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ABSTRACT 

 
In 1931, Walter Shewhart introduced his work in statistical process control (SPC) 

through his book, Economic Control of Quality of Manufactured Product. A common confusion 

in the use of SPC is that it does not fit every business or industry. Since Shewhart’s work was 

published, various companies and industries have implemented such practices as a method to 

control their manufacturing quality of product, service quality and design quality.  

In 2017, a supply chain quality organization from a well-known business jet 

manufacturer discovered that vendors of its supply base were posting ostensibly statistical 

process control charts on metric walls in their facilities. The charts were not error free. Out of 

date data placed on the charts, the preponderance appeared to be weeks or months old, and 

incorrect use of control and specification limits indicated there might be a gap. The purpose of 

this research was to discover why businesses in the aviation industry are not taking advantage of 

SPC practices and methodologies. 

To identify the potential barriers inhibiting the deployment or growth of SPC 

implementations in the aviation industry, data from a survey of members of the aviation supply 

base was paired with a review of existing literature. The major challenges to implementing SPC 

in the aviation supply base were recognized as leadership commitment, cultural mindset and 

behaviors, understanding the benefits of SPC, and a lack of knowledge. 

A conceptual framework for the implementation and training systems was constructed 

after the barriers and gaps were identified. A recommendation for sustaining the system is also 

proposed. 
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CHAPTER 1 

INTRODUCTION 

When Dr. Walter Shewhart first developed Statistical Process Control (SPC) techniques, 

his intent was to help improve the quality of Western Electric’s telephone hardware. Through the 

proper use of statistical methods, SPC is a vital aspect in monitoring, managing, maintaining, and 

enhancing the performance of a process (either manufacturing or service) [1]. Dr. Shewhart 

began discussing and documenting SPC techniques in the 1920s and formally in 1931, when 

Shewhart introduced his work in SPC through his book, Economic Control of Quality of 

Manufactured Product[2]. Since the publication of Shewhart's work, companies and industries 

have used such approaches to improve the quality of their product manufacture, service, and 

design. 

1.1 What is SPC 

SPC is a set of statistical tools used to investigate product, service, and process variation. 

SPC can also be used to verify that products or services offered satisfy consumer expectations at 

a low cost. 

Variation can be categorized as either common cause, naturally occurring variation, or 

special cause, meaning there is an assignable cause for the occurrence. Special cause variation 

arises from incidental causes and are not continuously present in the process. Common variation, 

on the other hand, is caused by inherent or known sources in the process. Consider taking a flight 

from Dallas, Texas to Denver, Colorado to demonstrate this notion. The flight is scheduled to 

depart Dallas at 7:04 p.m., according to the airline. As a passenger, you should board the plane 

today according to the airline's instructions; once everyone is on board, the jet taxis and takes off 

on schedule at 7:04 p.m. The airline crew's availability, the working aircraft itself, favorable 

weather, and the airport tower upholding the airline's required schedule are some of the elements 
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that influence the take-off time. These variables are referred to as common cause variables since 

they are constant and known or planned for each flight. You take the same exact trip from Dallas 

to Denver a week later, but it does not leave until 7:55 p.m., which is more than 50 minutes late. 

This aircraft departs late due to a strong thunderstorm that prevents flights from taking off or 

landing at the airport until the storm passes through the area. The thunderstorm is the special 

cause variable that is influencing the take-off time. It is not a normal condition expected for a 

given trip and therefore is considered a special case. 

As mentioned previously, SPC is a set of tools. Key tools in SPC are control charts, 

continuous improvement, and design of experiments. However, it is often associated or can be 

more easily comprehended through the concept of control charts.  

A control chart is a statistical tool used to study and control repetitive processes. An 

example of an 𝑋 control chart can be seen in figure 1 (the range chart has been left off for 

demonstration purposes only). Common elements of a control chart include control limits, 

process average or centerline and a time sequence of sampled or individually measured key 

Figure 1 - Example Control Chart 
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characteristics in a process. These points represent variable or attribute data which drive the use 

of a specific type of control chart; one type of chart does not fit all scenarios. Shewhart control 

chart limits are calculated at three standard deviations from the process centerline which contain 

the natural or common cause variation in a process. Any points that fall outside of these limits 

are referred to as special cause variation. One advantage of a control chart is that it allows the 

user to rapidly identify a specific problem point so that it may be explored, and corrective actions 

taken to reclaim control of the process. When common cause variation arises in the process, the 

user restricts the amount of responsiveness to variations in the measurements. The control chart, 

in simple words, is an alert system for identifying undesired changes or variables in a process. 

1.2 Popularization of SPC 

Sampling inspection techniques made SPC popular by the military after World War II 

and again in the 1980s. Following the war, the semiconductor and automobile sectors adopted 

SPC techniques as a formula for keeping competitive in the global market, owing to Japan's 

high-quality output of products[3]. 

In the 1980s it was the quality revolution that brought SPC back to life. Total Quality 

Management (TQM) and Six Sigma methodologies reintroduced the use and need for SPC tools 

and techniques. Powell[4], indicates that TQM most likely started in 1949 with the formation of 

the Union of Japanese Scientists and Engineers which was a commitment to improving 

productivity and improving quality of life following the war. While it was started in the late 

1940s, it was not until the early 1980s where America took notice and began utilizing the tools 

and techniques associated with TQM[4]. In the early to mid-1980s, it was Motorola that 

developed the Six Sigma techniques and began utilizing them to improve the quality of their 

product lines[5]. 
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1.3 SPC in the Aviation Industry 

Within the boundaries of the Advanced Product Quality Planning (APQP) and Production 

Part Approval Process (PPAP) processes acquired from the automotive sector, the aviation 

industry has recently developed a renewed interest in statistical process control tools and 

methodology. APQP is a system intended to improve the design and delivery of products based 

on customer requirements while eliminating the risk of product failure. The sub-process PPAP 

ensures that the design responsible manufacturer’s APQP supply base delivers the same reliable 

parts[6]. Both systems work together to facilitate the production of conforming parts (parts that 

have been proven to meet design specifications) for the customer.  

As customer quality expectations continue to increase, Original Equipment 

Manufacturers (OEMs)ƒ that produce the end product need a method to ensure quality is 

controlled at all levels of the supply chain. In the aviation industry, the International Aerospace 

Quality Group (IAQG) developed their own version of the APQP and PPAP through a new 

standard guidance titled AS9145 – Requirements for Advanced Product Quality Planning and 

Production Part Approval Process. The largest OEMs for commercial and military aircraft are 

beginning to mandate these requirements to their supply chain. 

The question remains is if their supply base is ready for such a mandate. As part of this 

research, we seek to understand the extent to which SPC is applied in aviation organizations. 

SPC procedures are used by both APQP and PPAP to ensure that parts and assemblies are 

supplied at a high-quality level and can fulfill the demands of their manufacturing lines. The 

focus of this research will be on aviation suppliers who work with commercial and private 

business jet OEMs. 
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1.4 Organization of Dissertation 

The remainder of this dissertation is organized as follows: Chapter 2 presents the 

literature review focused on discovering success factors and frameworks for SPC 

implementations. The study topics, objectives, and methodology used to comprehend and 

produce a schema for SPC implementations appropriate to the aviation supply base are discussed 

in Chapter 3. The results of two surveys done to better understand the present level of SPC 

implementations among the aviation supplier base, which includes the OEM, are discussed in 

Chapter 4. Chapter 5 presents a framework for SPC implementations and training in the aviation 

industry before concluding and offering future perspectives in Chapter 6. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Health of SPC in Industry 

A great deal of research has been done in the general area of statistical process 

monitoring and control [7]. It is not practical to review every paper or book on the subject, so a 

different approach was taken to review the trends and publications on SPC to understand its 

health in industry. This method is only applicable to section 2.1; subsequent sections will detail 

how and what was found. 

Table 1 depicts the evolution of SPC as researchers, academics, and corporations 

identified new applications and perfected methodologies for various service and production 

settings. It may be important to note that during the 70s and early 80s, SPC growth was stagnant 

due to design of experiments having a larger focus in quality circles. 

Table 1 - Influential points in history that have or are affecting SPC 

Year Discovery Sources* 

1924 W.A. Shewhart introduces the control chart concept in a 
Bell Laboratories technical memorandum.  

 

1931 
W.A. Shewhart publishes Economic Control of Quality of 
Manufactured Product – outlining statistical methods for use 
in production and control chart methods. 

[2] 

1940 The US War Department publishes a guide for using control 
charts to analyze process data. 

 

1942-1946 
Training courses on statistical quality control are given to 
industry; more than 15 quality societies are formed in North 
America. 

 

1946 
The American Society for Quality Control (ASQC) is 
formed as the merger of various quality societies. The 
International Standards Organization [8] is founded. 

 

1946-1949 Deming is invited to give statistical quality control seminars 
to Japanese industry. 

 

1947 Multi-variate control charts introduced [9] 
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Table 1 (continued) - Influential points in history that have or are affecting SPC 

Year Discovery Sources* 

1950 
Deming begins education of Japanese industrial managers; 
statistical quality control methods begin to be widely taught 
in Japan. 

 

1950s Classic texts on statistical quality control by Eugene Grant 
and A. J. Duncan appear. 

 

1954 British statistician E.S. Page introduces the cumulative sum 
(CUSUM) control chart. [10] 

1959 

S. Roberts introduces the exponentially weighted moving 
average (EWMA) control chart. The U.S. manned 
spaceflight program makes industry aware of the need for 
reliable products; the field of reliability engineering grows 
from this starting point. 

[11] 

1960s Courses in statistical quality control become widespread in 
industrial engineering academic programs. 

 

1987 ISO publishes the first quality systems standard. Motorola’s 
Six Sigma initiative begins. 

 

1988 The Malcolm Baldridge National Quality Award is 
established by the U.S. Congress. 

 

1995 
Many undergraduate engineering programs require formal 
courses in statistical techniques, focusing on basic methods 
for process characterization and improvement. 

 

1997 Motorola’s Six Sigma approach spreads to other industries.  

1997 
The American Society for Quality Control becomes the 
American Society for Quality attempting to indicate the 
broader aspects of the quality improvement field. 

[12] 

2000s 

ISO 9000:2000 standard is issued. Quality improvement 
activities expand beyond the traditional industrial setting 
into many other areas, including financial services, health 
care, insurance, and utilities. 

 

2010 – 
current 

Trends in use of control chart techniques increased in 
healthcare [7] 

2011 Industry 4.0 Concept Introduced [13] 
*Table adapted from Montgomery[1]  – additions were made, and sources noted for those not 
contained in the original source. 

Table 2 is the result of a search for publications containing topics of interest. To identify 

patterns in publications, common control chart terms were chosen. Wichita State University's 

library search database, which covers over 60+ literature sources, was given a Boolean string of 
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terms along with a date range, and then a count of the publications found was taken. The search, 

conducted in March 2018, was restricted to publications in English, full-text, peer-reviewed, and 

published since 1931 following the publication of Shewhart's work on control charts. The 

following Boolean string was utilized, where XYZ is the term in the first column of Table 2: 

TX Statistical Process Control AND TX Application AND TX Implementation AND TX XYZ 

While it appears that SPC research is active and continues to grow in multiple areas, this 

review was unable to correlate publication terms “application and implementation” with actual 

industry application. It would need a close examination of each publication to determine whether 

it was created in response to a real-world use within a firm or industry. Because most quality 

practitioners lack access to the most useful mathematical results from theoretical studies the 

belief is that most publications are from research and academics and not real-world industry 

application. 

Table 2 - Search results by decade and term combination 

 

Shewhart’s SPC charts were intended to be simple and effective when analyzing data 

from real-world processes[14]. When reviewing journals and publications from the technical 

community, it can be difficult to see the simplicity found from his original work. Most 

researchers adopt a case study approach versus application in a real-world situation and therefore 

can only offer indeterminate reflections on their findings[15]. As stated by Crowder, et al. [16] 

Grand Total

Term 30s 40s 50s 60s 70s 80s 90s 2000s 2011-2018
1931-
2000

2001-
2018 1931-2018

P-charts 3 24 139 483 1045 2646 13240 32811 53455 17580 86266 103846
C-charts 3 22 134 453 992 2478 12384 31194 51093 16466 82287 98753
X S Chart 2 15 79 315 716 1693 6846 19054 34555 9666 53609 63275
X R Chart 2 15 81 316 708 1684 6700 18174 32787 9506 50961 60467
Economic Control Chart 0 23 118 347 675 1422 7460 17391 27006 10045 44397 54442
U-charts 3 18 113 360 685 1631 5638 14453 26103 8448 40556 49004
EWMA 0 0 0 2 2 28 2344 14756 25558 2376 40314 42690
X MR Chart 2 10 41 107 190 396 1063 3686 6718 1809 10404 12213
CUSUM 0 0 0 0 9 62 284 1017 1677 355 2694 3049

TotalsDecade
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and quoted by Woodall[17], “There are few areas of statistical application with a wider gap 

between methodological development and application than is seen in SPC.” Industrial statistics 

were not developed for scientific research; they were meant for application in industry [8].  

Although the author is aware of the sampling errors, the volume and overall trend of 

publications can be used to demonstrate where research is being conducted and which themes are 

the most active. There are also certain restrictions to this search process. Publications, for 

example, were not evaluated for content; as a result, it was unclear whether a specific item 

provided relevant content to the subject searched or just contained the phrases. 

The author’s experience in industry shows that practitioners are less interested in 

publishing actual applications of the methodology and more interested in the outcome of the 

approach. Companies often limit publications for proprietary reasons. This makes it difficult to 

find publications with examples to use as guidance material, consequently the business may seek 

consultants and software packages as an alternative. This does not always provide the underlying 

assumptions and knowledge base needed to know if SPC charts and methods are measuring the 

process correctly. 

2.2 Implementations within the Aviation Industry 

We wish to look at how or what has been implemented within the aviation business now 

that we have an awareness of the proliferation or intended usage of SPC in industries. This 

portion of the literature review will look at both the OEM and the supply base separately to see if 

there are any differences in publications at different levels of the aviation supply chain. 

2.2.1 OEM 

Under a settlement deal with the Federal Aviation Administration [18], the Boeing 

Company will pay at least $17 million in penalties and perform several corrective actions with its 
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production. The FAA uncovered that the Chicago-based manufacturer installed sensors that were 

not approved for that equipment on 759 Boeing 737 MAX aircraft, submitted approximately 178 

Boeing 737 MAX aircraft for airworthiness certification with potentially nonconforming slat 

tracks installed, and improperly marked those slat tracks. [18]. Slat tracks are positioned on the 

leading edge of the wings of a Boeing 737 and are used to direct the movement of slat panels. 

During takeoff and landing, these panels generate additional lift. 

Boeing failed to sufficiently manage its suppliers, according to the FAA, to verify that 

they followed the company's quality assurance system. The breakdown, according to the agency, 

resulted in the installation of slat tracks that were weakened by hydrogen embrittlement, which 

occurred during the cadmium-titanium plating process [19]. SPC can be used to control the 

supplier's products prior to installation on aircraft to avoid quality process breakdowns. If Boeing 

had followed their established protocols and adhered to their quality system, they may have 

avoided the fine and issue that has impacted the general population. 

The same Wichita State University library search engine was utilized. During an initial 

search using OEM business names, it became clear that several publications would be generated 

using those names in the title, body of the paper, author bios, or references. This search was 

therefore limited to English journal publications from engineering sources to keep the number of 

papers found to a manageable quantity. Additionally, the search included the terms aviation, 

aerospace, statistical process control, statistical quality control and implementation or application 

as subject terms. The era was limited to 2010 or newer publications to pull more relevant 

implementations if they were available. Lockheed Martin, Boeing, Gulfstream, Cessna, 

Beechcraft, and Bombardier were all used to draw information from more well-known aircraft 

manufacturers. 
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Within the OEMs indicated previously, no specific applications or implementations were 

found. Only Boeing and Lockheed produced 7 articles with SPC discussion points from the 

searches. Two of the fourteen articles were focused on design for manufacturing, and while they 

may have had useful information, an examination of those articles revealed that they merely 

mentioned that SPC should be a part of the activity, with no suggestion of how or when to do so. 

A third article related to Boeing, focuses on using SPC to control design allowables for 

qualification of material suppliers [20]. This article discusses the technical components of SPC, 

but not the implementation or applications of SPC in the workplace. Additive manufacturing for 

aerospace flight applications [21] is the most recent article that may have yielded some results. 

This article discusses technical topics relating to supplier qualifications from the OEMs, but it 

does not provide factors or frameworks for adopting SPC methods connected to the application 

of additive manufacturing in their supply bases or within their own businesses from the OEM 

level.  

2.2.2 Supply Base 

Working back up the supply chain and into the supplier base, sources for SPC 

implementations inside the supply base must be identified. Successful and unsuccessful 

implementations will be recognized and addressed if the literature provides further definition.  

2.3 Successful Implementations 

The successful use of SPC necessitates a combination of planning, engineering, 

management, statistical, and communication abilities [22]. In this section, we'll look at case 

studies that claim to have been successful in applying SPC within the aviation industry. 

Implementation and a sustainment plan that is maintained and offers leverage for further 

implementations in other parts of the business are required for success.  
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A study done at GKN aerospace is the first paper found. The goal of this GKN thesis was 

to look at how statistical process control (SPC) methodologies can help support a zero-defects 

program [23]. Andrén, the author of this thesis describes and documents the usage of SPC in a 

manufacturing process at their plant in Sweden. Andrén explains how to create SPC control 

charts for the process under investigation. A limited examination of cultural issues is included, 

but solely in the context of a zero-defect program. While this may apply to some aspects of SPC 

implementation, the focus here is on the psychological impact of achieving zero defects on an 

individual. It also skips over management commitment and training requirements, which are 

covered in other publications on SPC frameworks and success factors. Finally, this thesis does 

not make mention to a sustainment plan which would further validate that this implementation 

was successful. 

Wang et al. [24] performed research in 2018 by examining quality control of digital 

manufacturing lines in aviation and applying SPC methods to control the process.  This is 

another implementation instance; however, the literature focused on the technical components of 

the implementation and did not go into detail about aspects like managerial commitment, 

training, and process sustainability. Although Wang et al. mentioned the need for engineering to 

identify critical characteristics, they did not mention measurement system analysis, which would 

be important for adopting SPC methodologies. 

 Does et al., [25], reference implementations at Lockheed Martin and Fokker 

Aerostructures in two locations as examples of SPC implementations. However, no literature to 

support such implementations was found. 
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2.4 Failed Implementations 

It was simpler to uncover literature that focused on what the authors thought was a 

successful implementation, but it was more difficult to find any information on failed 

implementations and why they failed. According to this author, there could be a bias in reporting 

successful implementations rather than reporting and learning from poor implementations. 

Searches using the Wichita State University library search engine and Google Scholar were both 

used with the following Boolean terms: statistical process control or statistical quality control, 

aviation or aerospace, implementation, or application, and fail, failed or failure.  

What was discovered was a comment in a 2007 article by Thor, et al. [26], who stated 

that they, too, had not seen any studies that documented a failed SPC deployment and suggest a 

bias in the literature. Their focus was on industry wide implementations, while this current 

research is targeting the aviation industry. They, like this author, feel that there have certainly 

been just as many failures as successes, but that none have been documented in the literature, at 

least not that we can locate. Reporting on failures could provide additional insight for researchers 

and those that wish to implement SPC [26]. 

One final thought from the OEM section's additive manufacturing paper, Shapiro et al. 

[21] make an important point about the aerospace supplier base; unfortunately, many of them 

(suppliers) are unfamiliar with the statistical process control and qualification methods that are 

required for space flight applications. This appears to be true in the aviation industry as well. 

2.5 Success Factors of SPC Implementations 

SPC's primary purpose is to comprehend a process's variation and current conditions. 

SPC is responsible for both monitoring a process's health and giving the context in which, it now 
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runs so that future improvements may be measured against the baseline data. What isn't obvious 

are the factors that contribute to a successful implementation. 

In Dale and Shaw’s discussion of SPC [27] a review of questions from training and 

implementation sessions in European automotive suppliers, entities that struggled to understand 

SPC ideas had the following characteristics: 

• Leadership is not committing time and resources towards SPC. 
• There is a lack of vision, mission, values, and policies.  
• Meeting schedule is priority over all other objectives. 
• The companies would rather fire fight rather than perform quality planning and 

preventative actions. 
• Education and training are low priority and is not measured for effectiveness. 
• There are no knowledgeable resources to implement and maintain SPC. 
• Teamwork is not a key part of the organization. 
• Engineers are not involved with activities and production on the manufacturing floor. 

These traits are not success factors, but they can be used to make an opposite statement 

about what might make an implementation effective. A study describing important ingredients 

needed for efficient SPC implementation was discovered when searching for additional 

literature. Antony, et. Al [28] build on what Dale and Shaw discovered, coming up with their 

own list of “key ingredients for the effective implementation” of SPC. They identify ten items 

that should be a part of the SPC implementation (Table 3). 

Table 3 - Ten ingredients for an effective SPC implementation 

1. Management commitment 
2. Training and education for SPC 
3. Teamwork 
4. Process prioritization and definition 
5. Selection of appropriate quality characteristics 
6. Define the measurement system 
7. Selection of control charts 
8. Cultural change 
9. Use of pilot study 
10. Use of computers and software packages 
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First, there must be management commitment. As stated previously, leadership must be 

committed through support of resources and time so the employees can see this as an important 

objective or activity for the business [28].  

Training and education are the second ingredients discussed by Antony, et al. They state 

that all members of the organization should attend some type of training on SPC. Both Antony, 

et. Al [28] and Dale and Shaw [27] recommend that a SPC facilitator be established. When a 

process owner is in place to help with training and implementations, companies are less likely to 

experience problems. 

The third ingredient on their list is teamwork. Because it involves many disciplines and 

skills for input into the problem-solving activity that comes from the usage of SPC, various 

departments must be involved in the implementation [28]. This paper also includes 

recommendations for further organization structure, demonstrating that an implementation 

requires more than just an individual's efforts to integrate SPC techniques and procedures; it 

requires a system. 

Resources are not unlimited within a company. It is therefore suggested that a process 

prioritization and definition exist to help guide management in achieving their best return on 

investment [28]. Identifying a key process and prioritizing resources for an implementation is 

another key ingredient identified in Antony, et al. work. 

Just as there aren't infinite resources, every characteristic of a part or assembly isn't 

necessary for producing a high-quality result. To apply the SPC to the critical features that the 

customer cares about the most, key characteristics must be determined. This fifth ingredient must 

be present for the process to be measured [28]. 
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According to Antony et al., companies must also define the measurement system. To 

implement monitoring and process controls, you'll need a mechanism to track how much the 

process varies. The gages used must also be examined for repeatability and reproducibility errors 

so that the magnitude of the mistakes caused by the operator or equipment used to detect change 

in the process may be determined [15]. If the change is not detectable to the measurement 

system, the process control measures will have no effect on the process's stability. To reduce data 

errors, it's important to eliminate as many types of variation as possible that aren't directly related 

to the product. 

The seventh ingredient is the proper selection of the type of control chart [28]. The type 

of control chart to use is determined by the data to be collected and the variance we want to track 

and possibly eliminate. 

Item eight according to Antony, et al. involves culture change. Often referred to as 

change management, it is necessary that those involved in the process engage in the 

implementation and solutions. Operators will be working in the environment and process, and 

they should know their process better than anybody else [28]. The process will be owned by the 

operators and supervisors in the area, not the facilitator, and they should be empowered to take 

corrective action. 

A pilot study should be conducted before full deployment begins. This ninth item allows 

the team to fine-tune their tools, approaches, training, and strategy [28]. Trying to apply SPC in 

every area, department, or process right away is not recommended, and if not adequately 

designed, will quickly frustrate employees. 

The usage of computers and software packages is the final factor that Antony, et al. 

discuss. The usage of computer systems provides a benefit in reducing processing time as the 
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volume of data and mathematical computations increases. Training can also benefit from 

technological advancements. More user-friendly systems can make the process's participants 

more comfortable with the changes. Antony, et al. remind the reader that technology should only 

be utilized once the reader has grasped the fundamental principles of SPC and is able to 

comprehend output of the charts[28]. 

In a follow-on paper, Rungasamy, Antony and Ghosh [29] surveyed 33 small and 

medium manufacturing companies to focus on twelve key factors identified from literature 

including the ten items identified from Antony, et al. previously discussed [28]. Two additional 

elements, the employment of SPC facilitators and documenting and updating of process 

knowledge, were discussed in addition to the 10 previously recognized components. [28]. The 

usage of SPC facilitators was recognized in Antony, et al. previous work, but it was not regarded 

a significant component in a successful implementation. A novel aspect in this follow-up study is 

the documentation and updating of process knowledge. It's important to note how the 

respondents ranked the twelve elements in terms of relevance in the context of this study. The 

results are listed below (Table 4) and will be considered as the research evolves. 
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Table 4 - 12 key ingredients for an effective SPC implementation [29]. 

1 Management Commitment 
2 Teamwork 
3 Identification of critical quality characteristics 
4 Control chart selection 
5 Documentation and update of knowledge of processes 
6 Measurement system evaluation 
7 Process prioritization and definition 
8 Cultural changes 
9 SPC training and education 
10 Use of pilot study 
11 Use of SPC software 
12 Use of SPC facilitators 

Additional contributors Rungtusanatham et al. [30], Dale, [31], Owen, [32], and Oakland, 

[33] all explored comparable factors in their SPC implementation discussions, with minor 

differences. 

2.6 SPC Implementation Frameworks 

Following the identification of success factors in the literature, implementation 

frameworks for SPC implementations were developed. Antony and Taner [34] in 2003 

conducted a comparative study on existing frameworks and identified four frameworks. 

Following this research, they created their own conceptual framework to solve the identified 

constraints and gaps. Antony and Taner’s conceptual framework have been added to this review 

along with a more recent framework in the literature from 2017 from Toledo et al. Toledo’s et al. 

attempt at a newer framework which, according to those researchers, included four items that 

may have been missed in previous implementation frameworks. However, this author would 

argue that employee involvement and empowerment, feedback and a continuous learning 

environment, statistical thinking and use of customer requirements as critical to quality 

characteristics are all included within frameworks identified in Table 5. It appears that those 
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factors may not be specifically stated as a factor, but they are within the context of the stated 

factors and covered in the literature. 

Table 5 - Strengths and limitations of SPC implementation frameworks 

Author [reference] Strengths Limitations/Gaps 

Oakland [33] 

Follow-up training at pre-
determined frequencies. 
Hands-on projects for 
training. Leadership 
engagement in training. 

Prioritization is not explained 
as to how it should be 
completed. MSA is missing 
from the process. Teamwork 
is not covered as a factor. 

Watson [35] 

MSA and capability studies 
are covered. Employee 
empowerment and 
involvement in the process. 
SPC facilitators are used. 

Management commitment is 
not covered. Process 
prioritization or where to start 
is not accounted for in the 
factors. 

Kumar and Motwani [36] 

Training of all employees is 
recommended. Having a 
capable measurement system 
and use of customer 
requirements are covered 
with respect to quality 
characteristics. Having a SPC 
implementation is also 
covered. 

Process prioritization is 
missing or not well covered. 
No guidance for out-of-
control situations. 

Does et al. [37] 

Splits implementation 
guidance between 
methodological and technical 
type actions. Pilot study and 
use of other problem-solving 
tools are covered as factors. 
Out-of-control plans are also 
part of the framework. 

Training and education are 
not well covered within the 
framework. 
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Table 5 (continued) - Strengths and limitations of SPC implementation frameworks 

Author [reference] Strengths Limitations/Gaps 

Antony and Taner [34] 

Systematic approach to the 
implementation. Management 
commitment and 
communication of benefits of 
SPC are part of the 
framework. Use of examples 
and company case studies for 
training. 

Selection of critical quality 
characteristics is covered but 
not in enough detail. Possibly 
missing connection to 
functional groups like 
engineering. Missing human 
factors elements, specifically 
designing the system for how 
employees interact with the 
system. 

Toledo et al. [38] 

Employee involvement in the 
solution. Use of SPC 
facilitator and SPC 
implementation team. 

Plan for updating process 
documents and performing 
process updates appears to 
happen late in the 
implementation. 

 
Knowing how cultural mindsets and behaviors play a role in the effective deployment of 

an SPC system requires understanding the context of the frameworks as they are used in actual 

implementations. The attention on human factors in the design of control charts and the 

remaining structure of the SPC system, and how employees engage with them appears to be 

missing from the frameworks. This could be an important factor with respect to sustainment of 

SPC implementations. Sections 2.6.2, and 2.7 cover information related to cultural and human 

factor needs for implementations of quality control and improvement initiatives. 

2.6.1 Training 

Several publications have recognized training and education as critical components of a 

successful SPC deployment [22] [28, 29, 39, 40] [41]. An article published in 1998 by Cheng 

and Dawson [41] approached this subject by identifying characteristics for an effective training 

program. Those characteristics include creating and delivering training based on the audience 
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and skill level, use of relevant products and processes of the company, starting with the basics – 

including interpretation for critical conditions, development of basic problem-solving skills, 

provision of statistical concepts and providing the general benefits of SPC and the why behind 

the methodology. 

Additionally, Cheng and Dawson [41] discovered that training worked better in smaller 

groups with fewer people and fewer levels of the organization. Companies surveyed that were 

struggling with training, had more involvement from senior-level personnel indicating that a 

more successful company had personnel with direct involvement of the process or products and 

were not disconnected from the daily work. 

 Lastly, Cheng and Dawson [41] identified that companies providing a conceptual 

understanding of SPC and its benefits for the company along with real work examples during 

deployment of the training were more successful in improving the knowledge base of the 

workforce. The level of education of the operators and supervisors was crucial to this discovery. 

Those that struggled to comprehend the subject had a lower educational level. Organizations 

were assessing applicants for suitable levels of reading and mathematical skills to close the gap. 

 In comparison, Hewson, et al. [42] interviewed four companies regarding their 

training implementation practices around SPC. Subject areas included the perceived training 

needs created by SPC, training methods, concepts that were taught, and the success of SPC 

within the company [42]. With just four companies interviewed, they did discover that training 

must be appropriate to the level of the audience so there is an understanding on actions to be 

taken and how SPC is to work to provide benefit to the company and its customers. 

A key interest in this study was one company’s focus on training to the lower-level 

worker, ensuring that they kept the training at a non-technical level to making it as 
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unintimidating as possible. This was done for the purpose of reducing the knowledge gap 

between the existing skills and the required skills needed to perform SPC [42]. 

2.6.2 Leadership and Culture 

“Corporate culture refers to the beliefs and behaviors that determine how a company's 

employees and management interact [43].” Any process change or application of a new system 

must consider the culture of the business. This is often referred to as change management. A 

quality improvement study at an aerospace company completed in the mid-1990s hoped that 

continuing execution of plotting and data examination for the SPC implementation would 

eventually convince management that this process improvement method is important to continue 

[41]. This phrase alone emphasizes the need of obtaining buy-in from all parties involved. While 

a good technological solution may be available, the quality of the implementation is only as good 

as the implementation itself. 

Another attempted implementation of SPC techniques occurred at a maintenance facility 

in aviation. The researcher found it difficult to implement the principles because the employees 

did not share the same mindset that you might find in a manufacturing or production line [44]. 

There was a belief that these techniques could not apply to their type of business. This case study 

identified issues with the maintenance process and should have provided a launching point for 

further applications of SPC. However, the author shares that a gap in resources or an 

organization structure to support an implementation is missing in the maintenance divisions. 

Therefore, the culture does not exist to support the implementation of SPC effectively. The 

reader may wonder why this attempt isn't listed in section 2.4's failed implementations. This 

study focused on TQM rather than just SPC adoption. The primary takeaway from this 
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evaluation was that they were missing vital components, culture and leadership commitment, to 

properly implement SPC which can be a tool used in the TQM initiatives. 

In a review of Homer Sarasohn by Fisher et. Al. [45], Sarasohn made mention that 

management should demonstrate quality as a characteristic of their company motto confirming 

that quality is a part of their cultural DNA. Fisher et. Al. [45] further explains that everyone is 

responsible for Quality showing that quality and its techniques, tools and improvements should 

be part of the culture for implementations like SPC to be successful. 

GEs Change Acceleration Process (CAP) developed in the 90s was a culmination of 

academia and industry learning tools around change management [46]. What GE realized is that 

continuous improvement in a business requires more than just a good technical solution to 

solving the problem. It required change management to help personnel move from the current 

state to a new state or improved state of the process and they needed to know the “Why?,” how it 

impacts them and not just the “how to perform the new process” of the improvement. GE came 

up with the following equation to represent elements of the implementation that must be there to 

achieve success and sustainment. 

Q x A = E [46] 

Where Q equals the quality of the solution multiplied by the acceptance of the solution 

will equal E, the effectiveness of the solution. Jack Welch [46] suggested that 50% of the 

solution effort should be spent on the people or acceptance side of the equation for the solution 

to be successful. 

As previously noted, SPC implementations in the literature frequently only include the 

technical aspect of the study. Management commitment and culture reforms should be a focus 
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with any SPC implementation in the aviation supply base, according to Rungasamy, Antony, and 

Ghosh's 12 critical elements [29]. 

2.7 Human Factors and SPC  

There are no globally agreed-upon definitions of human factors, just as there are no 

universally agreed-upon definitions of quality [47]. In the computer and automobile sectors, as 

well as aviation, human factors is viewed as a research, development, and assessment discipline 

for product design [47]. Human factors, as used in this study, can be characterized as the analysis 

of people's relationships with their activities using a systemic application of human sciences 

integrated within the framework of system engineering [48]. That research involves the 

interactions between employees, their environments, and their equipment in the context of 

aviation. 

Drury’s article on integrating quality and human factors suggests that the two 

methodologies (quality and human factors) involve “applying detailed knowledge of human 

functioning to help the quality movement perform allocation of function, interface design, and 

error reduction activities [24].” Drury uses the example of SPC in manufacturing suggesting that 

visual displays or SPC charts should be open to human factors analysis and improvement. 

Drury’s process flow, Figure 2, suggests how SPC charts should be utilized. The customer 

characteristics should tell the designer what to plot to satisfy the customer’s needs. Process 

knowledge and a set of standards dictate what chart should be best used to plot process 

performance. Additional rules support the process control decisions when a change in parameters 

is needed. The change in Xi size and direction drive actions or troubleshooting to be taken with 

the support of operator knowledge and job aids. 
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Figure 2 - Expected process control procedure using control charts [47]. 

Drury’s conversation with operators revealed that they do not always use the charts as 

expected. From errors in charting to making corrections before an out-of-control condition exists, 

it is apparent that human factors methodology can be utilized to locate and reduce sources of 

errors through root cause analysis [47]. In addition, human factors techniques can identify unique 

process knowledge or “tribal knowledge” that the operator uses to improve upon the expected 

process. Drury [47] continues discussing cultural issues that also drive poor performance and 

implementation and suggests that human factors should be utilized to discover why these issues 

exists and what can be done to solve them. 

In summary, Drury points out that quality interventions in process improvement should 

be performed with a human factors’ context. Implementing solutions such as SPC without 

considering the human element can lead to a poor or non-optimal solution [47], often a solution 

that will come and go as quickly as it was introduced. 
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2.8 SPC Software 

One of the key ingredients identified in a successful SPC implementation is the use of 

software to plot and evaluate the data being utilized for process control. To begin, we looked for 

any assessments of software packages used for SPC or statistical data analysis in the literature. 

We looked for any human factors evaluations as a follow-up to see if any research has looked 

into the human-software interface for statistical process control software. Homegrown software 

packages are possibly more prevalent in businesses, although commercial software packages 

such as JMP®, StatSoft's® Statistica, Minitab®, and QIMacros® are more frequently used for 

those that don’t have capability to create their own SPC tracking and charting systems. The 

following searches were performed within the Wichita State University library search engine and 

the Google Scholar system. Boolean searches were performed with the following words listed in 

Table 6. Only publications written in English were evaluated for their suitability in assessing 

human factors and human-software interaction with respect to SPC software. Literature was 

reviewed using the title and abstract during the first pass. If there was an indication the research 

involved a human factors study, the paper was reviewed for further inclusion in the list of 

relevant articles. 

 Table 6 - Software and SPC article counts 

Software Words 
Used 

   Count Relevant 
Count 

JMP® 
Statistical 
Process 
Control 

 

+ Evaluation + Human Factors + Software 
+ Interface 

17 0 
StatSoft’s® 
Statistica 4 0 

Minitab® 52 2 
QIMacros® 0 0 

 

A master's thesis written by Thepvongs [49] was discovered that evaluated the impact of 

several control chart data display choices on decision performance and mental workload. 
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Multiple two-dimensional displays, a composite two-dimensional display, and a composite three-

dimensional perspective display were used to represent the control charts. Thepvongs results 

identified that two-dimensional style displays were found to have significantly higher decision 

accuracy and decision confidence ratings than both composite displays[49]. This result indicates 

that studying and understanding the human-software and equipment interaction might be 

necessary in support of a successful implementation of SPC. 

In a more recent work, Baumgartner and Lawenius [50] investigated how production 

statistics (control charts) could be visualized in a machine-vision interface. Observations and 

interviews with participants from three different companies were used to obtain data. The final 

product was developed with the goal of visualizing production information at one of the 

companies. While this project did not result in a physical implementation, it did result in a 

concept model that showed how production statistics could be shown and a list of development 

opportunities based on data from interviews and observations. What was crucial was getting 

input and feedback from the operator or user to develop the interface. 

If a human factors expert was consulted, there might be more alternatives for examining 

human-software interaction literature if the search included some other phrases. The point is 

made, however, that every proposed interface between a human and a software system should be 

reviewed from a human factors perspective to decrease the risk of the system being the factor 

that causes variation or failures in SPC implementation process. 

2.9 Benefits of SPC 

Rao[51] stated: “It is not surprising that a recent book on modern inventions lists 

statistical quality control as one of the technological inventions of the past century. Indeed, there 

has rarely been a technological invention like statistical quality control, which is so wide in its 
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application yet so simple in theory, which is effective in its results yet so easy to adopt, and 

which yields so high a return yet needs so low an investment.” 

The advantages of SPC are rarely mentioned in depth in the literature. It is, nevertheless, 

a factor in SPC implementation success [28]. It is critical that these advantages are conveyed and 

understood at all levels of the organization [33]. Kumar and Motwani [36]list the following 

typical benefits provided by SPC in Table 7.  

Table 7 - Benefits of SPC [36] 

• Operators can utilize SPC charts to keep track of the process in real time. They alert the 

operator when to change the process or notify the supervisor of a problem, as well as 

when not to adjust the process or notify the supervisor of a problem. 

• SPC can assist in the creation of a consistent, predictable process that will aid both the 

producer and the customer in maintaining their quality and cost levels. 

• SPC establishes the foundation for process improvement, allowing the process to enhance 

quality, reduce costs, and expand capacity. 

• SPC charts give a common language for different workers on the process, for workers to 

management, and for producer to consumer regarding the performance of the process. 

• SPC charts can assist in distinguishing between special and common causes of variance. 

This helps establish if the procedure should be initiated by the operator or by 

management. 

 Antony et al. [28] add the following additional benefits to the list in Table 8. 

Table 8 - Additional benefits of SPC [28] 

• Those involved in the process have a greater understanding of the process.  

• A significant reduction in the amount of time spent putting out fires caused by poor 

quality.  
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• Costs connected with scrap, rework, and re-inspection are reduced.  

• Makes an organization statistically oriented, meaning decisions are based on data rather 

than guesswork. 

Does et. al. [25] suggests five benefits will be gained and they are shown in Table 9 in simpler 

terms than the previous authors above.  

Table 9 - Benefits as described by Does et al. [25] 

• A reduction in waste.  

• Within the company, a better distribution of work, skill, and responsibility.  

• Customer and supplier relationships have improved.  

• A foundation for improvement.  

• Survival. 
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CHAPTER 3 

RESEARCH OBJECTIVES AND METHODOLOGY 

3.1 Research Gap 

SPC is recognized as a critical set of tools and procedures for analyzing process behavior 

and assisting executives and staff in manufacturing environments in making real-time decisions 

[52]. According to a review of existing literature and the author's industry experience, SPC 

implementations in the aviation industry are limited and/or are not performed correctly. Three 

questions arise as a result. To begin, how widely is SPC used in industry today? Second, how 

widespread is SPC use in the aviation industry? Third, what are the elements that contribute to 

the success of SPC adoption in the aviation supply chain? 

3.2 Research Objectives 

The primary goal of this study is to discover why businesses in the aviation industry are 

not taking advantage of SPC practices and methodologies. Developing a schema to aid suppliers 

with SPC implementations, a training framework, and a strategy for sustaining the 

implementation are all sub-objectives of this study. 

3.3 Research Methodology 

Two types of data collection are required to address the question of how prevalent SPC is 

in industry. Surveys are used by businesses and researchers across all industries to help answer 

specific issues where data cannot simply be acquired without visiting a facility or having a 

discussion with an individual or team. Demographic, categorical, and open-ended questions were 

created for this research and distributed to the participants. Two surveys were conducted: one at 

the industry level and another within the aviation supply chain. The goal of the surveys was to 

gather data to validate and comprehend the current condition of SPC in industry. Secondly, the 

survey results should also provide an insight into success factors and implementation 
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frameworks for those companies that have or continue to drive SPC within their quality 

management systems.  

A literature review of current research on success factors and implementation 

frameworks was used as the second way of data collection. The objective was to either validate 

or uncover any gaps in SPC implementation success criteria mentioned in the literature. 

The data from the surveys and the literature was then analyzed to aid in the development 

of an aviation implementation framework as well as a training framework to supplement the SPC 

implementation. Following that, material from the literature and experience with quality process 

improvements were used to discuss a strategy for SPC system sustainability. 
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CHAPTER 4 

UNDERSTANDING THE CURRENT STATE OF SPC IN AVIATION 

4.1 Introduction 

Two surveys requesting companies to disclose information and thoughts on the 

application of SPC were conducted. The first survey and review looked at large organizations 

that are engaged in quality practices through a large quality society, what was previously known 

as American Society of Quality and is now just referred to as ASQ [53]. This survey was used to 

develop additional questions for a second survey targeting input from OEMs and small to 

medium size organizations that are suppliers to larger aviation OEMs. Figure 3 is a visual 

representation of the survey scope, with the general industry survey being more widespread and 

less comprehensive than the aviation OEM and supply base surveys. 

 

Figure 3 - Depiction of Survey Progression 

4.2 Study of Factors 

4.3 Survey Results 

The question and responses from the participants in the first survey, which focused on 

general industries, are presented in the following section. Companies that assert they may not 

General Industry

Aviation OEMs

Aviation Supply 
Base
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have the resources to undertake an SPC deployment were separated using profit margin (>10%) 

and revenue dollars (>$1B) as a criterion. Study respondents were then chosen based on their 

membership in ASQ to assure that companies participating in the survey were familiar with the 

terms used in the survey. 

The survey was performed anonymously; fifty-one companies were chosen based the 

profit and revenue criterion, and affiliation with ASQ. We cannot relate the type of industry to 

specific responses unless the respondent chose to identify themselves. In this survey, no 

companies divulged their name or type of industry. However, it is known that general 

manufacturing, automotive, logistics, aerospace, commercial aviation, logistics, defense, and raw 

material production are all represented among the fifty-one survey participants. 

4.3.1 Response Rate 

14 out of 51 companies participated in the survey for a response rate of 27.5%. 

4.3.2 Do you use SPC Charts? 

Next, we need to determine if they are familiar with SPC charts and if they use them in 

their business. Four out of fourteen respondents said they know what SPC is but don't use it at 

their company. The remaining eleven said that SPC charting was used at their facilities. The 

comments from the four people who answered negatively implied that a prospective deployment 

of SPC may have occurred in the past, although it was later abandoned. 

4.3.3 Who owns and implements the SPC process within your company? 

We needed to determine who or what organizations owned and executed the SPC 

methodologies once we had confirmed their use. As part of the response, different organizations 

within a firm were allowed to be chosen. A pareto of the internal organizations involved is 

shown in Figure 4. 
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Figure 4 - Implementation ownership for general industries 

4.3.4 Where are SPC Charts applied? 

We then sought to know where SPC is used now that we knew who was responsible. 

Figure 5 illustrates the areas where SPC methods and techniques are utilized. 

 

Figure 5 - Implementation ownership for general industries 
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4.3.5 What type of parameters are measured? 

Discovering the ‘Who’ behind the SPC techniques, we now want to know ‘What’ is 

being measured. Comments were categorized into three types of parameters: inputs, outputs and 

a combination of both inputs and outputs. Examples of an input might be a chemical 

concentration that is needed to provide a specific coating thickness. An output might be a defect 

rate for a process. Test results are sometimes used as an input to a process or as the 

resulting output of a process. Results are shown in Figure 6.  

 

Figure 6 - Categories of parameters measured for general industries 

4.3.6 Do you utilize an off the shelf software package, home-grown or combination of the 

two? 

Understanding why companies are not utilizing SPC techniques can be identified through 

the software or data capture methods which aid the user in analysis and tracking. If it is difficult 

to use, then employees find ways to stop performing the function. According to the results of this 

investigation, 25% of organizations use a homegrown package, 33% use off-the-shelf programs, 

and 42% employ a combination of homegrown and off-the-shelf systems. 
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4.3.7 Why were SPC Charts chosen and what barriers were realized upon 

implementation? 

The remaining two questions were concerning why SPC methods were preferred and 

what potential impediments were identified during deployment in a specific area. The results did 

not list specific barriers; rather, comments suggested why something was chosen versus why it 

was not. The responses are listed below in alphabetical order. In summary, performance metrics, 

better decision-making, and the capability to integrate production with engineering design to 

validate manufacturability were the top three motives for choosing SPC methods. 

• Ability to compare process capability to design for potential design changes. 
• Early warning instead of late reaction. 
• More consistent decision-making. 
• Need for controlling select precision operations. 
• Our organization realizes the importance of measuring success, failure, and variation. 
• Product quality and process optimization were the main drivers. 
• Process thinking for leaders. 
• Reduce reliance on inspection. 
• We realize that SPC data allows us to make informed and scientific decisions about 

our processes.  
• You can’t manage what you can’t measure. 

It's critical for those organizations that were successful in implementing SPC to 

understand the challenges they experienced. We didn't inquire about hurdles for companies who 

didn't have current SPC implementations because we couldn't tell whether the company had tried 

to implement the approaches or methods without knowing the context. 

4.4 Second Survey 

The second survey was issued to both aircraft manufacturers and their suppliers. Due to 

the survey's anonymity, two separate releases were made to separate the OEMs from the supply 

base. All responses were regarded as optional, and the limitations section will address this 
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approach. Some findings were pooled between the OEM and supply base due to low responses 

within the OEM survey results. The intent was to remove any potential bias when analyzing the 

results. The questions will be grouped into categories for examination in the sections that follow. 

A total of 22 OEMs and 1453 supply base businesses were targeted. Out of 22 OEMs, 14 

responses were received for a response rate of 70% and 305 out of 1453 suppliers responded for 

a rate of 21%. The total response rate with OEMs and supply base combined was 21.6%. 

4.4.1 Demographics 

4.4.1.1 Do you use SPC charts or methods? 

Figure 7 is a representation of where the respondents are located using internet protocol, 

longitude and latitude data that is gathered from the survey program. It was then compared with 

whether the respondent selected ‘yes’ (in orange), they use SPC methods, or ‘no’ (in blue) they 

do not currently use SPC.  

Table 10 shows the breakdown of responses by OEM versus supply base. 

 

Figure 7 - Location map for aviation supply base survey participants 
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Table 10 - Do you use SPC methods? (OEM vs. Supply Base) 

Response OEM Supply Base Combined 

Yes 57.1% 36.0% 36.9% 

No 42.9% 64.0% 63.1% 

 

4.4.1.2 Number of employees 

The overall number of employees for each business unit within the OEMs who replied 

was greater than 10,000. Figure 8 shows the percentage breakdown of employees based on 

whether the company employs statistical process control methods. With regards to the supply 

base, 73% of the respondents had less than 200 employees (49% responded no, 24% responded 

yes).  

 

Figure 8 - Number of employees 
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4.4.1.3 Annual revenue 

The overall annual revenue for each business unit within the OEMs (n=3) who replied 

was greater than five billion ($5B). With regards to the supply base (n=58), 57% of the 

respondents had less than $15M, 43% had greater than $15M, but less than $200M in annual 

revenue (38% responded no, 19% responded yes). Figure 9 shows the percentage breakdown of 

annual revenue versus whether the company employs statistical process control methods. 

 

Figure 9 - Annual revenue by SPC response 

4.4.1.4 Quality system registrations held 

ISO 9001, AS9100, Nadcap, and TS16949 are all industry standards that outline the 

requirements for developing a complete quality system that ensures safe and dependable 

products for a variety of industries, including automotive, aviation, general manufacturing, and 

service providers [54-56]. These standards contain guidelines related to variation control.  

OEM respondents indicated 100% have obtained at least two registrations, ISO 9001 and 

AS9100. Two of the respondents have Nadcap accreditations. For the supply base, 18% did not 
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through the option selection, “Other.” Table 11 summarizes the percentage of respondents by 

whether the company employs statistical process control methods. 

Table 11 - Quality system registrations held 

SPC Response ISO 9001 AS9100 Nadcap TS 16949 Other No response 
No 38% 39% 18% 1% 6% 15% 
Yes 25% 29% 15% 2% 10% 3% 

4.4.1.5 Position of survey respondent 

For those that identified their position, Table 12 summarizes this response from the 

survey. The survey focused on the following options: quality manager, quality representative, 

quality engineer or they could answer with “other” in which a field would be filled out with their 

correct title. 

Table 12 - Position/Title of respondent 

Position/Title # of Responses 
Quality Manager 70 
Quality Engineer 11 
Quality Representative 6 
Director of Quality 3 
President 3 
VP of QA 2 
Controller 1 
Credit Manager 1 
Director of Special Projects 1 
Chief Inspector 1 
Director of Operations 1 
Program Manager 1 
Engineering Manager 1 
Quality Specialist 1 
Quality & Environmental Assurance Manager 1 
Quality Administrator 1 
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4.4.2 Potential barriers when implementing SPC 

The questions in this category are about the barriers to implementing SPC. These 

questions could only be answered by individuals who said yes to employing SPC methods. 

4.4.2.1 If you have considered the use of control charts, what is stopping or preventing 

you from implementation? If you have not considered the use of control charts, 

why not? 

This was the last question for those who selected they were not currently using SPC 

methods. The responses were compiled and grouped into nine categories due to the open-ended 

nature of these two questions. Table 13 summarizes the responses received from both OEMs and 

suppliers, representing 121 respondents; a total of 96 comments were received. Due to the single 

OEM response, the results were combined into one table.  

Table 13 - Potential barriers to implementation 

Barrier Category % Response 
Lack of benefits 25% 

No comment 21% 
Lack of knowledge 14% 

Resource constraints 9% 
Attempting* 9% 
Attempted 7% 

Customer Requirements 5% 
Other methods of control 5% 

Process Constraints 2% 
Business type 2% 

 

*The responses suggested that while they had not implemented SPC practices in their businesses, 

they were attempting to do so, which has been recorded in the data. 
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4.4.2.2 What barriers or limitations prevent you from implementing SPC across more 

areas? 

For those who said yes to using SPC, a follow-up question was posed to see what 

challenges or limits these businesses might face as they try to apply SPC to new areas of their 

organizations. 30 comments were received in response to this question out of a possible 118. 

Table 14 categorizes the responses using the affinity tool. 

Table 14 - Barriers or limitations to furthering SPC 

Barrier Category % Response 
Lack of relevance/benefits for business 24% 
Resource Constraints 23% 
Lack of knowledge 16% 
Training 15% 
Leadership 8% 
Culture 8% 
Driving to a metric instead of control limits 4% 
Software 4% 

 
4.4.3 Benefits 

The questions in this category are about the advantages of applying SPC. These questions 

could only be answered by individuals who said yes to employing SPC methods. 
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4.4.3.1 For what purpose do you use SPC? 

 

 

Figure 10 - For what purpose do you use SPC? 

4.4.3.2 What benefits do you gain from SPC? 

This question had 46 responses. The comments were classified into 17 categories by a 

team of supplier quality engineers using the affinity tool. The affinity tool is a way for filtering 

qualitative data into a smaller number of categories to aid in data interpretation. The top two 

advantages of using SPC were improved process performance and trends. Table 15 is a summary 

of the comments as affinitized by the supplier quality engineering team. 
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Process trial charts -
only used to analyze a process for a short duration.

Gain an advantage over competition.

Extended monitoring charts -
 used to discover which chart is best for

 predicting process/product performance.

Used to adjust a process;
 a feedback loop about process performance.

Meet customer requirements.

To support ISO or AS9100 requirements.

Control existing processes and services.

Improve production/services.

As a report card for the process.

Control charts for continual improvement.
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Table 15 - Benefits of SPC 

Benefit % Response 
Process Performance 19.5% 
Process Trending 13.0% 
Process Monitoring 10.9% 
Process Compliance 10.9% 
Process Improvement 10.9% 
Process Control 10.9% 
Process Capability 4.3% 
Process Capacity 2.2% 

Process Improvements 2.2% 

Process Problem Solving 2.2% 
Customer Satisfaction 2.2% 
Cost reduction 2.2% 
Inventory Tracking 2.2% 
Company direction 2.2% 
Multiple benefits for the company 2.2% 
Yet to be Determined 2.2% 

 

4.4.4 Knowledge 

The following set of questions was created to determine what businesses knew about SPC 

methods and any potential gaps, which would be used later in the study and creation of an 

implementation schema. 

4.4.4.1 What type of control charts are used in your business? 

With the goal of determining what level of SPC might be deployed within the firm, the 

participant was given a list of common control charts to choose from ranging from basic 

Shewhart charts to more complex charts that have been developed within academic and industry 

settings to solve specific problems beyond Shewhart’s original intent. Complex control charts 

may suggest that the company has a deeper knowledge base. Column charts, line charts, pie 
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charts, bar graphics, and bar charts were all included in the “other” response. The types of 

control charts identified by the respondents are summarized in Table 16. 

Table 16 - Type of control charts used 

Control Chart Used Responses Control Chart Used Responses 
X-bar and R 21 nP chart 2 
Median and Range 14 C Chart 2 
Individuals 10 P' Chart 2 
Acceptance Chart / Acceptance 
Individuals 10 Tool wear / Tool wear 

Individuals 2 

P chart 9 G chart 2 
Moving Average / Moving Average 
Individuals 9 U Chart 1 

X-bar and S 5 CuSum / CuSum Individuals 1 
X-bar and S-squared 5 T squared 1 
Other 5 T chart 1 

 

4.4.4.2 How are/were your sample sizes, frequencies and limits of the control charts 

designed? 

This was a multiple-answer question aimed at identifying techniques used for 

maintaining control charts from a sustainability perspective. Out of the 118 people that said yes 

to using SPC methods, 40 gave a response. The choices made by the participants are summarized 

in the Table 17 below. 
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Table 17 - How were the control charts setup and maintained. 

Criteria for setting up and maintaining control charts Count 
Practical experience using techniques by Shewhart, Juran or others.  19 
Using statistical criteria. 16 
Using economic criteria. 1 
Using joint economical and statistical criteria. 10 
A consultant helped us set them up. 3 
Unsure. 3 
Other: 3 responses – 1. Use of military specification standards;  
2. ELFON (name of a company) set up indicators for each process using 
data collected from our records and databases. Frequency, limits 
(baseline, target) defined from the values on a year-by-year basis.;  
3. 100% to start. 

3 

 
4.4.4.3 What control chart patterns are used to state the process is out of control? 

Based on past audits undertaken by this researcher, an examination of control charts 

displayed in suppliers' facilities revealed that control charts were not completed as expected if 

the use of SPC was to be considered successful. It called into question what each business unit 

regarded as out of control, and what criteria would govern the corrective action system's 

response. Table 18 is a summary of the responses received. The 7 rules used to gather a response 

are considered a common set of rules for SPC control charts [1]. 

Table 18 - Control chart rules used to declare process out of control 

Statistical Rules Applied Count 
Runs of 8 or more on the same side of center line. 9 
Runs of 8 or more increasing or decreasing. 11 
Sets of 5 with at least 4 points beyond 1.0 sigma. 11 
Sets of 3 with at least 2 points beyond 2.0 sigma. 11 
Runs of 15 or more at beyond 1.0 sigma. 5 
Runs of 8 or more beyond 2.0 sigma (either side). 5 
Runs of 8 or more alternating up and down (saw tooth). 4 
Other 12 
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The “other” response yielded: Runs of 5 within the upper and lower limits; daily process 

controls; runs of 1; multiple runs outside upper or lower limits; internal values; 1 off; runs of 7 

above and below the mean; any individual run out of shop tolerances. 

4.4.4.4 Control limits are updated regularly when process changes are made. 

Control limits should ideally only be revised after a process improvement has been made, 

that is, when a fundamental modification to the process has improved the process by moving the 

average or lowering variation. The control chart you're using will show an out-of-control 

condition following the process change, so you'll know if it worked. 118 participants responded 

to this question. 

Table 19 - Control limits are updated regularly when process changes are made 

Strongly 
Agree 

Somewhat 
Agree 

Neither 
agree nor 
disagree 

Somewhat 
disagree 

Strongly 
disagree 

25.64% 43.59% 20.51% 7.69% 2.56% 
 

4.4.4.5 Control chart limits stay the same for a given process. 

We want to know how charts might be used in a business to understand what common 

practices they may or may not be following, somewhat like the last query. The goal of a control 

chart is for it to evolve over time as the situation improves. If the chart and control limitations 

remain stagnant, it could indicate that the team lacks knowledge. 118 participants responded to 

this question. 

Table 20 - Control chart limits stay the same for a given process 

Strongly 
Agree 

Somewhat 
Agree 

Neither 
agree nor 
disagree 

Somewhat 
disagree 

Strongly 
disagree 

15.38% 35.90% 25.64% 17.95% 5.13% 
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4.4.4.6 Specification limits tell you where your process should run. 

In practice, specification limitations are frequently set for continuous quality 

characteristics. If the value of a quality feature is within the specified limitations, an item is 

regarded okay; otherwise, it is not okay[17]. Deming [57] Many others have claimed that 

meeting specification limitations is insufficient to maintain acceptable quality, and that 

variability in quality characteristics should be decreased, as Deming [57, p.49] describes it, 

"specifications are lost beyond the horizon." What Deming is referring to are the control limits 

which are based on process performance and not based on customer requirements. We are 

therefore interested in what is referred to as the “voice of the process” and not the “voice of the 

customer.” 118 participants responded to this question. 

Table 21 - Specification limits tell you where your process should run 

Strongly 
Agree 

Somewhat 
Agree 

Neither 
agree nor 
disagree 

Somewhat 
disagree 

Strongly 
disagree 

23.08% 43.59% 17.95% 7.69% 7.69% 
 

4.4.4.7 We perform measurement system analysis on gages used to measure the process. 

Regardless of the measurement equipment used, measurement errors can occur in every 

system. Sometimes the measurement tool is a human who evaluates a product or service for a 

type of defect. We don't know how much error this adds to the overall variation in a process if it 

isn't controlled or analyzed. We can quantify an error that could statistically contribute to the 

process variance if we apply measurement system analysis. If the inaccuracy is large enough, it 

may unnecessarily influence the degree to which our process is out of control. This question was 

chosen to understand if the supplier has knowledge that this could impact their process control. 

118 participants responded to this question. 
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Table 22 - We perform measurement system analysis on gages used to measure the process 

Strongly 
Agree 

Somewhat 
Agree 

Neither 
agree nor 
disagree 

Somewhat 
disagree 

Strongly 
disagree 

28.95% 36.84% 15.79% 10.53% 7.89% 
 

4.4.4.8 Data plotted on a control chart follow a normal distribution (bell curve). 

A widespread misconception about control charts is that data must be normally 

distributed [58]. That is not the case, and this could be a good indicator of a company's 

knowledge base or lack of training if SPC has been introduced. 118 participants responded to this 

question. 

Table 23 - Data plotted on a control chart follow a normal distribution (bell curve) 

Strongly 
Agree 

Somewhat 
Agree 

Neither 
agree nor 
disagree 

Somewhat 
disagree 

Strongly 
disagree 

13.16% 36.84% 39.47% 5.26% 5.26% 
 

4.4.5 Training 

The following questions were used to learn more about who is trained inside an 

organization and who conducts the training. Some businesses use the excuse that they don't have 

enough resources, so implementing SPC is tough. We'd also like to know whether there's any 

help available for questions and problems that may emerge with SPC systems. 

4.4.5.1 All employees in my company are trained on the use of control charts. 

Successful implementations according to Oakland [39] require that everyone be trained in 

SPC methods at some level. Those who merely train a section of their workforce risk losing their 

ability to keep the processes in place. 118 participants responded to this question. 
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Table 24 - All employees in my company are trained on the use of control charts 

Strongly 
Agree 

Somewhat 
Agree 

Neither 
agree nor 
disagree 

Somewhat 
disagree 

Strongly 
disagree 

0.0% 18.0% 10.3% 35.9% 35.9% 
 

4.4.5.2 I train employees on how to use control charts. 

This statement was made to see if there was a local subject matter expert who could be 

used to keep existing and new staff up to date on their training. 118 participants responded to this 

question. 

Table 25 - I train employees on how to use control charts 

Strongly 
Agree 

Somewhat 
Agree 

Neither 
agree nor 
disagree 

Somewhat 
disagree 

Strongly 
disagree 

7.89% 44.74% 26.32% 13.16% 7.89% 
 

4.4.5.3 We use a consultant or 3rd party to train employees on the use of control charts. 

Sometimes 3rd parties or consultants are used for SPC implementations. According to 

Antony et. al. [28], more successful implementations of SPC use internal trainers. 118 

participants responded to this question. 

Table 26 - We use a consultant or 3rd party to train employees on the use of control charts 

Strongly 
Agree 

Somewhat 
Agree 

Neither 
agree nor 
disagree 

Somewhat 
disagree 

Strongly 
disagree 

2.56% 5.13% 17.95% 15.38% 58.97% 
 

4.4.5.4 I can usually find technical support to help me resolve control chart problems. 

Having a support mechanism in place for SPC inquiries and difficulties is key to the 

system's long-term success. Knowing if this is the case can provide insight into any resource 

constraints that may exist. 118 participants responded to this question. 
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Table 27 - I can usually find technical support to help me resolve control chart problems 

Strongly 
Agree 

Somewhat 
Agree 

Neither 
agree nor 
disagree 

Somewhat 
disagree 

Strongly 
disagree 

25.64% 38.46% 12.82% 7.69% 15.38% 
 

4.4.6 Culture/Leadership 

A successful implementation depends on the strength of a company's culture and 

leadership commitment.[28]. The following questions provide insight into the world of SPC for 

companies that have implemented it to some form. 

4.4.6.1 No need to sample the process, we know what good data looks like. 

For the first step of an SPC implementation, sampling data from the process is essential. 

If we don't know what the data should look like, just plotting data on a SPC chart with off-the-

shelf software gives us the chance to make a bad judgment based on the results. 118 participants 

responded to this question. 

Table 28 - No need to sample the process, we know what good data looks like 

Strongly 
Agree 

Somewhat 
Agree 

Neither 
agree nor 
disagree 

Somewhat 
disagree 

Strongly 
disagree 

7.69% 10.26% 23.08% 33.33% 25.64% 
 

4.4.6.2 I am supported when I shut down a process for being out of control. 

As previously indicated, leadership engagement is a critical success component. Knowing 

that a process can be shut down or stopped if it becomes out of control demonstrates that the 

leadership recognizes the benefits that a properly configured control chart can provide. 118 

participants responded to this question. 
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Table 29 - I am supported when I shut down a process for being out of control 

Strongly 
Agree 

Somewhat 
Agree 

Neither 
agree nor 
disagree 

Somewhat 
disagree 

Strongly 
disagree 

36.84% 31.58% 18.42% 10.53% 2.63% 
 

4.4.6.3 Out-of-control conditions are taken very seriously. 

As in the previous question, this too can be an indicator of how well the leadership and 

culture understand the importance of the signals coming from a SPC system. 118 participants 

responded to this question. 

Table 30 - Out-of-control conditions are taken very seriously 

Strongly 
Agree 

Somewhat 
Agree 

Neither 
agree nor 
disagree 

Somewhat 
disagree 

Strongly 
disagree 

51.28% 23.08% 17.95% 5.13% 2.56% 
 

4.4.6.4 We are given sufficient time to find root cause of an out-of-control condition 

before restarting the process. 

Another sign of a company's support and culture when it comes to SPC implementation 

could be implied through this statement. 118 participants responded to this question. 

Table 31 - We are given sufficient time to find root cause of an out-of-control condition before 
restarting the process 

Strongly 
Agree 

Somewhat 
Agree 

Neither 
agree nor 
disagree 

Somewhat 
disagree 

Strongly 
disagree 

38.46% 25.64% 15.38% 15.38% 5.13% 
 

4.4.6.5 Who are authorized to perform the following on control charts? 

According to this author's experience in quality system management, quality 

improvement activities and systems were previously controlled by the quality department. The 
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visible or working conduct of the majority of an organization's people is referred to as the 

corporate quality culture. Organizational cultures with successful quality management methods 

and procedures are those in which outcomes take precedence over politics and bureaucracy, and 

workers and staffs are confident that top leadership wants to know the truth, not simply an 

acceptable version of what is taking place. Although the quality department can facilitate 

company-wide process control and improvement methods and systems, each internal 

organization must be responsible for its own quality[59]. 118 participants responded to this 

question. Only two responses were received from the OEM data group and therefore are included 

in Table 32. 

Table 32 - Who are authorized to perform the following steps with control charts 

 Collect the Data Plot the Data Analyze the Data Act on the Data 
Quality 34.3% 64.7% 45.7% 25.7% 
Engineering 2.9% 5.9% 14.3% 11.4% 
Operator 54.3% 17.7% 11.4% 14.3% 
Management 8.6% 11.8% 28.6% 48.6% 
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CHAPTER 5 

SUCCESS FACTORS AND FRAMEWORKS FOR IMPLEMENTATIONS OF SPC IN 
AVIATION 

5.1 Discussion 

5.1.1 First Survey (General Industry Focus) 

Seven questions were asked of 51 companies with respect to SPC and its implementation 

within their business. While the survey response rate is typical for this survey size, it might be 

considered small compared to the number of businesses that exist world-wide. Given that 28.5% 

of those surveyed did not use SPC, there is a potential gap in implementations of SPC. They are 

not as widespread as one might expect, even supposing SPC is a simple and a standardized form 

of process performance measurement which could lead to quality improvements over time. 

Because the survey was anonymous, it does not identify the specific industries not utilizing SPC; 

however, the author draws the conclusion that the aerospace industry is one that has a lower 

implementation rate based on physical evidence from on-site audits, mentioned in the 

introduction and informal interviews conducted with OEMs at Nadcap, an industry program 

focused on providing industry requirements that can be used regardless of the customer, 

conference meetings during the 2019 year. Three of the five OEM representatives acknowledged 

that they have attempted but failed to implement SPC. The other two stated SPC had been 

adopted in their chemical processes but that they had seen no further development in other areas 

of the business. 

Gunter [60] argues that control charts have lost their relevance and states that companies 

have moved beyond this “honored but ancient tool.” Yet, companies that have implemented SPC 

provided remarks that are consistent with benefits described in other publications. It therefore 

has not lost its relevance; the issue is a result of deficiencies in other areas of implementation. 
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It has been noted from the survey that the “quality” department appears to drive or own 

more implementations than any other group. While they may have the expertise to implement 

and design the methods, it is the service providers and manufacturing organizations that utilize 

the processes that are being measured. Data gathering becomes a nuisance from a lack of buy-in 

to the process due to incorrect process ownership or lack of roles and responsibilities. Response 

to indicators of out-of-control processes may not occur in a timely manner or not at all, leading 

to poor quality products and potential escapes to the customer.  

Six Sigma methods resurrected SPC charting methods as a formal way to analyze data 

and control process improvements, resulting from the analyze and control phases of a define-

measure-analyze-improve-control (DMAIC) project. Six Sigma training in control chart methods 

covers high level application to processes and often relies on software tools for setup and 

analysis. Trainers and consultants do not spend time educating the lay persons in the assumptions 

and theories that go into the correct application of a control chart. The missing information can 

lead to incorrect implementation of the tools and techniques, leading to false indicators and 

possible escapes of poor quality to their customer. The adoption of the incorrect methodology 

can lead to lack of success with SPC implementations [34]. Antony and Taner further state that 

some companies even believe that control charting is a chart on a wall for satisfying customers. 

One objective of SPC techniques is to catch issues in the process before creating defects. 

Shewhart’s definition of control states that the process will be in control when utilizing 

experience to predict the future performance of a characteristic within statistical limits. Survey 

responses point to the use of more measures of output than input. It is the predictive nature of a 

control chart when measuring inputs that provides the most benefit to the process. Controlling 

input measures allows one to guarantee an output within limits if only chance variation exists. If 
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companies are focused more on output performance, it becomes problematic to control the 

process to prevent a defect. Control charts that measure outputs then become a reactive measure 

allowing poor quality until the process can be brought back into control. Based on the barriers to 

implementation, it appears that proper selection of key characteristics may be a gap in the 

implementation process and should be addressed to gain full benefits of SPC. 

Key barriers to implementation involved lack of resources, lack of understanding of the 

techniques and its terminology, fear of statistics and management’s understanding of quality and 

what the SPC toolset can provide as a benefit to the business. One comment that was not 

repeated but did validate what some authors of journal publications had stated was, 

“implementations in literature are not clear and make it difficult to transfer to real-world 

applications.” Woodall’s viewpoint [17] states there needs to be a quicker transition from the 

classical methods to newer approaches when appropriate. This author would argue, based on this 

first survey and personal observations, that implementations and correct use of control charts 

involves getting back to the basics and simplicity that Shewhart intended for industrial 

applications. When concepts become difficult and challenging to implement, humans surrender 

and revert to alternate means or hamper the new process from being successful. 

5.1.2 Second Survey 

The data was broken down into six categories for the second survey: demographics, 

potential barriers to SPC implementation, benefits of SPC, knowledge of SPC, training, and 

culture/leadership. 

5.1.2.1 Demographics 

To refresh your memory, the survey invitation was sent to 22 OEMs and 1453 supplier 

base organizations. 14 submissions were obtained out of 22 OEMs, while 305 responses were 
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received out of 1453 suppliers. The aggregate response rate from OEMs and the supply base was 

21.6 percent. According to the locations obtained from the survey system, the responses 

collected covered many areas inside the United States of America, areas of the United Kingdom, 

one response from Greece, and another from Mali, Africa. Figure 7 shows a graphical picture of 

the responses.  

The response to whether SPC is employed in their operations is key to this study. 57.1 

percent of OEMs said yes, while 42.9 percent said no. 36.0 percent of suppliers said yes, while 

64 percent said yes. Based on observations and experience of this author, this result confirmed 

that there are more suppliers that do not employ SPC versus those that claim to have 

implemented SPC. 

A common comment made with respect to SPC is that “we can’t implement because I 

don’t have the resources available.” OEM data was excluded from this data set because we are 

interested in the ability of the supplier to be able to implement SPC methods. The average 

number of employees from the responses was 173 (n=305), a median of 90 and a range of 1497. 

For those that said yes (n=110) to implementing SPC, they averaged 195, a median of 115 and a 

range of 1497. For those that responded no (n=195), the average was 150, a median of 100 and a 

range of 481. From the data provided by the survey responses and performing a t-test assuming 

unequal variances, the p-value is greater than 0.05 (p=0.259) which suggests that the averages 

are statistically the same and therefore there is no difference in the average employees that might 

be a reason that SPC could not be implemented. 

Review of the graphical chart of revenue by response, those with low revenue were still 

able to implement SPC and therefore revenue does not appear to be a barrier even though some 
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businesses may claim this excuse. Those with lower revenue still found a way to implement 

SPC. 

Regarding quality system registrations only 18% did not provide a response. 3% were 

from those that have implemented SPC and 15% from those that have not. With knowledge of 

the supply base that was invited to participate in the survey, it's plausible that the 15% includes 

companies that have registration waivers. These businesses' OEMs may have determined that 

they are small enough or have some other reason that they do not require registrations for their 

quality system. It's also conceivable that the individual who responded did not complete the 

question or was unaware of their specific registration(s). Any of the mentioned registrations do 

not specify a process control method, but they do request that the business be able to demonstrate 

that quality is regulated in some way. If they said no to employing SPC methods, on-site visits or 

interviewing would be required to learn more about the context or methods they use to regulate 

their product. 

The last question with respect to demographics is interested in the position of the person 

who responded to the survey. For the responses that were received, 99 out of 105 have titles that 

are quality related, of the remaining 6 respondents, 2 were from the finance organization, 4 were 

from operations or engineering type positions. The invites were sent to all the company's quality 

managers, directors, and presidents. It was not anticipated to be forwarded to the finance group 

for a response; yet, while 2 percent may not seem like a large number, it could add to a data 

inaccuracy. Engineering and operations responsibilities may be incorporated in the quality role 

(or vice versa) as a second position for that employee, according to the author's experience 

working at a supplier. Employees who work in small businesses can and often do take on many 

responsibilities. 
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5.1.2.2 Barriers to implementing SPC 

Impediments to implementation and barriers to sustaining or growing SPC inside their 

businesses were the subjects of two inquiries. One question was for companies who had not yet 

implemented SPC, and the other was for those who had. This would allow them to identify what 

was preventing them from expanding their implementation. 

Lack of benefits to the business were ranked first, lack of knowledge was second, 

resource constraints were third, and training was fourth among the items highlighted as potential 

hurdles to implementing SPC. Leadership and culture were also hindrances to further initiatives. 

It was also intriguing to see that 9% were in the process of attempting to implement SPC 

methods. If the survey was given later, it would be useful to see if they were successful or if they 

are still postponing the effort. 

5.1.2.3 Benefits to implementing SPC 

The following section discusses the potential benefits of employing SPC procedures for 

organizations. We start by figuring out why they're employing SPC approaches in the first place. 

Continuous improvement, process performance, process control and meeting customer or ISO 

9000/AS9100 requirements cover approximately 80% of the responses. If those who stated that 

the aim is to achieve ISO/AS criteria believe that the instruction requires SPC methods expressly 

for managing their product quality, they may not fully comprehend the quality system 

requirements. SPC is recommended by the standards, although businesses are free to pick their 

own method of product control. 

Except for “process trial charts being utilized to analyze a process for a short duration,” 

the other responses are equivelant to findings in the literature. No additional clarification was 

received for the “other” response. 
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The top 80% of replies to the next question, which specifically asked about benefits, all 

relate to process activities, ranging from performance measures (19.5%) to process 

enhancements (2.2%). All are valid responses and should be considered in communication plans 

related to educating the employee base with respect to the advantages of SPC methods. 

5.1.2.4 Knowledge 

The questions in section 4.4.4 contain topics relating to SPC and were designed to gauge 

supply base expertise.  

4.4.4.1 covers different types of control charts. Shewhart charts, X-bar and R, P chart, C 

chart, U chart, and subtle variations of those charts are regarded as easier charts to apply to 

processes for the purposes of this study. More complex techniques include CuSum, G Charts, 

Tool Wear, and EWMA. Shewhart level charts are used to control processes in the aviation 

supply base, according to 62.7% responses. This means that the implementations appear to be at 

a basic level. It does not indicate that the implementations are incorrect.  Other findings could be 

that suppliers lack subject matter expertise to use more sophisticated charts, that processes do not 

require more advanced charts, or that the process requires an advanced chart, and the existing 

graphic is inaccurate.  

4.4.4.2 through 4.4.4.8 ask questions related to the development and operation of control 

charts. These responses indicate the level of expertise within the supply base which includes 8 

responses from OEMs. Answers were combined to avoid singularities in responses at the OEM 

level.  

Of interest was a response with respect to how control charts are setup and maintained. 

One comment that was made in the “other” choice indicated that limits, sampling and targets 

were adjusted on a year-by-year basis. Control charts limits and sampling plans are meant to be 
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adjusted based on the process performance, not based on some timeframe changes unless there is 

a change in other process parameters or the product being measured has changed. Past 

performance is used to create the control limits and with a process starting over at the beginning 

of the year, this comment implies that they may be using limits other than traditional Shewhart 

calculated limits. This is an indicator that knowledge is suspect.  

Another remark in the “other” response on control chart rules for out-of-control signals 

suggests that control limits are set using shop tolerances. While control limits can be established 

in a variety of ways, classic Shewhart charts only employ three standard deviations from the 

mean. The use of shop tolerances or specification limits is tied to the voice of the customer rather 

than the voice of the process. 

Agreements or disagreements with the statements in sections 4.4.4.4 through 4.4.4.8, 

which uses a 5-point Likert scale indicates gaps in the knowledge base for implementations of 

SPC methods. Of these questions, updating of charts directly ties with the visual indications seen 

by this author while conducting audits within the supply base. Delayed, lack of or no updating of 

charts is a good indicator that the charts may just be used to satisfy a customer’s requirements. 

At the very least, they should be updating the data in preparation for the customer's audit. They 

should reconsider using SPC methods or seek assistance in properly implementing them. 

5.1.2.5 Training 

As stated in 4.4.5, questions were used to discover more about who is trained and who 

conducts the training within a business. Businesses frequently complain that they are resource 

constrained and thus unable to implement SPC. Not all staff are trained in SPC methods, 

according to 71.8 percent of the responses.  
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However, there was some encouragement that 52.6% of the respondents train employees 

on how to use control charts. This should indicate the availability of a local subject matter expert. 

It would be even better if the trainer's knowledge could be verified by a test or industry 

certification. Suppliers may lack the resources for this type of support, or they have found a way 

to accommodate this with their current employees, since 7.7% of replies state they use a 3rd 

party or consultant for SPC training.  

 Following up with technical support, 64% say they can usually find technical assistance 

to resolve control charting concerns. It's unclear what kind of media or human assistance is being 

used to fulfill this requirement. Those implementing SPC should have access to a variety of 

resources. Different strategies can be used to solve various problems. 

5.1.2.6 Culture and Leadership 

The last set of questions focuses on leadership and culture, two of the most significant 

aspects of a successful SPC implementation. Who is accountable for SPC, what measures are 

taken when processes get out of control, and what resources are available to remedy issues 

before resuming a process are all signs of whether leadership and the culture appreciate the need 

of controlling variance in their processes. 

Ostensible practitioners of SPC claim that they just know what good data looks like. 18% 

of the responders claim this ability. Decisions should be based on data and specifically what is 

indicated by use of a properly setup control chart. Knowing what good data looks like, implies 

that these users are going by intuition. Leadership should push back on these individuals and 

seek qualified support; otherwise, the employees' trust will be lost, which could result in a poor 

implementation. 
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Support and commitment from the top are critical to the success of an SPC 

implementation. When an out-of-control condition arises, leadership that does not empower 

employees to halt the process from producing defects will result in falsification of data on the 

charts or they will not be updated on the required frequency. According to the survey results, 

using questions from 4.4.6.2 and 4.4.6.3 somewhat disagree and strongly disagree responses, 

20.8% believe they are not empowered to take control of the process when the need arises. Using 

the same questions and somewhat agree and neither agree nor disagree responses, 54.6% only 

partially agree that they are properly supported from leadership. This poses a threat to the SPC 

system's long-term viability. The importance of leadership commitment in starting and 

maintaining the SPC implementation process has been explored in the literature. If there is a 

problem with the process, resources will most likely not be directed towards addressing it 

without it and the support of the business. 

The last question relates to the culture of the business. Older quality systems rely on a 

typical quality department to facilitate and maintain quality initiatives. Newer systems are 

driving towards everyone playing a role in and be responsible for their own quality. 

Unfortunately, charting the data and evaluating the data generated higher quality responsible 

responses than other groups. Obtaining the data and acting on the data indicated responsibility 

lies with other functional areas. Acting on the data shows that management is becoming more 

involved in the response, although management was not defined explicitly, which could 

still indicate that quality management oversees corrective action. 

The framework to support aviation suppliers was developed using each of the survey's 

focal areas. The concept development is covered in the following sections. 
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5.2 Framework for Implementations of SPC in Aviation 

There is a wide variety of proposals in evaluations of various publications outlining 

frameworks for implementing SPC in different industries. Depending on the amount of detail 

given and the aim of the terminology used to define the framework, there might be anywhere 

from four to sixteen phases or steps. We established the following framework (Figure 11) for 

SPC implementations in aviation based on the success factors (Table 33) discovered in the 

literature and the results from the surveys. 

Table 33 - Success factors applicable to the aviation industry 

1. Leadership Commitment 
2. Change Management (Cultural Needs) 
3. Communication 
4. Teamwork  
5. Training 
6. Process prioritization, definition, and selection 
7. Design of process utilizing Human Factors 
8. Identification of critical quality characteristics 
9. Measurement system analysis and evaluation 
10. Control chart selection 
11. Process knowledge documentation 
12. Reward system 
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Figure 11 – Proposed framework for implementation of SPC in aviation 

Leadership Commitment. The lack of commitment and involvement of senior leadership 

is one of the most prominent causes for SPC implementation failure in many businesses [61]. 

Change within an organization cannot happen until there's a focus on change management during 

initiatives such as SPC. In an initiative like this, senior leadership or their representatives should 

play an active role as change leaders. Leadership must understand that solutions for minimizing 

variability, like SPC, are their responsibility, and that they should be the ones to undergo SPC 

training first. They should trust in SPC as a problem-solving tool and be aware of the benefits 

and principles needed to build a successful SPC system within the organization. According to 

Robinson et al. [62], it is difficult for a system to succeed until everyone comprehends how 

important the SPC project is to leadership and their customers. 

SPC's significance as a variation reduction strategy should be understood by middle level 

management. Leadership should provide sufficient resources to quality-improvement initiatives 

that result in continuous product/process improvement. They should also be prepared to deal 
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with any internal resistance to change, as well as any concerns about training or implementing 

a SPC system. 

Cultures, Mindsets and Behaviors. It's one thing for senior leadership to declare a 

commitment to the implementation of SPC as a business methodology; it's another thing entirely 

for that commitment to be embraced or ingrained in the organization's culture. A teaching 

process in which desired behaviors and activities are learnt through training, experiences, 

symbols, and explicit behavior is the most basic vehicle for anchoring a corporate culture.  

This element's proposal calls for the formation of a change management team comprised 

of leadership, perhaps human resources, and middle management. The quality of the 

implementation, as stated in GE's change management program, is only as good as the 

employee’s engagement coupled with the technological solution [46]. The implementation will 

fail if it does not fulfill the needs of the employees and secure their trust in the process. 

Performance Management encompasses the measurement system analysis and evaluation 

of the data that is collected for the process. It also entails assessing the SPC system's efficacy. 

This helps with process priority, definition, and selection for the next SPC deployment. Finally, 

the implementation and later system performance measures can be used to support the reward 

system, which is used to encourage and keep the energy level high in order to sustain and ensure 

the SPC system does not fail. 

Training Management. One of the essential pillars of an SPC implementation system is 

training management. Employees will not know what to do or how to continue if there is no 

training plan in place. Because this area is critical to the success of a SPC implementation, a 

separate framework was developed to supplement the overall SPC implementation framework. 

Further discussion is in section 5.3. Because we're talking about the aviation supply chain, the 
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OEM may be able to help with training. If they are the organization that is requiring SPC 

adoption for their products, it only makes sense that they would also be available for help. 

Variation Management. The technical infrastructure is housed in one of the framework's 

remaining sections. Variation management entails incorporating human factors into the process 

design, identifying essential quality characteristics, and, in some ways, overlapping with 

measurement system analysis.  

When the process falls out of control, another feature recognized in the literature is the 

necessity for a control plan. A control plan that outlines the rules and assists the operator in 

responding or taking corrective action based on the condition identified should be included in the 

variation management element. 

Communication is important to link all the pieces together to create a system. Not only is 

it beneficial for leadership to communicate the benefits of SPC and why it is crucial to the 

business, it is also a necessary tool to guarantee that each of the processes are translating 

information across the elements so that gaps can be closed, and improvements made.  

Organizations that have been successful in managing change have found that improved 

and ongoing communication, motivation, and education are the most effective approaches to 

manage resistance to change [34]. 

Leadership commitment, performance, training, and variation management, all of which 

are linked by communication and feedback loops, can be considered the conceptual framework 

for SPC implementations in the aviation supply base.  

5.3 Framework for Training of SPC in Aviation 

As part of the implementation framework, it was obvious from the survey results that 

training, and knowledge development are critical to the success of the implementation. When 
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considering implementing a SPC system, comments show that a lack of resources and subject 

matter experts is a concern. Aviation suppliers, who typically try to get by with the fewest 

resources possible, should benefit greatly from pre-developed training programs and additional 

support from an OEM that may be mandating the requirement. Adding an extra person to be 

responsible for the development of SPC training in addition to becoming the knowledge expert 

can be cost prohibitive. However, if SPC is properly implemented, one of the benefits will be a 

reduction in costs and waste, which may be enough to cover the expense of the additional staff.  

A proposed framework for generating training for an SPC system is shown in Figure 12. 

Using Maslow's triangle notion [63], we're interested in the peak, which seeks self-fulfillment in 

the employee so that they're driven to keep going and not fight change. It is the leadership's 

obligation to provide the necessary conditions for this to happen. If the system is not adequately 

overseen, SPC is nothing more than a nice chart on the wall. When using SPC correctly, 

operators should let the process run. Operators must use the control charts and control plans to 

track down special causes and re-establish control over the process. An operator is thus expected 

to do more than function as an extension of the control chart, calling someone in to address an 

issue when a signal is given; he is also expected to take initiative to improve his section of the 

process [25]. Training must address this need and prepare the operator for his part in the process. 

The concerns raised in the survey were included into the framework. (A larger version 

can be viewed in Appendix B.) The framework is divided into 5 phases. 

The current employees' SPC skill level and experience will be assessed in the first phase. 

Setting a plan and skill level goals for employees is the first step in the process. Following that, a 

gap analysis is conducted in respect to what is expected, and the results are fed into the second 

phase.  
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The development of the SPC implementation plan is the second phase. This strategy will 

cover not just the technical abilities required, but also the change management training that must 

be included in the materials. Focus on leadership training will also happen during this phase. 

They should be the first to receive the training in preparation for the commitment communication 

that needs to be delivered to the rest of the employee base. 

The implementation phase is the most important. It is the material design phase, as well 

as the formulation of efficacy metrics and a plan for a course pilot test(s). Use of company case 

studies or examples that are directly related to the work performed should be considered as part 

of the material. Irrelevant examples make it more difficult for employees to connect with their 

daily work in understanding how SPC may help them improve their processes. Finally, during 

the development phase, human factors issues should be considered. With an aging workforce and 

new employees who have recently graduated from college or high school, the training program 

will need to evaluate what strategies will be used to keep them engaged during the training so 

that they can be effective once it is completed. 

The rollout is the fourth phase. Leadership training comes first, followed by coaching and 

mentoring as the rest of the personnel are trained. The most important aspect of this phase is that 

culture and mindset behaviors should be taught and modeled so that employees may learn how to 

operate and interact with the new system. 

The final step focuses on keeping the training fresh and relevant. It is critical that the 

program's courses and effectiveness be assessed on a regular basis with the goal of learning and 

improving for future sessions. Once the existing process has stabilized, plans should be made to 

address growth in advanced topics. 
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Figure 12 – Proposed training framework for SPC implementations in aviation 

Table 32 was created as a starting point for developing a SPC training program. With 

reference to any program, training should address the “what, why, who, and how.” There are 

likely to be variations of SPC training from consultants on the market. Three sources were 

consulted; the AIAG “Statistical Process Control Reference [64]”, AIAG’s “SPC Quick Start 

Guide [65],“ and a training manual from AT&T’s Quality Library, “Analyzing Business Process 

Data: The Looking Glass [66].” Additions or changes were made in response to survey 

comments on training programs. 
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Table 34 - Recommended table of contents for training program 

1 Introduction 
1.1 What is SPC? 
1.1.1 Cover the system of SPC, not just control charting. 
1.1.2 Cover variation and what it means to the customer and the process. 
1.2 Why do we need to analyze data? 
1.3 Why do we need to measure? 
1.4 What benefits do I gain from SPC? 
1.4.1 How do we translate this to the customer? 
1.4.2 How does it translate to the business? 
1.5 Prevention versus detection 
2 What do I Measure? 
2.1 What is involved? 
2.2 How do we identify the key characteristics? 
2.2.1 Who is involved with providing the characteristics? 
2.3 What else should I measure in the process? 
2.4 What is an MSA and why do I need to complete this? 
3 Once we start taking measurements, now what? 
3.1 Control chart introductions, start with the basics.  

(Advanced topics should be considered as follow-on when the need arises.) 
3.2 Control charts for variables 
3.3 Control charts for attributes 
3.4 How do we interpret the control chart? 
3.5 Overview of process capability, control, and improvement – how they work together 
3.5.1 Process capability – can we meet the customer’s needs 
3.5.2 Process Improvement – can we do better? 
4 How do I show and explain the results from control charts? 
4.1 When should I be concerned and how and when do I act? – Control plans 
4.2 What other tools can I use to solve the issue I see? 
4.2.1 Histograms 
4.2.2 Pareto diagrams 
4.2.3 Boxplots 
4.2.4 Analysis of Means 
4.2.5 Scatter plots 
5 Where can I go for help? 
5.1 Internal sources 
5.2 Books 
5.3 Videos 
5.4 OEMs, Consultants, other 3rd party subject matter experts  
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5.4 Strategy For Sustaining the Implementation 

An acceptable period for a department to achieve measurable progress in implementing 

SPC was determined to be two years according to a statement made by Gordon, et al. [67]. 

Because this statement only refers to a single department and not the entire organization, it is 

anticipated that SPC implementation will be a journey rather than short term project.  

As stated in this section heading, companies are looking for a strategy to sustain the 

adoption of SPC. SPC should be considered a way of doing business rather than a set of tools. 

While SPC includes a set of tools for managing variation, it goes well beyond that. SPC should 

become ingrained in the culture, as well as the mindsets and behaviors that support it. 

Strategically, SPC should be a part of the quality strategy and more importantly a part of the 

company’s overall vision and strategic plan.  

Sustainment includes cultural behaviors and mindsets, as well as continuing training and 

process improvement. In other words, the learning organization is the one who will sustain and 

grow their SPC implementation. 
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CHAPTER 6 

SUMMARY, CONCLUSIONS AND FUTURE RESEARCH 

6.1 Summary and Conclusions 

The purpose of this research was to figure out why suppliers in the aviation supply chain 

don't use SPC techniques and methodologies as frequently as other industries. Interest in SPC 

methods for managing product quality has developed in numerous industries since the 

implementation of TQM and Six Sigma in the 1980s and 1990s, but it does not appear that 

aviation has joined the frenzy. Effective frameworks for implementing SPC based on success 

factors have been developed and assessed in industries such as food, health, and software, 

according to a review of the literature. A framework for the aircraft sector has not been devised, 

according to literature searches. To build a conceptual framework for implementing SPC 

methodologies within the aviation supplier community, this research relied on survey responses 

from multiple aviation suppliers and OEMs, as well as an examination of frameworks and 

success factors from other industries. 

This research identified the following elements that emerged as barriers to implementing 

SPC in the aviation industry from taking advantage of SPC: 

• To create a culture and environment conducive to SPC implementation in the supplier 

base, leadership commitment is insufficient. 

• Within the aviation industry, the benefits of SPC are not generally known or understood, 

resulting in a gap. 

• SPC adoption is not supported by cultural beliefs and practices. Leadership does not 

always create an environment in which employees are empowered to make the best 

decision possible based on process data. 
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• A lack of understanding of SPC is insufficient to justify the use of SPC tools and 

techniques. 

The identified gaps and barriers were employed to construct conceptual training and 

implementation frameworks to assist the aviation supply base with SPC implementations. Pilot 

studies with a sample of aviation suppliers should be used to verify these frameworks. To 

prepare for new deployments, the frameworks should be improved on a regular basis.  

6.2 Future Research 

This study's research is only the beginning of the process. Working with suppliers was 

limited due to Covid constraints, therefore an implementation case study using the SPC and 

training frameworks developed and addressed in Chapter 5 was not possible. Implementations 

are necessary to validate the structure of the frameworks proposed and to further develop the 

concepts. The preference of this author is to avoid confirming Woodall’s[17] remark on the 

disparity between theoretical development and implementations of SPC. Next steps in research 

should involve the implementation of a SPC system at selected suppliers to validate and refine 

the frameworks proposed. This will also allow for the development of process details needed for 

the implementation. 

6.3 Limitations 

Surveys are not without limitations. There are other populations that may be of interest in 

understanding why companies do not or struggle to implement SPC. These set of surveys also 

utilized open-ended questioning without limited follow-up or clarification of the responses 

submitted. Understanding context and situational awareness will give better insight into any gaps 

that may exist. Incomplete responses are limiting when the thought being conveyed is not clear 

and the analysis of the response could lead to an incorrect conclusion. The small sample size of 
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the first survey can be a limiting factor. Sample size and demographics can influence results 

from one spectrum to another and might lead to false or incomplete conclusions. While the 

second survey was 21.6%, there is always the potential that this sample of data could still be 

driven in other directions along the spectrum of implementations. 

The COVID-19 pandemic prompted a decision to focus on survey responses and 

literature research, deferring a visit to the supply base to gain a better understanding of the needs 

of those businesses. It's also possible that doing so harmed one's ability to learn more through 

face-to-face conversations. The risk is limited, however, because the survey results were 

frequently confirmed by existing literature.  
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APPENDIX A – FIRST SURVEY 
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APPENDIX B – SECOND SURVEY 

Notes: 

Qualtrics was used for this survey to capture the data. For some companies, they were not able to 

utilize Qualtrics due to security firewalls within their business. In those cases, an emailed copy 

was sent and data was then combined with the Qualtrics data later for analysis. Logic was used to 

skip questions or verify input responses from the user as they proceeded through the survey. 

 

Dear Sir/Madam, 

In collaboration with company XYZ, the Industrial and Manufacturing Engineering 
Department at Wichita State University is currently conducting research to identify 
organizational benefits attributable to the use of control charts in the aerospace industry. Also of 
interest are the technical and cultural difficulties experienced with the implementation of such 
quality techniques. We are contacting you because you are listed as a supplier to the aerospace 
industry.  

Participation involves completing a survey that will take about 10 minutes. No personal 
health or medical information is being requested. There are no personal benefits or anticipated 
risks to participating in this study. However, if you feel uncomfortable with a question, you may 
skip it. Participation is voluntary, and you can stop taking the survey at any time. 

If this survey has reached you in error, please close it out and send the email on to the 
appropriate person within your organization. Keep in mind that your individual responses will be 
kept confidential and will only be utilized to compile the results. We will work to make sure that 
no one sees your survey responses without approval. But, because we are using the Internet, 
there is a chance that someone could access your online responses without permission. In some 
cases, this information could be used to identify you. Company specific information will be 
treated as confidential, subject to the Kansas Open Records Act, K.S.A. 45-201 et seq., as 
amended, and will not be shared with any outside parties. 

If you are interested in obtaining a copy of the survey results, please complete the 
question Q5.  We appreciate your time and thank you in advance for your participation. Please 
respond by Friday, March 15, 2019.          

 
Best regards, 
Roger Merriman 
Quality Assurance Manager - Integrated Supply Chain 
Company XYZ 
Gamal Weheba, PhD, CQE 
Professor Industrial and Manufacturing Engineering 
Wichita State University 
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If you have any questions, please contact Roger Merriman at XXX-XXX-XXXX. For 
questions about the rights of research participants, you may contact the Office of Research and 
Technology Transfer at Wichita State University, 1845 Fairmount Street, Wichita, KS 67260-
0007, and telephone (316) 978-3285. You are under no obligation to participate in this study.  By 
selecting “Yes” below, you are indicating that:  
• You have read (or someone has read to you) the information provided above, 
• You are aware that this is a research study, 
• You have voluntarily decided to participate.  

 
I have read the above and agree to participate in this survey. Yes / No 
Q1 I am age 18 or over.  
 
Q2 I would like to have a copy of the Consent Form (logic allows user to download from 
Qualtrics) 
 
Q3 Are you interested in receiving the results of this survey once project is complete? 

Q4 Please add email if you are interested in receiving a copy of the results of this survey or are 

requesting a copy of the consent form. 

Q5 Company Name (optional, but preferred) 

Q6 Number of employees 

Q7 Annual Sales (estimate) 

Q8 What industry(ies) are you in? 

Q9 What is your job title/function? 
- Quality Manager 
- Quality Engineer 
- Quality Representative 
- Other 

 
Q10 Registrations held - select all that apply 

- AS9100 
- NADCAP 
- ISO 9001 
- ISO/TS 16949 
- Other 
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Q11 How long have you been with the company in your current function? (month, years) 

Q11A How long have you been using statistical process control methods? 

Q12 Can we contact you for further information or follow on questions? If yes, please enter 
name, email, and phone number where you can be reached in blank given 

 
Q13 Do you utilize control charts in your business? 
 
Q14 If you have considered the use of control charts, what is stopping or preventing you from 
implementation? If you have not considered the use of control charts, why not? Please be as 
specific as possible. 
 
Q15 For what purpose do you use control charts? Please select all that apply. 

- As a report card for the process 
- Used to adjust a process, a feedback loop about process performance 
- Process trial charts - only used to analyze a process for a short duration 
- Extended monitoring charts - used to discover which chart is best for predicting 

process/product performance 
- Control charts for continual improvement 
- Meet customer requirements 
- To support ISO or AS9100 requirements 
- Improve production/services 
- Gain an advantage over competition 
- Control existing processes and services 
- Other 

 
Q16 How many years have control charts been in use within the business? 
 
Q17 What benefits do you gain from control charts? 
 
Q18 What barriers or limitations prevent you from implementing control charts across more 
areas of your company? 
 
Q19 What software packages do you use for creating and maintaining control charts? 

- Minitab 
- Statistica 
- JMP 
- QIMacros 
- Homegrown 
- Other 
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Q20 What type of control charts are utilized in your business? Please select all that apply. 
- X-bar and R 
- X-bar and S 
- X-bar and S-squared 
- Median and Range 
- Individuals 
- P chart 
- nP chart 
- U chart 
- C chart 
- P’ chart 
- U’ chart 
- Moving average/Moving average individuals 
- EWMA/EWMA individuals 
- CuSum/CuSum individuals 
- T squared 
- Multivariate EWMA 
- ARIMA/ARIMA individuals 
- Acceptance Chart/Acceptance individuals 
- Tool wear/Tool wear individuals 
- Cuscore/Cuscore individuals 
- G chart 
- T chart 
- Other 

 
Q21 Who are authorized to perform the following on control charts? Please select all that apply 

Choices for who – Operator, Quality, Engineering, Management and they can: 
- Collect Data 
- Plot the Data 
- Analyze the Data 
- Take Action 

 
Q22 How are/were your sample sizes, frequency and limits of your control charts designed? 
Please select all that apply. 

- Practical experience using techniques by Shewhart, Juran or others 
- Using statistical criteria (e.g., ….) 
- Using economic criteria (e.g., ….) 
- Using joint economical and statistical criteria 
- A consultant helped us set them up 
- Unsure 
- Other 
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Q23 What control chart patterns are used to state the process is out of control? Please select all 
that apply. 

- Runs of 8 or more on the same side of center line 
- Runs of 8 or more increasing or decreasing 
- Sets of 5 with at least 4 points beyond 1.0 sigma 
- Sets of 3 with at least 2 points beyond 2.0 sigma 
- Runs of 15 or more at beyond 1.0 sigma 
- Runs of 8 or more beyond 2.0 sigma (either side) 
- Runs of 8 or more alternating up and down (saw tooth) 
- Other 

 
Q24 Please rate your level of agreement with the following statements 
 (5-point Likert scale – Strongly Agree | Somewhat Agree | Neither Agree or Disagree | 

Somewhat Disagree | Strongly Disagree) 
- All employees in my company are trained on the use of control charts 
- I train employees on how to use control charts 
- We use a consultant or 3rd party to train employees on the use of control charts 
- I can usually find technical support to help me resolve control chart problems 
- Control limits are updated regularly when process changes are made 
- Control chart limits stay the same for a given process 
- Specification limits tell you where your process should run 
- We perform measurement system analysis on gages used to measure the process 
- Data plotted on a control chart follow a normal distribution (bell curve) 
- No need to sample the process, we know what good data looks like 
- I am supported when I shut down a process for being out of control 
- Out-of-control conditions are taken very seriously 
- We are given sufficient time to find root cause of an out-of-control condition before 

restarting the process 
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APPENDIX C – TRAINING FRAMEWORK 
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