit checklist is not 

reliable because it has low inter-rater and intra-rater reliability. The possible reasons identified 

by the author for low rater-reliability were: 1) Poor content validity of the checklist 2) No proper 

training given to the raters on the checklist and on the rating procedure 3) The virtual reality 

factory model which was used for rating was not a good model. 

Taking the above research voids into consideration, three objectives were developed. The 

first objective was to perform a content validity assessment on the checklist as the literature 

suggests it to be one of the main reasons for low reliability scores. The second objective was to 

evaluate the reliability of the modified checklist after performing the content validity. The third 

objective was to develop a training procedure to train the raters before conducting the audit. The 

literature suggests that different raters have different knowledge and training them in various 

areas can help in bringing all the raters onto the same page. 
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The next chapter presents an overview of the introduction, relevant literature and a 

method for achieving the objectives. 
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CHAPTER 3 

A Training Procedure to Improve the Rater-Reliability of a Modified 5S Audit 
Checklist 

ABSTRACT 
Audit checklists are used to help evaluators understand how a program is performing and what improvements are to 

be made in order to achieve better results.  But before coming to a conclusion of the performance metrics and areas of 
improvement, it is important to test the reliability of the rating method. From a previous study, results have shown that the 
existing 5S audit checklist (Appendix A) has low reliability. We hypothesize that an improved checklist supplemented with a 
training program will result in a reliable checklist. Therefore, content validity was performed and the checklist was modified 
and later a training procedure was developed and the raters were trained to consistently mark the checklist. The results 
showed improved reliability scores compared to the previous study with the training group having more impact. Therefore it 
was concluded that training the raters before audits can give better reliable scores.  

 
KEYWORDS 
Lean manufacturing, 5S, Audit checklist, Rater-reliability, Training techniques 
 
 
1. INTRODUCTION 
 

Global markets are continuously changing and 
demanding customized, low cost and high quality 
products and services (Rosas et al., 2010). Lean 
manufacturing has been developed as an approach to 
achieve competitive advantage. Lean manufacturing 
minimizes waste and produces good quality products that 
meet customer expectations (Womack, 1996). Some tools 
being used in lean manufacturing are: Kaizen, one-piece 
flow, 5S, cellular manufacturing, inventory management, 
poka yoke, standardized work, and scrap reduction 
(Russell and Taylor, 1999). 

5S is a powerful tool that can be used to reduce 
waste and achieve a workplace with high productivity and 
quality through orderly maintenance. To achieve best 
results from the 5S program, it has to be sustained for 
long  periods.  The  best  way  to  sustain  a  program  is  
through audits and for this purpose audit checklists are 
used.  

A checklist is a device that consists of a list of 
activities, items and criteria used to perform certain tasks 
(Martz,  2009).  When  used  for  audit,  they  are  known  as  
audit checklists. But unfortunately most performance 
measures are contaminated by rating errors leading to 
inaccurate performance evaluation scores (Borman, 
1975). A study was conducted using the 5S audit checklist 
commonly used in aerospace industries, hereafter referred 
to as the existing 5S audit checklist where a virtual reality 
factory  model  was  rated  by  a  group  of  students  and  the  

study results showed low rater-reliability scores 
(Natarajan, 2011). 

The objective of this study is to identify the 
reasons for low rater-reliability and to improve rater 
reliability.  

2. LITERATURE REVIEW  

Lean manufacturing combines the production 
techniques of mass production and craft production and 
therefore has benefits like improved product quality, 
reduction in cycle time, reduction in Work in Process 
(WIP), reduction in inventories, improved net income etc. 
(Pavnskar et al., 2003). 5S is a lean manufacturing tool 
that can help maintain a clean and organized shop floor to 
increase efficiency and effectiveness of the system 
(Chapman, 2005). 

5S stands for five Japanese words: Seiri (Sort), 
Seiton (Set in order), Seiso (Shine), Seiketsu 
(Standardize) and Shitsuke (Sustain) (Osada, 1991). 
During the implementation of 5S, the workplace is sorted 
first where tools that are in use are identified from the 
tools that are not in use. Later, all the tools that are not in 
use are removed from the workplace. After sorting, the 
tools that are in use are set in order where they are given a 
designated place. This is done to avoid searching for tools 
by the operator. Later the entire workplace is made to 
shine by cleaning it regularly. These practices are 
standardized through visual management and finally the 
whole program is sustained through audits. One of the 
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main reasons identified for failure of 5S within the 
organizations is the lack of institutionalization of 5S 
activity (Kobak et al., 2005). In order to involve everyone 
in the organization, top management commitment through 
regular audits is very vital. For this purpose audit 
checklists are used.   

Audit checklists are developed to help evaluators 
understand how the current program is performing and 
what improvements are to be made in order to achieve 
better results. However, poorly designed checklists can 
have potential negative impacts like checklist fatigue and 
decreased reliability by adding unnecessary complexity to 
the evaluation process, and delays in the completion of 
the evaluation process. In addition, a poor checklist may 
also lead to evaluation myopia, or the inability of the 
evaluator to identify side effects or side impacts due to 
rigid application and non-reflective use of the checklist 
(Martz, 2009). In order to check whether the checklist is 
performing its required job or not, validity and reliability 
test of the checklist is done. 

Validity testing addresses whether an outcome of 
an instrument measures the properties it was intended to 
measure. Performing content validity tests will determine 
whether the questions chosen represent the concepts they 
are intended to reflect (Godfrey et al., 2007). To test 
content validity of the checkpoints, the rater should select 
one of these 3 options for each checkpoint: 1) Essential 2) 
Useful but not essential and 3) Not necessary. Later, the 
marked checkpoints will be analyzed using the formula: 

 
Where CVR= content validity ratio, ne= number 

of people indicating the checkpoint essential and N= 
number of people who marked the checklist (Lawshe, 
1975). Once that data has been calculated, it will be 
compared to the values present in the table in Appendix 
C. This table contains the minimum value of CVR needed 
for each checkpoint depending upon the number of raters 
used and if a checkpoint doesn’t meet the minimum value 
than it will be removed for the checklist. 

 Reliability is defined as the probability that a 
product or a service will operate properly without any 
problems or failures for a specific period of time under 
the designed operating conditions (Elsayed, 2000). 
Evaluators trying to evaluate the reliability of the data use 
mathematical tools to estimate random or systematic 
error. Random errors occur by chance and they do not 
impact the consistency of the data but systematic errors 

impact  some  results  and  occur  due  to  a  problem  in  the  
checklist. Evaluation of rater reliability is necessary to 
identify systematic errors and for this, intra-rater 
reliability and inter-rater reliability should be determined. 
The degree to which ratings by two or more persons vary 
is called inter-rater reliability (Bortolotti et al., 2012). The 
degree to which two measurements, collected by the same 
person vary from one rating to the next over a period of 
time is called intra-rater reliability (Thompson and 
Barrett, 2007). 

According to an unpublished project by 
Natarajan (2011), the author has suggested that the 
existing 5S checklist is not reliable to assess the virtual 
reality factory model due to low inter-rater and intra-rater 
reliability. In his project, he analyzed data marked by the 
students of a Lean Manufacturing class at Wichita State 
University (Fall 2007) by using the existing 5S checklist 
and a virtual reality factory model of a shop floor. He 
obtained the following results: 

Table 2.1 Reliability scores of 5S checklist 

Subdivisions 

of the 5S 

checklist 

Inter-

rater-

reliability 

Result Intra-

rater 

reliability 

Result 

Sort  0.0724  Slight 
reliability  

0.4504  Fair to 
good 

reproducibi
lity  

Set in order  0.0201  Slight 
reliability  

0.1776  Poor 
reproducibi

lity 
Shine  -0.0007  Poor 

reliability 
-0.0074  Poor 

reproducibi
lity 

Standardize  0.0237  Slight 
reliability  

0.2029  Poor 
reproducibi

lity 
Sustain  0.0323  Slight 

reliability  
0.2597  Poor 

reproducibi
lity 

 

 

The author used the following guidelines to 

verify his results: 
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Table 2.2 Guidelines for inter-rater and intra-

rater reliability (Fleiss, 1986 & Landis and Koch, 

1977) what is the deal with that table, it is cut off 

Guidelines for inter-rater 

reliability 

 

Kappa 
scores  

Reliability of the 
rating  

0.80 - 1 

0.60 – 0.79  

0.40 – 0.59  

0.20 – 0.39  

0 – 0.19  

< 0  

Almost perfect  

Substantial  

Moderate  

Fair  

Slight  

Poor  

Guidelines for intra-rater reliability 

Intraclass 
correlation 
coefficient  

( 
1
)  

Reproducibility  

< 0.4  

0.4 – 0.75  

 
>0.75  

Poor 
reproducibility  

Fair to good 
reproducibility  

Excellent 
reproducibility  

 

The reasons for low reliability scores of 
checklists in general are: checkpoint complexity, lack of 
specificity to focus and the length of the checklist (Zenk 
et al., 2007). Not only that but, in some companies with 
differences in the culture, norms, policies or 
organizational climate among workers also causes low 
reliability scores (Glisson and Hemmelgarn, 1998). Other 
factors that play a vital role in determining the reliability 
are: the ability of the rater to rate any given material 
depending upon the intelligence of the rater (Spool, 
1978), the rater’s knowledge of the performance 
dimensions (Ilgen et al, 1983) and the training received by 
the rater (Wherry and Bartlett, 1982). Content validity 
also plays an important role in determining the reliability 
(Aday, 2006).  

 Exact rater agreement can be achieved only if 
the raters have the same similarities of classifications. But 
as people may differ in their interpretations (Huot, 1992) 
these conditions cannot be guaranteed. But it can be 
achieved by training the raters in different areas. Latham, 
Wexley, and Pursell (1975) interpreted that knowledge of 
rating errors alone won’t help raters in taking effective 
steps to counter attack them. They suggested that a 
workshop with effective training techniques could help in 
reducing rater bias. Literature suggests various training 
techniques, which have been used to improve rater 
reliability. Goldstein and Sorcher (1974) suggested that a 
training workshop with the following four activities: (a) 
Modeling- where raters watched a videotape (models) of 
different types of rating errors (b) Practice- where raters 
practiced the effective behaviors demonstrated by the 

models (c) Social reinforcement- which is provided by the 
trainer and trainees in the form of constructive feedback, 
and (d) Transfer of training, which involves implementing 
the above three activities in more complex and realistic 
situations. Also, during the training workshops, in order 
to increase the observational skills it is essential to have a 
common frame of reference for observing and rating 
(Latham et al., 1975). In order to achieve this common 
frame of reference, it is essential to identify raters with 
distinguishing standards of work performance (i.e. those 
whose standards are not in match with the organizational 
terms). After identifying such raters, attempts must be 
made to bring their perceptions closer to the organization 
policies.  

A study by Natarajan (2011) has suggested that 
the existing 5S audit checklist is not reliable because it 
has low inter-rater and intra-rater reliability. The possible 
reasons identified by the author for low rater-reliability 
were: 1) Poor content validity of the checklist 2) No 
proper training given to the raters on the checklist and on 
the rating procedure 3) The virtual reality factory model 
which was used for rating was not a good model. Taking 
the above research voids into consideration, the objectives 
of this research were divided into three objectives. The 
first objective was to perform content validity on the 
checklist as the literature suggests it to be one of the main 
reasons for low reliability scores. The second objective 
was to evaluate the reliability of the modified checklist 
after performing the content validity. The third objective 
is to develop a training procedure to train the raters before 
conducting the audit. The literature suggests that different 
raters have different knowledge and training them in 
various  areas  can  help  in  bringing all  the  raters  onto  the  
same page. 

3. Method 

The method to improve rater-reliability is shown 
in figure 3.1. First content validity was performed on the 
existing 5S audit checklist. Five industry people who had 
a minimum of five years experience with implementing 
5S and with 5S audits were selected. Content validity was 
performed with this group and everyone in the group 
marked all the checkpoints to be essential. But in the 
comments section they commented that some checkpoints 
in the checklist were too complex to understand because 
they had too much content. For example experts 
commented that checkpoint 2.2 in the existing checklist 
that says, “WIP, tools, materials, and products are not left 
to sit directly on the floor.  Large items such as tote bins 
are positioned on the floor in clearly marked areas, 
delineated by painted lines” had too much content in it 
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which could confuse the raters while rating. Therefore 
this checkpoint was modified by splitting it into two 
different checkpoints. The first checkpoint was about 
items on the floor “WIP, tools, materials, and products are 
not left to sit directly on the floor” and the second 
checkpoint was about items location “Large items such as 
tote bins are positioned on the floor in clearly marked 
areas, by painted lines”. Splitting the checkpoint into two 
reduces the chance of ambiguity within the raters as each 
checkpoint is now clearly defined with less information in 
it. Similarly taking their other comments into 
consideration, the existing checkpoints were modified and 
the modified checklist is shown in Appendix B. Later a 
training procedure was developed to train the raters on 
how to mark the checklist. Finally a study was conducted 
to determine the effect of the modified checkpoints and 
the influence of training techniques on the rater-
reliability. 

For the study, a group of industrial engineering 
students from the production systems class at Wichita 
State University was selected. The class consisted of 36 
students and they were presented with the details of the 
study. In the presentation the students were explained 
about the study that would be conducted with two groups, 
called the control and experimental groups and the 
responsibilities of the members of each of these groups.   
After the presentation, the students were asked to sign up 
for either the experimental group or for the control group 
depending upon their availability for the training session. 
A  consent  form  was  obtained  from  students  in  both  the  
groups who took part in the study (Appendix C). The 
students who signed up for the experimental group had to 
attend a training session before rating the virtual reality 
factory model using the modified checklist. The results 
obtained from this group were used to test the impact of 
training on the reliability of the checklist. 15 students 
signed up for this group. The students who signed up for 
the control group rated the virtual reality factory model 
using the modified checklist that was sent electronically. 
This group did not receive any training. The results 
obtained from the control group will be useful to 
determine the impact of modified checkpoints on the 
reliability scores of the checklist. 10 students signed up 
for this group. The same procedure was repeated again 
with  a  time  gap  of  3  weeks  (Halpern  et  al.,  2001)  and  
while rating the checklist for the second time no training 
was given to the experimental group. But during the 
training the raters were asked to maintain notes in which 
they were asked to write down the reasons for the points 
they were awarding. They were told to refer the notes 
while  rating  for  the  second  time  and  award  points  
depending upon the changes in the workstation. This 

particular training would have made the raters more 
consistent while rating for the second time. The obtained 
results were analyzed using SPSS software. Inter-rater 
reliability for an evaluation checklist with multiple scores 
for each checkpoint can be determined by estimating the 
within person variance and between person variance. 
According to Fleiss (2003) the inter-rater reliability can 
be calculated using the formula: 

 

 

Where, ‘K’ is the degree of freedom, MSbetween is the 
unbiased estimator of between person variance and 
MSwithin is the unbiased estimator of within person 
variance that are obtained as SPSS outputs. Similarly 
Intraclass correlation coefficient represented as ‘ 1’ can 
be calculated using the mathematical formula: 

 

 

Where, 2
A = between person variance, 2

E = within 

person variance that are obtained as SPSS outputs. 

Perform content validity  

Develop a training procedure   

Recruit students to mark the modified checklist    

Control group mark 
checklist without training   

Experimental group mark 
checklist with training    

Evaluate the results using statistical tools     

Minimum of 3 weeks delay 
to complete checklist again   

Minimum of 3 weeks delay 
to complete checklist again   

 

Fig 3.1 Method 

3.1 Training Procedure 

After the control group study had been 
performed and the modified checklist had been tested for 
reliability, the next step is to perform the study with the 
experimental group by training the students with the 

Inter - rater reliability = 
(MSbetween - MSwithin )

(MSbetween + (K - 1)MSwithin )
                        (Fleiss, 2003)

2
A

2 2
A E 

(1.5) (Rosner, 1994) =                 
+ 1
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developed training techniques. The training techniques 
used to train the raters were chosen after extensively 
reviewing the literature (Spool (1978), Latham et al. 
(1975), Goldstein and Sorcher (1974), Huot (1992). The 
training was developed and conducted at Wichita State 
University campus in April 2012 by Nishant Gorrepati. 
Three sessions were conducted with 15 students in 
attendance (each student attended one of the trainings as 
the training sessions were identical). The students were 
trained in the following manner: 1) Training was given to 
refresh the rater knowledge on 5S. The raters were 
presented with the basics of 5S and how it was performed 
on the shop floor. They were also shown visuals and 
videos of how a workplace should look after each ‘S’ has 
been implemented. 2) Training was given on how to 
identify and avoid different types of rating errors. The 
raters were told about different types of errors that 
commonly lead to poor reliability and were trained on 
ways to avoid those errors. This training instructed the 
students not to assume before rating which could lead to a 
halo error and not be biased while rating which can lead 
to leniency error. 3) Each checkpoint in the modified 
checklist was discussed in detail and the students were 
encouraged to ask questions if they were not sure about 
any of the checkpoints.   4) Training was given on how to 
rate a workplace by rating a sample video of a workplace. 
First  the  raters  were  shown  a  video  of  an  operator  
working on the  floor.  Later,  they  were  asked to  rate  this  
video using the modified 5S audit checklist. After 
completing the rating they were open to a discussion 
where they were asked for reasons for some of their 
ratings. Later, their ratings were compared with the 
ratings  of  the  experts  (with  five  or  more  years  of  lean  
manufacturing experience) who already evaluated the 
same video using the modified 5S audit checklist. The 
discussion was conducted to pin point the different areas 
where a particular rater could commit mistakes. This 
would help the other raters in not committing those 
mistakes. 5) Finally, the raters were trained on the rating 
scale. They were shown visuals of a world-class 
manufacturing facility, and how an unacceptable 
workplace looks like. Also a common frame of reference 
was  asked to  maintain  by  the  students.  If  they  didn’t  see  
any mistakes done by the operator in the video, they were 
asked to  award  5  points  for  that  activity.  If  they  see  one  
mistake done by the operator, they were asked to award 4 
points for that activity and so on. The training 
presentation in which the students were trained is in 
Appendix E.  

 

 

4. Results 

From the control group of the 10 students who 
volunteered, 7 provided usable data. From the 
experimental group of the 15 students who volunteered 
and attended the training, 13 of them provided usable 
data. The obtained results have been analyzed using SPSS 
software and are shown in table 4.1 and 4.2. 

Table 4.1 Reliability scores for modified checklist of 
the control group (n= 7) 

Subdivisions 

of the 5S 

checklist 

Inter-

rater 

reliability 

Result Intra-

rater 

reliability 

Result 

Sort  0.097 Slight 
reliability  

0.61  Fair to good 
reproducibility  

Set in order  0.089 Slight 
reliability  

0.79  Excellent 
reproducibility 

Shine  0.034 Slight 
reliability 

0.24 Poor 
reproducibility 

Standardize  0.033  Slight 
reliability  

0.23  Poor 
reproducibility 

Sustain  0 Poor 
reliability  

-0.20  Poor 
reproducibility 

Table 4.2 Reliability scores for modified checklist of 
the experimental group (n=13) 

Subdivisions 

of the 5S 

checklist 

Inter-

rater 

reliability 

Result Intra-

rater 

reliability 

Result 

Sort  0.25  Fair 
reliability  

0.90  Excellent 
reproducibility 

Set in order  0.58  Moderate 
reliability  

0.99  Excellent 
reproducibility 

Shine  0.56  Moderate 
reliability 

0.92 Excellent 
reproducibility 

Standardize  0.73  Substantial  
reliability  

0.98  Excellent 
reproducibility 

Sustain  0.65  Substantial 
reliability  

0.98  Excellent 
reproducibility 

 

The modified checkpoints showed better 
reliability scores (Table 4.1) compared to the reliability 
scores of Natarajan (2011) Ttable 2.1). One of the reasons 
for only moderate increase in reliability score for the 
control group could be the virtual reality factory model. 
The virtual reality factory model is not very clear which 
makes it difficult for the raters to rate all the checkpoints 
consistently without training. For example, checkpoint 
1.6, in the modified checklist, asks to verify for red 
tagging. It is difficult to identify red tagging in the virtual 
reality factory model, as it is not clear in the model. Also 
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checkpoint 5.5 checks whether the plant manager is 
conducting weekly audits and maintaining records like 
radar charts. But these items are not visible in the virtual 
reality factory model causing ambiguity. Therefore such 
points could contribute to inconsistent ratings resulting in 
low reliability scores.     

From the experimental group, results (Table 4.2) 
show that training the raters on how to rate the workplace 
has better reliability scores compared to the control group 
and Natarajan (2011) study. A basic introduction to 5S 
and showing visuals and videos of how a workplace 
should look like after 5S has helped in refreshing the 
rater’s knowledge on 5S. Later the rater’s were given the 
modified checklist and were asked to go through each 
checkpoint and were encouraged to ask questions if they 
were not sure of any of the checkpoints. This helped the 
raters in understanding the necessity of each checkpoint in 
every section that led to better inter-rater reliability. 
During the training the raters were asked to maintain a 
record (notes) while performing the audit. In the notes 
they were asked to note down the reasons for the rating 
they gave for each checkpoint, particularly for low 
ratings. After 3 weeks, while they were rating for the 
second time, they were asked to refer to their notes and 
look for similarities in the workplace and rate 
accordingly. This training technique has helped in 
achieving good intra-rater reliability scores.  Also, one of 
the training techniques that helped in achieving a better 
inter-rater reliability score is making the raters rate a 
sample workplace and later presenting them with the 
actual ratings done by the experts. During this exercise, 
the raters asked several questions for the ratings given by 
the experts and the raters were presented with reasons for 
the experts rating. This helped provide a common frame 
for rating which is essential to achieve high inter-rater 
reliability. During the training the raters were told not to 
assume and instead were asked to give the least rating 
possible if they were not sure of something because it was 
not clear in the video. This particular step has helped 
achieve better reliability scores compared to the previous 
study for the standardize and sustain sections. Although 
these sections were not clear in the virtual reality factory 
model, most of the raters gave minimum rating, instead of 
assuming. 

5. Conclusion and Future work 

The objective of this paper was to test the impact 
of modified checkpoints and rater training on improving 
the reliability of the audit checklist. From the results the 
modified checkpoints had improved reliability scores 
compared to the Natarajan (2011) study. Training the 
raters before rating the audit checklist demonstrated 

improved reliability scores. Training the raters allowed 
them to refresh their knowledge of 5S and audit 
checklists, made them identify the areas where they can 
go wrong while rating and helped them better understand 
the rating scale.  

The future work planned includes validating the 
modified checklist and the training techniques in a real 
world shop floor instead of using a virtual reality factory 
model, as the model is not clear to answer all the 
checkpoints correctly. Performing an audit in a shop floor 
will give more accurate results for section 4 and section 5. 

6. Limitations of the study 

The results were obtained with a group of 
students and not industry professionals. Also the raters of 
the control group and the experimental group were 
assumed to be of the same demographics but the students 
were not randomly selected. The training technique where 
the raters were asked to maintain notes and refer to it 
while rating for the second time could have inflated the 
intra-rater reliability score as the workplace in the virtual 
reality model will not have any changes while rating for 
the second time. This particular training technique is good 
in the real world scenario. 
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Appendix A 

5S Checklist 
 

 
 Supplier 5S Audit Checklist (existing)      

0 

Unacceptable 

Zero Effort 

1 

Activity 
Started 

Slight Effort 

2 

Widespread 
Activity 

Many 
Opportunities 
for 
Improvement 

3 

Minimum 
Acceptable 
Level 
Sustained for at 
Least One (1) 
Month 

4 

Best in Class 
Results 
Sustained for 
Three (3) 
Months 

5 

World Class 
Example 
Sustained for 
at Least Six 
(6) Months 

  

DESCRIPTION EVALUATION CRITERIA SCORE 
1S.  Sorting (Clearing Up) 
1.1 First Impression Overall Your general impression should tell you this is the best you 

have seen for a factory using similar processes. 
 

1.2 Removing Unnecessary 
Items 

All items not necessary for performing work are removed from 
the workplace.  Only tools and products are present at the 
workstations. 

 

1.3 Bulletin Boards No outdated, torn, or soiled announcements are displayed.  All 
bulletins are arranged in a straight and neat manner. 

 

1.4 Red Tagging A red tagging / sorting exercise is performed in each work area 
at least monthly and noted on the radar chart. 

 

2S.   Storage (Organizing) 
2.1 Shelves, Benches, and 
Desks Arranged 

Items are arranged, divided, and clearly labeled such that it is 
obvious where things are stored and where they should be 
returned. 

 

2.2 Items on Floor WIP, tools, materials, and products are not left to sit directly on 
the floor.  Large items such as tote bins are positioned on the 
floor in clearly marked areas, delineated by painted lines. 

 

2.3 General Storage and 
Arrangement 

Storage of boxes, containers, and material is always neat and 
placed at right angles.  When items are stacked, they are never 
out of alignment, or in danger of falling over. 

 

2.4 Equipment:  Cleanliness 
and Organization 

Nothing is placed on top of machines, cabinets, and equipment.  
Nothing leans against walls or columns.   
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2.5 Unobstructed Aisles and 
Access  

Aisles are free of material and obstructions.  Nothing is ever 
placed on the lines, and objects are always placed at right 
angles to the aisles. 

 

2.6 Emergency Access Fire hoses, extinguishers, and other emergency equipment are 
unobstructed and stored in an obvious, easy to locate manner.  
Safety devices are clearly marked and highly visible for easy 
operation. 

 

2.7 Aisle Markings Aisles and walkways are clearly delineated and can be 
identified at a glance.  Lines are straight and at right angles, 
with no chipped or soiled paint. 

 

2.8 Documents:  Storage Only documents necessary to do the work are stored at 
workstations.  Documents and binders are stored in a neat and 
orderly manner. 

 

2.9 Tools and Gages:  
Arrangement 

Tools, jigs, and fixtures are arranged neatly and stored in a way 
that they are kept clean and free of any risk of damage.  They 
are located for easy access for changeovers and set-ups.  Gages 
and measuring equipment used to monitor quality are also 
arranged as above. 

 

2.10 Equipment:  
Maintenance 

Controls for machines are properly labeled.  Critical points for 
daily maintenance checks are clearly marked (fluid levels, etc).  
Checklists are neatly displayed and kept clean and updated. 

 

2.11 Shelves, Toolboxes, 
Benches, and Desks:  
Control 

These are kept free of unused objects, including files and 
documents.  Tools and fixtures are stored in dedicated shadow 
boxes or hanging, and are cleaned before being returned to 
proper position after use. 

 

   

3S.   Shining (Cleaning) 
3.1 Floor Cleaning All floors are clean and free of debris, oil, and dirt.  Cleaning 

of floors is done routinely, daily at minimum. 
 

3.2 Equipment:  Painting All machines and equipment are painted and look clean.   
There are no places in the plant less than six feet high that are 
unpainted. 

 

3.3 Equipment:  Cleanliness Machines and equipment are constantly kept clean and 
unsoiled.  Routine daily care keeps glass, work surfaces, and 
the general area clean and polished.  Guards and deflectors are 
used to keep chips and waste from falling on the floor. 

 

3.4 Storage of Cleaning 
Equipment and Supplies 

All cleaning equipment is stored in a neat manner.  It is 
obvious where it belongs and is easily available when needed. 

Hazardous materials and containers are properly labeled. 

 



  

 

43 

 

4S.   Standardize 
4.1 Visual Control Display boards are present in each production work area and 

are within sight of all operators in the area.  
 

4.2 Weekly Audits 5S audits are done in each work area at least weekly with the 
results recorded on the work area’s radar chart. 

 

4.3 Status Displays Work area display boards include at least the weekly 5S audit 
checklist results (radar charts), Kaizen Newspaper, area 5S 
responsibility layout / chart and 5S assignment board. 

 

4.4 Continuous 
Improvement 

Persons responsible for Kaizen Newspaper action items have 
initialed the document under their name and date.  

 

5S.   Sustaining (Training and Discipline) 
5.1 Maintenance Maintenance and production resources are adequately deployed 

to keep equipment running properly; an effective preventative 
maintenance program is in place. 

 

5.2 Documents:  Control  All documents are labeled clearly as to contents.  
Responsibility for control and revisions is clear.  No unlabeled 
binders/documents are present.  Obsolete or unused documents 
are routinely purged. 

 

5.3 Area 5S Responsibility Each work area of the plant should fall under the responsibility 
of a person on the plant manager’s staff as indicated on the  
plant 5S responsibility layout which shall be prominently 
displayed throughout the plant.  

 

5.4 5S Control and 
Sustaining 

There is a disciplined system of control and maintenance to 
assure that each of the above items is maintained at the highest 
possible level.  It is the responsibility of management to 
maintain this system. 

 

5.5 Work Area Visits The responsible plant manager staff person should visit each 
work area at least weekly and initial / date the 5S audit 
checklist (radar chart) results; additionally, each overdue 
Kaizen Newspaper action item should be initialed by this 
person.  It is also recommended that the plant manager visit 
each work area at least monthly and initial / date the radar 
chart. 
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5S Category Possible Score Total Score 

1S 

Sorting 

20 Possible 
Points 

 Notes for posting data on Lean 
Assessment Matrix: 

1. The Total Overall Score is posted 
as a cumulative Score on the Lean 
Assessment Matrix for the 5S 
Category.  (0-140 points possible)      

2S 

Storage 

55 Possible 
Points 

 

3S 

Shining 

20 Possible 
Points 

 

4S 

Standardize 

20 Possible 
Points 

 

5S 

Sustaining 

25 Possible 
Points 

 

Overall 

Score 

140 Possible 
Points Total 

 

 
 

Ideas for Improvement from Audit 
  

Ref Action Needed Responsible Date Status 
1.   

 
   

2.   
 

   

3.   
 

   

4.   
 

   

5.    
 

  

6.    
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Appendix B 
 

 Modified 5S Audit Checklist      
0 

Unacceptable 

Zero Effort (5 
or more 
mistakes) 

1 

Activity 
Started 

Slight Effort (4 
mistakes) 

2 

Widespread 
Activity 

Many 
Opportunities 
for 
Improvement 
(3 mistakes) 

3 

Minimum 
Acceptable 
Level 
Sustained for at 
Least One (1) 
Month (2 
mistakes) 

4 

Best in Class  
Results 
Sustained for 
Three (3) 
Months (1 
mistake) 

5 

World Class 
Example 
Sustained for at 
Least Six (6) 
Months (0 
mistakes) 

  

DESCRIPTION EVALUATION CRITERIA SCORE 
1S.  Sorting (Clearing Up) 
1.1 First Impression Overall Your general impression should tell you this is the best you 

have seen for a factory using similar processes. 
 

1.2 Removing Unnecessary 
Items 

 

All items not necessary for performing work are removed from 
the workplace.  

 

1.3 sorting frequency Sorting exercise is performed in each work area at least on 
monthly basis 

 

1.4 Tools placement 

 

 Only tools and products are present at the workstations.  

1.5 Bulletin Boards No outdated, torn, or soiled announcements are displayed.  All 
bulletins are arranged in a straight and neat manner. 

 

1.6 Red Tagging 

 

Red tagging is performed on the shop floor on regular basis, at 
least monthly.  
 

 

 
2S.   Storage (Organizing) 
2.1 Shelves, Benches, and 
Desks Arranged 
 

Items are arranged, divided, and clearly labeled such that it is 
obvious where things are stored and where they should be 
returned. 

 

2.2 Shelves, Toolboxes, 
Benches, and Desks:  
Control 

These are kept free of unused objects, including files and 
documents.  Tools and fixtures are stored in dedicated shadow 
boxes or hanging, and are cleaned before being returned to 
proper position after use. 
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2.3 Items on Floor 

 

WIP, tools, materials, and products are not left to sit 
directly on the floor.   

  

 

2.4 items location Large items such as tote bins are positioned on the floor in 
clearly marked areas, by painted lines. 

 

2.5 General Storage   Storage of boxes, containers, and material is always neat.   

  

 

2.6 Arrangement of items When items are stacked, they are never out of alignment, or in 
danger of falling over. 

 

2.7 Equipment:  Cleanliness 
and Organization 

Nothing is placed on top of machines, cabinets, and equipment.  
Nothing leans against walls or columns.   

 

2.8 Unobstructed Aisles and 
Access  

Aisles are free of material and obstructions.  Nothing is ever 
placed on the lines. 

 

2.9 Aisle Markings Aisles and walkways are clearly marked and can be identified 
at a glance.  Lines are straight, with no chipped or soiled paint. 

 

2.10 Emergency Access Fire hoses, extinguishers, and other emergency equipment are 
unobstructed and stored at locations that are clearly marked 
and highly visible for easy operation. 

 

2.11 Documents:  Storage Only documents necessary to do the work are stored at 
workstations.  Documents and binders are stored in a neat and 
orderly manner. 

 

2.12 Equipment storage   Tools, jigs, and fixtures are arranged neatly and stored in a way 
that they are kept clean and free of any risk of damage. 

 

2.13 Equipment:  
Maintenance 

Controls for machines are properly labeled.  Critical points for 
daily maintenance checks are clearly marked (fluid levels, etc).  
Checklists are neatly displayed and kept clean and updated. 

 

2.14 Tools and Gases: 
Arrangement 

Tools are located for easy access for changeovers and set-ups.  
Gages and measuring equipment used to monitor quality are 
also arranged as above. 

 

 
3S.   Shining (Cleaning) 
3.1 Floor Cleaning All floors are clean and free of debris, oil, and dirt.  Cleaning 

of floors is done regularly, daily at minimum. 
 

3.2 Equipment:  Painting All machines and equipment are painted and look clean.   
There are no places in the plant less than six feet high that are 
unpainted. 
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3.3 Equipment:  Cleanliness Machines and equipment are constantly kept clean and 
unsoiled.  Routine daily care keeps glass, work surfaces, and 
the general area clean and polished.  Guards and deflectors are 
used to keep chips and waste from falling on the floor. 

 

3.4 Storage of Cleaning 
Equipment and Supplies 

All cleaning equipment is stored in a neat manner.  It is 
obvious where it belongs and is easily available when needed. 

Hazardous materials and containers are properly labeled. 

 

4S.   Standardize 
4.1 Visual Control Display boards are present in each production work area and 

are within sight of all operators in the area.  
 

4.2 Weekly Audits 5S audits are done in each work area at least weekly with the 
results recorded on the work area’s radar chart. 

 

4.3 Status Displays Work area display boards include at least the weekly 5S audit 
checklist results (radar charts), Kaizen activities performed or 
identified, layout or chart of 5S responsibilities in the plant. 

 

4.4 Continuous 
Improvement 

A document is being published at least once in every month 
which includes the Kaizen activities being performed in the 
previous cycle and Kaizen activities identified newly along 
with the person and department in which it has been identified.    

 

5S.   Sustaining (Training and Discipline) 
5.1 Maintenance Maintenance and production resources are adequately deployed 

to keep equipment running properly; an effective preventative 
maintenance program is in place. 

 

5.2 Documents:  Control  All documents are labeled clearly as to contents.  
Responsibility for control and revisions is clear.  No unlabeled 
binders/documents are present.  Obsolete or unused documents 
are taken care of on regular basis. 

 

5.3 Area 5S Responsibility Each work area of the plant should fall under the responsibility 
of a person on the plant manager’s staff as indicated on the 
plant 5S responsibility layout that shall be prominently 
displayed throughout the plant.  

 

5.4 5S Control and 
Sustaining 

There is a disciplined system of control and maintenance to 
assure that each of the above items is maintained at the highest 
possible level.  It is the responsibility of management to 
maintain this system. 
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5.5 Work Area Visits The responsible plant manager staff person should visit each 
work area at least weekly and initial / date the 5S audit 
checklist (radar chart) results; additionally, each overdue 
Kaizen Newspaper action item should be initialed by this 
person.  It is also recommended that the plant manager visit 
each work area at least monthly and initial / date the radar 
chart. 

 

 
 

5S Category 

 

Possible Score 

 

Total Score 

 

1S 

Sorting 

30 Possible 
Points 

 Notes for posting data on Lean 
Assessment Matrix: 

2. The Total Overall Score is posted 
as a cumulative Score on the Lean 
Assessment Matrix for the 5S 
Category.  (0-140 points possible)      

2S 

Storage 

60 Possible 
Points 

 

3S 

Shining 

20 Possible 
Points 

 

4S 

Standardize 

20 Possible 
Points 

 

5S 

Sustaining 

25 Possible 
Points 

 

Overall 

Score 

155 Possible 
Points Total 
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Ideas for Improvement from Audit 
  

Ref Action Needed Responsible Date Status 
1  

 
   

2  
 

   

3  
 

   

4  
 

   

5   
 

  

6   
 

  

7   
 

  

8   
 

  

9   
 

  

10   
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Appendix C 

Min value of CVR, One Tailed Test, P= 0.05 

Number of panelists Minimum value 

5 .99 

6 .99 

7 .99 

8 .75 

9 .78 

10 .62 

11 .59 

12 .56 

13 .54 

14 .51 

15 .49 

20 .42 

25 .37 

30 .33 

35 .31 

40 .29 



  

 

51 

 

 

PURPOSE:  You are invited to participate in a study to determine if the reliability of a 5S checklist can be improved 
by training procedures.  We hope to improve the reliability of a checklist for assessing the 5S level of a factory. 

PARTICIPANT SELECTION:  You were selected as a possible participant based on your previous experience with 5S 
and current participation in the IME 553 class.  We anticipate approximately 30 participants in two separate groups 
with 15 participants in each group. 

EXPLANATION OF PROCEDURES: Participants in this study will be divided randomly into two groups. The first 
group, consisting of up to 15 participants will be asked to complete a 5S checklist while viewing a virtual reality 
factory model. If you are a part of this group, you will be emailed the 5S checklist as well as the website for the 
virtual reality factory model.  You will be asked to email to Mr. Gorrepati the results of the 5S checklist evaluation 
one week after receiving it.  You will be asked to repeat this procedure after three weeks of submitting the first 
checklist, again emailing the results to Mr. Gorrepati.  The second group of participants will receive training for 30-
45 minutes in a WSU classroom on how to rate a 5S checklist.  After the training, you will receive the 5S checklist 
and the virtual reality factory model through e-mail. You will be asked to email to Mr. Gorrepati the results of the 
5S checklist evaluation one week after receiving it.  You will be asked to repeat this procedure after three weeks of 
submitting the first checklist, again emailing the results to Mr. Gorrepati.    

DISCOMFORT/RISKS: There are no anticipated discomforts or risks from participation in this study.   

BENEFITS: Potential benefits from participation in this study include developing an understanding of how to 
complete a 5S checklist.  This research may also help determine if training on a 5S checklist would help improve 
the reliability of the 5S checklist.   

CONFIDENTIALITY:  Any information obtained in this study in which you can be identified will remain confidential.  
Your checklist will be known only to the researchers, and have a subject code identified with it.  Your name will not 
be associated with any of the disseminated results, as they will be reported only in a combined general aggregate 
format.   

COMPENSATION OR TREATMENT: Wichita State University does not provide medical treatment or other forms of 
reimbursement to persons injured as a result of or in connection with participation in research activities conducted 
by Wichita State University or its faculty, staff, or students.  If you believe that you have been injured as a result of 
participating in the research covered by this consent form, you can contact the Office of Research Administration, 
Wichita State University, Wichita, KS 67260-0007, telephone (316) 978-3285. 

REFUSAL/WITHDRAWAL:  Participation is entirely voluntary. Your decision whether or not to participate will not 
affect your future relations with Wichita State University nor any courses taken from the IME Department taught 
by the Principal Investigator.  If you decide to participate, you may withdraw from the survey at any time without 
affecting your status with Wichita State University.  
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CONTACT:  If you have any questions about the research, please contact Lawrence Whitman, PhD, 120 Engineering 
Building, Wichita, KS, 67260-0035, (316) 978-5915, or Gorrepati Nishant, nxgorrepati@wichita.edu.  If you have 
questions pertaining to your rights as a research subject, you can contact the Office of Research Administration at 
Wichita State University, Wichita, 67260-0007, (316) 978-3285. 

You are under no obligation to participate in this study. You are making a decision whether or not to participate.  
By responding “yes” to this email which this consent form is attached to, it will be taken that you have read the 
information provided above and have voluntarily decided to participate.   

You can print a copy of this consent form for you records. 

 

_______________________________       _________________ 

Signature         Date 
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Appendix D 

Determination of inter-rater and intra-rater reliability from SPSS software output 

Inter-rater reliability for Control group 

 Sorting 

SPSS system output for ‘Sorting’ 

ANOVA 

 Sum of Squares df Mean Square F Sig 

Between People 38.571 5 7.714   
Within People Between Items 10.952 6 1.825 2.638 .036 

Error 20.762 30 .692   
Total 31.714 36 .881   

Total 70.286 41 1.714   

Grand Mean = 2.43 

 

 

 

 

 

 

 

 

Inter - rater reliability = 
(MSbetween - MSwithin )

(MSbetween + (K - 1)MSwithin )

Inter - rater reliability = 
(7.714 - 1.825)

(7.714 + (30 - 1)1.825)

Inter - rater reliability = 0.097
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 Storage 

SPSS system output for ‘Storage’ 

ANOVA 

 Sum of Squares df Mean Square F Sig 

Between People 133.602 13 10.277   
Within People Between Items 7.102 6 1.184 4.479 .001 

Error 20.612 78 .264   
Total 27.714 84 .330   

Total 161.316 97 1.663   
Grand Mean = 3.19 

 

 

 

 

 

 

 Shining 

SPSS system output for ‘Shining’ 

ANOVA 

 Sum of Squares df Mean Square F Sig 

Between People 23.000 3 7.667   
Within People Between Items 27.929 6 4.655 4.297 .007 

Error 19.500 18 1.083   
Total 47.429 24 1.976   

Total 70.429 27 2.608   
Grand Mean = 2.36 

 

 

Inter - rater reliability = 
(MSbetween - MSwithin )

(MSbetween + (K - 1)MSwithin )

Inter - rater reliability = 
(10.277 - 1.184)

(10.277 + (78 - 1)1.184)

Inter - rater reliability = 0.0896
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 Standardize 

SPSS system output for ‘Standardize’ 

ANOVA 

 Sum of Squares df Mean Square F Sig 

Between People 19.250 3 6.417   
Within People Between Items 23.714 6 3.952 2.092 .105 

Error 34.000 18 1.889   
Total 57.714 24 2.405   

Total 76.964 27 2.851   

Grand Mean = 2.46 

 

 

 

 

 

 

 

Inter - rater reliability = 
(7.667 - 4.665)

(7.667 + (18 - 1)4.665)

Inter - rater reliability = 0.0345

between within

between within

(MS - MS )
Inter - rater reliability = 

(MS + (K - 1)MS )

Inter - rater reliability = 
(MSbetween - MSwithin )

(MSbetween + (K - 1)MSwithin )

Inter - rater reliability = 
(6.417 - 3.952)

(6.417 + (18 - 1)3.952)

Inter - rater reliability = 0.033
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 Sustaining 

SPSS system output for ‘Sustaining’ 

ANOVA 

 Sum of Squares df Mean Square F Sig 

Between People 5.829 4 1.457   
Within People Between Items 13.371 6 2.229 .670 .674 

Error  79.771 24 3.324   
Total 93.143 30 3.105   

Total 98.971 34 2.911   
Grand Mean = 2.17 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Inter - rater reliability = 
(MSbetween - MSwithin )

(MSbetween + (K - 1)MSwithin )

Inter - rater reliability = 
(1.457 - 2.229)

(1.457 + (24 - 1)2.229)

Inter - rater reliability = - 0.2094 = 0
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Intra-rater reliability for Control Group 

 Sorting 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2
A

2 2
A E

2
A

2
E

Intra - rater reliability =                                                 
+

MS -MSbetween within                              =

     ;         - number of replicates = 2   = Mean square v

n

n alue of error 

                          
A
2 =

7.714 1.825
2

                          
A
2 = 2.9445

Intra - rater reliability = 
2.9445

2.9445 + 1.825
    

Intra - rater reliability = 0.61
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 Storage  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Shining 

 

 

 

 

 

 

 

 

 

2
A

2 2
A E

2
A

2
E

Intra - rater reliability =                                                 
+

MS -MSbetween within                              =

     ;         - number of replicates = 2   = Mean square v

n

n alue of error 

                          
A
2 =

10.277 1.184
2

                          
A
2 = 4.5465

Intra - rater reliability = 
4.5465

4.5465 1.184
    

Intra - rater reliability = 0.79

2
A

2 2
A E

2
A

2
E

Intra - rater reliability =                                                 
+

MS -MSbetween within                              =

     ;         - number of replicates = 2   = Mean square v

n

n alue of error 
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 Standardize 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                          
A
2 =

7.667 4.655
2

                          
A
2 = 1.506

Intra - rater reliability = 
1.506

1.506 + 4.665
    

Intra - rater reliability = 0.24

2
A

2 2
A E

2
A

2
E

Intra - rater reliability =                                                 
+

MS -MSbetween within                              =

     ;         - number of replicates = 2   = Mean square v

n

n alue of error 

                          
A
2 =

6.417 3.952
2

                          
A
2 = 1.2325

Intra - rater reliability = 
1.2325

1.2325 + 3.952
    

Intra - rater reliability = 0.2377
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 Sustain  

 

 

 

 

 

 

 

 

Inter-rater reliability for Control group: 

 

 

 

 Sorting  

SPSS system output for ‘Sorting’ 

ANOVA 

 Sum of Squares df Mean Square F Sig 

Between People 26.885 5 5.377   
Within People Between Items 3.205 12 .267 1.072 .399 

Error 14.949 60 .249   
Total 18.154 72 .252   

Total 45.038 77 .585   

Grand Mean = 3.42 

 

2
A

2 2
A E

2
A

2
E

Intra - rater reliability =                                                 
+

MS -MSbetween within                              =

     ;         - number of replicates = 2   = Mean square v

n

n alue of error 

                          
A
2 =

1.457 2.229
2

                          
A
2 = -0.386

Intra - rater reliability = 
0.386

0.386 2.229
    

Intra - rater reliability = - 0.2094
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 Storage  

SPSS system output for ‘Sorting’ 

ANOVA 

 Sum of Squares df Mean Square F Sig 

Between People 252.423 13 19.417   
Within People Between Items 1.121 12 .093 .433 .948 

Error 33.648 150 .216   
Total 34.769 168 .207   

Total 287.192 181 1.587   
Grand Mean = 3.35 

    

 

 

 

 

 

 

 

Inter - rater reliability = 
(MSbetween - MSwithin )

(MSbetween + (K - 1)MSwithin )

Inter - rater reliability = 
(5.377 - .267)

(5.377 + (60 - 1).267)

Inter - rater reliability = 0.25

Inter - rater reliability = 
(MSbetween - MSwithin )

(MSbetween + (K - 1)MSwithin )

Inter - rater reliability = 
(19.417 - .093)

(19.417 + (150 - 1).093)

Inter - rater reliability = 0.58
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 Shining  

ANOVA 

 Sum of Squares df Mean Square F Sig 

Between People 26.692 3 8.897   
Within People Between Items 2.808 12 .234 2.212 .033 

Error 3.808 36 .106   
Total 6.615 48 .138   

Total 33.308 51 .653   

Grand Mean = 4.12 
 

 

 

 

 

 

 

 

 Standardize 

ANOVA 

 Sum of Squares df Mean Square F Sig 

Between People 18.827 3 6.276   
Within People Between Items .731 12 .061 .640 .794 

Error 3.423 36 .095   
Total 4.154 48 .087   

Total 22.981 51 .451   
Grand Mean = 2.98 

 

 

 

 

Inter - rater reliability = 
(MSbetween - MSwithin )

(MSbetween + (K - 1)MSwithin )

Inter - rater reliability = 
(8.897 - 0.234)

(8.897 + (36 - 1)0.234)

Inter - rater reliability = 0.5069
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 Sustain 

ANOVA 

 Sum of Squares df Mean Square F Sig 

Between People 11.292 4 2.823   
Within People Between Items .338 12 .028 .898 .555 

Error 1.508 48 .031   
Total 1.846 60 .031   

Total 13.138 64 .205   
Grand Mean = 3.17 

 

 

 

 

 

 

 

 

 

 

Inter - rater reliability = 
(MSbetween - MSwithin )

(MSbetween + (K - 1)MSwithin )

Inter - rater reliability = 
(6.276 - 0.061)

(6.276 + (36 - 1)0.061)

Inter - rater reliability = 0.7389

Inter - rater reliability = 
(MSbetween - MSwithin )

(MSbetween + (K - 1)MSwithin )

Inter - rater reliability = 
(62.823 - 0.028)

(62.823 + (48 - 1)0.028)

Inter - rater reliability = 0.675
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Intra-rater reliability for Control Group 

 Sorting  

 

 

 

 

 

 

 

 

 

 Storage  

 

 

 

 

 

 

 

 

 

2
A

2 2
A E

2
A

2
E

Intra - rater reliability =                                                 
+

MS -MSbetween within                              =

     ;         - number of replicates = 2   = Mean square v

n

n alue of error 
                          

A
2 =

5.377 0.267
2

                          
A
2 = 2.555

Intra - rater reliability = 
2.555

2.555 0.267
    

Intra - rater reliability = 0.90

2
A

2 2
A E

2
A

2
E

Intra - rater reliability =                                                 
+

MS -MSbetween within                              =

     ;         - number of replicates = 2   = Mean square v

n

n alue of error 
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 Shining 

 

 

 

 

 

 

 

 

 

 

 

 

 Standardize  

 

 

 

 

                          
A
2 =

19.417 0.093
2

                          
A
2 = 9.662

Intra - rater reliability = 
9.662

9.662 0.093
    

Intra - rater reliability = 0.99

2
A

2 2
A E

2
A

2
E

Intra - rater reliability =                                                 
+

MS -MSbetween within                              =

     ;         - number of replicates = 2   = Mean square v

n

n alue of error 

                          
A
2 =

8.897 0.234
2

                          
A
2 = 4.433

Intra - rater reliability = 
4.43315

4.433 0.234
    

Intra - rater reliability = 0.92

2
A

2 2
A E

2
A

2
E

Intra - rater reliability =                                                 
+

MS -MSbetween within                              =

     ;         - number of replicates = 2   = Mean square v

n

n alue of error 
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 Sustain 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                          
A
2 =

6.276 0.061
2

                          
A
2 = 3.1075

Intra - rater reliability = 
3.1075

3.1075 0.061
    

Intra - rater reliability = 0.98

2
A

2 2
A E

2
A

2
E

Intra - rater reliability =                                                 
+

MS -MSbetween within                              =

     ;         - number of replicates = 2   = Mean square v

n

n alue of error 

                          
A
2 =

2.823 0.028
2

                          
A
2 = 1.3975

Intra - rater reliability = 
1.3975

1.3975 0.028
    

Intra - rater reliability = 0.98
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Appendix E 

 

1 

Develop a training procedure to improve 
rater-reliability of a modified 5S checklist 

 
by 

Nishant Gorrepati 
Graduate Student 

IMfgE, WSU 

Advisor: Dr. Lawrence Whitman 

2 

Agenda 

• Presentation objective 
• Situation at a glance  
• Audit checklists & Rating errors 
• Introduction to 5S 
• How to rate a workplace  
• Practice 
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3 

Presentation Objective  

• To train the raters on different aspects on ‘how to 
rate a workplace using an audit checklist’ to 
check whether training can improve rater-
reliability. 

 

4 

OBSTACLES 

OBJECTIVES 

  Develop training methods to improve 
rater-reliability 

    

STRATEGY 

GOAL 

Reliable 5S checklist  

Current 5S checklist is not 
reliable 

 4. validating the training 
techniques by rating an 
actual shop floor  

 

1. Train the raters in checklist 
marking techniques    

 2. Practice the training 
techniques by rating a video 

  

3. Validating the training 
techniques by rating a video 

Low inter-rater 
and intra-rater 
reliability 

Lack of proper 
training to 
workers 

Situation at a glance  
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5 

Need for audit checklists 

 To judge the performance of an enterprise, tool, process, activity etc. (Stufflebeam, 2000)   

 To help eliminate human error, costly mistakes and to improve the overall outcomes 

(Martz, 2009) 

 To help identify areas of improvements (Stufflebeam, 2001) 

 

 

6 

An overview of audit checklists 

• An checklist is a device that consists of a list of  activities, items, and criteria used to 

perform a certain tasks (Martz, 2009). 

• When used for an evaluation purpose, they are know as audit checklist. 

• Applications of checklist include: 

 Aviation 

 Aeronautics 

 Product manufacturing 

 Healthcare   
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7 

Reliability 

Definition: 

• Reliability is defined as the ability of a measure to reproduce the same value for the same 

phenomenon (Brennan et al., 1996). 

Types of errors: 

• Systematic error or random error are used to measure the reliability of  data. 

• Systematic errors are identified using inter-rater reliability and intra-rater reliability. 

 

 

8 

Rating errors 
 Leniency error: rater’s tendency to give extremely high ratings 

• Rater’s personal feelings influenced the evaluation 

 Halo effect: rater’s tendency to give similar ratings to all performance dimensions 

• Familiarities between the raters and the ratees influenced the evaluation   

 Inter-rater agreement: the degree to which two raters agree on the performance 
level of the same ratee 

• Several reasons like variation in hierarchical levels between raters, variation in 
information available, etc.  

 Intra-rater agreement: the degree to which a single rater agree on the 
performance of the ratee 

• Lack of proper training on rating procedures 
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9 

Inter-rater reliability 

             
 

JANUARY 

 

10 

Intra-rater reliability 

             
 

JANUARY FEBRUARY 
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11 

Introduction to 5S 

  Five terms beginning with ‘S’ used to create a workplace suitable for lean production 

(APICS Dictionary) 

 The 5S terms are: 

  SORT: Separate things which are necessary for the job from those that are not 

 It is important to save things, but it is just as important to throw things out 

 Follow the principle of organization- “one-is- best” 

 

12 

Cont… 
  SET IN ORDER: Organizing the essential materials in designated places which 

minimizes waste employee motion 

 Helps reduce search time and identify missing tools 
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13 

Cont… 
 SHINE: Maintaining a clean workspace 
 Helps identify causes of various problems in the production process 

 Keeps the workplace clean and organized 

 STANDARDIZE: Developing certain standards to support the first 3S’s 

 Color management 

 Visual Management  
 

 

14 

Cont… 
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15 

Cont… 

 SUSTAIN: Maintaining mental and physical disciplines required to maintain 
the other 4s  

 Emphasis here is on creating a workplace with good habits 
 Involves training and inculcating good habits and having everyone practice 

them 

 http://www.youtube.com/watch?
v=Rry62LAniAE&list=PL792AEA5900472A38&feature=mh_lolz 

 Will discuss the checklist in detail 

 

16 

Advantages & Disadvantages of 5S 
Advantages 

 Reduces the search time 

(Samuel, 1997) 

 Helps understand the workflow 

 Provides a clean and organized 

workplace (Tice et al., 2005) 

 Facilitates good productive 

techniques (Eocha, 2000) 

Disadvantages 
  Requires commitment from all the workers 

in the organization (Cusumano,1994) 

  Needs continuous review of the program 

through audits 

  Requires lot of training for continuous 

improvement (Eocha, 2000) 
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17 

Rating a workplace 

• Observe the workplace carefully  
 
• Identify the mistakes in the workplace  
 
• Analyze the reasons for the mistakes 
 
• Determine the worker efficiency 
 
• DO NOT ASSUME STUFF    

 

18 

Understanding the rating scale 

 5 rating: The operator should not do even a single 
mistake 
 4 rating: The operator should have done one 
mistake 
 3 rating: The operator should have done 2 
mistakes  
 2 rating: The operator should have done 3 
mistakes 
 1 rating: The operator should have done 4 
mistakes 
 0 rating: The operators should have done 5 or 
more mistakes   
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19 

Practice  

 Shall rate a workplace together and discuss the 
ratings 
 http://www.youtube.com/watch?
v=821nHMxAl58&feature=youtu.be 

 

20 
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