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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 
products, 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 Out-of-date data placed on the charts, the 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 was gathered from a survey of original equipment manufacturers (OEM) and 
members of the aviation supply base. The major challenges or barriers 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.  
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1. Introduction 

When Dr. Walter Shewhart first developed Statistical Process Control (SPC) techniques, he intended 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)(Montgomery, 2012). 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(Shewhart, 1931). 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. 

Based on physical evidence from on-site audits, informal interviews conducted with OEMs at Nadcap 
conference meetings during the 2019 year, (Nadcap is an industry program focused on providing industry 
requirements that can be used regardless of the customer), and informal discussions with aviation 
industry leaders, this author suspects that the aerospace industry has a lower SPC implementation rate 
than most other large-scale manufacturing type industries.  

1.1. What is SPC 

SPC is a set of statistical tools used to investigate product, service, and process variation. SPC can also 
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be used to verify that products or services offered satisfy consumer expectations at a low cost. 
Variation can be categorized as either a 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 is 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 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 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 with or can be more easily 
comprehended through the concept of control charts. 

1.2. Popularization of SPC 

Sampling inspection techniques made SPC popular with 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(The History of Quality, 2021). 

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 
(1995), 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 that America took 
notice and began utilizing the tools and techniques associated with TQM (Powell, 1995). 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 (Buetow, 1996). 

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, 
which includes SPC tools and methodologies, 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 
(Sherman, 2021). 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) that 
produce the final 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 its 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 
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aircraft are beginning to mandate these requirements to their supply chain, therefore requiring suppliers 
to implement SPC or statistical quality control methods to maintain and improve their products. 

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. 

2. Research Objectives and Methodology 

2.1. 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 (Elg et al., 2008). 
According to a previous review of existing literature (Merriman II, 2018) 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 barriers/challenges that impede 
aviation OEM and the supply chain's use of SPC methods? 

2.2. 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. 

2.3. Research methodology 

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, which was 
discussed in a previous publication (Merriman II, 2018), and another within the aviation supply chain, 
which will be discussed in this research. The goal of the surveys was to gather data to validate and 
understand the current condition of SPC in the aviation industry. Secondly, the survey results should also 
provide insight into success factors and implementation frameworks for those companies that have or 
continue to drive SPC within their quality management systems. 

 

 
Figure 1 - Depiction of Survey Progression 

 
Survey data was taken from both the OEM and the supply base within the aviation industry. OEM and 

supply base data were combined and used in the following analysis and discussion. Surveys were sent to 
1475 participants using the survey software Qualtrics®. Two surveys requesting companies to disclose 
information and thoughts on the application of SPC were conducted. The first survey and review looked 
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at large organizations that are engaged in quality practices through a large quality society, what was 
previously known as the American Society of Quality and is now just referred to as ASQ. 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 1 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. 
 

3. Survey Discussion 

The data was broken down into six categories for the survey: demographics, potential barriers to SPC 
implementation, benefits of SPC, knowledge of SPC, training, and culture/leadership. This was developed 
utilizing information and implementations found in the literature. 

3.1. Demographics 

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 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 2 shows a 
graphical picture of the responses.  

 

 
Figure 2 - Location map of aviation supply base survey participants 

The response to whether SPC is employed in their operations is key to this study. 57.1 percent of OEMs 
said yes (shown in a light circle), while 42.9 percent said no (shown in a dark circle). 36.0 percent of 
suppliers said yes (light circle), while 64 percent said no (dark circle). Based on the 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 concerning SPC is that "we can't implement because I don't have the 
resources available." OEM data were 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 within a given 
company from the responses was 173 (n=305), with a median of 90 and a range of 1497. Demographically 
this survey data represents companies with fewer than 1500 employees and may not characterize SPC 
applications in larger companies.  
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For those that said yes (n=110) to implementing SPC, they averaged 195 employees, a median of 115, 
and a range of 1497. For those that responded no (n=195), the average was 150 employees, 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 number of employees that might 
suggest a reason that SPC could not be implemented. One might conclude that fewer employees might 
suggest there are not enough resources to support the implementation of SPC systems. 

Reviewing the question related to revenue data, Figure 3, those with low revenue were still able to 
implement SPC and therefore revenue does not appear to be a barrier even though some businesses may 
claim this excuse. Those with lower revenue still found a way to implement SPC. 

 

 
Figure 3 - Annual revenue ($M) by SPC response 

Regarding those with quality system registrations, only 18% did not respond (see Table 1). 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% include companies that have 
registration waivers. These businesses' OEMs may have determined that they are small enough or include 
another 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 through a method of control. 
If they said “no to employing SPC methods”, on-site visits or interviews would be required to learn more 
about the context or methods they use to control their product quality. 

 
Table 1 - 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% 
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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, and 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 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 multiple responsibilities. 

3.2. 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 that 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 was 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. (See Table 2) 

 
Table 2 - 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% 

 
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. 

3.3. Benefits of 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 
(International Organization for Standardization/Aerospace Standardization) 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 equivalent to findings in the literature. No additional clarification was received for the 
“other” response. 

The top 80% of replies to the next question, which specifically asked about benefits, all relate to 
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processing 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. 

3.4. Knowledge 

The questions in the survey section related to the knowledge base, contain topics relating to SPC, and 
were designed to gauge supply base expertise.  

This section covered different types of control charts. Shewhart charts, X-bar and R, P charts, C charts, 
U charts, and subtle variations of those charts are regarded as easier charts to apply to processes for this 
study. More complex techniques include CuSum, G Charts, Tool Wear, and EWMA. (See Table 3) Shewhart 
level charts are used to control processes in the aviation supply base, according to 62.7% of responses. 
This means that the implementations appear to be at a basic level. It does not indicate whether the 
implementations are correct or 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. 

 
Table 3 - 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 

 
Follow-on questions related to the development and operation of control charts were then asked of 

the participants. 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 concerning how control charts are set up 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 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 question about the application of charts, which 
uses a 5-point Likert scale, indicate gaps in the knowledge base for implementations of SPC methods. Of 
these questions, updating charts directly ties in 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 customers’ audit. They should reconsider using SPC methods or 
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seek assistance in properly implementing them. 

3.5. Training 

Questions related to training in the survey 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.  

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. 

3.6. 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 the 
use of a properly set up control chart. Knowing what good data looks like (as expressed in open-ended 
comments), 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 
poor implementation. 

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 the falsification of data on the charts or they will not be updated on the 
required frequency. According to the survey results, using questions related to leadership support, 
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 by 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 (Merriman, 
2018). If there is a problem with the implementation process, resources will most likely not be directed 
towards addressing the issue without commitment 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 everyone to play 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. See Table 4. 
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Table 4 - Who is 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% 

 

4. Summary and Conclusions 

The purpose of this research was to figure out why suppliers in the aviation OEM and supply chain do 
not 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 in a previous study 
(Merriman II, 2018). A framework for the aircraft sector has not been devised, according to literature 
searches. Survey responses from various aviation suppliers and OEMs, as well as an analysis of frameworks 
and success factors from other industries, will be needed to complete the research to start developing a 
conceptual framework for implementing SPC methodologies within the aviation supplier community. 

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. 

 A lack of understanding of SPC is insufficient to justify the use of SPC tools and techniques. 
 
The identified gaps and barriers will be employed to construct conceptual training and implementation 

frameworks to assist the aviation supply base with SPC implementations in the future (Merriman, 2021). 
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.  

4.1. Future research 

This study's research is only the beginning of the process. Working with suppliers to develop a 
framework, along with a training program was limited due to Covid constraints during a portion of this 
research and is intended for the future when restrictions are lifted. Implementations are necessary to 
validate the structure of frameworks. The preference of this author is to avoid confirming Woodall’s 
(2000) remark on the disparity between theoretical development and implementations of SPC. The next 
steps in research should involve the implementation of an SPC system at selected suppliers to validate 
and refine the frameworks discussed. This will also allow for the development of process details needed 
for a successful implementation. 
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4.2. Limitations 

Surveys are not without limitations. Other populations may be of interest in understanding why 
companies do not or struggle to implement SPC. This 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. Sample size and demographics can influence results from one spectrum to another 
and might lead to false or incomplete conclusions. While the surveys discussed in this research had a 
return rate of 21.6%, there is always the potential that this sample of data could still be driven in other 
directions along the spectrum of other 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 not conducting follow-on visits or discussions may have 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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