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Abstract 

On Perceptions Of The Effectiveness Of The Self-Assessment Process In The Nuclear 
Power Industry 

 
The organizational self-assessment process came to maturity during the Total Quality 

Management (TQM) movement. Although varying forms of the process had been utilized 

for many years, the first mature self-assessments, known as self-appraisals, were 

performed as a criterion for the Malcolm Baldrige National Quality Award (MBNQA). 

One objective of this research was to assess whether self-assessments in the nuclear 

industry are driven more by regulatory requirements or business expectations. If driven 

by regulatory requirements, this may differentiate the process from other industries. Also, 

recent literature indicates that the existing models for conducting self-assessment for 

continuous improvement may be outdated (Williams, Bertsch, Van der Wiele, Van 

Iwaarden and Dale, 2006). In addition, these authors believe that each industry or 

organization should develop their own models or adapt the existing TQM model to 

optimize the benefits of self-assessments. Another objective of the research presented 

herein was to determine whether there are standard attributes that can be applied to the 

performance of self-assessments in the nuclear industry. This study, through use of a 

survey, identified attributes of the nuclear power industry that could be used in future 

research to construct a standard model to optimize the investments made by the industry 

in the use of self-assessments. Finally, the study determined the relationships between 

survey characteristics (e.g., participant level in the organization, those that believe that 

self-assessment improves performance, and the purpose of self-assessment). 

Keywords: self-assessment, nuclear, continuous improvement, process attributes 
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1 Introduction 
 
1.1 Overview 

Today’s global business environment has made the competitive arena even more 

difficult for organizations that hope to be successful. The importance of understanding 

how the organization is performing and where its weak spots lie has become paramount if 

the company wants to not only thrive, but in some cases, merely survive. It is no longer 

enough to maintain the status quo. Management must now strive for continuous 

improvement in order to successfully navigate the competitive landscape. One of the 

important tools in this endeavor is the organizational self-assessment process. The ability 

to dissect the organization’s performance and determine through causal analysis why the 

performance gaps exist has become almost mandatory if the firm expects to compete in 

the global environment.  

1.2 Background 

Over the last twenty years, management teams have utilized the self-assessment tool 

more and more to aid in maintaining a competitive advantage. However, the original 

intent of the process was to measure against one of the business excellence models in 

order to drive toward one of the common quality awards (Gadd, 1995; Benavent, 2006; 

Ahmed, Yang and Dale, 2003; Sturkenboom, Van der Wiele and Brown, 2001). Yet, the 

methodologies that organizations use in their approach to the process vary widely. As 

with many management tool kits, the use and perception of the self-assessment process 

has changed over time.  
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Nowhere is change more evident in the use of self-assessments than the nuclear 

power industry. This industry has been using the process for about twenty years now. 

However, the approach and the purpose of the self-assessment process in nuclear power 

may be somewhat different than other industries (Beckmerhagen, Berg, Karapetrovic and 

Willborn, 2003). As with other businesses, competitive edge is certainly one of the 

drivers. However, it is apparent that safety is also a main contributor to the use of the 

process in this industry. This may make for a different understanding of the self-

assessment process in the world of nuclear power. The concept here is important for 

engineering managers in this industry as they must constantly make decisions that may 

involve doing the right thing from a technical perspective, yet maintaining a competitive 

edge in the marketplace. 

1.3 Purpose of the Research 

This research attempts to identify several factors related to the self-assessment 

process in nuclear power in order to determine the perceptions of the process in this 

industry. First, it may be important to realize what the perception is in this industry 

regarding the self-assessment tool. Second, as mentioned above, it is also important to 

determine if self-assessments in nuclear power are different than those in other industries 

(i.e., do they serve a different purpose). Then, another facet that is investigated is the 

perceptions of the process for different levels of management. Fourth, it is very important 

to know if the nuclear power industry (the users) believes that the process improves 

performance. And finally, perhaps the most important aspect of the research is to 

determine what specific attributes are important for the conduct of self-assessments in the 

industry.  The five hypotheses that will be tested for this research are listed below: 
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H1: The perception of the self-assessment process in the nuclear industry is 

comparable to other industries. 

H2: Self-assessments performed in the nuclear industry are similar to those 

performed in unrelated businesses. 

H3: Different levels of management have the same perception of the purpose of 

the self-assessment process in the nuclear industry. 

H4: The nuclear industry believes that the self-assessment process improves 

performance. 

H5: Specific attributes can be identified that are appropriate for performing 

nuclear self-assessments. 

Investigations of these specific hypotheses will determine the results and conclusions 

identified at the end of this research. 

1.4 Contribution to the Body of Knowledge 

This research is intended to extend the body of knowledge associated with the self-

assessment process. More specifically, it will explore the perceptions of the effectiveness 

of this process in the field of nuclear power. In a recent journal article (Williams, Bertsch, 

Van der Wiele, Van Iwaarden and Dale, 2006), it is postulated that the commonly 

accepted methodology for performing self-assessments may no longer be appropriate in 

today’s global environment. The article further stipulates that each industry (or even each 

organization) may want to identify the specific attributes that are appropriate for review 

during the conduct of self-assessments in that line of business. Additionally, this research 

will explore any differences in the perceptions of the process across different levels of 
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management. Further, it will determine whether the participants in the process feel as if it 

improves performance in the area of nuclear power.  
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2 Literature Review 
 

2.1 Definition of Self-Assessment 

The organizational self-assessment process is an accepted practice in the area of Total 

Quality Management (TQM). Most experts agree on the definition of self-assessment that 

is provided by the European Foundation for Quality Management (EFQM) (Gadd, 1995; 

Benavent, 2006; Ahmed, Yang and Dale, 2003; Sturkenboom, Van der Wiele and Brown, 

2001). This definition is: 

“…a comprehensive, systematic and regular review of an organization’s activities 
and results referenced against a model of business excellence. The self-
assessment process allows the organization to discern clearly its strengths and 
areas in which improvements can be made and culminates in planned 
improvement actions, which are then monitored for progress” (Gadd, 1995; 
Benavent, 2006; Ahmed, Yang and Dale, 2003; Sturkenboom, Van der Wiele and 
Brown, 2001). 
 

Clearly, the intent of the self-assessment process is to measure the organization’s level of 

performance against some type of scale. In the definition above, that scale is some type of 

model of business excellence.  

However, the literature also uses definitions that differ somewhat from the EFQM 

accepted definition. The one most closely related to the previous definition is the general 

concept of a regular and systematic evaluation of the organization against a set of criteria 

(Brown, Van der Wiele and Millen, 1999). These criteria are very often those of a quality 

award. Thus, this definition has a close relationship to the EFQM definition. A more 

generalized definition is that of: 

“…a holistic evaluation of organizational processes and performance using 
relatively little outside assistance” (Ford, Evans and Matthews, 2004).  
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This definition provides more of a philosophical rendering to the self-assessment 

process. As a result of this research, it appears that the definition that best fits the nuclear 

industry is: 

“….self-assessment is a tool that is used to monitor and control a company’s 
continuous improvement program in a systematic fashion” (Beckmerhagen, Berg, 
Karapetrovic and Willborn, 2003).  
 

This definition provides a succinct, concise idea that is simple to grasp for the type of 

business conducted by the nuclear power industry.  

2.2 The Difference Between Audits and Self-Assessments 

It is important to note that audits and self-assessments are different tools. Whereas, 

audits determine whether the organization’s processes are performed in accordance with 

established procedures, the self-assessment is a “reverse-direction” review (Conti, 1997). 

In other words, the self-assessment process begins with results and works backwards to 

determine performance gaps. Additionally, the process utilizes causal analysis to pinpoint 

the causes of these gaps. Figure 2-1 below shows that self-assessment is actually a right-

to-left process (Conti, 1997). So, while audits check conformance to established 

processes and procedures, self-assessment determines the competitive effectiveness of the 

organization (Conti, 2001).  
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Figure 2-1: EFQM Self-Assessment Process 

 

Accordingly, there are three major differences between audits and self-assessments 

(Beckmerhagen, Berg, Karapetrovic, and Willborn, 2003): 

• “Audits foster quality assurance and conformance to specified requirements, 
whereas self-assessments facilitate continuous improvement. 

• Audits normally follow strict guidelines and generate compliance or non-
compliance findings from audit evidence. Self-assessments are planned and 
directed towards achieving a specific, dynamic level of performance reflected 
by criteria or safety indicators. 

• Audits are not particularly effective in linking their results with business 
planning and/or management review. Self-assessments facilitate the use of 
results in the planning process, which may lead to changes in technical 
equipment or in operational procedures” (Beckmerhagen, Berg, Karapetrovic, 
and Willborn, 2003) 

 
2.3 History of Self-Assessment 

The idea of the self-assessment process was a natural outfall of the Total Quality 

Management (TQM) movement. However, even before the concept of TQM came about, 

the idea of measuring organizational effectiveness existed. Initial research into the 
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concept centered around efforts in process consultation. Two basic steps were identified 

for determining organizational effectiveness as part of the process consultation model. 

These were gathering data and providing intervention for the organization based on the 

data (Schein, 1969). Further research determined that outcomes, processes, and structures 

were indicators of organizational effectiveness and that effectiveness was related to the 

organization’s goals (Goodman, Pennings, and Associates, 1977). In other words, 

assessments of organizational performance should focus on output goals. Furthermore, 

similar to what would become self-assessment, the concept was that if process measures 

are once removed from outcomes, then structural measures are twice removed 

(Goodman, Pennings, and Associates, 1977). Shortly thereafter, as research continued in 

this area, others determined that there were four principle reasons for performing 

organizational surveys (Dunham and Smith, 1979). These are listed below. 

1. feedback 

2. diagnosis 

3. communication 

4. training 

Following this, a definition of organizational diagnosis emerged. The determination was 

that: 

“organizational diagnosis is the process of publicly entering a human system, 
collecting valid data about human experiences with that system, and feeding that 
information back to the system to provide understanding of the system by its 
members” (Beer, 1980).  
 

This research also proclaimed that there should be distance between the researcher 

and the members of the subject organization. It should be noted that much of this research 

surrounding early organizational assessment was primarily directed at the behavioral or 
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social system perspective of the organization (Lawler, Nadler, and Cammann, 1980). 

This follow-on research provided yet another list of activities associated with assessments 

(Lawler, Nadler, and Cammann, 1980). These activities were identified as: 

1. data collection 

2. data interpretation 

3. data use 

The rationale for this research was that by increasing the ability to collect and 

understand data about the functioning of social organizations, efforts could be made to 

understand the organizations and improve effectiveness (Lawler, Nadler, and Cammann, 

1980). 

The next few years saw the birth of the TQM process in this country. In 1987, the 

Malcolm Baldrige National Quality Award (MBNQA) was established. This award 

contained seven categories that organizations would utilize to perform self-appraisals  

(Shergold and Reed, 1996). In 1992, as the quality movement continued to mature, the 

European Foundation for Quality Management (EFQM) developed the European Quality 

Award (EQA). This award process provided even more of an emphasis on organizational 

performance measurement. In order to determine an organization’s performance against 

the award models, self-assessment came about. The process was a phenomenon that 

developed as companies tried to determine their readiness for one of the quality awards 

(Conti, 1997). Thus, the mature self-assessment process was born in 1987 with the 

inception of the MBNQA, but the process became even more inculcated into the quality 

movement with the creation of the EQA. 
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2.4 The Self-Assessment Process 

The general model that the EQA uses for the process is seen in Figure 2-1. This is a 

simplistic, yet effective way of viewing self-assessment (Conti, 1997). The process shows 

nine criteria that are important to the organization to review (Black and Crumley, 1997). 

These nine criteria are: 

1. Leadership 

2. People 

3. Policy and Strategies 

4. Resources 

5. Processes 

6. People Satisfaction 

7. Customer Satisfaction 

8. Impact on Society 

9. Business Results 

It is important to remember that these nine criteria, which are depicted as they relate to 

each other in Figure 1, are only part of a descriptive framework for the self-assessment 

process (Black and Crumley, 1997). The figure makes it much easier to see how the 

process moves in a reverse-direction (i.e., right to left). The company must first begin by 

comparing their business results with the goals that were previously approved. Where 

gaps are identified between results and the organization’s goals, these are traced back 

through the processes and enablers to determine causal factors (Conti, 1997). The 

organization that maintains a healthy process will then develop corrective actions to 

address these issues whether they be systemic or not.   
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There are many, varied approaches to the accomplishment of the process (Benavent, 

2006). These range from full scale simulation for an award process to informal, less-

structured methods. This depends on the maturity and philosophy of the organization 

performing the self-assessment. One researcher determined that there are in fact, two 

different general approaches taken for the process (Conti, 2001). The first is the awards-

based type of assessment. The second is a diagnostic approach. Conti believes that the 

most effective approach is the diagnostic approach in which the organization truly drives 

for continuous improvement (Conti, 2001). In addition, most companies elect to perform 

the assessments on an annual basis because of the duration of the process (Benavent, 

2006). One of the generally used models for the process itself is depicted in Figure 2-2 

below (Van der Wiele, Brown, Millen, and Whelan, 2000).  
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Develop Commitment

Plan self-assessment cycle

Establish action plan

Implement action plan

Review progress

Establish model and 
reporting system

Communicate plan

Educate staff

Conduct self-assessment

 

Figure 2-2: General Self-Assessment Model 

 

This figure shows the process as a loop. Consideration must be given to the 

commitment required for the process. What this translates to is, if the organization is not 

prepared for change (no commitment), the process will most likely fail (Lusthaus, 

Adrien, and Anderson, 1997). There does appear to be common problems with the 

conduct of the self-assessment process (Ritchie and Dale, 2000). According to Ritchie 

and Dale, these are: 

1. Lack of commitment and enthusiasm 
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2. Time-consuming process 

3. Not knowing where to start 

4. Selling the concept to the staff as something other than an “add-on” 

5. People not realizing the need for documented evidence 

6. Lack of resources; time, manpower, financing 

7. Maintaining the skills of the assessors in relation to self-assessment 

8. Lack of communication in educating staff as to the merits of self-assessment 

9. Lack of cross-functional integration between departments and units 

10. Getting the assessment done in time to link it into the business plans 

Thus, before the organization embarks on the self-assessment journey, it is important to 

understand and address these issues prior to the undertaking.  

2.5 Why Perform Self-Assessments? 

The literature review provides several insights into the impetus for performing self-

assessments. However, it is imperative that there is an understanding of two basic 

concepts. First, according to Ahmed, Yang and Dale ( 2003):  

“Most experts (for example, Dale 1999 and Feigenbaum 1999) agree that quality, 
in its widest sense, is the dominant factor in companies’ national and global 
success” (Ahmed, Yang and Dale, 2003). 
 

Second, it is important to realize that the literature generally agrees that the self-

assessment process improves organizational performance (Karapetrovic and Willborn, 

2001). Further, for any continuous improvement program to stay vibrant, it is necessary 

to periodically assess what is working and what is not (MacKerron, Masson and 

McGlynn, 2003). This is a vital feedback mechanism for the organization. Without this 

tool, it is difficult to determine the health of the organization from a quality, customer-
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centered perspective. Although business excellence models provide general criteria for 

organizations, there are few processes in place to identify the status of the organization 

relative to the business success criteria (Van der Wiele, Brown, Millen and Whelan, 

2000). One product from a self-assessment process is a measure of how the organization 

compares to the organization’s business excellence model. However, from a strategic 

management view, self-assessment is a value-added process that provides a focus for the 

drive to quality. In addition, this focus provides a link to the strategic planning process 

(Brown, Van der Wiele and Millen, 1999).  

Some managers view the self-assessment process as being driven by internal drivers, 

such as business improvement and quality program stimulation (Ford, Evans and 

Matthews, 2004). Yet, others believe that external forces, such as regulatory agencies, 

competitors using the process, and industry groups espousing self-assessments are major 

motivators in the use of the tool (Ford, Evans and Matthews, 2004). Although it is also 

felt that if the process is forced on an organization, it can lead to undesirable 

consequences. Others believe that the process is a valid way to tie quality into the 

strategic planning process (Brown, Van der Wiele and Millen, 1999).  

Many in the quality arena believe that self-assessments are an important asset that can 

be used to sustain the continuous improvement process (MacKerron, Mason and 

McGlynn, 2003). In other words, the use of the process keeps driving the continuous 

improvement philosophy.  

Additionally, there is the belief that self-assessment provides a voice for the users of 

the organization’s processes (Taylor, 1995). Thus, the self-assessments should not reflect 

the feelings of management, but rather, the opinions of the users.  
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Finally, research has been performed to help identify the specific reasons why 

organizations utilize the process (Brown, Van der Wiele and Millen, 1999). Table 2-1 

below provides information from this research. The numbers below are from a survey 

conducted in Australia and represent a typical 5-point Likert scale from 1 (not important) 

to 5 (very important). 

Table 2-1: Reasons for Performing Self-Assessments 

Reason Mean Std. Dev. 

To find opportunities for improvement 4.42 0.88 

To direct the improvement process 4.25 0.85 

To link quality management with strategic planning 4.18 0.87 

To create focus on the TQM model of management 4.13 0.97 

To manage the business 4.06 0.94 

To provide new motivation for the quality improvement process 3.85 1.19 

To go for a quality award 2.48 1.44 

 

Thus, the above data indicate that companies appear to embark on the self-assessment 

path for the right reasons (Brown, Van der Wiele and Millen, 1999). That is, the surveyed 

organizations are motivated by the altruistic notion of improving performance and 

creating a corporate culture of TQM.  

2.6 Who Does Self-Assessments? 

In a study performed in 2000, 71% of the survey respondents indicated that they were 

currently performing self-assessments (Van der Wiele, Brown, Millen and Whelan, 

2000). Furthermore, of the respondents who indicated they were not performing 
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assessments, 45% of those organizations indicated that they intended to begin using the 

process within three years. Interestingly, this same study showed that the self-assessment 

process may be more prevalent in organizations that have higher turnover. Also, size of 

the organization was apparently not a factor in determining whether the organization 

utilized the self-assessment tool or not.  

This study was conducted in the greater Boston area among members of the 

American Society for Quality (ASQ). There was a total of 640 surveys sent out, and the 

researchers garnered a 32% response rate. These 640 surveys were each sent to a 

different company. Therefore, this study represented a good cross-section of different 

industries (Van der Wiele, Brown, Millen and Whelan, 2000). Some of the results of that 

study are also used in the course of the research presented in this paper.   

2.7 Benefits of the Self-Assessment Process 

There has been a significant amount of research done in the realm of identifying the 

benefits associated with the performance of self-assessments. Generally speaking, the 

benefits of the process fall into four major categories listed below (Gadd, 1995).  

1. business results 

2. culture 

3. process management 

4. benchmarking 

In addition, the process seems to fit well into the idea of viewing organizations from a 

systems perspective which Senge and Deming both indicate are critical for organizational 

success (Gadd, 1995). But, more important from a business perspective, research has 

shown that there is a link between quality and financial performance. That is, those 
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organizations that used the process to win quality awards demonstrated greater success in 

income, sales, and total assets during the periods following implementation of the process 

(Saunders and Mann, 2005). Thus, there is a positive perception regarding the causal 

effects of the self-assessment process on business results. This is important as it 

demonstrates a link between the process and what the organization considers important, 

which is financial results.  

From a more holistic viewpoint, research also suggests a generic relationship between 

the use of self-assessment and performance outcomes. Also, the process seems to drive 

real dialogue regarding effective learning. However, research has also shown that even 

when the process is executed perfectly, little benefit may be derived from it. The apparent 

cause in these cases is what happens following the performance of the self-assessment 

(Ford and Evans, 2006). Yet, the process is certainly recognized as a method for 

identifying strengths and weaknesses across the broad spectrum of an organization’s 

activities (MacKerron, Masson and McGlynn, 2003).  

Other research has shown a different set of benefits (Longbottom, 1998). First, the 

process seems rather simple and easy to understand. In addition, there is some flexibility 

that allows organizations some room to custom fit their approach to the process. Further, 

the tool provides a focus for the company while striving to improve performance. Yet this 

research shows some negative signs also. After using the process for 3-5 years, some 

organizations have demonstrated disillusionment with it. In fact, this research indicates 

that at that point, one in four companies have discontinued using it.   

Research has also shown that although self-assessment is usually utilized on a 

strategic basis (across the entire organization), it can also be effective when utilized on a 



 18

tactical or departmental level (MacKerron, Masson and McGlynn, 2003). In other words, 

the process doesn’t have to be limited to the organization-wide scope which is normally 

what is considered.  

Other research has determined benefits of the self-assessment process. The benefits 

listed below provide a more philosophical look at the advantages of the process 

(Beckmerhagen, Berg, Karapetrovic and Willborn, 2003).  

• Organizational audits are enhanced because self-assessment identifies the 

organization’s strengths and weaknesses. This allows improvements to audits 

through use of real-time knowledge. 

• The organization is able to effectively compare itself with others in the same 

industry. 

• Supervision is improved as the first-line management team has more 

information at hand and develops closer working relationships. 

• The organization develops a much better understanding of performance 

expectations and the company’s objectives. 

• The self-assessment process can provide an enriching effect on the work and 

thus, raise employee morale. 

• The image that the public maintains of the organization becomes improved 

through the use of self-assessment.  

These are all high level advantages associated with the self-assessment process. Most 

of them parlay themselves into the corporate culture. This is certainly desirable as the 

culture of the organization is the true measure of a company embracing TQM. Another 

team of researchers has identified additional advantages that are more closely related to 
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TQM (Van der Wiele, Brown, Millen and Whelan, 2000). These benefits are depicted 

below.  

• The process forces management teams to come up with their own agendas for 

improvement activities for the next time period. 

• The process has been shown to improve management enthusiasm, as the 

managers are able to make the link between TQM philosophy and business 

objectives. 

• Most obviously, the self-assessment model is able to identify improvement 

opportunities.  

• Importantly, the self-assessment process helps develop an awareness of what a 

true TQM is like. 

• Related to the previous benefit, the process forces management to identify 

which organizations are better at what they do. 

• The process has been effective in developing a sense of ownership for quality 

among the top management team. This is because it has forced them to really 

examine their own operations and identify the strengths and weaknesses. 

• Perhaps the most important benefit is that the self-assessment process can 

promote a total approach to quality. In other words, this process helps to drive 

an integrated approach to quality rather than a fractured, unfocused effort 

which often results with quality systems.  

• The process also provides a model for all of the organizational functions. This 

enables various entities in the company to have a conceptual viewpoint of how 

they fit into the realization of organizational objectives.  
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Overall, the perspective of the research shows that the use of the self-assessment 

process is seen to improve business performance (Van der Wiele, Brown, Millen and 

Whelan, 2000).  

2.8 Self-Assessment Results 

The previous section discussed the literature findings on the benefits of self-

assessment. However, perhaps what is more important is the question of results. What 

types of results are produced by the process?  

The first and foremost results are those associated with business performance. These 

results can be impressive. The previously mentioned survey that was conducted among 

ASQ members in the greater Boston area illustrates this. The results of the survey 

associated with business performance are shown below in Tables 2-2, 2-3, and 2-4 (Van 

der Wiele, Brown, Millen and Whelan, 2000). 

Table 2-2: Sales Turnover Comparison  

Annual Sales Turnover  Percent of firms utilizing 

self-assessment 

Percent of firms NOT 

utilizing self-assessment 

Positive trend 72% 69% 

Remained constant 24% 19% 

Negative trend 4% 12% 

 

 

 

 

 

 



 21

Table 2-3: Market Share Comparison 

Market Share Percent of firms utilizing 

self-assessment 

Percent of firms NOT 

utilizing self-assessment 

Positive trend 60% 54% 

Remained constant 34% 38% 

Negative trend 6% 8% 

 

Table 2-4: Profit/Return on Sales Comparison 

Profits/return on sales Percent of firms utilizing 

self-assessment 

Percent of firms NOT 

utilizing self-assessment 

Positive trend 72% 52% 

Remained constant 19% 22% 

Negative trend 9% 26% 

 

It is important to note here that the respondents to this survey were executives. Thus, 

they have a good concept of the above business performance indicators. The data show 

no large difference in sales turnover or market share. However, there is a marked 

difference in the profit/return on sales indicator. Although both groups see a positive 

trend in this area, the firms utilizing the self-assessment process show a significant 

increase over those not using the process.  

This same survey also collected data on perceived improvement regarding the seven 

criteria associated with Malcolm Baldrige National Quality Award (Van der Wiele, 

Brown, Millen and Whelan, 2000). This data is shown below in Table 2-5. From a self-

assessment perspective, these criteria are important as they are the measure of the 
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organization’s performance from an overall perspective. The scores in the table are based 

on a 5 point Likert scale (1= no improvement, 5=considerable improvement).  

 

Table 2-5: Improvement in Baldrige Criteria Due to Self-Assessment 

Malcolm Baldrige National Quality 

Award categories 

Extent improved 

Customer focus 3.71 

Quality of product, process, and service 3.61 

Information and analysis 3.58 

People 3.42 

Organizational performance 3.40 

Policy and planning 3.30 

Leadership 2.99 

 

These results show considerable improvement in the seven categories. This alone 

should provide impetus for the use of the self-assessment process. However, these 

researchers also wanted to determine what impact the process had on other more specific 

items of interest. The data shown below in Table 2-6 depicts the results of this 

information gathering (Van der Wiele, Brown, Millen and Whelan, 2000). These scores 

are also from a 5 point Likert scale (1= no improvement, 5= considerable improvement). 
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Table 2-6: Improvement in Specific Items Due to Self-Assessment 

Specific issues Extent improved 

Reliability of your operations 3.43 

Line understands what TQM is 3.29 

Line understands importance of TQM 3.28 

Errors or defects 3.28 

Cost savings 3.09 

Customer complaints 3.03 

Return on sales 3.03 

Customer retention 2.98 

Market share 2.98 

Cost of (non) quality 2.91 

Return on assets 2.90 

Product lead time 2.84 

Inventory turnover 2.80 

Number of suggestions from employees 2.77 

Managers have broadened their networks  2.77 

Internal business units sharing practices 2.60 

Safety/health of employees 2.50 

Employee turnover 2.10 

Attendance of employees 1.98 
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These results show, that from a business perspective, the improvements are 

significant. These organizations rated reliability of operations, errors or defects, cost 

savings, customer complaints, and return on sales all above a score of 3.0. What is 

impressive about these particular items being scored such is that they are all tangible 

numbers. They are finite numbers that either improve or don’t improve. These results 

presented above may also be compared to a similar study performed before the 

previously discussed one, which was conducted in the United States. This previous study 

was conducted using a very similar survey in Australia (Brown, Van der Wiele and 

Millen, 1999). Table 2-7, depicted below, is shown for comparison with Tables 2-5 and 

2-6, shown previously.  

Table 2-7: Improvements in Australian Companies Due to Self-Assessment 

Criteria/category Extent improved 

Customer focus 3.95 

Organizational performance 3.53 

Quality of process, product, and service 3.52 

People 3.48 

Line understands better what TQM is 3.47 

Policy and planning 3.40 

Line understands importance of TQM 3.40 

Customer complaints 3.40 

Leadership 3.34 

Customer retention 3.32 

Errors or defects 3.28 
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Table 2-7 also derives its scores from a 5 point Likert scale (1= no improvement, 5= 

considerable improvement). It is interesting to see that the Australians had higher scores 

than those from the U.S. with the exception of quality of process, product, and service. 

This strengthens the argument from the U.S. study that the self-assessment process 

provides real, measurable improvements.  

In addition to the above studies, previous research had been conducted to determine 

the efficacy of the self-assessment process. One such research study determined the 

impact of the process over a longitudinal period on 20 different organizations 

(Longbottom, 1998). Once again, the results of this study prove interesting. The business 

impact on the organizations was determined to be (Longbottom, 1998): 

“The leading group of six organizations (on self-assessment rating) were 
compared using 13 financial ratios over a 3-year period (1991 to 1994). These 
results were also compared against industry averages for the same period. The 
leading group achieved better than average results across the range of measures, 
in some cases by a significant margin. In relation to market share, 30-50% better 
over the period, profitability 25-28% better and cost attainment 5-8% better. Two 
of the organizations in this group had achieved a significant transformation in 
business performance, and were highlighted as best improvers by industry 
analysts UBS (1994)” (Longbottom, 1998). 
 

Once again, it appears as if the users of the self-assessment process gain an advantage 

over those who don’t utilize this tool. However, in the above case the author does caution 

against making quick judgment, as the sample size is fairly small (Longbottom, 1998).  

Summarily, the cited research seems to indicate that the users of the self-assessment 

process realize important gains. These gains come in the form of business results that are 

both measurable and tangible.  
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2.9 Nuclear Self-Assessment 

In the case of the nuclear power industry, self-assessment is used as a process to 

improve plant safety performance (Beckmerhagen, Berg, Karapetrovic and Willborn, 

2003). There are other studies that suggest that with the investments made in a typical 

audit process, the self-assessment process should also drive continuous improvement in 

efficiency and effectiveness, and not just compliance with codes or standards 

(Beckmerhagen, Berg, Karapetrovic and Willborn, 2003). In the nuclear industry, self-

assessment provides a measure of actual versus required levels of performance. In fact, 

the primary drive for self-assessment in this industry is (Beckmerhagen, Berg, 

Karapetrovic and Willborn, 2003): 

“….to develop a systematic and continuing process that evaluates the status of the 
plant, systems, equipment, personnel, procedures, policies and practices” 
(Beckmerhagen, Berg, Karapetrovic and Willborn, 2003). 
 

Thus, this process should be viewed as a more comprehensive tool in the nuclear 

industry that provides insight not only into compliance, but efficiency as well.  

Due to the nature of the industry, the process is somewhat different for nuclear power. 

The process may be generalized as below (Beckmerhagen, Berg, Karapetrovic and 

Willborn, 2003).  
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Step Objective 

1. Define the areas to be covered by 

the self-assessment 

Define the scope and objectives to be 

included in an overall self-assessment 

program or to be applied to a specific self-

assessment activity. 

2. Define the performance 

expectations 

Define the expected level of performance 

to fully accomplish the desired safety 

goals. 

3. Identify assessment process and 

schedule 

Provide plans, resources and schedules for 

completing the self-assessment. 

4. Conduct performance comparison Compare the actual performance to the 

established performance expectations in 

order to identify differences. 

5. Conduct performance assessment Determine the significance of observed 

differences between performance and 

expectations necessary to identify the 

extent and priority of needed corrective 

actions. 

6. Implement corrective actions Implement actions to correct significant 

identified deficiencies. 

7. Monitor effectiveness of corrective 

actions 

Monitor performance indicators to verify 

that the actions are effective in resolving 

noted discrepancies. 
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These steps are somewhat analogous to those shown for a typical self-assessment 

process, which are depicted in Figure 2-2. Noting the objective for Step 2 above, it is 

clear that the process in nuclear power is built around safety performance. Yet, much of 

the language used to describe this process is that of typical self-assessments 

(Beckmerhagen, Berg, Karapetrovic and Willborn, 2003). For instance, ‘enablers’ and 

‘performance outcomes’ are discussed as part of the nuclear self-assessment process. 

However, the self-assessments performed in the industry are not necessarily process-

based investigations, as the typical self-assessments are. As of 2003, Beckmerhagen et. 

al. mention that the International Atomic Energy Agency (IAEA) is developing a process 

for self-assessments in the nuclear power industry. In fact, the proposed process is 

depicted below in Figure 2-3.  

Figure 2-3: IAEA Proposed Nuclear Self-Assessment Model 

Elements

Prioritization

Implementation

Related 
experience 
assessment

Safety basis 
assessment

Events 
assessment

Sources of data

Self assessment 
process

Operational data 
assessment

Evaluation of all self-assessment elements

Plant External Sources
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This proposed process is significantly different than the ‘right-to-left’ process 

discussed earlier for the typical self-assessment process. Yet, the intent remains the same. 

Showing the process as a loop indicates that the purpose is to drive continuous 

improvement.  

Thus, the literature indicates that the nuclear self-assessment process revolves around 

the issue of plant safety. The objectives of this research will be to determine the efficacy 

of the process and the attributes that are important for a strong nuclear self-assessment 

program.  

2.10 Shortcomings of the Self-Assessment Process 

There has been some research performed to determine the shortfalls of the self-

assessment process. A project that was published in 2000 investigated the findings from a 

review of ten organizations that were utilizing the process (Ritchie and Dale, 2000). 

Some of the problems that were determined from this review are listed below. 

1. Lack of commitment and enthusiasm 

2. Time-consuming process 

3. Not knowing where to start 

4. Selling the concept to the staff as something other than an ‘add-on’ 

5. People not realizing the need for documented evidence 

6. Lack of resources; time, manpower, financing 

7. Maintaining the skills of the assessors in relation to self-assessment 

8. Lack of communication in educating staff as to the merits of the self-

assessment 

9. Lack of cross-functional integration between departments and units 
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10. Getting the assessment done in time to link it into the business plans 

These issues can be condensed into three major areas: lack of top management 

support, an inability to plan self-assessment effectively, and a low level of TQM maturity 

(Ritchie and Dale, 2000). This should be no surprise. Any effort that fails to gain top 

management support is almost certainly doomed. This is also true for projects that fail to 

effectively plan. However, there may be even more fundamental problems with the 

process as discussed below.  

Although the self-assessment process has been used for twenty years, this process 

needs refinement and should also be adapted to satisfy the needs of specific industries. As 

mentioned previously, the self-assessment process is defined as a measurement of the 

organization’s status against a business excellence model. However, recent literature 

indicates that comparing the organization against a standard excellence model may not be 

appropriate for the current business environment (Williams, Bertsch, Van der Wiele, Van 

Iwaarden and Dale, 2006). The common business models in use today (EQA, MBNQA) 

were created twenty years ago and are not necessarily relevant in today’s business world. 

In addition, quality may no longer be product-based, but may now be more relationship-

based (Williams, Bertsch, Van der Wiele, Van Iwaarden and Dale, 2006). This means 

that quality is now based on the perceptions of the stakeholders and no longer just on 

measurable conformance limits. Thus, the self-assessment process should be attribute-

based and not conformance or compliance based.  

The long-held concept of performing self-assessment by comparing the 

organization’s performance against a business excellence model is becoming outdated. In 

fact, the authors of this December 2006 article now believe that each industry and each 
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organization should have individual, specific models to measure performance. This is 

where my research will add to the body of knowledge.  
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3 Methodology 
 

3.1 Problem Statement 

As discussed previously, a review of the relevant literature determined that the 

purpose of the self-assessment process is to promote continuous improvement in the host 

organization. The literature also provides a history of the process, as well as the current 

state of research in this area. Recent research also shows that the model of self-

assessment which promotes measurement of the organization against common business 

models may no longer be appropriate in today’s business environment (Williams, 

Bertsch, Van der Wiele, Van Iwaarden and Dale, 2006). It is further postulated that 

individual industries may be better served by determining customized models that are 

appropriate for their business environment.  

The nuclear industry has utilized the self-assessment process for almost twenty years 

now. Thus, logical questions which flow out of this discussion are:  

1. What is the perception of the self-assessment process in the nuclear industry? 

2. Are self-assessments performed in the nuclear industry different than those 

performed in unrelated businesses? If they are different (as suspected), are 

they equally effective? 

3. Do different levels of management maintain different perceptions of the self-

assessment process in the nuclear business? If these perceptions are different 

(as supposed), what are the causes and effects on the value-added processes? 

4. Does the nuclear industry believe that this process improves performance? 

5. What are the appropriate, nuclear specific attributes that can be used to 

construct a self-assessment model for this safety conscious business? 
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Thus, from these questions, the hypotheses for this research may be constructed.  

3.2 Research Hypotheses 

Hypothesis 1 

H1o: The perception of the self-assessment process in the nuclear industry is 

comparable to other industries. 

H1a:: The perception of the self-assessment process in the nuclear industry is not 

comparable to other industries. 

 

Hypothesis 2 

H2o: Self-assessments performed in the nuclear industry are similar to those 

performed in unrelated businesses. 

H2a: Self-assessments performed in the nuclear industry are not similar to those 

performed in other industries. 

 

Hypothesis 3 

H3o: Different levels of management have the same perception of the purpose of 

the self-assessment process in the nuclear industry. 

H3a: Different levels of management do not have the same perception of the 

purpose of the self-assessment process in the nuclear industry. 
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Hypothesis 4 

H4o: The nuclear industry believes that the self-assessment process improves 

performance. 

H4a: The nuclear industry does not believe that the self-assessment process 

improves performance.  

 

Hypothesis 5 

H5o: Specific attributes can be identified that are appropriate for performing 

nuclear self-assessments. 

H5a: Specific attributes cannot be identified that are appropriate for performing 

nuclear self-assessments.  

3.3 Research 

This research will utilize Kruskal-Wallis non-parametric analysis, cross-tabulation, 

Spearman Rank Correlation, and descriptive statistics to determine the perceptual 

differences between levels of management, the associated causes and effects of these 

differences (if they are different), and the perception of the self-assessment process in the 

nuclear industry. In addition, these techniques will be utilized to identify nuclear specific 

attributes that are appropriate for construction of a model of self-assessment for this 

industry. 

3.4 The Research Process 

This research is performed through the use of a survey instrument. This instrument is 

shown in Appendix 1. The survey was constructed through the use of a widely-utilized 

survey handbook (Alreck and Settle, 1995). The generation of the instrument was a time-
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consuming, labor-intensive process. However, the completed survey was both concise 

and deterministic. That is, every question in the survey served a purpose and is utilized in 

the data analysis. The survey was vetted through my advisory committee and given 

approval for use.  

Three surveys were sent to every nuclear plant in the United States, which resulted in 

192 surveys being mailed out. The three surveys at each site were addressed to three 

different levels of management. That is, the addressees were the Site Vice President 

(executive), the Plant Manager (senior manager), and the Quality Manager (a middle 

level manager). In addition, the Quality Manager was asked to disseminate, if possible, 

additional copies to lower level individuals (either first-line supervision, or individual 

contributors). However, only one first-line supervisor and two individual contributors 

responded to the mailing. Yet, this in no way impacts the results of this research. The 

intent of hypotheses 1 and 5 is to determine results regarding the three layers of 

management that did respond to the survey.  

The survey garnered a 39% (75 respondents) response rate. By any measure, this 

appears to be a good response rate. By the handbook that was utilized for the survey 

(Alreck and Settle, 1995), this is an excellent response rate. The surveys were mailed out 

on October 29, 2007. The first response arrived on November 5, 2007 and the last 

response utilized arrived on December 31, 2007.  

The survey data was entered into Minitab version 12 for analysis. All of the statistical 

analysis in Section 4 is performed using Minitab.  
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Although the primary focus of this research is in the area of commercial nuclear 

power, a second survey was conducted for comparison purposes. Twenty surveys were 

collected from personnel involved in the naval nuclear field. These survey responses 

represent five nuclear-capable shipyards. Three of these shipyards are government 

shipyards and therefore are not-for-profit organizations. However, use of this data (i.e., 

naval nuclear) is for comparison review only to determine if there are any distinctive 

differences between naval nuclear power and the commercial nuclear industry. Thus, in 

the Chapter 4 data analysis, following the analysis for each hypothesis, there will be a 

separate section showing the same analysis for that hypothesis using the naval nuclear 

data. It is important to realize that this analysis is for information only.  

3.5 Non-Response Bias 

Due to the nature of mail surveys, it is prudent to check for the presence of non-

response bias. This type of bias may occur when a survey is skewed by its construction so 

that non-respondents would provide differing opinions from those that did respond. In 

other words, by its format, the survey unfairly tilts toward specific responses by those 

that elect to respond. This phenomenon can cause a significant bias in the data analysis.  

The first indication that this bias is not present is a good response rate. The response 

rate for this research was 39%. This is considered an excellent response rate. In fact, 

“Mail surveys with response rates over 30 percent are rare” (Alreck and Settle, 1995). 

Thus, it is anticipated that there will be very little non-response bias.  

According to Armstrong and Overton, one methodology to test for this bias is the 

extrapolation method (Armstrong and Overton, 1977). This method assumes that the last 

responders to a survey may be representative of those that do not respond. So, in the case 
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of this research, it is assumed that the last ten respondents may be representative of those 

that elected not to respond. These final respondents were all received greater than four 

weeks after the survey was sent out.  

In order to test for this response, the last ten responses will be tested against the first 

ten responses, which were received back within a week and a half of the mailing. A 

standard two-tailed t-test will be used to determine any statistical differences between the 

first ten and the last ten respondents. Questions 3 through 23 will each be tested as these 

are all ratings type questions. The hypotheses for each test will be: 

H0: µfirst ten responses = µlast ten responses                                                                                   (3.1) 
H1: µfirst ten response ≠ µlast ten responses                                                                                    (3.2) 
 

If it is shown that there is no statistical significance to any of these comparisons, then it is 

assumed that no significant non-response bias exists.  

It is also important to mention that the data utilized from this mailed survey may also 

introduce a bias of common method variance. This bias may occur when a singular 

method is used for data collection. This may be especially true for self-report surveys. 

However, there is generally not much consensus of the possible effects of common 

method variance (Spector, 2006; Crampton and Wagner, 1994; Williams, Buckley, and 

Cote, 1989). Yet, a recent study indicated that although common method variance was 

present in a review of survey results, the biases present were not significant (Malhotra, 

Kim, and Patil, 2006). 

3.6 Hypothesis 1 

This hypothesis is investigated utilizing several techniques. First, a Kruskal-Wallis non-

parametric analysis is performed on the responses to questions 6 and 26 of the survey. 
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This portrays whether the level of management has an impact on the belief that the senior 

management team views the self-assessment results. Kruskal-Wallis is used due to the 

ordinal nature of questions 6 and 26. The hypothesis test for this first part of Hypothesis 1 

is shown below: 

H0 : µ1 = µ2 = µ3 = µ4 = µ5                                                                                           (3.3) 
H1 : µ1 ≠ µ2 ≠ µ3 ≠ µ4 ≠ µ5                                                                                             (3.4) 

   

The Kruskal-Wallis test determines whether these means, which represent the 

possible range of responses for question 6, depending on the response to question 26, can 

be considered the same. The null hypothesis shown above depicts this.  

The second test is a cross-tabulation of the data from questions 2 and 26. Cross-

tabulation is used due to the ordinal nature of the responses for both questions. This 

tabulation determines whether the different levels of management have different 

perspectives of the purpose of the self-assessment process.  

Following the cross-tabulation test, Hypothesis 1 is further tested through the use of a 

simple histogram for the responses to question 2. This histogram graphically depicts all 

of the identified purposes for the self-assessment process. This provides a simple, raw 

look at all of the question 2 responses independent of management level.  

Further investigation for Hypothesis 1 requires an investigation into the level of 

investment in the self-assessment process compared to other industries. In order to 

accomplish this review, Kruskal-Wallis analysis is again used. In this case, Kruskal-

Wallis is performed against questions 2 and 4, questions 2 and 5, questions 2 and 9, 

questions 2 and 10, and questions 2 and 11. These analyses show whether there is a 

difference in the following: 
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1. identified purpose for self-assessment and belief that adequate resources are 

devoted to self-assessment. 

2. identified purpose for self-assessment and belief that self-assessment 

outcomes are tied to the business planning process. 

3. identified purpose for self-assessment and belief that self-assessments are 

performed more than once per year. 

4. identified purpose for self-assessment and belief that employees are trained on 

self-assessment methodology. 

5. identified purpose for self-assessment and belief that when a performance gap 

is identified, the gap is investigated using causal analysis. 

Once again, this type of analysis is used due to the ordinal nature of questions 2, 4, 5, 

9, 10, and 11. The hypothesis tests for this Kruskal-Wallis analysis for each of the above 

are: 

H0: µ2 = µ3 = µ5 = µ6 = µ9                                                                                            (3.5) 
H1 : µ2 ≠ µ3 ≠ µ5 ≠ µ6 ≠ µ9                                                                                             (3.6) 
 

Additionally, further testing for Hypothesis 1 includes simple descriptive statistics for 

questions 4, 5, 9, 10, and 11. This provides a coarse idea of the level of investment by the 

nuclear industry in the self-assessment process.  

Finally, Spearman Rank Correlation analysis is used to determine if there is any 

relationship between those that believe the process improves performance and the 

questions that indicate the level of investment in the process. This test is performed 

between question 3 and questions 4, 9, 10, and 11.  

These tests used in conjunction with one another help provide a conclusion for 

Hypothesis 1. 



 40

3.7 Hypothesis 2 

The first objective of hypothesis 2 is to determine whether self-assessments 

performed in the nuclear industry are similar to those performed in other industries. The 

test for this determines whether the nuclear industry understands the true purpose of the 

self-assessment process (continuous improvement). If the respondents understand the 

nature of the process, then self-assessments can be considered to be similar to those 

performed by other industries. A simple histogram of the question 2 results presents the 

answer to this. 

The second objective of hypothesis 2 is to draw conclusions regarding the 

effectiveness of this process in the nuclear field if the process is seen to be similar to 

other industries. This objective is determined utilizing the descriptive statistics for 

question 3. Referring to the survey, it is seen that this question is a 5 point Likert scale 

question asking respondents to rate their belief on whether self-assessment improves 

performance. This result is then compared to data from the literature to determine 

whether the process is as effective at nuclear plants as it is in other industries.  

3.8 Hypothesis 3 

The first objective of Hypothesis 3 is to determine whether different levels of 

management have different perceptions of the purpose of the self-assessment process. In 

order to accomplish this, questions 2 (purpose of self-assessment) and question 26 (level 

of management) are cross-tabulated to investigate this relationship. Cross-tabulation is 

used due to the ordinal nature of the responses to question 2 and question 26.  

If there is a difference in perceptions of the different levels of management, then the 

second objective of Hypothesis 3 will be explored. The objective is to identify the causes 



 41

and effects this difference has on the value-added benefits of the process. However, the 

first step before performing this analysis is to identify the value-added benefits of the 

self-assessment process. The first benefit that is recognized is identified in question 5 of 

the survey. That is, whether or not the results of self-assessments are tied into the 

business planning process. This is a key element that helps determines the effectiveness 

of the process (Black and Crumley, 1997; Conti, 1997). The second value-added benefit 

is whether or not causal investigation is performed when performance gaps are identified 

from the results of self-assessments (Ritchie and Dale, 2000; Conti, 2001; Conti, 1997). 

Thus, the results of question 11 are used to determine this benefit.  

In order to determine the effects this possible difference in management perceptions 

has on these causes and effects, Kruskal-Wallis analysis is performed between question 5 

and 26, and also between question 11 and 26. The hypothesis tests for these two analyses 

will look the same. They are shown below. 

H0 : µ1 = µ2 = µ3 = µ4 = µ5                                                                                           (3.7) 
H1 : µ1 ≠ µ2 ≠ µ3 ≠ µ4 ≠ µ5                                                                                             (3.8) 
 

The analysis between questions 5 and 26 tests whether the means may be considered 

different based on management level and whether the self-assessment outcomes are 

linked to the business planning process. This determines whether the level of 

management has any effect on the first value-added benefit of the self-assessment 

process.  

The analysis between questions 11 and 26 determines whether the means may be 

considered the same for level of management and whether causal analysis is utilized on 

gaps identified by the self-assessment process. 
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3.9 Hypothesis 4 

This hypothesis attempts to determine whether the industry believes the self-

assessment process improves performance or not. This objective is explored using 

standard descriptive statistics for question 3 of the survey. This question is an interval-

type question that uses a 5 point Likert-type scale to rate the respondent’s belief 

regarding the effectiveness of the self-assessment process. As the question scale is set up 

from 1 (strongly agree) to 5 (strongly disagree), if the mean response to the question is 

anything less than 2.5, the respondents can be assumed to believe the process improves 

performance. 

If the respondents believe that self-assessment improves performance, then the 

second objective of this hypothesis is to investigate any possible relationship between 

question 3 and the possible self-assessment attributes which are questions 13 through 23. 

Spearman Rank Correlation will again be used for this test. If there is a relationship, this 

will help establish the attributes that are important for an effective nuclear self-

assessment. These eleven attributes (questions 13 through 23) are derived from those 

commonly used in self-assessments and those considered important in the nuclear 

industry. Questions 13, 15, 16, 17, 18, 20 and 22 of the survey represent the nuclear-

specific attributes. These are derived from the Nuclear Regulatory Commission’s (NRC) 

website.  

3.10 Hypothesis 5 

The objective of this hypothesis is to determine whether there are a set of effective 

attributes that should be considered for the effective conduct of self-assessments in the 

nuclear industry. This hypothesis is explored using two different analyses.  
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The first analysis utilizes the standard descriptive statistics from Minitab for each of 

the eleven possible attributes in questions 13 through 23. This determines the five highest 

ranking attributes. This is a rather simple, but effective technique to identify the 

respondents’ most important attributes.  

The second analysis that is performed uses Kruskal-Wallis analysis. Question 2 is 

compared separately against each of the eleven attributes using this technique due to the 

ordinal nature of the responses to question 2 and questions 13 through 23. This 

determines whether those that believe continuous improvement is the purpose of the 

process can be considered to have identified different attributes.    

3.11 Survey Question Mapping 

A useful tool in research is a question map, which specifies which questions on a 

survey instrument are utilized for which hypothesis in the data analysis. Table 3-1 below 

is the question map for this research. It is useful to note that every question on the survey 

is used for the data analysis with the exception of the questions 25 and 27. Question 25 

asks the respondents who performs the assessments. That is, are they performed by 

company employees, or personnel external to the company, or a combination of both 

employees and outsiders.  Question 27 asks if the respondents are interested in receiving 

the results of the survey.  
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Table 3-1:Survey Question Map 
 
Question 
Number

Used for 
Objective 
Number

Literature Basis (Reference 
number from list of references)

1 All 
Objectives 1,4,8,13,23,27,35

2 1, 2, 3, 5 1,4,7,12,13,17,21,25,27,35

3 1, 2, 4 8,21,23,25,27,35

4 1 9,12,13,17,27,34,35

5 1, 3 1,7,12,13,27,35

6 1 12,13,25,27,28,34

7 1 1,4,17,28

8 1 1,4,7,9,12,13,21,27,28,35

9 1 1,27,35

10 1 1,7,9,18,21,27,35

11 1, 3 1,4,6,7,8,12,13,18,21,27,28,35

12 1 4,6,13,21,27,35

13 4, 5 4,8,10,19,33,35

14 4, 5 1,4,8,10,19,33,35

15 4, 5 4,10

16 4, 5 4,10

17 4, 5 4,8,10,13,17,35

18 4, 5 4,9,10,12,13,19,28

19 4, 5 1,4,8,10,19,21,23,27,28,35

20 4, 5 4,10

21 4, 5 1,4,6,8,10,12,13,21,25,28,35

22 4, 5 4,10

23 4, 5 1,4,8,10,12,13,15,19,21,25,27,35

24 4, 5 2

25 Interest 9,12,13,19,21,25,35

26 1, 3 1,7,13,18,19,25,27,28,34,35

27 All 
Objectives 2  
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4 Data Analysis 
 
4.1 Non-Response Bias 

The testing for this bias is accomplished using a standard two-tailed t-Test comparing 

the first ten responses against the last ten responses to the survey. This will be done for 

questions 3 through 23, which are all ratings-type questions. Any statistical significance 

will show up as a p-value of less than .05. The hypotheses for each of these tests are the 

same and are shown below.  

H0: µfirst ten responses = µlast ten responses                                                                                   (4.1) 
H1: µfirst ten response ≠ µlast ten responses                                                                                    (4.2) 

 

Two sample T for C34 vs C35 (Question 3) 
 
      N      Mean     StDev   SE Mean 
C34  10      1.70      1.25      0.40 
C35  10     1.400     0.699      0.22 
 
95% CI for mu C34 - mu C35: ( -0.67,  1.27) 
T-Test mu C34 = mu C35 (vs not =): T = 0.66  P = 0.52  DF = 14 
 
Figure 4-1: t-Test for Question 3 

 
 

 
Two sample T for C37 vs C38 (Question 4) 
 
      N      Mean     StDev   SE Mean 
C37  10     2.100     0.738      0.23 
C38  10     2.000     0.471      0.15 
 
95% CI for mu C37 - mu C38: ( -0.49,  0.69) 
T-Test mu C37 = mu C38 (vs not =): T = 0.36  P = 0.72  DF = 15 
 
Figure 4-2: t-Test for Question 4 
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Two sample T for C40 vs C41 (Question 5) 
 
      N      Mean     StDev   SE Mean 
C40  10     2.200     0.789      0.25 
C41  10     2.100     0.316      0.10 
 
95% CI for mu C40 - mu C41: ( -0.49,  0.69) 
T-Test mu C40 = mu C41 (vs not =): T = 0.37  P = 0.72  DF = 11 
 
Figure 4-3: t-Test for Question 5 

 
 
 

Two sample T for C43 vs C44 (Question 6) 
 
      N      Mean     StDev   SE Mean 
C43  10     1.400     0.699      0.22 
C44  10     1.200     0.422      0.13 
 
95% CI for mu C43 - mu C44: ( -0.35,  0.75) 
T-Test mu C43 = mu C44 (vs not =): T = 0.77  P = 0.45  DF = 14 
 
Figure 4-4: t-Test for Question 6 

 
 
 

Two sample T for C46 vs C47 (Question 7) 
 
      N      Mean     StDev   SE Mean 
C46  10      3.60      1.26      0.40 
C47  10     3.900     0.738      0.23 
 
95% CI for mu C46 - mu C47: ( -1.29,  0.69) 
T-Test mu C46 = mu C47 (vs not =): T = -0.65  P = 0.53  DF = 14 
 
Figure 4-5: t-Test for Question 7 

 
 
 

Two sample T for C49 vs C50 (Question 8) 
 
      N      Mean     StDev   SE Mean 
C49  10     2.400     0.966      0.31 
C50  10     1.800     0.422      0.13 
 
95% CI for mu C49 - mu C50: ( -0.13,  1.33) 
T-Test mu C49 = mu C50 (vs not =): T = 1.80  P = 0.097  DF = 12 
 
Figure 4-6: t-Test for Question 8 
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Question 9 cannot be tested using a t-Test as the all of the final ten responses have the 

same score. Thus, Minitab will not allow the use of the t-Test.  

 
 
Two sample T for C55 vs C56 (Question 10) 
 
      N      Mean     StDev   SE Mean 
C55  10      2.00      1.15      0.37 
C56  10     1.700     0.675      0.21 
 
95% CI for mu C55 - mu C56: ( -0.61,  1.21) 
T-Test mu C55 = mu C56 (vs not =): T = 0.71  P = 0.49  DF = 14 

 
Figure 4-7: t-Test for Question 10 

 

 
Two sample T for C58 vs C59 (Question 11) 
 
      N      Mean     StDev   SE Mean 
C58  10     2.000     0.816      0.26 
C59  10     1.700     0.823      0.26 
 
95% CI for mu C58 - mu C59: ( -0.47,  1.07) 
T-Test mu C58 = mu C59 (vs not =): T = 0.82  P = 0.42  DF = 17 
 

Figure 4-8: t-Test for Question 11 
 

 
 
Two sample T for C61 vs C62 (Question 12) 
 
      N      Mean     StDev   SE Mean 
C61  10     1.500     0.972      0.31 
C62  10     1.400     0.516      0.16 
 
95% CI for mu C61 - mu C62: ( -0.65,  0.85) 
T-Test mu C61 = mu C62 (vs not =): T = 0.29  P = 0.78  DF = 13 
 
Figure 4-9: t-Test for Question 12 
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Two sample T for C1 vs C2 (Question 13) 
 
     N      Mean     StDev   SE Mean 
C1  10     3.600     0.699      0.22 
C2  10     3.100     0.568      0.18 
 
95% CI for mu C1 - mu C2: ( -0.10,  1.10) 
T-Test mu C1 = mu C2 (vs not =): T = 1.76  P = 0.097  DF = 17 
 
Figure 4-10: t-Test for Question 13 

 
 
 

Two sample T for C4 vs C5 (Question 14) 
 
     N      Mean     StDev   SE Mean 
C4  10     3.000     0.943      0.30 
C5  10     2.600     0.699      0.22 
 
95% CI for mu C4 - mu C5: ( -0.39,  1.19) 
T-Test mu C4 = mu C5 (vs not =): T = 1.08  P = 0.30  DF = 16 
 
Figure 4-11: t-Test for Question 14 

 
 
 

Two sample T for C7 vs C8 (Question 15) 
 
     N      Mean     StDev   SE Mean 
C7  10      3.80      1.55      0.49 
C8  10     4.400     0.699      0.22 
 
95% CI for mu C7 - mu C8: ( -1.77,  0.57) 
T-Test mu C7 = mu C8 (vs not =): T = -1.12  P = 0.29  DF = 12 
 
Figure 4-12: t-Test for Question 15 

 
 
 

Two sample T for C10 vs C11 (Question 16) 
 
      N      Mean     StDev   SE Mean 
C10  10      4.10      1.29      0.41 
C11  10     4.500     0.707      0.22 
 
95% CI for mu C10 - mu C11: ( -1.40,  0.60) 
T-Test mu C10 = mu C11 (vs not =): T = -0.86  P = 0.40  DF = 13 
 
Figure 4-13: t-Test for Question 16 
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Two sample T for C13 vs C14 (Question 17) 
 
      N      Mean     StDev   SE Mean 
C13  10      3.50      1.58      0.50 
C14  10     4.500     0.707      0.22 
 
95% CI for mu C13 - mu C14: ( -2.19,  0.19) 
T-Test mu C13 = mu C14 (vs not =): T = -1.83  P = 0.093  DF = 12 
 
Figure 4-14: t-Test for Question 17 

 
 
 

Two sample T for C16 vs C17 (Question 18) 
 
      N      Mean     StDev   SE Mean 
C16  10      4.20      1.32      0.42 
C17  10     4.400     0.699      0.22 
 
95% CI for mu C16 - mu C17: ( -1.22,  0.82) 
T-Test mu C16 = mu C17 (vs not =): T = -0.42  P = 0.68  DF = 13 
 
Figure 4-15: t-Test for Question 18 

 
 
 

Two sample T for C19 vs C20 (Question 19) 
 
      N      Mean     StDev   SE Mean 
C19  10     2.900     0.738      0.23 
C20  10      3.10      1.10      0.35 
 
95% CI for mu C19 - mu C20: ( -1.09,  0.69) 
T-Test mu C19 = mu C20 (vs not =): T = -0.48  P = 0.64  DF = 15 
 
Figure 4-16: t-Test for Question 19 

 
 
 

Two sample T for C22 vs C23 (Question 20) 
 
      N      Mean     StDev   SE Mean 
C22  10      4.00      1.63      0.52 
C23  10      3.70      1.34      0.42 
 
95% CI for mu C22 - mu C23: ( -1.11,  1.71) 
T-Test mu C22 = mu C23 (vs not =): T = 0.45  P = 0.66  DF = 17 
 
Figure 4-17: t-Test for Question 20 
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Two sample T for C25 vs C26 (Question 21) 
 
      N      Mean     StDev   SE Mean 
C25  10     3.300     0.949      0.30 
C26  10     3.800     0.632      0.20 
 
95% CI for mu C25 - mu C26: ( -1.27,  0.27) 
T-Test mu C25 = mu C26 (vs not =): T = -1.39  P = 0.19  DF = 15 
 
Figure 4-18: t-Test for Question 21 

 
 
 

Two sample T for C28 vs C29 (Question 22) 
 
      N      Mean     StDev   SE Mean 
C28  10      4.20      1.69      0.53 
C29  10     4.600     0.516      0.16 
 
95% CI for mu C28 - mu C29: ( -1.64,  0.84) 
T-Test mu C28 = mu C29 (vs not =): T = -0.72  P = 0.49  DF = 10 
 
Figure 4-19: t-Test for Question 22 

 
 
 

Two sample T for C31 vs C32 (Question 23) 
 
      N      Mean     StDev   SE Mean 
C31  10     3.700     0.675      0.21 
C32  10     3.600     0.843      0.27 
 
95% CI for mu C31 - mu C32: ( -0.62,  0.82) 
T-Test mu C31 = mu C32 (vs not =): T = 0.29  P = 0.77  DF = 17 
 
Figure 4-20: t-Test for Question 23 

 
 

The results for these t-Tests indicate that in all cases, the null hypothesis cannot be 

rejected. This means that, using extrapolation as a tool, the results indicate no statistical 

difference between the first ten and the last ten responses. In other words, there is no 

concern for non-response bias in this study.  

4.2 Hypothesis 1 

In order to determine the perception of the self-assessment process in the nuclear 

industry for the various levels of management, a Kruskal-Wallis analysis is utilized for 
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questions 6 and 26 of the survey instrument. This determines whether the different levels 

of management believe the self-assessment results are viewed by the senior managers or 

not.   The hypothesis for this objective is: 

H0 : µ1 = µ2 = µ3 = µ4 = µ5                                                                                           (4.3) 
H1 : µ1 ≠ µ2 ≠ µ3 ≠ µ4 ≠ µ5                                                                                             (4.4) 
 

These means are the population means for question 6, which is the belief that self-

assessment results are viewed by senior managers, by level of management. If H0 is true, 

then there is no difference in this belief for the different levels of management. 

 
74 cases were used 

1 cases contained missing values 
Kruskal-Wallis Test on C6 

 
C26         N    Median    Ave Rank         Z 
1          32     1.000        34.7     -0.99 
2          26     1.000        39.6      0.62 
3          13     1.000        38.4      0.16 
4           1     2.000        57.5      0.94 
5           2     1.500        39.8      0.15 

Overall    74                  37.5 
 

H = 1.71  DF = 4  P = 0.789 
  H = 2.28  DF = 4  P = 0.684 (adjusted for ties) 

 
Figure 4-21: Kruskal-Wallis Test for Questions 6 and 26 

 
 

The p-values indicate that H0 cannot be rejected. Thus, the means for the different 

levels of management may be the same. Therefore, the Kruskal-Wallis indicates that the 

different levels of management may have the same belief that senior management views 

the self-assessment results. The next step for determining the state of knowledge in the 

industry by level of management is to cross-tabulate question 2 and question 26. The 

results of this cross-tabulation will highlight the levels of management that recognize the 

real purpose of self-assessment.  
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 Rows: C2     Columns: C26 
  
           1        2        3        4        5      All 
   
 2         2        0        0        0        0        2 
      100.00      --       --       --       --    100.00 
        6.25      --       --       --       --      2.70 
        2.70      --       --       --       --      2.70 
           2        0        0        0        0        2 
   
 3        22       20        9        1        2       54 
       40.74    37.04    16.67     1.85     3.70   100.00 
       68.75    76.92    69.23   100.00   100.00    72.97 
       29.73    27.03    12.16     1.35     2.70    72.97 
          22       20        9        1        2       54 
   
 5         7        3        2        0        0       12 
       58.33    25.00    16.67      --       --    100.00 
       21.87    11.54    15.38      --       --     16.22 
        9.46     4.05     2.70      --       --     16.22 
           7        3        2        0        0       12 
   
 6         1        1        1        0        0        3 
       33.33    33.33    33.33      --       --    100.00 
        3.12     3.85     7.69      --       --      4.05 
        1.35     1.35     1.35      --       --      4.05 
           1        1        1        0        0        3 
   
 9         0        2        1        0        0        3 
         --     66.67    33.33      --       --    100.00 
         --      7.69     7.69      --       --      4.05 
         --      2.70     1.35      --       --      4.05 
           0        2        1        0        0        3 
   
 All      32       26       13        1        2       74 
       43.24    35.14    17.57     1.35     2.70   100.00 
      100.00   100.00   100.00   100.00   100.00   100.00 
       43.24    35.14    17.57     1.35     2.70   100.00 
          32       26       13        1        2       74 
  
 
  Cell Contents -- 
                  Count 
                  % of Row 
                  % of Col 
                  % of Tbl 
                  Count 
 
Figure 4-22: Cross-Tabulation for Questions 2 and 26 
 
 

The results of this cross-tabulation are revealing. This shows that 69% of executives 

understand the purpose of self-assessment (i.e., continuous improvement). It also shows 

that 77% of senior managers, and 69% of middle managers understand the purpose of the 
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self-assessment process. The numbers for supervision and individual contributor 

(columns 4 and 5) are not considered for this analysis due to the small number of 

respondents. From an overall perspective, nearly ¾ of those that responded believe that 

the purpose of the self-assessment process is continuous improvement. This is seen in the 

below histogram (category 3 on the horizontal axis represents the number of responses 

for “Continuous Improvement”). 
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Figure 4-23: Histogram of Question 2 

 

Clearly, this is not what my belief was prior to conducting the research. 

Management’s understanding of the purpose of the self-assessment process is more 

sophisticated than I understood it to be in the nuclear industry. Not only do all levels of 

management understand that the self-assessment results are viewed by senior 

management, but they also understand the true purpose of the process.  
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In order to determine a level of investment in this process, it is necessary to conduct 

several analyses. First of all, a Kruskal-Wallis analysis of questions 2 and 4, 2 and 5, 2 

and 9, 2 and 10, and 2 and 11 will be conducted. This will determine whether there is a 

relationship between the purpose of the self-assessment process and the other questions. 

However, let’s first look at the descriptive statistics for questions 4, 5, 9, 10, and 11. 

These statistics will give a coarse idea on the level of investment. 

 
Variable             N       Mean     Median     TrMean      StDev    
SE Mean 
C4                  75     2.1867     2.0000     2.1343     0.8169     
0.0943 
 
Variable       Minimum    Maximum         Q1         Q3 
C4              1.0000     5.0000     2.0000     2.0000 

 
Figure 4-24: Descriptive Statistics for Question 4 
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Figure 4-25: Histogram of Question 4 
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The mean for question 4 is just above 2.0. This indicates that the distribution is 

centered around the “Agree” part of the question response. This is an indication that most 

people agree that the appropriate level of investment is made for the process in the 

nuclear industry. 

 
Variable             N       Mean     Median     TrMean      StDev    
SE Mean 
C5                  75     2.3467     2.0000     2.3284     0.7797     
0.0900 
 
Variable       Minimum    Maximum         Q1         Q3 
C5              1.0000     4.0000     2.0000     3.0000 
 
Figure 4-26: Descriptive Statistics for Question 5 
 

1 2 3 4

0

10

20

30

40

C5

F
re

qu
en

cy

Histogram of C5, with Normal Curve

 
Figure 4-27: Histogram of Question 5 

 

These statistics show that the mean response for this question is slightly higher than 

that for question 4, but still quite close to the “Agree” answer. This gives an indication of 
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whether the process is linked to business planning. Now, the below depicts the statistics 

for question 9.  

 
Variable             N       Mean     Median     TrMean      StDev    
SE Mean 
C9                  75     1.2133     1.0000     1.1045     0.6429     
0.0742 
 
Variable       Minimum    Maximum         Q1         Q3 
C9              1.0000     5.0000     1.0000     1.0000 
 
Figure 4-28: Descriptive Statistics for Question 9 
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Figure 4-29: Histogram of Question 9 

 
 

The results here are very interesting. The mean is close to the “Strongly Agree” 

answer. This means that these respondents indicate that self-assessments are performed 

more than once per year. This response alone portrays a large investment in the self-

assessment process. Yet, now the statistics for question 10 will be analyzed.  
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Variable             N       Mean     Median     TrMean      StDev    
SE Mean 
C10                 75      1.973      2.000      1.910      0.958      
0.111 
 
Variable       Minimum    Maximum         Q1         Q3 
C10              1.000      4.000      1.000      2.000 
 
Figure 4-30: Descriptive Statistics for Question 10 
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Figure 4-31: Histogram of Question 10 
 
 

This response indicates that there is agreement that training is performed on the self-

assessment process. Again, this is a somewhat surprising result. Having participated in 

several self-assessments in the nuclear industry, I was never trained on the process. 

Finally, the descriptive statistics for question 11 are shown below. 
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Variable             N       Mean     Median     TrMean      StDev    
SE Mean 
C11                 75     1.9200     2.0000     1.8657     0.7308     
0.0844 
 
Variable       Minimum    Maximum         Q1         Q3 
C11             1.0000     4.0000     1.0000     2.0000 
 
Figure 4-32: Descriptive Statistics for Question 11 
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Figure 4-33: Histogram of Question 11 

 

This is another surprising result. The mean shows that when a performance gap is 

identified, the gap is identified to determine a causal process or policy. The statistics here 

also show a tighter variation than most of the previous distributions. This indicates more 

agreement on the response.  

Now, the Kruskal-Wallis analyses will be shown to determine the relationships 

between responses. The hypotheses for this analysis are shown below. The means in the 
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hypotheses below represent the possible answers to question 2 depending on the 

responses to questions 4, 5, 9, 10, and 11. 

H0: µ2 = µ3 = µ5 = µ6 = µ9                                                                                            (4.5)                                                                 
H1 : µ2 ≠ µ3 ≠ µ5 ≠ µ6 ≠ µ9                                                                                              (4.6) 
 

The Kruskal-Wallis analysis for questions 2 and 4 is shown below. The highlighted p- 

values demonstrate that the null hypothesis above cannot be rejected. This indicates that 

the means may be the same for question 4, which is the belief of whether or not adequate 

resources are devoted to self-assessment, independent of what the purpose of the self-

assessment is. Thus, we cannot conclude anything between the purpose of the self-

assessment process and whether or not sufficient resources are devoted to the process.  

 
Kruskal-Wallis Test on C4 

 
C2          N    Median    Ave Rank         Z 
2           2     3.000        53.3      1.00 
3          55     2.000        36.2     -1.19 
5          12     2.000        35.6     -0.42 
6           3     3.000        54.3      1.32 
9           3     3.000        54.3      1.32 

Overall    75                  38.0 
 

H = 4.88  DF = 4  P = 0.300 
  H = 6.80  DF = 4  P = 0.147 (adjusted for ties) 

 
Figure 4-34: Kruskal-Wallis Test for Questions 2 and 4 
 

 
The next step of the analysis is to review the Kruskal-Wallis test between question 2 

and 5 shown below. The hypotheses here are the same as for questions 2 and 4. These p-

values also show that a relationship between self-assessment purpose and whether or not 

process outcomes are linked to the business planning process cannot be concluded (the 

null hypothesis cannot be rejected). 
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Kruskal-Wallis Test on C5 
 

C2          N    Median    Ave Rank         Z 
2           2     2.500        43.3      0.35 
3          55     2.000        37.8     -0.13 
5          12     2.000        33.7     -0.75 
6           3     3.000        40.5      0.20 
9           3     3.000        53.0      1.22 

Overall    75                  38.0 
 

H = 2.06  DF = 4  P = 0.726 
  H = 2.47  DF = 4  P = 0.650 (adjusted for ties) 

 
 
Figure 4-35: Kruskal-Wallis Test for Questions 2 and 5 
 
 

Now the Kruskal-Wallis data for questions 2 and 9 is depicted. These p-values also 

indicate no significant relationship between self-assessment purpose and whether or not 

self-assessments are performed more than once a year. In other words, once again the null 

hypothesis cannot be rejected.   

 
Kruskal-Wallis Test on C9 

 
C2          N    Median    Ave Rank         Z 
2           2     1.500        50.8      0.84 
3          55     1.000        38.0      0.01 
5          12     1.000        32.5     -0.95 
6           3     1.000        44.7      0.54 
9           3     1.000        44.7      0.54 

Overall    75                  38.0 
 

H = 2.01  DF = 4  P = 0.734 
  H = 5.33  DF = 4  P = 0.255 (adjusted for ties) 

 
Figure 4-36: Kruskal-Wallis Test for Questions 2 and 9 
 

 
The next step in the analysis is to show whether any relationship exists between 

questions 2 and 10. This is shown below and the analysis determined that there is no 

significant relationship between self-assessment purpose and whether personnel are 

trained on the process or not. That is, the null hypothesis cannot be eliminated. 
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Kruskal-Wallis Test on C10 
 

C2          N    Median    Ave Rank         Z 
2           2     2.500        53.0      0.99 
3          55     2.000        38.4      0.28 
5          12     2.000        34.2     -0.65 
6           3     3.000        49.5      0.93 
9           3     1.000        23.7     -1.16 

Overall    75                  38.0 
 

H = 3.46  DF = 4  P = 0.485 
  H = 3.93  DF = 4  P = 0.416 (adjusted for ties) 

 
 
Figure 4-37: Kruskal-Wallis Test for Questions 2 and 10 
 

 
The final Kruskal-Wallis test that is performed to help with this objective is between 

questions 2 and 11. And again, from these p-values, it may not be concluded that there 

exists any significant relationship between self-assessment purpose and gap causal 

analysis. Once again, the means may be the same for each identified self-assessment 

purpose. 

 
Kruskal-Wallis Test on C11 

 
C2          N    Median    Ave Rank         Z 
2           2     2.000        39.5      0.10 
3          55     2.000        39.0      0.67 
5          12     2.000        31.3     -1.16 
6           3     2.000        51.2      1.07 
9           3     2.000        31.8     -0.50 

Overall    75                  38.0 
 

H = 2.59  DF = 4  P = 0.629 
  H = 3.33  DF = 4  P = 0.505 (adjusted for ties) 

 
 
Figure 4-38; Kruskal-Wallis Test for Questions 2 and 11 
 
 

The next step in this analysis is to perform Spearman Rank Correlation analyses 

between questions 3 and 4, 3 and 9, 3 and 10, and 3 and 11. These analyses will 

determine whether there are significant relationships between those that believe that the 
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process improves performance and attributes that indicate level of investment in the 

process.  

First, the analysis for questions 3 and 4 is depicted below. The indicated test shown 

demonstrates that no significant relationship exists between those that believe the process 

improves performance and whether adequate resources are devoted to the process. 

Correlations (Spearman) 
Correlation of C33 and C34 = 0.206 

 

The test data between questions 3 and 9 is shown below. This shows somewhat of a 

correlation between those that believe the process improves performance and those that 

indicate self-assessments are performed more than once per year. This is an important 

conclusion. What is revealing is the fact that those that believe in the process, back it up 

by using the process.  

Correlations (Spearman) 
Correlation of C33 and C35 = 0.457 

 

Now, the next set of data shown below is the test for questions 3 and 10. The 

correlation value does not allow a conclusion of a significant relationship. 

Correlations (Spearman) 
Correlation of C33 and C36 = 0.201 
 

The final analysis is shown below. This is for questions 3 and 11. This too shows 

somewhat of a correlation. The relationship demonstrated is between the belief that the 

process improves performance and whether causal analysis is performed when gaps are 

identified. This is another important conclusion. This relationship indicates that those 

who belief in the process utilize it to the fullest extent. That is, they identify the specific 

processes or policies that cause the gaps.  
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Correlations (Spearman) 
Correlation of C33 and C37 = 0.425 
 
 

4.3 Hypothesis 1, Naval Nuclear Comparison 

In order to compare the results of the 20 responses from those involved in the naval 

nuclear program, the same analyses will be performed on these data. First, the Kruskal-

Wallis test is performed on questions 6 and 26. This is depicted below.  

 
Kruskal-Wallis Test on C6 

 
C26         N    Median    Ave Rank         Z 
1           1     2.000        14.0      0.61 
2           5     2.000        10.4     -0.04 
3           9     1.000        10.2     -0.19 
4           4     2.000        11.8      0.47 
5           1     1.000         5.0     -0.95 

Overall    20                  10.5 
 

H = 1.41  DF = 4  P = 0.842 
  H = 1.73  DF = 4  P = 0.786 (adjusted for ties) 

 

Figure 4-39: Kruskal-Wallis Test for Questions 6 and 26, Naval Nuclear 

 

From the above, it is seen, as was the case with the data from commercial nuclear 

power, H0 cannot be rejected and the means for the different levels of management may 

be considered the same. This indicates that there is no difference between management 

levels regarding the belief that the self-assessment results are viewed by senior managers.  

The next step in the comparison between commercial and naval nuclear power, is the 

cross-tabulation of questions 2 and 26. Once again, this is depicted below. 
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 Rows: C2     Columns: C26 
  
           1        2        3        4        5      All 
   
 2         0        0        2        0        0        2 
         --       --    100.00      --       --    100.00 
         --       --     22.22      --       --     10.00 
         --       --     10.00      --       --     10.00 
   
 3         0        4        4        1        0        9 
         --     44.44    44.44    11.11      --    100.00 
         --     80.00    44.44    25.00      --     45.00 
         --     20.00    20.00     5.00      --     45.00 
   
 4         0        0        0        0        1        1 
         --       --       --       --    100.00   100.00 
         --       --       --       --    100.00     5.00 
         --       --       --       --      5.00     5.00 
   
 5         0        1        1        0        0        2 
         --     50.00    50.00      --       --    100.00 
         --     20.00    11.11      --       --     10.00 
         --      5.00     5.00      --       --     10.00 
   
 6         0        0        0        1        0        1 
         --       --       --    100.00      --    100.00 
         --       --       --     25.00      --      5.00 
         --       --       --      5.00      --      5.00 
   
 7         0        0        0        1        0        1 
         --       --       --    100.00      --    100.00 
         --       --       --     25.00      --      5.00 
         --       --       --      5.00      --      5.00 
   
 9         1        0        2        1        0        4 
       25.00      --     50.00    25.00      --    100.00 
      100.00      --     22.22    25.00      --     20.00 
        5.00      --     10.00     5.00      --     20.00 
   
 All       1        5        9        4        1       20 
        5.00    25.00    45.00    20.00     5.00   100.00 
      100.00   100.00   100.00   100.00   100.00   100.00 
        5.00    25.00    45.00    20.00     5.00   100.00 
  
  Cell Contents -- 
                  Count 
                  % of Row 
                  % of Col 
                  % of Tbl 
 
Figure 4-40: Cross-Tabulation for Questions 2 and 26, Naval Nuclear 

 
 

The difference here between the results for the commercial nuclear industry and naval 

nuclear is somewhat pronounced. Here, 80% of the senior managers believe that the 
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purpose of self-assessment is continuous improvement. This is compared to 77% from 

the commercial nuclear data. However, only 44% of the middle managers in naval 

nuclear believe this, compared to 69% in commercial nuclear. Part of the reason for this 

difference may be the sample sizes. Recall that there are 75 responses from commercial 

nuclear, while there are only 20 from naval nuclear.  

The next comparison is a simple histogram of the responses to question 2. This is 

shown below. 
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Figure 4-41: Histogram of Question 2, Naval Nuclear 

 

Interestingly, this histogram is somewhat similar to that depicting the commercial 

power industry. Once again it is shown that the majority of respondents believe the 

purpose of the self-assessment process is continuous improvement. Another interesting 

note from this graph of naval nuclear power respondents is that the second highest 
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category is number 9, which represents the response of “Other”. In the case of the 

commercial nuclear responses, there were only two of these responses.  

The next step in the results comparison is to perform Kruskal-Wallis analyses on 

question 2 with questions 4, 5, 9, 10, and 11. However, similar to the commercial test, a 

review of the descriptive statistics will be performed first for questions 4, 5, 9, 10, and 

11. The results for question 4 are shown below. 

 
Variable             N       Mean     Median     TrMean      StDev    
SE Mean 
C4                  20      3.500      4.000      3.611      0.889      
0.199 
 
Variable       Minimum    Maximum         Q1         Q3 
C4               1.000      4.000      3.000      4.000 

 

Figure 4-42: Descriptive Statistics for Question 4, Naval Nuclear 
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Figure 4-43: Histogram of Question 4, Naval Nuclear 
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This is another interesting comparison. In the case of commercial nuclear power, the 

mean response was 2.19 which is between “Agree” and “Neutral”, but more towards 

“Agree”. Here it is seen that the naval nuclear respondents are skewed more toward the 

upper end. The mean here is 3.5, which is between “Neutral” and “Disagree”. Thus, the 

naval nuclear respondents are not convinced that adequate resources are devoted to the 

self-assessment process.  

The next comparison is for question 5. The descriptive statistics for the naval nuclear 

responses are below. 

 
Variable             N       Mean     Median     TrMean      StDev    
SE Mean 
C5                  20      3.050      3.000      3.056      1.050      
0.235 
 
Variable       Minimum    Maximum         Q1         Q3 
C5               1.000      5.000      2.000      4.000 
 
Figure 4-44: Descriptive Statistics for Question 5, Naval Nuclear 
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Figure 4-45: Histogram of Question 5, Naval Nuclear 



 68

The comparison here is not as striking as the previous. The naval nuclear mean is 

3.05, which is “Neutral”, while the earlier depicted commercial nuclear response is 2.35, 

which is more towards “Agree”.  

Question 9 responses are compared next. Below is the results for naval nuclear 

respondents. 

 

Variable             N       Mean     Median     TrMean      StDev    
SE Mean 
C9                  20      1.900      1.000      1.778      1.410      
0.315 
 
Variable       Minimum    Maximum         Q1         Q3 
C9               1.000      5.000      1.000      2.000 

 

Figure 4-46: Descriptive Statistics for Question 9, Naval Nuclear 
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Figure 4-47: Histogram of Question 9, Naval Nuclear 
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There does not appear to be a significant difference for this question either. 

Previously it was shown that the commercial nuclear response was a mean of 1.21. The 

mean here for naval nuclear is seen to be 1.90. Both of these are between “Agree” and 

“Strongly Agree”, with the commercial nuclear skewed a little more toward the “Strongly 

Agree”. In both cases the respondents believe that self-assessments are performed more 

than once per year.  

Question number 10 is compared next. The results for the naval nuclear respondents 

are below.  

 

Variable             N       Mean     Median     TrMean      StDev    
SE Mean 
C10                 20      3.750      4.000      3.778      1.020      
0.228 
 
Variable       Minimum    Maximum         Q1         Q3 
C10              2.000      5.000      3.000      4.750 

 

Figure 4-48: Descriptive Statistics for Question 10, Naval Nuclear 
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Figure 4-49; Histogram of Question 10, Naval Nuclear 

 

There is a notable difference here between the commercial nuclear responses and 

those involved in naval nuclear power. The commercial respondents have a mean value 

of 1.97, which is very close to “Agree”. The naval nuclear respondents mean value is 

3.75, which is skewed more toward “Disagree”. It is clear that the naval nuclear 

respondents are not convinced that they receive the proper amount of training on the self-

assessment process.  

Finally, question 11 is now compared between the two surveys. These results are 

below. 
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Variable             N       Mean     Median     TrMean      StDev    
SE Mean 
C11                 20      2.250      2.000      2.222      0.786      
0.176 
 
Variable       Minimum    Maximum         Q1         Q3 
C11              1.000      4.000      2.000      3.000 

 

Figure 4-50: Descriptive Statistics for Question 11, Naval Nuclear 
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Figure 4-51: Histogram of Question 11, Naval Nuclear 

 

The previous results from the commercial nuclear respondents indicate a mean value 

of 1.92. This is close to the “Agree” response. Here, the naval nuclear respondents have a 

mean value of 2.25, which is also not far removed from the “Agree” response. In both 

cases, the respondents believe that causal analysis is used when performance gaps are 

identified by the self-assessment process. 
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Now, a comparison of results will be performed using Kruskal-Wallis analysis 

between question 2 and questions 4, 5, 9, 10, and 11. These will be compared to the 

analyses from the commercial nuclear sector. The first analysis is between question 2 and 

question 4 and is shown below. 

 
Kruskal-Wallis Test on C4 

 
C2          N    Median    Ave Rank         Z 
2           2     4.000        13.5      0.76 
3           9     4.000        11.3      0.57 
4           1     1.000         1.0     -1.65 
5           2     4.000        13.5      0.76 
6           1     4.000        13.5      0.52 
7           1     3.000         5.0     -0.95 
9           4     3.500         8.6     -0.71 

Overall    20                  10.5 
 

H = 5.31  DF = 6  P = 0.505 
  H = 8.12  DF = 6  P = 0.230 (adjusted for ties) 

 

Figure 4-52: Kruskal-Wallis Test for Questions 2 and 4, Naval Nuclear 

 

The p-values for the above test indicate that the above analysis will not allow a 

rejection of the null hypothesis. This is the same result that was obtained for the 

commercial nuclear sector for this test, which indicates no relationship between identified 

purpose and whether adequate resources are devoted to the process.  

The next test will compare the Kruskal-Wallis analysis for questions 2 and 5 with that 

of the commercial data. This is shown below.  
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Kruskal-Wallis Test on C5 
 

C2          N    Median    Ave Rank         Z 
2           2     3.500        13.0      0.63 
3           9     3.000        11.3      0.53 
4           1     2.000         4.5     -1.04 
5           2     3.500        13.0      0.63 
6           1     2.000         4.5     -1.04 
7           1     3.000        10.0     -0.09 
9           4     3.000         9.4     -0.43 

Overall    20                  10.5 
 

H = 3.08  DF = 6  P = 0.799 
  H = 3.36  DF = 6  P = 0.763 (adjusted for ties) 

 
Figure 4-53: Kruskal-Wallis Test for Questions 2 and 5, Naval Nuclear 

 
 

As was the case with the results from the commercial nuclear responses, the above 

highlighted p-values indicate that the null hypothesis cannot be rejected. This shows no 

statistically significant relationship exists between the self-assessment purpose and 

whether or not the process is linked to the business planning process. The next analysis 

shows the Kruskal-Wallis between question 2 and question 9. 

 

Kruskal-Wallis Test on C9 
 

C2          N    Median    Ave Rank         Z 
2           2     1.500        10.3     -0.06 
3           9     1.000         8.8     -1.14 
4           1     1.000         6.0     -0.78 
5           2     5.000        19.0      2.14 
6           1     1.000         6.0     -0.78 
7           1     1.000         6.0     -0.78 
9           4     2.000        13.5      1.13 

Overall    20                  10.5 
 

H = 7.61  DF = 6  P = 0.268 
  H = 9.45  DF = 6  P = 0.150 (adjusted for ties) 

 
Figure 4-54: Kruskal-Wallis Test for Questions 2 and 9, Naval Nuclear 

 

The above analysis shows that in this case the null hypothesis may not be rejected. 

This is similar to what was found in the commercial nuclear responses. Thus, no 
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relationship may be identified between the purpose of the process and whether the 

process is used more than once per year. The Kruskal-Wallis test for questions 2 and 10 

are now compared. The naval nuclear analysis is shown below. 

 

Kruskal-Wallis Test on C10 
 

C2          N    Median    Ave Rank         Z 
2           2     5.000        18.0      1.89 
3           9     4.000         9.9     -0.42 
4           1     2.000         2.0     -1.47 
5           2     3.500         8.5     -0.50 
6           1     4.000        11.5      0.17 
7           1     4.000        11.5      0.17 
9           4     4.000        10.8      0.09 

Overall    20                  10.5 
 

H = 5.67  DF = 6  P = 0.461 
  H = 6.22  DF = 6  P = 0.399 (adjusted for ties) 

 
Figure 4-55: Kruskal-Wallis Test for Questions 2 and 10, Naval Nuclear 
 

As was the case with the commercial nuclear analysis, the null hypothesis cannot be 

rejected for questions 2 and 10 above. This indicates no statistically significant 

relationship between the purpose of self-assessment and whether or not employees are 

trained to perform self-assessments.  

The final Kruskal-Wallis comparison for Hypothesis 1 is for questions 2 and 11. The 

naval nuclear analysis for these questions is depicted below. 
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Kruskal-Wallis Test on C11 
 

C2          N    Median    Ave Rank         Z 
2           2     2.500        12.5      0.50 
3           9     2.000         9.6     -0.65 
4           1     1.000         2.0     -1.47 
5           2     2.500        12.5      0.50 
6           1     3.000        16.5      1.04 
7           1     3.000        16.5      1.04 
9           4     2.000         9.8     -0.28 

Overall    20                  10.5 
 

H = 4.87  DF = 6  P = 0.560 
  H = 5.75  DF = 6  P = 0.451 (adjusted for ties) 

 
 
Figure 4-56: Kruskal-Wallis Test for Questions 2 and 11, Naval Nuclear 
 

 

The above highlighted p-values indicate that the null hypothesis cannot be rejected in 

this case. This was the same result with the commercial nuclear respondents. This 

indicates no statistically significant relationship between the identified purpose of the 

self-assessment process and the belief that gaps are investigated using causal analysis. 

The final analysis comparison in Hypothesis 1 is to determine any relationship 

between question 3 (the process improves performance) and questions 4 (adequate 

resources are devoted to the process), 9 (self-assessments performed more than once per 

year), 10 (employees are trained on the process), and 11 (causal analysis is used). 

Spearman Rank Correlation will be used for this test. The first correlation test is depicted 

below for questions 3 and 4.  

Correlations (Spearman) 
Correlation of C33 and C34 = 0.081 
 
 

The highlighted correlation value above indicates that the null hypothesis cannot be 

rejected in this case. This result is similar to what was found with the commercial nuclear 

responses. Thus, no statistically significant relationship can be inferred between the belief 
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that the process improves performance and whether adequate resources are devoted to the 

process. The next analysis is between questions 3 and 9, shown below.  

Correlations (Spearman) 
Correlation of C33 and C35 = 0.017 
 
 

This analysis provides a different answer than the similar one performed for the 

commercial nuclear responses. Here it is seen that the null hypothesis cannot be rejected, 

while it was previously rejected for the commercial nuclear analysis. Therefore, for the 

naval nuclear responses, there is very little correlation between the belief that the process 

improves performance and whether the process is used more than once per year. The next 

correlation is for questions 3 and 10.  

Correlations (Spearman) 
Correlation of C33 and C36 = 0.328 
 
 

As was the case with the commercial nuclear respondents, here the null hypothesis 

cannot be rejected. Thus, there is only a moderate correlation between the belief that the 

process improves performance and whether employees are trained on the process or not. 

The final correlation comparison is between question 3 and question 11 below. 

Correlations (Spearman) 
Correlation of C33 and C37 = 0.387 
 
 

This is a similar response to the commercial nuclear respondents. This shows that 

there is somewhat of a correlation and the correlation number is similar to that of the 

commercial nuclear respondents. This indicates some correlation between the belief that 

the process improves performance and whether causal analysis is used when a 

performance gap is identified. This makes sense as the respondents must believe that the 

appropriate analysis is performed in order to improve the organization’s performance.  
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This completes the comparison between naval nuclear responses and commercial 

nuclear responses for Hypothesis 1.  

4.4 Hypothesis 2 

Objective 2 of the research is to determine whether self-assessments performed in the 

nuclear industry are different than other industries (i.e., whether they serve a different 

purpose). The purpose of the self-assessment process is to measure performance 

regarding the organization’s drive for continuous improvement (Caffyn, 1999). Thus, the 

question to be answered for this objective is whether or not the nuclear industry believes 

that the purpose of the self-assessment process is to drive continuous improvement. This 

can be determined through the use of a simple histogram that depicts the respondents’ 

perception of the self-assessment process. This histogram was shown as part of 

Hypothesis 1, but is once again depicted below for this objective. 
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Figure 4-57: Histogram of Question 2 
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The data above show a clear picture of the nuclear industry’s perception of the 

purpose of self-assessment. This shows the responses to question 2. The third possible 

selection (shown as 3 above on the horizontal axis) is the selection for continuous 

improvement. Prior to this research, I would not have envisioned continuous 

improvement as the choice that the industry would select. This was somewhat of a 

surprise. This is particularly true given the overwhelming response for the third selection 

above. In fact, my belief prior to the survey was that selection 2 above would be the 

overwhelming response. Yet, response 2 was only chosen twice. Clearly, the industry 

believes that the purpose of the self-assessment process is continuous improvement.  

Now that it’s shown that self-assessment in the nuclear industry is performed for the 

purpose it was designed for (continuous improvement), the next objective is to draw 

some conclusions regarding the effectiveness of the process relative to other industries. 

This can be done by determining whether the survey respondents believe that the process 

improves performance and comparing this to research in the literature for other 

industries.  

First of all, the descriptive statistics for question 3 are shown below. Question 3 asked 

the respondent to depict on a 5 point Likert scale whether they thought the self-

assessment process improved performance. On this scale, 1 was the most positive answer 

(strongly agree) and 5 was the least positive answer (strongly disagree).  
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Variable             N       Mean     Median     TrMean      StDev    
SE Mean 
C3                  75     1.4267     1.0000     1.2985     0.7914     
0.0914 
 
Variable       Minimum    Maximum         Q1         Q3 
C3              1.0000     5.0000     1.0000     2.0000 
 
Figure 4-58: Descriptive Statistics for Question 3 
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Figure 4-59. Histogram of Question 3 
 
 

These statistics portray a strong story. The mean response lies between ‘strongly 

agree’ and ‘agree’. In addition, the distribution for this question, shown above, 

graphically depicts the strong tendency toward agreement that the process improves 

performance. 

Thus, it is apparent that the self-assessment process improves performance in the 

nuclear industry. Now, in order to compare this to other industries, the literature is 

reviewed for similar surveys in other industries.  
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A similar survey was conducted and published (Van der Wiele, Brown, Millen, 

Whelan, 2000) in the greater Boston area. This survey was sent to 640 companies and 

responses were received from 206 companies (32 percent response rate). One of the 

questions asked the respondents to determine the level of improvement in the seven 

Malcolm Baldrige National Quality Award categories. The single category of interest for 

my research is that of organizational performance. The categories were scored on a 5 

point scale from 1 (no improvement) to 5 (considerable improvement). The mean score 

for the organizational performance category was 3.40. This score is slightly above that 

centerline of this 5 point scale.  

As a result, it can be seen that the self-assessment process in the nuclear industry is 

viewed as improving organizational performance comparable to other industries.  

4.5 Hypothesis 2, Naval Nuclear Comparison 

As with Hypothesis 1, Hypothesis 2 will also be compared to the results from a 

survey of naval nuclear respondents. Again, the first analysis is a simple histogram of the 

responses to question 2, which is to identify the purpose of the self-assessment process. 

This graph was previously shown for naval nuclear in the comparison of Hypothesis 1. 

However, it will be shown again here for simplicity. This histogram is shown below. 
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Figure 4-60: Histogram of Question 2, Naval Nuclear 

 

This histogram is similar to the one utilized for the commercial nuclear responses. 

The largest difference between them is four responses for category nine in this curve. 

Category nine represents the “Other” choice. Although there are nearly four times as 

many respondents for commercial nuclear power, there are only two responses for 

“Other” in their responses. However, clearly category 3 on the horizontal axis 

(continuous improvement) is the single largest identified purpose. This, of course, is the 

same as the commercial nuclear response.  

The next comparison for this hypothesis is the descriptive statistics for question 3, 

which determines whether the respondents believe that the self-assessment process 

improves performance. These statistics are shown below for naval nuclear. 
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Variable             N       Mean     Median     TrMean      StDev    
SE Mean 
C3                  20      1.950      2.000      1.889      0.826      
0.185 
 
Variable       Minimum    Maximum         Q1         Q3 
C3               1.000      4.000      1.000      2.000 
 
Figure 4-61: Descriptive Statistics for Question 3, Naval Nuclear 
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Figure 4-62: Histogram of Question 3, Naval Nuclear 

 

The mean value above is seen to be 1.95, which is very close to the “Agree” answer. 

Recall that commercial nuclear respondents’ mean was 1.43, which is even higher on the 

“Agree” scale. In short, both groups feel that the self-assessment process improves 

performance. This information is now compared to the similar survey conducted in the 

Boston area that was utilized in Section 4.4. Recall that this survey generated a mean 

value of 3.40 for perception of organizational performance. This was on a 5 point scale 

that ran from 1= no improvement, to 5= considerable improvement. Although a direct 



 83

comparison is not possible, it appears as if the naval nuclear respondents believe in 

similar fashion to other industries that the process improves performance. 

4.6 Hypothesis 3 

The third objective of this research is to test the supposition that the different levels of 

the organization have different perceptions of the purpose of the self-assessment process. 

In order to determine this, the cross-tabulation of questions 2 and 26 is once again shown 

below.  
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Rows: C2     Columns: C26 
  
           1        2        3        4        5      All 
   
 2         2        0        0        0        0        2 
      100.00      --       --       --       --    100.00 
        6.25      --       --       --       --      2.70 
        2.70      --       --       --       --      2.70 
           2        0        0        0        0        2 
   
 3        22       20        9        1        2       54 
       40.74    37.04    16.67     1.85     3.70   100.00 
       68.75    76.92    69.23   100.00   100.00    72.97 
       29.73    27.03    12.16     1.35     2.70    72.97 
          22       20        9        1        2       54 
   
 5         7        3        2        0        0       12 
       58.33    25.00    16.67      --       --    100.00 
       21.87    11.54    15.38      --       --     16.22 
        9.46     4.05     2.70      --       --     16.22 
           7        3        2        0        0       12 
   
 6         1        1        1        0        0        3 
       33.33    33.33    33.33      --       --    100.00 
        3.12     3.85     7.69      --       --      4.05 
        1.35     1.35     1.35      --       --      4.05 
           1        1        1        0        0        3 
   
 9         0        2        1        0        0        3 
         --     66.67    33.33      --       --    100.00 
         --      7.69     7.69      --       --      4.05 
         --      2.70     1.35      --       --      4.05 
           0        2        1        0        0        3 
   
 All      32       26       13        1        2       74 
       43.24    35.14    17.57     1.35     2.70   100.00 
      100.00   100.00   100.00   100.00   100.00   100.00 
       43.24    35.14    17.57     1.35     2.70   100.00 
          32       26       13        1        2       74 
  
 
  Cell Contents -- 
                  Count 
                  % of Row 
                  % of Col 
                  % of Tbl 
                  Count 
 
Figure 4-63: Cross-Tabulation for Questions 2 and 26 
 
 

Once again it is seen that of the respondents, 69% percent of the executives, 77% of 

senior managers, and 69% of the middle managers believe that the purpose of self-
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assessment is continuous improvement (response 3). The numbers for first line 

supervision and individual contributor are not utilized here because of the small number 

of respondents in these categories. One interesting revelation from the data is that the 

next largest category of responses, after response 3, is for response 5, which is drive 

business excellence. Although related to continuous improvement, drive business 

excellence is somewhat more focused on business results. For this category of responses, 

24.1 percent of executives, 12.5 percent of senior managers, and 8.3 percent of middle 

managers believe that drive business excellence is the purpose of the self-assessment 

process. What is interesting here is that as the level of management goes down in this 

response, so does the belief that this is the purpose of self-assessment. Perhaps this 

should be expected as the executive level typically is more focused on the business 

aspects of the organization.  

Given that there is some difference in the perceptions of the purpose of self-

assessment for the different management levels, it is now important to assess the cause 

and effects of these differences on the value-added benefits of the process. However, it is 

important to identify what the value-added benefits of the process are. Question 5 of the 

survey identifies the first value-added benefit of the process. That is, linking the results to 

the business planning process provides a significant advantage to the organization (Black 

and Crumley, 1997; Ritchie and Dale, 2000; Van der Wiele, Brown, Millen, and Whelan, 

2000). Question 11 of the survey identifies the second value-added benefit to the process. 

This benefit provides causal analysis for the gaps that are identified by the self-

assessment (Conti, 2001; Conti, 1997). Once the causes are identified, corrective actions 

may be put in place to close the gaps.  
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Now, in order to determine if there are any cause and effect relationships between 

different levels of management, Kruskal-Wallis analysis will be utilized between 

questions 5 and 26, and questions 11 and 26. This will determine if there are any 

significant differences by level of management.  

The below Kruskal-Wallis analysis is between questions 5 and 26. The hypotheses for 

these questions are shown below. 

H0 : µ1 = µ2 = µ3 = µ4 = µ5                                                                                           (4.7) 
H1 : µ1 ≠ µ2 ≠ µ3 ≠ µ4 ≠ µ5                                                                                             (4.8) 
 

 
74 cases were used 

1 cases contained missing values 
Kruskal-Wallis Test on C5 

 
C26         N    Median    Ave Rank         Z 
1          32     2.000        35.2     -0.79 
2          26     2.000        33.1     -1.30 
3          13     3.000        51.9      2.66 
4           1     3.000        57.5      0.94 
5           2     2.000        27.0     -0.70 

Overall    74                  37.5 
 

H =  8.63  DF = 4  P = 0.071 
  H = 10.45  DF = 4  P = 0.034 (adjusted for ties) 

 
 
Figure 4-64: Kruskal-Wallis Test for Questions 5 and 26 

 
 
 

In this case, the p-value shows that we can reject the null hypothesis. In other words, 

there may be a cause and effect relationship between management level and whether self-

assessment outcomes are linked to the business planning process. Once again, this is a 

surprise in this research. What is important to note here is that as the level of 

management goes from executive and senior manager, both of which indicate that results 

are tied to business planning, to middle management, there is a somewhat large shift. The 
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middle management respondents are neutral on whether results of self-assessments are 

tied into the business planning process.  

The next analysis that is performed, which is shown below, is the Kruskal-Wallis 

between questions 11 and 26. Once again, the hypotheses for this test are: 

H0 : µ1 = µ2 = µ3 = µ4 = µ5                                                                                           (4.9) 
H1 : µ1 ≠ µ2 ≠ µ3 ≠ µ4 ≠ µ5                                                                                            (4.10) 
 
 

 
74 cases were used 

1 cases contained missing values 
Kruskal-Wallis Test on C11 

 
C26         N    Median    Ave Rank         Z 
1          32     2.000        39.0      0.53 
2          26     2.000        34.6     -0.85 
3          13     2.000        36.7     -0.16 
4           1     2.000        41.5      0.19 
5           2     2.500        54.5      1.13 

Overall    74                  37.5 
 

H = 1.94  DF = 4  P = 0.747 
  H = 2.51  DF = 4  P = 0.643 (adjusted for ties) 

 
 
Figure 4-65: Kruskal-Wallis Test for Questions 11 and 26 

 
 

From the p-values shown above, it is shown that the null hypothesis cannot be 

rejected. In other words, there is no statistical difference between management levels and 

whether causal analyses are performed or not on identified gaps. Thus, there is no cause 

and effect relationship between these questions. 

4.7 Hypothesis 3, Naval Nuclear Comparison 

The first step in this next comparison is to re-perform the cross-tabulation of 

questions 2 and 26 for the naval nuclear respondents. This is shown below.  
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  Rows: C2     Columns: C26 
  
           1        2        3        4        5      All 
   
 2         0        0        2        0        0        2 
         --       --    100.00      --       --    100.00 
         --       --     22.22      --       --     10.00 
         --       --     10.00      --       --     10.00 
   
 3         0        4        4        1        0        9 
         --     44.44    44.44    11.11      --    100.00 
         --     80.00    44.44    25.00      --     45.00 
         --     20.00    20.00     5.00      --     45.00 
   
 4         0        0        0        0        1        1 
         --       --       --       --    100.00   100.00 
         --       --       --       --    100.00     5.00 
         --       --       --       --      5.00     5.00 
   
 5         0        1        1        0        0        2 
         --     50.00    50.00      --       --    100.00 
         --     20.00    11.11      --       --     10.00 
         --      5.00     5.00      --       --     10.00 
   
 6         0        0        0        1        0        1 
         --       --       --    100.00      --    100.00 
         --       --       --     25.00      --      5.00 
         --       --       --      5.00      --      5.00 
   
 7         0        0        0        1        0        1 
         --       --       --    100.00      --    100.00 
         --       --       --     25.00      --      5.00 
         --       --       --      5.00      --      5.00 
   
 9         1        0        2        1        0        4 
       25.00      --     50.00    25.00      --    100.00 
      100.00      --     22.22    25.00      --     20.00 
        5.00      --     10.00     5.00      --     20.00 
   
 All       1        5        9        4        1       20 
        5.00    25.00    45.00    20.00     5.00   100.00 
      100.00   100.00   100.00   100.00   100.00   100.00 
        5.00    25.00    45.00    20.00     5.00   100.00 
  
  Cell Contents -- 
                  Count 
                  % of Row 
                  % of Col 
                  % of Tbl 
 
Figure 4-66: Cross-Tabulation for Questions 2 and 26, Naval Nuclear 
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Similar to the response for commercial nuclear respondents, we see a difference in the 

perception of the purpose of the process by management level. Once again, it is the senior 

level managers that appear to have the best concept of continuous improvement as the 

purpose. In this case, 80% of the senior level managers believe this. However, unlike the 

commercial industry data, the percentages fall off rapidly. Only 44% of the middle level 

managers and 25% of supervisors understand this. Recall though that there are only 20 

responses for this population versus 75 for the commercial nuclear population. 

As in the case of commercial power, now that it is seen there is a difference in 

perceptions at different management levels, it is important to assess any cause and effect 

relationship on the value-added benefits of the process. Thus, once again Kruskal-Wallis 

analyses will be used comparing questions 5 and 26, and then 11 and 26. The first of 

these is shown below. 

 

Kruskal-Wallis Test on C5 
 

C26         N    Median    Ave Rank         Z 
1           1     4.000        16.0      0.95 
2           5     3.000        10.2     -0.13 
3           9     3.000        10.9      0.27 
4           4     3.000        10.1     -0.14 
5           1     2.000         4.5     -1.04 

Overall    20                  10.5 
 

H = 1.96  DF = 4  P = 0.743 
  H = 2.14  DF = 4  P = 0.710 (adjusted for ties) 

 
Figure 4-67: Kruskal-Wallis Test for Questions 5 and 26, Naval Nuclear 

 

Unlike the commercial nuclear analysis, it is seen that the null hypothesis cannot be 

rejected. Thus, management levels have no impact on whether the self-assessment results 
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are tied to the business planning process. This is a different result than that found for the 

commercial nuclear respondents. The second Kruskal-Wallis analysis is below. 

 
Kruskal-Wallis Test on C11 

 
C26         N    Median    Ave Rank         Z 
1           1     2.000         8.5     -0.35 
2           5     2.000        11.7      0.52 
3           9     2.000         8.8     -1.14 
4           4     3.000        15.4      1.84 
5           1     1.000         2.0     -1.47 

Overall    20                  10.5 
 

H = 5.81  DF = 4  P = 0.213 
  H = 6.87  DF = 4  P = 0.143 (adjusted for ties) 

 
 
Figure 4-68: Kruskal-Wallis Test for Questions 11 and 26, Naval Nuclear 

 

This response is similar to the commercial nuclear respondents in that the null 

hypothesis cannot be rejected for this. In other words, in both cases (commercial and 

naval nuclear), there appears to be no impact by management level of using causal 

analysis for performance gaps.  

4.8 Hypothesis 4 

Hypothesis 2 has shown that the respondents believe that the self-assessment process 

improves performance in the nuclear industry. Given this information, it is now important 

to determine whether there is any relationship between the responses to question 3 and 

questions 13 through 23. This will determine whether there is any relationship between 

the belief that self-assessment improves performance and the selected nuclear attributes 

identified in questions 13 through 23. Once again, Spearman Rank Correlation will be 

used for this test. 
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The first analysis will determine whether there is a correlation between questions 3 

and 13. This will determine any relationship between performance improvement and the 

attribute known as schedule adherence. This is depicted below. 

Correlations (Spearman) 
Correlation of C33 and C34 = -0.166 
 

The correlation value shown here determines that there is very little correlation 

between respondents’ perception of performance improvement and schedule adherence. 

Let’s now look at any possible correlation between performance improvement and 

question 14, which is the attribute known as budget considerations.  

Correlations (Spearman) 
Correlation of C33 and C35 = -0.058 
 

Once again, the indicated correlation value shows no correlation. The next analysis 

will determine a possible relationship between perception of performance improvement 

and question 15, which is the nuclear attribute known as safety system availability. This 

is shown below. 

Correlations (Spearman) 
Correlation of C33 and C36 = -0.179 
 

Again, there is no correlation determined here. Now, any relationship between 

performance improvement perception and question 16, emergency response organization 

performance will be determined.  

Correlations (Spearman) 
Correlation of C33 and C37 = 0.075 
 

The Spearman rank correlation shows no relationship here. Now, let’s look at any 

possible correlation between question 3 (perception of performance improvement) and 

question 17, which is the attribute of regulatory findings. 

Correlations (Spearman) 
Correlation of C33 and C38 = 0.035 
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Again the results show no statistically significant correlation. The next analysis will 

determine any relationship between performance improvement and question 18, 

personnel training and qualification. 

Correlations (Spearman) 
Correlation of C33 and C39 = -0.207 
 

The analysis shows very little correlation here. The next relationship to be examined 

is that between performance improvement and question 19, which is business 

competitiveness.  

Correlations (Spearman) 
Correlation of C33 and C40 = -0.179 
 

The analysis has determined no significant relationship here. The next analysis 

examines any correlation between performance improvement and question 20, which is 

the attribute known as unplanned reactor shutdowns.  

Correlations (Spearman) 
Correlation of C33 and C41 = -0.165 
 

Again the analysis shows no relationship here. The next analysis to be performed will 

determine any correlation between question 3, performance improvement, and question 

21, which is the attribute known as company performance indicators. 

Correlations (Spearman) 
Correlation of C33 and C42 = -0.090 
 
 
 

Once again, the Spearman rank correlation indicates no significant relationship. The 

next analysis will look at a possible relationship between performance improvement and 

question 22, human error prevention. 

Correlations (Spearman) 
Correlation of C33 and C43 = -0.054 
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Surprisingly, there is no relationship between these questions also. The final 

correlation in this research objective is to look at any relationship between performance 

improvement and question 23, which is the attribute known as process control. 

Correlations (Spearman) 
Correlation of C33 and C44 = 0.103 
 

Once again, this final analysis shows very little correlation.  

It is somewhat surprising to find no correlation between question 3 (performance 

improvement) and the eleven nuclear attributes. The intent of this objective was to 

identify any of these correlations in order to drive improved productivity in the self-

assessment process in the nuclear industry. However, this cannot be achieved using this 

methodology. 

4.9 Hypothesis 4, Naval Nuclear Comparison 

As in the case of the data for commercial nuclear power, it has been previously shown 

that the naval nuclear community believes that the self-assessment process improves 

performance. This was clear from the descriptive statistics for question 3 shown in the 

discussion for Hypothesis 2. Now, it is important to compare the rank correlations for 

questions 3 and 13 through 23 to the rank correlations for the commercial data. This will 

determine whether the belief that the process improves performance impacts any of the 

proposed eleven self-assessment attributes. The next tests are rank correlations between 

question 3 and questions 13 through 23. The first test is shown below for questions 3 and 

13. 

Correlations (Spearman) 
Correlation of C33 and C34 = 0.404 
 

The highlighted value above shows somewhat of a correlation. However, this 

relationship is not a strong one, yet it is considerably higher than the weak negative 
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correlation in the commercial nuclear test. This means there is a moderate relationship 

between perception of performance improvement and schedule adherence. The next test 

depicted below tests question 3 and question 14.  

Correlations (Spearman) 
Correlation of C33 and C35 = 0.554 
 

This analysis indicates that the null hypothesis may be rejected. In fact, there appears 

to be a positive correlation between performance improvement perception and budget 

considerations. This is different than the results for the commercial nuclear data where 

this analysis did not show a relationship. The correlation determination for question 3 and 

question 15 is depicted below.  

Correlations (Spearman) 
Correlation of C33 and C36 = -0.064 
 

This analysis shows that the null hypothesis cannot be rejected and therefore there 

appears to be no statistically significant relationship. This agrees with the commercial 

sector analysis. The next analysis shows the correlation for question 3 and question 16.  

Correlations (Spearman) 
Correlation of C33 and C37 = -0.112 
 

The above highlighted correlation value indicates that the null hypothesis may not be 

rejected, which is a similar result to the commercial nuclear data. Analysis for question 3 

and 17 is shown below. 

Correlations (Spearman) 
Correlation of C33 and C38 = 0.223 
 

Again, this analysis agrees with the previously performed commercial nuclear 

analysis. That is, there is very little correlation and the null hypothesis may not be 

rejected. The correlation for question 3 and question 18 is shown below. 

Correlations (Spearman) 
Correlation of C33 and C39 = -0.176 
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The above highlighted value indicates no correlation for these two questions. This 

agrees with the commercial data also. The next correlation is depicted below for 

questions 3 and 19. 

Correlations (Spearman) 
Correlation of C33 and C40 = -0.224 
 

This too agrees with the previously performed commercial analysis. That is, there is 

not a strong correlation. The analysis for question 3 and question 20 is shown next. 

Correlations (Spearman) 
Correlation of C33 and C41 = -0.389 
 

This analysis indicates somewhat of a stronger negative correlation than the 

commercial nuclear data. The correlation test for questions 3 and 21 is shown below. 

Correlations (Spearman) 
Correlation of C33 and C42 = -0.392 
 

This analysis shows a stronger negative correlation than the commercial nuclear test. 

It is seen from the value above that there is a moderate negative correlation. The analysis 

for questions 3 and 22 is depicted below. 

Correlations (Spearman) 
Correlation of C33 and C43 = -0.358 
 

This case also shows a stronger negative correlation than the similar test for 

commercial nuclear. This is also classified as a moderate correlation. The final 

correlation is shown below. 

Correlations (Spearman) 
Correlation of C33 and C44 = -0.507 
 

This is an interesting result. Unlike the same test for commercial nuclear power, the 

null hypothesis can be rejected in this case. The above test indicates a negative 

correlation between these two questions. This means that the more strongly a respondent 
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believes that the process does not improve performance, they also believe that process 

control is unimportant.  

4.10 Hypothesis 5 

Objective 5 of this research is to determine the attributes (from the eleven identified) 

that are important for consideration in the conduct of the self-assessment process in the 

nuclear industry.  

This objective will be accomplished using two separate tools. First of all, the 

descriptive statistics for each of the eleven attributes (questions 13 through 23) will be 

viewed to determine their overall scores on the 5 point interval scales used in the survey. 

Secondly, Kruskal-Wallis analysis will be used between question 2 (purpose of self-

assessment) and each of the eleven attribute questions. This will determine if there is any 

relationship between the identified purpose of the self-assessment process and the nuclear 

attributes. This will aid in targeting attributes that are important for continuous 

improvement. 

Thus, the first analysis is shown below. That is, the descriptive statistics for questions 

13 through 23 are depicted. The first set of statistics is for question 13, the attribute of 

schedule adherence. 

 
Variable             N       Mean     Median     TrMean      StDev    
SE Mean 
C13                 75     3.4267     3.0000     3.4328     0.8411     
0.0971 
 
Variable       Minimum    Maximum         Q1         Q3 
C13             1.0000     5.0000     3.0000     4.0000 
 
Figure 4-69: Descriptive Statistics for Question 13 
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Figure 4-70: Histogram of Question 13 

 

This depicts a mean just above the ‘neutral’ point for this attribute. Recall that the 

five point scale for these questions ranges from 1 (extremely unimportant) to 5 

(extremely important). Thus, this attribute appears to relatively neutral.  

The next set of statistics is for question 14, which is the attribute of budget 

considerations. This is shown below. 

 

 
Variable             N       Mean     Median     TrMean      StDev    
SE Mean 
C14                 75      2.960      3.000      2.940      0.936      
0.108 
 
Variable       Minimum    Maximum         Q1         Q3 
C14              1.000      5.000      2.000      4.000 
 
Figure 4-71: Descriptive Statistics for Question 14 
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Figure 4-72: Histogram of Question 14 

 

These statistics show the mean right at the neutral point. Again, this then appears to 

be a somewhat unimportant attribute for nuclear industry self-assessments. Let’s now 

look at the statistics for question 15, which is the attribute of safety system availability. 

 

 

Variable             N       Mean     Median     TrMean      StDev    
SE Mean 
C15                 75      3.947      4.000      4.060      1.335      
0.154 
 
Variable       Minimum    Maximum         Q1         Q3 
C15              1.000      5.000      3.000      5.000 
 
Figure 4-73: Descriptive Statistics for Question 15 
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Figure 4-74: Histogram of Question 15 

 

This result is somewhat expected given this attribute. From the industry’s viewpoint, 

the attribute of safety system availability is very important. The mean is centered around 

4, which indicates an important attribute. Now, let’s look at the next attribute, which is 

question 16, emergency response organization performance.  

 
 
Variable             N       Mean     Median     TrMean      StDev    
SE Mean 
C16                 75      4.093      4.000      4.209      1.093      
0.126 
 
Variable       Minimum    Maximum         Q1         Q3 
C16              1.000      5.000      4.000      5.000 
 
Figure 4-75: Descriptive Statistics for Question 16 
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Figure 4-76: Histogram of Question 16 

 

This attribute scores even higher than safety system availability. The mean here is 

centered right at 4. Again, this indicates an important attribute. The next statistics are for 

question 17, the attribute of regulatory findings. These are depicted below. 

 
Variable             N       Mean     Median     TrMean      StDev    
SE Mean 
C17                 75      4.027      4.000      4.134      1.078      
0.124 
 
Variable       Minimum    Maximum         Q1         Q3 
C17              1.000      5.000      4.000      5.000 
 
Figure 4-77: Descriptive Statistics for Question 17 
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Figure 4-78: Histogram of Question 17 

 

This is a somewhat surprising revelation. I would expect to find a lower score for this 

attribute. Yet, it’s seen that the mean for regulatory findings is also at 4, which indicates 

that it is an important attribute. Now, let’s look at question 18, which is the attribute of 

personnel training and qualification.  

 
 
 
Variable             N       Mean     Median     TrMean      StDev    
SE Mean 
C18                 75      4.120      4.000      4.254      1.127      
0.130 
 
Variable       Minimum    Maximum         Q1         Q3 
C18              1.000      5.000      4.000      5.000 
 
Figure 4-79: Descriptive Statistics for Question 18 
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Figure 4-80: Histogram of Question 18 

 

This attribute depicts the highest mean yet. It is centered on 4.1. However, this is not 

a surprise, as the industry considers the training and qualification of personnel to be a 

very important attribute. That perception is reflected in these data. The next attribute is 

business competitiveness, which is question 19. This is shown below. 

 
Variable             N       Mean     Median     TrMean      StDev    
SE Mean 
C19                 75      3.040      3.000      3.045      1.045      
0.121 
 
Variable       Minimum    Maximum         Q1         Q3 
C19              1.000      5.000      2.000      4.000 
 
Figure 4-81: Descriptive Statistics for Question 19 
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Figure 4-82: Histogram of Question 19 

 

The business competitiveness attribute is seen to have a mean centered at 3.0. This 

would indicate a neutral score for this attribute. It is not viewed as an important attribute 

in the realm of nuclear power self-assessments. The next attribute to be viewed below is 

question 20, unplanned reactor shutdowns. 

 
 
 
Variable             N       Mean     Median     TrMean      StDev    
SE Mean 
C20                 75      4.053      4.000      4.179      1.240      
0.143 
 
Variable       Minimum    Maximum         Q1         Q3 
C20              1.000      5.000      4.000      5.000 
 
Figure 4-83: Descriptive Statistics for Question 20 
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Figure 4-84: Histogram of Question 20 

 

The mean for unplanned reactor shutdowns is centered at about 4.1. This is another 

high scoring attribute. Yet, this must be viewed from the industry perspective. This 

attribute may be indicative of plant problems. It is not necessarily viewed from a business 

perspective. Thus, this is again one of the important attributes. The next attribute to be 

viewed is question 21, which is the attribute of company performance indicators. These 

statistics are shown below. 

 
Descriptive Statistics 
Variable             N       Mean     Median     TrMean      StDev    
SE Mean 
C21                 75      3.600      4.000      3.642      0.900      
0.104 
 
Variable       Minimum    Maximum         Q1         Q3 
C21              1.000      5.000      3.000      4.000 
 
Figure 4-85: Descriptive Statistics for Question 21 
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Figure 4-86: Histogram of Question 21 

 

Company performance indicators show a mean centered at 3.6. Although this 

attribute is centered somewhat higher than some of the others, it is still below a mean of 

4.0 which is considered the important cutoff. Now, shown below are the statistics for 

question 22, the attribute of human error prevention. 

 
Variable             N       Mean     Median     TrMean      StDev    
SE Mean 
C22                 75      4.147      5.000      4.284      1.238      
0.143 
 
Variable       Minimum    Maximum         Q1         Q3 
C22              1.000      5.000      4.000      5.000 
 
Figure 4-87: Descriptive Statistics for Question 22 
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Figure 4-88: Histogram of Question 22 

 

This attribute shows a mean of 4.1, which ranks it as one of the most important. 

However, it also important to note how skewed this attribute is toward the upper end of 

the scale. This is certainly one of the most important attributes. The final attribute to be 

viewed below is question 23, process control.  

 
Variable             N       Mean     Median     TrMean      StDev    
SE Mean 
C23                 75      3.493      4.000      3.552      1.005      
0.116 
 
Variable       Minimum    Maximum         Q1         Q3 
C23              1.000      5.000      3.000      4.000 

 
Figure 4-89: Descriptive Statistics for Question 23 
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Figure 4-90: Histogram of Question 23 

 

The process control attribute shows a mean at 3.5. This does not rank this attribute as 

one of the highest. This is not unexpected for the nuclear industry.  

 

Thus, utilizing the descriptive statistics alone, the top five attributes ranked in order of 

importance are : 

1. Human error prevention 

2. Personnel training and qualification 

3. Emergency response organization performance 

4. Unplanned reactor shutdowns 

5. Regulatory findings 
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These are the attributes that are the most important for performing self-assessments in 

the nuclear industry utilizing descriptive statistics alone. However, it’s also important to 

look at the eleven attributes when each one is compared to question 2, which identifies 

the purpose of self-assessment.  

The first Kruskal-Wallis analysis described previously, question 2 compared to 

question 13, which is the attribute of schedule adherence, is shown below. The 

hypotheses for this test are shown below. The subscripts refer to the possible answers for 

question 2 (e.g., µ2 represents the mean for the question 2 answer, ‘Prevent Regulatory 

Findings’.) 

H0 : µ2 = µ3 = µ5 = µ6 = µ9                                                                                         (4.11) 
H1 : µ2 ≠ µ3 ≠ µ5 ≠ µ6 ≠ µ9                                                                                           (4.12) 
 
 
 

Kruskal-Wallis Test on C13 
 

C2          N    Median    Ave Rank         Z 
2           2     3.000        24.5     -0.89 
3          55     4.000        40.5      1.67 
5          12     3.000        32.0     -1.04 
6           3     4.000        44.5      0.53 
9           3     3.000        18.2     -1.61 

Overall    75                  38.0 
 

H = 5.17  DF = 4  P = 0.271 
  H = 5.94  DF = 4  P = 0.204 (adjusted for ties) 

 
 
Figure 4-91: Kruskal-Wallis Test for Questions 2 and 13 
 

 
As the p-value show for this first analysis, the null hypothesis cannot be discounted. 

Therefore, the responses for question 13 are not proved to be different depending on the 

response to question 2. Now, let’s determine if there is a relationship between question 2 

and question 14, the attribute of schedule adherence. The hypotheses for each Kruskal-

Wallis analysis in this section will be the same as that for the first test above. 
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Kruskal-Wallis Test on C14 

 
C2          N    Median    Ave Rank         Z 
2           2     2.500        27.0     -0.72 
3          55     3.000        38.0     -0.02 
5          12     3.000        39.4      0.24 
6           3     2.000        30.5     -0.61 
9           3     3.000        47.8      0.80 

Overall    75                  38.0 
 

H = 1.52  DF = 4  P = 0.823 
  H = 1.70  DF = 4  P = 0.791 (adjusted for ties) 

 
 
Figure 4-92: Kruskal-Wallis Test for Questions 2 and 14 

 
 

Again, the highlighted p-values show that the null hypothesis may not be rejected. 

This means the answers to question 14 are not proved to be different depending on the 

response to question 2. The next relationship to be investigated is the one between 

question 2 and question 15, which is the attribute of safety system availability. This is 

depicted below. 

 
Kruskal-Wallis Test on C15 

 
C2          N    Median    Ave Rank         Z 
2           2     3.500        23.8     -0.94 
3          55     5.000        39.0      0.63 
5          12     4.500        38.1      0.01 
6           3     2.000        23.8     -1.15 
9           3     5.000        43.8      0.47 

Overall    75                  38.0 
 

H = 2.44  DF = 4  P = 0.655 
  H = 2.82  DF = 4  P = 0.588 (adjusted for ties) 

 
 
Figure 4-93: Kruskal-Wallis Test for Questions 2 and 15 
 
 
 

Again the results are the same. The p-values determine that the null hypothesis cannot 

be rejected. This indicates that the responses to question 15 may not be different based on 

the answers to question 2. The next analysis, shown below, investigates the relationship 
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between question 2 and question 16, the attribute of emergency response organization 

performance.  

 
Kruskal-Wallis Test on C16 

 
C2          N    Median    Ave Rank         Z 
2           2     3.500        21.2     -1.10 
3          55     5.000        39.8      1.16 
5          12     4.000        34.0     -0.70 
6           3     3.000        28.0     -0.81 
9           3     5.000        43.0      0.41 

Overall    75                  38.0 
 

H = 2.74  DF = 4  P = 0.602 
  H = 3.15  DF = 4  P = 0.532 (adjusted for ties) 

 
 
 
Figure 4-94: Kruskal-Wallis Test for Questions 2 and 16 
 
 
 

Once again, the null hypothesis cannot be rejected, which indicates that the answers 

to question 16 are not dependent on the answers to question 2. The below test depicts the 

analysis for question 2 and question 17, which is the attribute of regulatory findings. 

 
Kruskal-Wallis Test on C17 

 
C2          N    Median    Ave Rank         Z 
2           2     5.000        60.5      1.48 
3          55     4.000        38.4      0.23 
5          12     4.000        28.3     -1.68 
6           3     4.000        32.7     -0.43 
9           3     5.000        60.5      1.82 

Overall    75                  38.0 
 

H = 7.88  DF = 4  P = 0.096 
  H = 8.94  DF = 4  P = 0.063 (adjusted for ties) 

 
 
Figure 4-95: Kruskal-Wallis Test for Questions 2 and 17 
 
 

The result for this analysis is the same as the others although the p-values are much 

lower. The answers to question 17 are not dependent on the answers to question 2. The 

next analysis shows the relationship between questions 2 and question 18, the attribute of 
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personnel training and qualification. Recall that this attribute is one of the top two 

attributes using the descriptive statistics. This is shown below. 

 
Kruskal-Wallis Test on C18 

 
C2          N    Median    Ave Rank         Z 
2           2     3.500        19.3     -1.23 
3          55     5.000        40.3      1.49 
5          12     4.000        31.5     -1.13 
6           3     4.000        30.7     -0.59 
9           3     5.000        42.3      0.35 

Overall    75                  38.0 
 

H = 3.60  DF = 4  P = 0.463 
  H = 4.21  DF = 4  P = 0.379 (adjusted for ties) 

 
 
Figure 4-96: Kruskal-Wallis Test for Questions 2 and 18 

 
 
 

As expected, the result here is the same. The answers to question 18 are not 

dependent on the answers to question 2. This is significant because of the importance of 

this attribute. The next analysis, shown below, determines the relationship between 

question 2 and question 19, business competitiveness.  

 
Kruskal-Wallis Test on C19 

 
C2          N    Median    Ave Rank         Z 
2           2     2.000        19.5     -1.22 
3          55     3.000        38.4      0.29 
5          12     3.000        38.6      0.10 
6           3     2.000        17.8     -1.64 
9           3     4.000        60.0      1.78 

Overall    75                  38.0 
 

H = 7.10  DF = 4  P = 0.131 
  H = 7.74  DF = 4  P = 0.102 (adjusted for ties) 

 
 
Figure 4-97: Kruskal-Wallis Test for Questions 2 and 19 

 
 
 

Once again, the null hypothesis cannot be disproved. Therefore, the answers to 

question 19 are not dependent on the answers to question 2. Now, let’s look at the 
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possible interaction between question 20, the attribute of unplanned reactor shutdowns, 

and question 2. This is shown below. 

 
Kruskal-Wallis Test on C20 

 
C2          N    Median    Ave Rank         Z 
2           2     3.500        32.7     -0.35 
3          55     4.000        38.3      0.20 
5          12     4.000        36.0     -0.35 
6           3     3.000        24.8     -1.07 
9           3     5.000        57.0      1.54 

Overall    75                  38.0 
 

H = 3.60  DF = 4  P = 0.462 
  H = 4.21  DF = 4  P = 0.379 (adjusted for ties) 

 
 
Figure 4-98: Kruskal-Wallis Test for Questions 2 and 20 

 
 
 

The results are the same as the previous analyses. That is, the null hypothesis cannot 

be rejected. This means the answers to question 20 are not dependent on the answers to 

question 2. The below analysis shows the possible relationship between question 2 and 

question 21. 

 
Kruskal-Wallis Test on C21 

 
C2          N    Median    Ave Rank         Z 
2           2     3.000        26.8     -0.74 
3          55     4.000        38.6      0.38 
5          12     4.000        33.3     -0.81 
6           3     4.000        45.8      0.64 
9           3     4.000        45.8      0.64 

Overall    75                  38.0 
 

H = 1.90  DF = 4  P = 0.755 
  H = 2.28  DF = 4  P = 0.685 (adjusted for ties) 

 
 
Figure 4-99: Kruskal-Wallis Test for Questions 2 and 21 

 
 

 

Once again, the null hypothesis cannot be rejected. This indicates no relationship 

between the answers to question 21 and question 2. The next analysis looks at the 
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possible relationship between question 22, human error prevention, and question 2. A 

reminder, this is also one of the top attributes as determined by the descriptive statistics.  

 
Kruskal-Wallis Test on C22 

 
C2          N    Median    Ave Rank         Z 
2           2     4.000        33.7     -0.28 
3          55     5.000        39.4      0.93 
5          12     4.500        36.2     -0.30 
6           3     5.000        39.5      0.12 
9           3     4.000        20.5     -1.42 

Overall    75                  38.0 
 

H = 2.33  DF = 4  P = 0.675 
  H = 2.85  DF = 4  P = 0.583 (adjusted for ties) 

 
 
Figure 4-100: Kruskal-Wallis Test for Questions 2 and 22 

 
 

The results for this important attribute are the same as the previous analyses. That is, 

there is no dependence for the answers to question 22 on the answers to question 2. The 

final analysis, shown below, determines any relationship between question 2 and question 

23, the attribute of process control. 

 
Kruskal-Wallis Test on C23 

 
C2          N    Median    Ave Rank         Z 
2           2     3.500        35.2     -0.18 
3          55     4.000        38.7      0.44 
5          12     4.000        38.3      0.06 
6           3     3.000        24.3     -1.11 
9           3     4.000        39.8      0.15 

Overall    75                  38.0 
 

H = 1.29  DF = 4  P = 0.863 
  H = 1.49  DF = 4  P = 0.828 (adjusted for ties) 

 
Figure 4-101: Kruskal-Wallis Test for Questions 2 and 23 
 

The final result is the same as the previous analyses. Thus, the null hypothesis cannot 

be rejected, which indicates no relationship between the answers to question 23 and the 

answers to question 2.  
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The results of these Kruskal-Wallis analyses show that there is no relationship 

between the responses to the eleven nuclear attributes and the identified purpose of the 

self-assessment process. Thus, it is not possible to derive a different list of attributes 

based solely on those that belief the purpose of the process is continuous improvement.  

4.11 Hypothesis 5, Naval Nuclear Comparison 

Once again, the results of the commercial survey will be compared to those of the 

naval nuclear responses just for information. Two analyses in this section determine the 

five most important attributes for consideration during performance of self-assessments 

in nuclear power. The first is simply the descriptive statistics and mean values for 

questions 13 through 23. These questions represent the eleven proposed attributes. 

Following this analysis, Kruskal-Wallis analysis will be performed between question 2 

and questions 13 through 23. This will determine if there is any statistically significant 

relationship between the identified purpose of self-assessments and the proposed 

attributes.  

The first analysis begins below. The first result shown is the descriptive statistics for 

question 13.  

 

Variable             N       Mean     Median     TrMean      StDev    
SE Mean 
C13                 20      3.350      3.000      3.389      1.137      
0.254 
 
Variable       Minimum    Maximum         Q1         Q3 
C13              1.000      5.000      3.000      4.000 
 
Figure 4-102: Descriptive Statistics for Question 13, Naval Nuclear  
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Figure 4-103: Histogram of Question 13, Naval Nuclear 

 

This result is similar to that for commercial nuclear. The mean here is 3.35, while the 

commercial mean is 3.43. The statistics for question 14 are shown below. 

 

Variable             N       Mean     Median     TrMean      StDev    
SE Mean 
C14                 20      3.150      3.000      3.167      1.040      
0.233 
 
Variable       Minimum    Maximum         Q1         Q3 
C14              1.000      5.000      2.250      4.000 

 

Figure 4-104: Descriptive Statistics for Question 14, Naval Nuclear 
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Figure 4-105: Histogram of Question 14, Naval Nuclear 

 

The mean for the above is seen to be 3.15. The commercial result was 2.96 for this 

question. Again, there is close agreement between the two surveys. The statistics for 

question 15 are shown next.  

 
 
Variable             N       Mean     Median     TrMean      StDev    
SE Mean 
C15                 20      4.500      5.000      4.611      0.889      
0.199 
 
Variable       Minimum    Maximum         Q1         Q3 
C15              2.000      5.000      4.000      5.000 

 

Figure 4-106: Descriptive Statistics for Question 15, Naval Nuclear 
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Figure 4-107: Histogram of Question 15, Naval Nuclear  

 

There is some difference for this question between naval nuclear and commercial. 

The mean value here is 4.50 while the previous analysis (commercial) showed 3.95. It 

appears as if the naval nuclear respondents believe more strongly that “Safety System 

Availability” is more important. The results for question 16 are depicted next. 

 

Variable             N       Mean     Median     TrMean      StDev    
SE Mean 
C16                 20      4.150      4.500      4.278      1.089      
0.244 
 
Variable       Minimum    Maximum         Q1         Q3 
C16              1.000      5.000      3.250      5.000 
 
Figure 4-108: Descriptive Statistics for Question 16, Naval Nuclear 
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Figure 4-109: Histogram of Question 16, Naval Nuclear 

 

There is good agreement on this question. The mean here is 4.15, while the previous 

mean for commercial nuclear was 4.09. In addition, the distributions are very similar. 

Question 17 is shown below. 

 
 
Variable             N       Mean     Median     TrMean      StDev    
SE Mean 
C17                 20      4.200      4.000      4.222      0.834      
0.186 
 
Variable       Minimum    Maximum         Q1         Q3 
C17              3.000      5.000      3.250      5.000 
 
Figure 4-110: Descriptive Statistics for Question 17 
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Figure 4-111: Histogram of Question 17, Naval Nuclear 

 
 

There is some difference in the case of question 17 above. The mean here is 4.20, 

while the previous mean for commercial was 4.03. Question 18 is shown next. 

 

Variable             N       Mean     Median     TrMean      StDev    
SE Mean 
C18                 20      4.300      4.500      4.389      0.865      
0.193 
 
Variable       Minimum    Maximum         Q1         Q3 
C18              2.000      5.000      4.000      5.000 
 
Figure 4-112: Descriptive Statistics for Question 18, Naval Nuclear 
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Figure 4-113: Histogram of Question 18, Naval Nuclear 

 
 

The disparity is not great in this case. The means are 4.30 and 4.12 respectively for 

naval nuclear and commercial nuclear. The distributions are also similar. The analysis for 

question 19 is depicted next. 

 
Variable             N       Mean     Median     TrMean      StDev    
SE Mean 
C19                 20      3.250      3.000      3.278      1.070      
0.239 
 
Variable       Minimum    Maximum         Q1         Q3 
C19              1.000      5.000      3.000      4.000 
 
Figure 4-114: Descriptive Statistics for Question 19, Naval Nuclear 
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Figure 4-115: Histogram of Question 19, Naval Nuclear 

 
 

There is a slight difference in the case of question 19 above. Question 19 is the 

attribute of “Business Competitiveness”. The naval nuclear respondents believed this 

somewhat more important (mean=3.25) than the commercial nuclear respondents 

(mean=3.04). This is quite interesting as some of the naval nuclear respondents work for 

government shipyards that are not-for-profit. Question 20 is shown next.  

 

Variable             N       Mean     Median     TrMean      StDev    
SE Mean 
C20                 20      3.800      4.000      3.889      1.105      
0.247 
 
Variable       Minimum    Maximum         Q1         Q3 
C20              1.000      5.000      3.000      5.000 
 
Figure 4-116: Descriptive Statistics for Question 20, Naval Nuclear 
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Figure 4-117: Histogram of Question 20, Naval Nuclear  

 
 

There is some similarity in this question, although the distributions look slightly 

different. The mean for naval nuclear shown here is 3.80, while the mean for commercial 

power is 4.053. Question 21 is shown next.  

 

Variable             N       Mean     Median     TrMean      StDev    
SE Mean 
C21                 20      3.750      4.000      3.778      1.020      
0.228 
 
Variable       Minimum    Maximum         Q1         Q3 
C21              2.000      5.000      3.000      4.750 

 

Figure 4-118: Descriptive Statistics for Question 21 Naval Nuclear 
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Figure 4-119: Histogram of Question 21, Naval Nuclear 

 

Once again, the distributions are shaped somewhat different, although the means are 

not significantly different (naval = 3.75, commercial = 3.60). The analysis for question 22 

is depicted next.  

 

Variable             N       Mean     Median     TrMean      StDev    
SE Mean 
C22                 20      4.100      4.000      4.111      0.788      
0.176 
 
Variable       Minimum    Maximum         Q1         Q3 
C22              3.000      5.000      3.250      5.000 
 
Figure 4-120: Descriptive Statistics for Question 22, Naval Nuclear 
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Figure 4-121: Histogram of Question 22, Naval Nuclear 

 
 

The results for this question are interesting. The means are actually quite close. The 

naval nuclear mean is 4.10, while the commercial nuclear mean is 4.15. However, the 

distributions are quite different in appearance. The commercial nuclear distribution is 

skewed much more to the right than the naval nuclear distribution. The final analysis, 

question 23, is shown below. 

 

Variable             N       Mean     Median     TrMean      StDev    
SE Mean 
C23                 20      4.150      4.000      4.167      0.813      
0.182 
 
Variable       Minimum    Maximum         Q1         Q3 
C23              3.000      5.000      3.250      5.000 
 
Figure 4-122: Descriptive Statistics for Question 23, Naval Nuclear 
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Figure 4-123: Histogram of Question 23, Naval Nuclear 

 
 

The difference in distributions here is once again noticeable. Also, the difference in 

means is noticeable. The mean here is 4.15, while the commercial nuclear mean was seen 

to be 3.49.  

Now, using the descriptive statistics shown above, it is seen that the five highest 

means are the following attributes: 

1. Safety System Availability 

2. Personnel Training and Qualification 

3. Regulatory Findings 

4. Emergency Response Organization Performance* 

5. Process Control* 

* same score 
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This result is surprising. When compared to the top five attributes identified by 

commercial nuclear respondents, the lists are somewhat different. “Safety System 

Availability” is at the top of the list above for naval nuclear and it does not make the list 

of top five for commercial nuclear. In addition, “Human Error Prevention” was the top of 

the list for the commercial nuclear respondents and does not make the list shown above 

for naval nuclear. This was not expected. The issue of human error prevention is 

important in both naval nuclear and commercial nuclear power. Also, “Process Control” 

is on the naval nuclear list above and not on the commercial nuclear top five list. Finally, 

the “Unplanned Reactor Shutdowns” attribute, which is number three on the commercial 

nuclear list, does not make the list for naval nuclear power. This is to be expected. This 

attribute means something wholly different to the commercial nuclear operators.  

The second analysis, Kruskal-Wallis between question 2 and questions 13 through 23 

begins below.  

 

Kruskal-Wallis Test on C13 
 

C2          N    Median    Ave Rank         Z 
2           2     4.000        13.5      0.76 
3           9     3.000        11.4      0.65 
4           1     3.000         8.5     -0.35 
5           2     2.000         3.0     -1.89 
6           1     4.000        14.5      0.69 
7           1     3.000         8.5     -0.35 
9           4     3.500        10.6      0.05 

Overall    20                  10.5 
 

H = 4.65  DF = 6  P = 0.590 
  H = 5.06  DF = 6  P = 0.537 (adjusted for ties) 

 
Figure 4-124: Kruskal-Wallis Test for Questions 2 and 13, Naval Nuclear 
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The highlighted p-value above shows that the null hypothesis cannot be rejected in 

this case. This is consistent with the commercial nuclear analysis for these questions. The 

next Kruskal-Wallis analysis is shown below for questions 2 and 14.  

 

Kruskal-Wallis Test on C14 
 

C2          N    Median    Ave Rank         Z 
2           2     3.000         9.5     -0.25 
3           9     3.000        11.4      0.65 
4           1     3.000         9.5     -0.17 
5           2     2.000         3.5     -1.76 
6           1     4.000        16.0      0.95 
7           1     3.000         9.5     -0.17 
9           4     3.500        11.5      0.38 

Overall    20                  10.5 
 

H = 4.12  DF = 6  P = 0.660 
  H = 4.51  DF = 6  P = 0.608 (adjusted for ties) 

 
Figure 4-125: Kruskal-Wallis Test for Questions 2 and 14, Naval Nuclear 

 
 
 

Once again, there are similar results between the two survey samples. In both cases 

(naval nuclear and commercial nuclear), the null hypothesis cannot be rejected. This 

means that whatever the identified purpose of the self-assessment process is, it has no 

impact on this attribute (Budget Considerations). The analysis for questions 2 and 15 is 

shown next.  
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Kruskal-Wallis Test on C15 
 

C2          N    Median    Ave Rank         Z 
2           2     4.500         9.3     -0.31 
3           9     5.000        10.1     -0.27 
4           1     5.000        13.5      0.52 
5           2     5.000        13.5      0.76 
6           1     5.000        13.5      0.52 
7           1     2.000         1.0     -1.65 
9           4     5.000        11.4      0.33 

Overall    20                  10.5 
 

H = 3.82  DF = 6  P = 0.701 
  H = 5.84  DF = 6  P = 0.441 (adjusted for ties) 

 
Figure 4-126: Kruskal-Wallis Test for Questions 2 and 15, Naval Nuclear 

 

The results are similar again. In both cases, the null hypothesis cannot be rejected. 

The next analysis is for questions 2 and 16. It is shown below. 

 

Kruskal-Wallis Test on C16 
 

C2          N    Median    Ave Rank         Z 
2           2     4.500        11.8      0.31 
3           9     5.000        12.5      1.37 
4           1     5.000        15.5      0.87 
5           2     4.500        11.8      0.31 
6           1     4.000         8.0     -0.43 
7           1     3.000         3.5     -1.21 
9           4     3.000         5.9     -1.75 

Overall    20                  10.5 
 

H = 5.94  DF = 6  P = 0.429 
  H = 6.97  DF = 6  P = 0.324 (adjusted for ties) 

 
Figure 4-127: Kruskal-Wallis Test for Questions 2 and 16, Naval Nuclear 

 

The p-value above indicates that the null hypothesis cannot be rejected. Therefore, 

there is no statistically significant relationship between these two questions. This is 

similar to the commercial nuclear response. The next analysis is below. 
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Kruskal-Wallis Test on C17 
 

C2          N    Median    Ave Rank         Z 
2           2     4.500        12.3      0.44 
3           9     4.000         9.2     -0.91 
4           1     4.000         8.5     -0.35 
5           2     4.000         9.5     -0.25 
6           1     5.000        16.0      0.95 
7           1     4.000         8.5     -0.35 
9           4     5.000        12.8      0.85 

Overall    20                  10.5 
 

H = 2.36  DF = 6  P = 0.884 
  H = 2.72  DF = 6  P = 0.843 (adjusted for ties) 

 
Figure 4-128: Kruskal-Wallis Test for Questions 2 and 17, Naval Nuclear 

 
As in the previous cases, the null hypothesis cannot be rejected, which is the same 

result as the commercial nuclear respondents. The Kruskal-Wallis test for questions 2 and 

18 is depicted below.  

 
Kruskal-Wallis Test on C18 

 
C2          N    Median    Ave Rank         Z 
2           2     4.000         9.0     -0.38 
3           9     4.000        10.8      0.19 
4           1     4.000         7.0     -0.61 
5           2     3.500         8.3     -0.57 
6           1     5.000        15.5      0.87 
7           1     4.000         7.0     -0.61 
9           4     5.000        12.3      0.66 

Overall    20                  10.5 
 

H = 2.20  DF = 6  P = 0.900 
  H = 2.64  DF = 6  P = 0.852 (adjusted for ties) 

 
Figure 4-129: Kruskal-Wallis Test for Questions 2 and 18, Naval Nuclear 

 

The null hypothesis cannot be rejected here. The next analysis is shown below. 
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Kruskal-Wallis Test on C19 
 

C2          N    Median    Ave Rank         Z 
2           2     3.000         9.0     -0.38 
3           9     3.000        12.0      1.03 
4           1     3.000         9.0     -0.26 
5           2     3.500        12.3      0.44 
6           1     4.000        15.5      0.87 
7           1     3.000         9.0     -0.26 
9           4     2.000         6.5     -1.51 

Overall    20                  10.5 
 

H = 3.55  DF = 6  P = 0.737 
  H = 3.96  DF = 6  P = 0.681 (adjusted for ties) 

 
Figure 4-130: Kruskal-Wallis Test for Questions 2 and 19, Naval Nuclear 

 

Similar to the previous analyses and the commercial nuclear analyses, we cannot 

reject the null hypothesis for the case of questions 2 and 19. The next analysis is for 

questions 2 and 20 below.  

 

Kruskal-Wallis Test on C20 
 

C2          N    Median    Ave Rank         Z 
2           2     4.000        11.3      0.19 
3           9     4.000         8.6     -1.29 
4           1     5.000        17.5      1.21 
5           2     5.000        17.5      1.76 
6           1     5.000        17.5      1.21 
7           1     4.000        11.0      0.09 
9           4     3.500         7.2     -1.23 

Overall    20                  10.5 
 

H = 7.76  DF = 6  P = 0.256 
  H = 8.47  DF = 6  P = 0.206 (adjusted for ties) 

 
Figure 4-131: Kruskal-Wallis Test for Questions 2 and 20, Naval Nuclear 

 

Once again, the null hypothesis cannot be rejected in this case. This is similar to the 

commercial nuclear test for these questions. The next analysis is a Kruskal-Wallis test for 

questions 2 and 21 below. 
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Kruskal-Wallis Test on C21 
 

C2          N    Median    Ave Rank         Z 
2           2     3.500         8.5     -0.50 
3           9     4.000         9.8     -0.46 
4           1     5.000        18.0      1.30 
5           2     3.500        10.0     -0.13 
6           1     4.000        11.5      0.17 
7           1     4.000        11.5      0.17 
9           4     4.000        10.9      0.14 

Overall    20                  10.5 
 

H = 2.04  DF = 6  P = 0.916 
  H = 2.24  DF = 6  P = 0.897 (adjusted for ties) 

 
Figure 4-132: Kruskal-Wallis Test for Questions 2 and 21, Naval Nuclear 

 

As in the previous cases, as well as the commercial analysis, the null hypothesis 

cannot be rejected in this case. The analysis for questions 2 and 22 is shown next. 

 

Kruskal-Wallis Test on C22 
 

C2          N    Median    Ave Rank         Z 
2           2     4.500        13.3      0.69 
3           9     4.000         8.2     -1.60 
4           1     5.000        17.0      1.13 
5           2     5.000        17.0      1.64 
6           1     3.000         3.0     -1.30 
7           1     4.000         9.5     -0.17 
9           4     4.500        11.6      0.43 

Overall    20                  10.5 
 

H = 7.23  DF = 6  P = 0.300 
  H = 8.22  DF = 6  P = 0.222 (adjusted for ties) 

 
Figure 4-133: Kruskal-Wallis Test for Questions 2 and 22, Naval Nuclear 

 

Once again, there is no statistically significant relationship between the responses to 

these questions. The final Kruskal-Wallis test, for questions 2 and 23, is shown next. 
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Kruskal-Wallis Test on C23 
 

C2          N    Median    Ave Rank         Z 
2           2     4.500        12.8      0.57 
3           9     4.000         7.8     -1.82 
4           1     5.000        16.5      1.04 
5           2     5.000        16.5      1.51 
6           1     3.000         3.0     -1.30 
7           1     4.000         9.0     -0.26 
9           4     5.000        13.1      0.99 

Overall    20                  10.5 
 

H = 7.66  DF = 6  P = 0.264 
  H = 8.71  DF = 6  P = 0.191 (adjusted for ties) 

 
Figure 4-134: Kruskal-Wallis Test for Questions 2 and 23, Naval Nuclear 

 

The final test above shows the same result as its counterpart in the commercial 

nuclear survey. That is, the null hypothesis cannot be rejected.  

Thus, the same result is derived in the analyses of the Kruskal-Wallis tests for the 

naval nuclear respondents as is derived in the same analyses for the commercial nuclear 

survey. That is, there exists no statistically significant relationship between the identified 

purpose of the self-assessment process and any of the proposed eleven attributes. 

Therefore, like commercial nuclear power, it is not possible to elicit a more refined list of 

top attributes based on the perception that continuous improvement is the purpose of the 

process.  
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5 Conclusions and Recommendations 
 

5.1 Conclusions 

Several conclusions have been determined on the basis of this research. These 

conclusions are shown below for each hypothesis.  

Hypothesis 1 

The results for this hypothesis are revealing. This shows that 69% of executives 

understand the purpose of self-assessment (i.e., continuous improvement). It also shows 

that 77% of senior managers, and 69% of middle managers understand the purpose of the 

self-assessment process. From an overall perspective, 73% of those that responded 

believe that the purpose of the self-assessment process is continuous improvement. In 

addition, all three levels of management believe that the self-assessment results are 

viewed by the senior management team. This is revealing in that it indicates a significant 

level of knowledge of the process. Further, the survey results demonstrate on 

overwhelming understanding of the purpose of the process, which is continuous 

improvement. 

Clearly, this is not what my belief was prior to conducting the research. 

Management’s understanding of the purpose of the self-assessment process is more 

sophisticated than I understood it to be in the nuclear industry. 

The results from these analyses also indicate that there is a correlation between 

question 3 (self-assessment process improves performance) and question 9 (self-

assessments are performed more than once per year), and between question 3 and 

question 11 (causal analysis is used when there is a gap identified).  
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In short, the results of the investigation indicate that the level of knowledge of the 

self-assessment process in the nuclear industry is very mature, and that there is a large 

investment in the process in this industry. 

Hypothesis 1, Naval Nuclear  

Similar to the results above for the commercial nuclear survey, the senior level 

managers once again have the correct concept of the purpose of the self-assessment 

process (80%  believe that the purpose is continuous improvement). Further, 44% of 

middle level managers and 25% of the supervisors understand that continuous 

improvement is the purpose of the process. However, it is important to note that this is a 

much smaller sample size (20 responses) than the commercial nuclear responses (75 

responses). In addition, there is only one executive level response from the naval nuclear 

responses. As is the case in the commercial nuclear responses, the predominant overall 

belief from the respondents is that continuous improvement is the purpose. Nearly half of 

the naval nuclear respondents believe that this is true.  

The Kruskal-Wallis analyses for Hypothesis 1 for naval nuclear realize the same 

results as those for commercial nuclear power. That is, there is no statistically significant 

relationship between question 2 and questions 4, 5, 9, 10, and 11. 

There is also one difference in the correlation analysis when compared to the 

commercial nuclear responses. In the case of the naval nuclear power, there is no 

correlation indicated between questions 3 and 9, which was not the case in the 

commercial nuclear analysis.  
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Hypothesis 2 

The purpose of the self-assessment process is to measure performance regarding the 

organization’s drive for continuous improvement (Caffyn, 1999). The overwhelming 

response (73%) is the selection for continuous improvement. Prior to this research, I 

would not have envisioned continuous improvement as the choice that the industry would 

select. This was also somewhat of a surprise. In fact, my belief prior to the survey was 

that selection 2 (prevent regulatory findings) would be the predominant response. Yet, 

response 2 was only chosen twice. Clearly, the industry believes that the purpose of the 

self-assessment process is continuous improvement. This indicates that the self-

assessment process is aligned with those performed in other industries. 

After it was determined that self-assessment in the nuclear industry is performed for 

the purpose it was designed for (continuous improvement), the next step in the hypothesis 

was to draw some conclusions regarding the effectiveness of the process relative to other 

industries. This was done by determining whether the survey respondents believe that the 

process improves performance and comparing this to research in the literature for other 

industries.  

The first step was to review the descriptive statistics for the responses to question 3 

(the belief that self-assessment improves performance). These portray a strong belief that 

the process improves performance in the nuclear industry. The mean for this response is 

1.43, which indicates a belief between “strongly agree” and “agree”. Then, when 

compared to a survey conducted in 2000 in the Boston area (Van der Wiele, Brown, 

Millen, Whelan, 2000), that score was 3.40 on a 5 point scale (1 is no improvement, 5 is 

considerable improvement).  
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As a result, it can be seen that the self-assessment process in the nuclear industry is 

viewed as improving organizational performance comparable to other industries. This is 

another surprising revelation in this research. 

Hypothesis 2, Naval Nuclear 

The naval nuclear results are somewhat different for this hypothesis. In this case, 45% 

of the respondents believe that continuous improvement is the purpose. This is much 

smaller than the 73% for commercial nuclear power. It appears as if the largest difference 

is in the “Other” category. This was selected 4 times out of 20 responses here. This 

category was only selected twice out of 75 responses for commercial nuclear.  

The comparison to the greater Boston area survey conducted by the American Society 

for Quality (ASQ) shows a similar response for naval nuclear on the belief that the 

process improves performance. The ASQ survey had a mean response of 3.40 on 1 to 5 

scale (1 = no improvement, 5 = considerable improvement) while the naval nuclear 

response was 1.95 on a 1 to 5 scale (1 = strongly agree, 5 = strongly disagree). Thus, it 

appears as if the naval nuclear respondents have the same relative belief as other 

industries about the impact of the process.  

Hypothesis 3 

Once again it was seen that of the respondents, 69% percent of the executives, 77% of 

senior managers, and 69% of the middle managers believe that the purpose of self-

assessment is continuous improvement (response 3). This shows that the senior level 

managers maintain the best concept of the purpose of the process.  
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Given that there was some difference in the perceptions of the purpose of self-

assessment for the different management levels, it was then important to assess the cause 

and effects of these differences on the value-added benefits of the process (value-added 

benefits are, linking the process to business planning, and performing causal analysis on 

identified gaps).  

The results show that there may be a cause and effect relationship between 

management identified purpose and whether self-assessment outcomes are linked to the 

business planning process. Once again, this is a surprise in this research. What is 

important to note here is that as the level of management goes from executive and senior 

manager, both of which indicate that results are tied to business planning, to middle 

management, there is somewhat of a shift. The middle management respondents are 

neutral on whether results of self-assessments are tied into the business planning process. 

The conclusion here is that there may be a cause and effect relationship between the 

level of management and whether outcomes are tied to the business planning process.  

Hypothesis 3, Naval Nuclear 

As noted previously, there are differences in the perception of the purpose of the self-

assessment process in the naval nuclear program. However, these differences are even 

more pronounced here. Clearly, 80% of the senior level managers understand the 

purpose, while only 44% of the middle level managers and 25% of the supervisors 

understand this. In addition, the only executive to respond to the naval nuclear survey 

indicated the category of “Other” for this.  

Recall that the Kruskal-Wallis analyses determined that there may be a statistically 

significant relationship between level of management and the belief that the self-
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assessment outcomes are tied to the business planning process for the commercial nuclear 

industry. This was not the case in naval nuclear power. The two Kruskal-Wallis analyses 

here show no relationship between level of management and either outcomes tied to the 

business planning process, or whether causal analysis is used when gaps are identified.  

Hypothesis 4 

Hypothesis 2 has shown that the respondents believe that the self-assessment process 

improves performance in the nuclear industry. 

Upon an analysis of the data, it was somewhat surprising to find no correlation 

between question 3 (performance improvement) and the eleven attributes, which are 

questions 13 through 23. Part of the intent of this hypothesis was to identify any of these 

correlations in order to drive improved productivity in the self-assessment process in the 

nuclear industry. 

Thus, the belief that self-assessment improves performance does not have any impact 

on the selection of attributes that are most important to self-assessment in the nuclear 

industry. 

Hypothesis 4, Naval Nuclear 

Unlike the commercial nuclear analyses for this hypothesis, two of the correlation 

analyses for naval nuclear indicate that there may be a correlation with question 3. First 

of all, there is a positive correlation indicated between question 3 and question 14. This 

means that the more a respondent disagrees that the process improves performance, the 

more important they believe budget considerations are as an attribute. This seems to 

make sense. If a respondent does not believe much in the process, that respondent is 

probably more concerned about budget issues.  
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The second difference in correlation analysis is the indication of negative correlation 

between question 3 and question 23 for naval nuclear. This means that the more a 

respondent believes the process improves performance, the more important they consider 

the attribute of process control.  

Hypothesis 5 

Utilizing descriptive statistics alone, the top five attributes ranked in order of 

importance are: 

1. Human error prevention 

2. Personnel training and qualification 

3. Emergency response organization performance 

4. Unplanned reactor shutdowns 

5. Regulatory findings 

These are the attributes that are the most important for performing self-assessments in 

the nuclear industry utilizing descriptive statistics alone. However, it’s important to 

review the eleven attributes when each one is compared to question 2, which identifies 

the purpose of self-assessment. 

The results of these analyses show that there is no relationship between the responses 

to the eleven nuclear attributes and the identified purpose of the self-assessment process.  

One surprising finding in these analyses is that the attribute “Safety System 

Availability” does not show up in the top five attributes. In fact, “Regulatory Findings” 

ranks ahead of this attribute.  
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Hypothesis 5, Naval Nuclear 

The top five attributes identified for naval nuclear self-assessments using the 

descriptive statistics are listed below. 

1. Safety System Availability 

2. Personnel Training and Qualification 

3. Regulatory Findings 

4. Emergency Response Organization Performance* 

5. Process Control* 

* same score 

This list is quite a bit different than that of the commercial nuclear industry. However, 

that is probably to be expected. Although both industries have a rather long history now 

(approximately 50 years), the focus of each is somewhat different. The naval nuclear 

program has many of Admiral Rickover’s attributes still inculcated in its very core. That 

is, that training and oversight are the backbone of the program’s safety record. Yet, the 

commercial nuclear industry is also very safety conscious. However, this industry 

became much more focused and rigid following the Three Mile Island accident in 1979. 

And of course, the reason for each program differs considerably. The focus of naval 

nuclear power is propulsion for combat vessels, while commercial nuclear power is 

focused on making megawatts (sales). 

The Kruskal-Wallis analyses for this hypothesis, which are between question 2 and 

questions 13 through 23, reached the same result as the commercial nuclear analyses. 

That is that there is no statistically significant relationship between the belief that the 

process improves performance and the eleven proposed self-assessment attributes.  
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Industry Implications 

The implications of these findings for the nuclear power industry are significant. The 

industry is now poised for the construction of a standard self-assessment model. This will 

allow the users to assess the critical attributes that the industry has identified as 

important. It will also allow the user organizations to more closely compare themselves 

with the other user organizations.  

5.2 Recommendations 

While the identification of the significant, prioritized attributes for nuclear self-

assessments is an important first step, it is logical that further research can construct a 

standard model for these assessments through the use of these attributes. Further, it also 

may be worth further exploring the difference in perceptions of the nuclear self-

assessments that the different management levels possess. Finally, it may prove 

worthwhile to investigate the difference in belief that different management levels retain 

regarding the connection of the self-assessment process to the business planning process.   
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Appendix A 
 

Organizational Self-Assessment 
Research Survey 

 
 
 

1.  Does your organization perform self-assessments? 
 

_______ Yes 
 
_______ No (if no, please skip questions 2 through 25) 
 
 
 
 
 
 
  

2. In your opinion, which of the below best describes the primary purpose of  
performing self-assessments? (Please select only one from the list) 

 
_______  Audit 

 
_______ Prevent Regulatory Findings 

 
_______ Continuous Improvement 

 
_______ Improve Customer Satisfaction 

 
_______ Drive Business Excellence 

 
_______ Identify Process Improvements 

 
_______ Total Quality Management (TQM) 

 
_______ Strive for Cost Reduction 

 
_______Other (please identify below) 

 

    ______________________ 
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Please pick a number from the scale to show how much you agree or disagree 
with each statement and jot it in the space to the right of the item. 
 
 

Scale 
 

1. Strongly agree 
2. Agree 
3. Neutral 
4. Disagree 
5. Strongly disagree 

 
 
3. The self-assessment process in nuclear power improves performance _____ 
 
4. Adequate resources are devoted to the self-assessment process  _____ 
 
5. Outcomes of the self-assessment process are linked to the business _____ 
    planning process  
 
6. Self-assessment results are viewed by senior managers   _____ 
 
7. Self-assessment process is used due to pressure from the regulator _____ 
 
8. The self-assessment utilizes company metrics as input to the  _____ 
    assessment process 
 
9. We perform self-assessments more than once per year   _____ 
 
10. We train our employees how to perform self-assessments  _____ 
 
11. When the self-assessment identifies a performance gap,    _____ 
      the gap is investigated to determine the causal process or  
      policy. 
 
12  We have a documented, specific methodology for conducting  _____ 

self-assessments. 
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For the purpose of self-assessment in the nuclear power industry, how important 
is each attribute listed below? 
 
If you feel the attribute is extremely important, pick a number from the far right 
side of the scale and jot it in the space beside the item. If you feel it’s extremely 
unimportant, pick a number from the far left, and if you feel the importance is 
between these extremes, pick a number from someplace in the middle of the 
scale to show your opinion. 
 
 

Extremely  1 2 3 4 5  Extremely 
Unimportant        Important 
 
 

13. Schedule Adherence………………………………………………  _______ 
 
14. Budget Considerations…………………………………………….  _______ 
 
15. Safety System Availability…………………………………………  _______ 
 
16. Emergency Response Organization Performance……………..  _______ 
 
17. Regulatory Findings………………………………………………..  _______ 
 
18. Personnel Training and Qualification…………………………….  _______ 
 
19. Business Competitiveness…………………………………………  _______ 
 
20. Unplanned Reactor Shutdowns…………………………………..   _______ 
 
21. Company Performance Indicators…………………………………  _______ 
 
22. Human error prevention……………………………………………  _______ 
 
23. Process control………………………………………………………  _______ 
 
24. Other (please indicate below what the attribute is)……………..  _______ 
 
  _______________________________________________ 
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25.   Please indicate in the list below the selection that best represents who 
conducts self-assessments in your organization. (Please select only one 
item from the list) 

 
_______ Company employees 

 
_______ People external to the company 

 
_______ Company employees AND people external to the  
      company 

 
_______  No one performs self-assessments 

 
 
 

26.   Please indicate your level in the organization by placing an ‘x’ in one of  
the boxes below. (please select only one) 

 
   Executive   _______ 
 
   Senior Management _______ 
 
   Middle Management _______ 
 
   First Line Supervision _______ 
 
   Individual Contributor _______ 
 
 
 

27.     Are you interested in receiving the results of this research? 
 

Yes  _______ 
 
No  _______ 
 

If yes, please provide name and address below. 
 
_________________________________________ 
 
_________________________________________ 
 
_________________________________________ 

 
 
 



 149

Appendix B 
 

Sample Survey Letter 
 
109 Crescent Drive 
Williamsburg, VA 23188 
 
October 29, 2007 
 
Quality Manager 
Arkansas Nuclear One 
1448 S. R. 333 
Rusellville, AR 72801-0967 
 
 
Dear Quality Manager, 
 
I am currently enrolled as a doctoral student in the Engineering Management and System 
Engineering (EMSE) department at The George Washington University. My dissertation 
advisor in the EMSE department is Dr. Frank Allario. As part of this program, I am 
performing dissertation research in the area of organizational self-assessment within the 
nuclear industry. This survey will serve as part of that research. Thus, your opinion is a 
valuable part of this study. I have been involved in the nuclear industry for twenty-five 
years now and I know that your time is at a premium. However, I promise you that this 
survey is brief and will only take a moment of your time. In addition, I have enclosed two 
extra surveys in the hope that you may solicit the support of two people who are actually 
involved in performing self-assessments to fill them out and return them. 
 
You can be absolutely sure that all of the information you provide is strictly confidential 
and that none of the respondents will be identified. If you are interested in the research 
findings, the survey provides you an opportunity to identify yourself for that purpose. I 
would be happy to send you the results when they are complete.  
 
Your honest impressions and opinions are important. Please complete and return this 
form at your earliest convenience. Thank you very much for your time.  
 
 
Yours sincerely, 
 
 
 
Raymond J. Riha 
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33 1 3 1 2 2 1 5 1 1 1 1 2 3 2 3 3 4 4 3 3 4 4 3 * 3 2 2
34 1 9 1 3 2 1 5 3 1 1 1 1 3 3 5 5 5 5 4 5 3 4 3 * 3 2 2
35 1 3 2 2 2 1 4 2 2 2 2 1 4 3 5 4 4 4 3 5 2 4 2 * 3 1 1
36 1 3 1 2 2 2 4 2 1 2 3 1 4 3 5 4 4 5 4 5 5 5 4 * 3 2 2
37 1 3 1 2 2 1 3 2 1 2 2 1 3 3 4 3 4 5 3 4 4 5 4 * 1 1 2
38 1 5 1 1 2 2 4 2 1 2 1 1 3 2 5 5 4 5 3 4 3 5 4 * 3 1 1
39 1 3 1 2 3 2 5 3 1 4 2 2 4 4 5 5 4 5 3 5 4 5 4 * 3 2 1
40 1 3 2 2 1 1 3 1 1 1 2 1 4 4 5 5 5 4 4 4 4 4 4 * 3 3 2
41 1 3 1 2 2 1 2 2 1 1 2 1 4 4 5 4 4 5 4 5 3 5 3 * 3 1 1
42 1 3 1 2 1 1 4 2 1 1 1 1 3 4 5 5 5 5 5 5 5 5 5 * 3 2 1
43 1 5 2 4 2 1 5 2 1 1 2 1 3 4 5 5 4 3 3 5 4 5 4 * 1 3 1
44 1 9 1 2 3 1 4 2 1 2 2 1 3 3 5 5 5 5 4 5 5 4 4 * 3 2 1
45 1 3 2 4 3 2 4 2 2 2 2 2 3 3 3 4 4 3 4 3 4 4 5 * 3 3 2
46 1 3 1 3 2 1 3 2 1 2 2 1 5 3 5 5 4 3 3 3 3 3 4 * 3 5 1
47 1 3 1 1 1 1 4 2 1 1 1 1 2 2 1 1 2 1 1 1 2 1 2 * * * *
48 1 3 1 1 4 2 5 3 1 2 4 1 3 2 3 4 3 5 3 5 4 4 4 * 3 1 2
49 1 3 1 2 2 1 4 3 1 3 1 1 5 5 5 5 5 5 4 5 4 5 4 * 3 1 2
50 1 3 1 2 2 2 5 3 1 2 2 2 4 2 4 4 4 4 2 4 4 5 4 * 3 2 1
51 1 5 1 2 3 2 4 2 1 2 2 1 3 3 4 3 4 4 5 5 4 5 3 * 3 1 1
52 1 3 1 4 2 2 5 3 2 3 3 2 2 1 4 3 5 4 3 4 3 2 2 * 1 5 2
53 1 3 1 2 3 1 4 2 1 4 2 1 5 4 2 3 5 5 1 5 4 1 1 * 3 3 2
54 1 3 1 3 3 1 5 2 1 4 2 2 4 5 2 2 5 5 2 5 4 4 1 * 3 3 2
55 1 3 2 2 3 2 4 2 1 2 2 1 4 4 5 5 5 5 4 5 4 5 5 * 3 4 2
56 1 3 1 2 2 1 3 2 1 1 2 1 4 3 4 4 4 5 5 5 4 5 4 * 3 2 1
57 1 3 1 2 2 1 4 2 1 1 1 1 4 2 5 5 3 5 2 5 4 5 4 * 3 2 2
58 1 3 1 2 3 1 4 2 1 3 2 1 4 2 5 5 5 5 3 4 3 5 3 * 3 3 2
59 1 3 1 1 2 1 4 1 1 1 2 1 2 2 1 2 2 1 1 2 1 1 2 * 3 1 1
60 1 3 2 2 2 2 4 2 2 2 4 2 2 2 4 4 4 4 2 4 4 4 4 * 3 1 1
61 1 3 1 2 2 2 4 1 1 2 2 1 4 4 5 5 4 4 4 5 5 5 4 * 1 2 1
62 1 2 3 4 3 2 1 4 2 3 3 2 3 2 3 3 5 3 1 2 2 3 3 * 3 1 1
63 1 3 1 3 3 2 4 2 1 2 2 1 3 3 5 5 4 4 3 4 4 5 5 * 1 3 2
64 1 3 1 2 2 2 5 1 1 1 2 2 3 3 2 2 2 2 2 2 2 2 2 * 3 2 1
65 1 3 2 3 4 3 5 2 4 4 3 2 3 3 3 4 4 4 2 4 4 5 4 * 3 2 2
66 1 2 1 2 2 1 4 1 1 2 1 1 3 3 4 4 5 4 3 5 4 5 4 * 3 1 1
67 1 3 2 2 2 2 4 2 1 2 2 1 3 3 5 5 5 4 4 5 4 5 4 5 3 2 2
68 1 5 1 2 2 1 4 2 1 2 3 1 3 2 5 5 5 5 4 4 4 4 3 * 3 1 2
69 1 3 3 2 3 2 3 2 1 2 3 2 2 2 4 5 4 5 2 1 3 4 2 * 3 1 2
70 1 3 1 2 2 1 4 2 1 1 2 2 4 4 3 3 4 4 1 4 4 4 3 * 3 1 2
71 1 3 1 2 2 1 5 2 1 1 1 1 4 2 5 5 5 5 4 5 5 5 3 * 3 1 2
72 1 3 1 1 2 1 4 1 1 1 1 1 3 2 5 5 5 5 4 2 4 5 4 * 3 2 2
73 1 3 1 2 2 1 5 2 1 2 1 1 3 3 5 5 5 5 4 4 4 5 4 5 3 1 1
74 1 3 2 3 2 1 3 2 1 1 2 2 3 2 4 4 4 4 2 3 3 5 4 3 2 1
75 1 5 1 2 2 1 3 2 1 3 1 2 3 3 4 4 3 3 3 4 3 4 5 3 3 2  

Survey 
Question 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 

Respondent
1 1 5 1 2 2 1 3 2 1 1 2 1 4 4 5 5 5 5 3 5 3 5 4 * 3 1 1
2 1 3 5 4 4 3 1 4 5 4 4 4 3 3 4 5 5 5 3 5 4 5 4 * 3 1 1
3 1 3 2 2 2 1 5 2 1 1 2 1 3 1 4 5 3 4 2 4 2 5 4 5 3 2 1
4 1 5 2 2 2 2 3 4 1 2 2 1 3 3 2 4 4 4 3 5 4 5 4 * 1 2 2
5 1 5 1 2 2 1 3 3 1 1 1 1 3 2 1 1 1 1 3 1 2 1 2 * 1 2 1
6 1 5 1 2 1 1 4 2 1 1 1 1 4 4 5 4 3 5 3 4 4 5 4 * 3 1 2
7 1 3 1 2 2 1 4 2 1 2 2 1 4 3 5 4 3 5 4 5 4 5 4 * 3 1 2
8 1 3 2 1 3 2 5 2 1 4 2 2 5 4 5 5 5 5 2 5 4 5 4 5 3 2 1
9 1 5 1 2 2 1 5 1 1 2 2 2 3 3 2 3 1 3 2 1 2 1 3 2 1 2 1
10 1 3 1 2 2 1 3 2 1 2 2 1 4 3 5 5 5 5 4 5 4 5 4 * 3 1 1
11 1 3 1 2 2 1 5 2 1 3 2 1 5 3 4 4 4 5 5 4 3 5 5 * 1 1 1
12 1 3 2 2 3 1 5 2 1 2 2 2 4 3 3 4 3 4 3 3 4 4 4 * 3 1 1
13 1 9 2 3 4 2 4 2 2 1 2 1 2 4 3 3 5 3 4 5 4 3 4 * 3 3 1
14 1 3 1 1 1 1 5 2 1 2 1 1 5 5 5 5 5 5 4 5 5 5 5 * 3 2 2
15 1 3 1 2 3 2 4 2 1 2 1 2 4 3 5 5 5 4 3 5 4 5 3 5 3 2 1
16 1 6 2 2 1 1 5 1 1 3 2 1 4 4 2 3 5 5 1 3 5 5 1 5 3 1 1
17 1 3 1 2 2 2 4 2 1 1 2 2 2 3 4 5 4 5 4 4 4 5 3 * 3 1 1
18 1 3 1 1 1 1 4 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 * 3 1 2
19 1 3 1 2 1 1 3 2 2 2 1 1 4 3 5 5 5 5 4 5 3 4 3 * 3 2 1
20 1 3 2 2 3 1 4 3 1 3 2 1 2 2 4 4 4 4 3 4 3 4 4 * 3 1 2
21 1 3 1 1 3 2 4 3 1 1 2 2 4 4 5 5 5 5 3 5 3 5 4 * 3 1 2
22 1 3 1 2 2 1 5 3 1 1 2 2 4 3 5 4 4 5 4 5 5 5 4 * 1 1 2
23 1 3 2 2 3 1 4 4 1 2 3 2 4 3 4 5 3 4 3 3 3 5 4 * 3 2 2
24 1 3 2 2 3 2 3 3 2 2 1 2 4 2 1 5 3 5 2 4 4 4 5 * 3 3 1
25 1 6 2 3 3 4 4 2 2 4 3 3 3 2 1 3 2 2 3 1 3 2 3 * 3 2 1
26 1 3 5 1 2 2 4 3 1 1 2 1 4 3 5 5 5 4 4 5 3 4 3 * 1 1 1
27 1 3 1 2 2 2 4 1 1 2 2 2 3 4 5 5 5 4 4 5 3 5 3 * 1 2 1
28 1 5 1 2 3 1 4 2 1 1 1 1 4 3 4 4 4 4 3 5 4 4 4 * 3 1 1
29 1 5 2 2 3 2 4 2 1 3 2 1 3 3 5 4 4 4 3 4 4 4 3 * 3 1 1
30 1 3 1 4 4 1 4 2 1 2 2 1 4 5 5 4 5 4 2 5 4 3 3 * 3 3 1
31 1 3 1 5 4 2 4 4 1 4 2 2 3 2 1 2 2 1 3 4 4 2 2 * 3 3 2
32 1 6 1 3 3 2 5 2 1 1 2 1 4 2 5 5 4 4 2 5 4 5 4 * 3 3 2

Appendix C 
Minitab Raw Data 

 
 
 


