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Abstract This study examined the potential of adapting 
the software Capability Maturity Model as a process 
improvement paradigm within the context of industrial 
process improvement. Traditional methods of process 
improvement incorporate some facets of Total Quality 
Management (TQM), business process improvement (BPI), 
business process reengineering (BPR), business process 
management (BPM), benchmarking, regulation, legislation, 
Six Sigma, and standards. Hypothesis testing showed two 
statistically significant outcomes regarding the first and the 
fifth maturity levels reflecting ad hoc processes and 
optimized processes, respectively. 
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1. Introduction
Organizational processes generate some form of value and 

effectiveness. Typically, their value may be examined from a 
variety of perspectives: mapping, quantification, 
accountability, certification, integration, intelligence, and 
compliance [28]. Regardless of perspective, the optimizing 
of processes contributes toward enhancing both effectiveness 
and efficiency organizationally [1]. Process optimization 
may affect the long-term, strategic competitiveness of 
organizations over periods encompassing an average of five 
or more years [2]. 

Numerous methods exist for optimizing and improving 
processes among organizational settings. Among these 
methods are traditional forms of business process 
improvement, business process management, business 
process reengineering, business process change, Total 
Quality Management, Lean methods, policy, Six Sigma, and 
proprietary paradigms [3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 46]. 
Although these paradigms may provide some amount of 

process improvements thereby enhancing effectiveness and 
efficiency, they do not address improvement from the 
perspective of process maturity. Essentially, the traditional 
forms of improvement lack the characteristics of 
progressively and sequentially maturity processes through 
time as an underlying framework within their respective, 
foundational tenets. 

Process improvements have generated a variety of benefits 
for organizations seeking optimized work environments. For 
instance, some paradigms generate cost savings whereas 
others facilitate avoiding certain costs [14]. Financial 
amounts saved by such improvement investments may be 
substantial depending upon organizational size, and may 
range into millions of dollars [15]. Savings of time may also 
result from process improvement [11]. Other aspects of 
beneficence and organizational value include increased 
accountability, reliability improvements, compliance with 
regulations, bolstered security and safety, and less waste 
[16]. 

Famous and notable organizations have been lauded as 
industry successes for their process improvement and quality 
initiatives. For instance, FedEx among the first in its industry 
to receive globally ISO 9001 certification and received the 
Malcolm Baldrige National Quality Award [17]. After 
investing approximately $500,000 in an improvement 
initiative addressing project rework, Raytheon experienced 
rework savings of approximately $4.48 million during the 
initial year of implementation [18]. The fifth year of 
implementation showed savings of approximately $15.8 
million [18]. Another example involves improving managing 
development costs at Tenzer-Spring Dynamics. In this 
instance, after two years of implementing improvement 
initiatives, the organization exhibited reductions of “project 
overruns” of approximately $3 million thereby representing 
lowered development costs of approximately 55% [18, p. 24]. 
Hughes Aircraft, after an initial investment of approximately 
$445,000, experienced cost savings of approximately $2 
million annually after incorporating initiatives to foster 
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improvements in areas of “training, peer reviews, Process 
Group formation, and quality assurance” [18, p. 25]. Boeing 
Corporation experienced cycle time improvements of about 
50% and reduced its amounts of rework by approximately 31% 
following the implementation of an improvement initiative 
[18]. Within three years of implementing an improvement 
initiative, Schlumberger experienced an ability to provide 
on-time delivery time of approximately 99% for its 
customers [18]. Similarly, after implementing an 
improvement initiative, Behrben International experienced 
on-time delivery of for its software products of 
approximately “94% in less than 19 months” [18, p. 25]. 
Hewlett-Packard experienced reductions of software code 
defects by approximately 51% couple with a 57% 
productivity increase [18]. Although each of these cases 
generated improvements for its respective work settings, 
none of them incorporated maturity of process as the 
foundational paradigm and philosophical basis among 
improvement initiatives. 

Such dramatic improvements and cost reductions are not 
uncommon among organizations that proactively implement 
some form of process improvement paradigms. The 
traditional paradigms of organizational and quality 
improvement are capable of generating substantial 
improvement and value organizationally. Modern 
corporations must compete efficiently and effectively within 
the global economy. Achieving and maintaining 
organizational efficiency and effectiveness may be enhanced 
through various quality management pursuits [19]. Typically, 
examples of such endeavors include traditional paradigms, 
such as Total Quality Management (TQM), business process 
improvement (BPI), business process reengineering (BPR), 
business process management (BPM), benchmarking, 
regulation, legislation, Six Sigma, and standards [20, 21, 22]. 
Despite the benefits that may be gleaned from any uses of 
traditional quality paradigms, none approach process 
improvement solely from the perspective of process maturity 
as its foundational basis [20]. 

1.1. Theoretical Framework 

Despite the lack of traditional improvement and quality 
paradigms whose fundamental philosophies and tenets are 
absent the incorporating of maturity of process as a guiding 
cornerstone, a model exists within the software domain 
whose basis does reflect process maturity as its fundamental 
basis. This model is the Capability Maturity Model (CMM). 
It consists of a five-phase framework whereby processes 
may be matured progressively through time [23]. These 
phases consist of the following: 1) initial – ad hoc, random, 
and poor control; 2) repeatable – basic management and 
repeatability; 3) defined – processes are understood, 
well-defined, and documented; 4) managed – processes are 
controlled and quantitatively analyzed; and 5) optimizing – 
processes are optimal and are subject to continual 
improvement [23]. Thus, the CMM represents the underlying 

theoretical framework for this study. 

1.2. Conceptual Framework 

Using its five-stage framework as a basis, derivatives of 
the CMM have been applied in a variety of unrelated areas. 
Examples of unaffiliated domains wherein derivative CMM 
frameworks exist include police organizations, human 
capital, finance, industry, security, education, quality, project 
management, software testing, and environmental 
management [20, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33]. Such 
derivatives show the potentials of CMM applications and 
portability among disciplines and domains that are not 
reflective of its origins in the software industry. Given the 
presence of derivative CMM paradigms among unrelated 
applications, this study examines the potential of adapting 
the CMM framework within the context of industrial settings. 
Specifically, this study proposes and assesses quantitatively 
a derivative model deemed the industrial process maturity 
model (IPMM). 

A financial management perspective of organizations 
necessitates considerations of optimizing performance 
operationally to better efficiency to improve production [34]. 
Among for-profit entities, the primary goal of any 
organizational financial management is the maximizing of 
shareholder wealth [35, 36, 37]. Resource optimization 
contributes to this goal of wealth accumulation through time 
[38, 39]. Non-profit organizations seek to maximize and 
optimize revenue streams and cash flows [40]. The final 
stage of the maturity model framework represents a state of 
optimization among organizational processes [41]. Given 
these observations, the maturity model framework has the 
potential of contributing to the wealth maximization goal of 
financial management by optimizing organizational 
performance. Such optimized performance in the fifth 
maturity level may also benefit both organizational 
efficiency and enhance production. Thus, the proposed 
IPMM may have value for organizations attempting to 
achieve such optimization. 

1.3. Goals and Expectations 

Three foundational goals and expectations highlighted this 
research endeavor: 1) it was expected that this study would 
show CMM transferability within an industry unrelated to 
the software domain, 2) it was expected that this study would 
show that existing process improvement methods did not 
address issues of process maturity, and 3) it was expected 
that this research would show that existing industrial process 
environments did not conform to the CMM tenets and levels. 
Given the existence of CMM derivatives among unrelated 
domains and disciplines, a proposed CMM derivate for 
addressing the process improvement needs of industrial 
production was generated from the five-phase framework of 
the CMM fundamental architecture. Thus, this study 
investigated the potential of CMM adaptation and 
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portability. 

2. Materials and Methods

2.1. Design and Stratification 

The research design and methodology for this study 
consisted of a national study that examined the potential of 
adapting the CMM as a process improvement paradigm 
within the context of industrial processes. The research 
methodology consisted of a cross-sectional research design 
wherein a Likert survey was used to collect perceptions of 
managers versus non-managers regarding their beliefs about 
processes within their respective work settings. This 
stratification was selected because it represents a dichotomy 
of views regarding the organizational setting – one from 
individuals who lead and guide the organization and the 
other from those who represent the backbone of the 
operational workforce of the organization. Approval for the 
study was granted by the Institutional Review Board before 
the study commenced. 

2.2. Population and Sample 

A population of 1,500 potential respondents was 
identified from national listings of organizations that 
required an emphasis regarding production and operation 
environments. Mailing addresses consisted of position titles, 
but not specific individuals. Random sampling was used to 
generate the sample via selection of every fifth candidate 
respondent from the population. 

2.3. Data Processing 

Data processing consisted of one-way, two-tailed analysis 
of variance (ANOVA) to investigate differences of 
perceptions concerning the stratification of managers versus 
non-managers. The significance level for hypothesis testing 
was 0.05. The Omega-squared method was used to examine 
effect size for statistically significant outcomes. 

2.4. Survey Instrument 

The survey instrument consisted of three primary sections: 
1) environmental characteristics, 2) improvement initiatives,
and 3) demographic data. Survey items 1 through 10 
examined various attributes of respondent working 
environments. Survey items 11 through 16 examined 
improvement initiatives among respondent working 
environments. Items 1 through 16 represented Likert-scale 
responses wherein the value of 1 represented strong 
disagreement, the value of 3 represented neutrality, and the 
value of 5 represented strong agreement. Survey items 17 
through 23 amassed demographic data. Demographic 
inquiries consisted of respondent’s job role, previous 
improvement initiatives, current improvement initiatives, 

quantity of personnel employed by the organization, 
competitive industry, percentage of personnel associated 
with process improvement, and geographic region of the 
employer. 

2.5. Correlation Analysis 

Investigation of survey item concept relationships was 
performed via the Pearson correlation coefficient method. 
The Pearson correlation analysis was used to examine the 
potential strength of relationship between the notion that 
grouping of processes by maturity level would improve the 
outcomes of production processes and the notion that 
improvement initiatives advocating process grouping by 
category. The Pearson correlation analysis was also used to 
investigate the potential strength of relationship between the 
notion that grouping of processes by maturity level would 
improve the outcomes of production processes and the 
notion that process maturity is a contributor to successful 
process output. 

2.6. Response Directionality 

Response directionality was assessed via analyses of the 
means for each of the survey questions. Ranges for response 
directionality are often subjective [42]. Regarding responses 
to the Likert scale, the following categories were used to 
perform means analyses: disagree if mean value < 2.5; 
neutrality if 2.5 ≤ mean value ≤ 3.5; agree if mean value > 
3.5. Using such ranges provided a method of generating 
directional majorities among the reported responses. 

2.7. Bias Potential 

Examining the potential of bias regarding the survey was 
accomplished via the Chi-squared method. Using 
competitive industry as its basis, the potential of bias was 
examined via a consideration of the issued distribution of 
responses with respect to the characteristics of the returned 
surveys. 

2.8. Scope 

The scope of the study was constrained to examining 
only personnel perceptions regarding industrial processes in 
order to quantitatively assess the proposed IPMM. Thus, 
any other process type or consideration was beyond the 
scope of this study. 

3. Hypotheses and Correlations
3.1. Framework Hypotheses 

Null hypotheses corresponded to each maturity level of 
the CMM framework. Specifically, the null hypotheses 
were: 
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H0,1: There is no difference in the opinions of managers 
versus non-managers regarding the notion that production 
processes may be defined as being ad-hoc or chaotic. 

H0,2: There is no difference in the opinions of managers 
versus non-managers regarding the notion that production 
processes are disciplined and repeatable. 

H0,3: There is no difference in the opinions of managers 
versus non-managers regarding the notion that production 
processes are standardized and consistent. 

H0,4: There is no difference in the opinions of managers 
versus non-managers regarding the notion that production 
processes are predictable. 

H0,5: There is no difference in the opinions of managers 
versus non-managers regarding the notion that production 
processes are continuously being evaluated for 
improvement. 

3.2. Bias 

The null hypothesis associated with examining the 
potential of bias within the study was: 

H0,6: There is no difference in the distribution of received 
survey responses versus the expected distribution of the 
original survey. 

3.3. Correlation 

Potential strengths of relationships were examined 
regarding the notions: 

1. Grouping of processes by maturity level would
improve the outcomes of production processes
versus improvement initiatives emphasizing process
grouping by category.

2. Grouping of processes by maturity level would
improve the outcomes of production processes
versus process maturity being a contributor to
successful process output.

4. Findings
4.1. Responses 

The returned surveys represented a response rate of 
approximately 21.3%. Approximately 62% of the 
respondents reported a managerial status whereas 38% 
reported a non-managerial status. Regarding respondent 
organizations, approximately 10.6% of the respondents 
reported an organizational size of between 1 and 100 
personnel; 4.25% reported a size of between 101 and 1,000 
personnel; 17% reported a size of between 1,001 and 5,000 
personnel; 6.38% reported a size between 5,001 and 10,000; 
31.9% reported a size between 10,001 and 50,000 personnel; 
and 29.7% reported a size that exceeded 50,000 personnel. 

4.2. Bias 

The Chi-square outcome, used to judge bias with respect 
to the returned versus expected response, showed an X2 

value of 217.8 (versus table value of 18.30) thereby 
suggesting the presence of industry bias. Competitive 
industry was used as the basis for Chi-square analysis. 

4.3. Historical Improvement and Quality Initiatives 

The survey queried the historical use of process 
improvement and quality paradigms within the 
organizational setting. Approximately 13% of the 
respondents reported no previous process improvement 
initiatives within their respective work settings, about 43% 
reported the previous use of Total Quality Management, 21% 
reported the use of business process re-engineering, 30% 
reported business process improvement, 9% reported 
business process management, 21.2% reported 
benchmarking, 17% reported Six-Sigma, 3% reported 
regulation, and 2% reported ISO 9000) (or another form of 
ISO). 

4.4. Current Improvement and Quality Initiatives 

The survey also queried the current use of process 
improvement and quality paradigms within the work setting. 
Approximately 13% of the respondents reported that no 
current method existed within the workplace, about 23% 
reported the use of Total Quality Management, 
approximately 13% reported the use of business process 
reengineering, about 19% reported the use of business 
process improvement, approximately 28% reported 
benchmarking, approximately 29.7% reported the use of Six 
Sigma, about 20% reported regulation, and the remaining 
20% reported some form of ISO. 

4.5. Competitive Industries 

The survey examined the competitive industries of the 
respondents. The demographics representing competitive 
industries were: furniture/timber (4.25%), petroleum/gas/oil 
(2.12%), aerospace/aviation (4.25%), electronics/technical 
(6.38%), medical/healthcare products (6.38%), agricultural 
products (2.12%), shipping/delivery (6.38%), 
fabrication/metal (6.38%), government/defense (12.7%), 
automotive (6.38%), and other (42.5%). 

4.6. Process Improvement Personnel 

Respondents identified the percentage quantities of 
personnel whom were responsible for process improvement 
within their respective organizations. Approximately 46.8% 
of the respondents indicated that between 0% and 20% of 
personnel were responsible for process improvement. About 
19.1% of respondents indicated that between 21% and 40% 
of personnel had process improvement responsibility. About 
12.7% of respondents reported that between 41% and 60% 
of personnel were responsible for process improvement. 
Approximately 12.7% of respondents indicated that 
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between 61% and 80% of personnel were responsible for 
process improvement. The remaining 8.5% of respondents 
indicated that between 81% and 100% of personnel 
involved process improvement. 

4.7. Geography 

Geographic regions within the survey were identified as 
Pacific, Mountain, Central, Southeast, and Northeast. The 
Pacific region consisted of the states of Alaska, Washington, 
Oregon, California, Nevada, Hawaii, and Idaho. The 
Mountain region consisted of the states of Montana, 
Wyoming, Colorado, Utah, Arizona, and New Mexico. The 
Central region was comprised of North Dakota, South 
Dakota, Nebraska, Kansas, Oklahoma, Texas, Louisiana, 
Arkansas, Missouri, Illinois, and Wisconsin. The Southeast 
region represented the states of Mississippi, Alabama, 
Florida, Georgia, South Carolina, North Carolina, 
Tennessee, Kentucky, Virginia, West Virginia, and the 
District of Columbia. The Northeast region consisted of the 
states of Maine, Vermont, New Hampshire, Maryland, 
Rhode Island, Connecticut, New Jersey, Delaware, 
Pennsylvania, New York, Illinois, Ohio, and Michigan. 

The responses showed respondent presences among all of 
the identified geographic regions. Approximately 21.2% of 
the respondents indicated their geographic location as the 
Pacific region, 17% reported the Mountain region, 40.4% 
reported the Central region, 68% reported the Southeast 
region, and 29.7% reported the Northeast region. 

4.8. First Hypothesis 

The first question queried whether processes were 
defined as ad hoc or chaotic. The overall mean for the 
question was 2.39, the standard deviation was 1.38, and 
variance was 1.92. In general, the cumulative mean showed 
disagreement with the notion. With respect to the individual 
groups, managers reported a mean value of 2.03 whereas 
non-managers reported a mean value of 3.29. In other words, 
managers showed disagreement whereas non-managers 
showed neutrality. The ANOVA hypothesis testing showed 
statistical significance (p = .002, α = .05). The 
corresponding Omega-squared effect size was 0.18. 

4.9. Second Hypothesis 

The second question queried whether production 
processes were disciplined and repeatable. The overall 
mean for the question was 3.95, the standard deviation was 
0.99, and variance was 0.97. In general, the cumulative 
mean showed neutrality. With respect to the individual 
groups, managers reported a mean value of 4.16 whereas 
non-managers reported a mean value of 3.64. Both groups 
showed agreement with the notion. The ANOVA 
hypothesis testing showed no statistical significance (p 
= .076; α = .05). 

4.10. Third Hypothesis 

The third question queried whether production processes 
were predictable. The overall mean for the question was 
3.59, the standard deviation was 1.09, and the variance was 
1.18. In general, the overall mean showed neutrality. With 
respect to the individual groups, managers reported a mean 
value of 3.70 whereas non-managers reported a mean value 
of 3.35. Basically, managers agreed with the notion whereas 
non-managers showed neutrality. The ANOVA hypothesis 
testing showed no statistical significance (p = .029; α = .05). 

4.11. Fourth Hypothesis 

The fourth question queried whether production 
processes were predictable. The overall mean for the 
question was 3.59, the standard deviation was 1.02, and the 
variance was 1.04. In general, the overall mean showed 
neutrality. With respect to the individual groups, managers 
reported a mean value of 3.73 whereas non-managers 
reported a mean value of 3.23. Basically, managers agreed 
with the notion whereas non-managers showed neutrality. 
The ANOVA hypothesis testing showed no statistical 
significance (p = .10; α = .05). 

4.12. Fifth Hypothesis 

The fifth question queried whether production processes 
were continuously evaluated for improvement. The overall 
question mean was 4.30, the standard deviation was 1.03, 
and the variance was 1.07. In general, the cumulative mean 
showed agreement. With respect to the individual groups, 
managers reported a mean value of 4.53 whereas 
non-managers reported a mean value of 4.00. Basically, 
both managers and non-managers agreed with the notion. 
The ANOVA hypothesis testing showed statistical 
significance (p = .01; α = .05). The corresponding 
Omega-squared effect size was 0.18. 

4.13. First Correlation 

The first correlation outcome showed little, if any, 
strength of relationship (r = -0.02177) between the notions 
grouping of processes by maturity level would improve the 
outcomes of production processes and improvement 
initiatives emphasizing process grouping by category. 

4.14. Second Correlation 

The second correlation outcome showed little, if any, 
strength of relationship (r = 0.02191) between the notions 
grouping of processes by maturity level would improve the 
outcomes of production processes and process maturity 
being a contributor to successful process output. 
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5. Conclusions and Recommendations
Two of the five hypothesis tests showed statistical 

significance. Respectively, these tests showed statistical 
significance regarding the initial phase (ad hoc processes) 
and the fifth phase (optimized processes) within the 
maturity framework. Given these outcomes, because two 
null hypotheses were rejected, the full portability of the 
maturity framework across domains was not shown via this 
research study. 

This outcome may be considered with respect to the goals 
and expectations of the study. Within this study, because of 
the rejected hypotheses suggesting the lack of portability for 
the examined model, the goal expectation of showing 
transferability of the model to the unrelated domain of 
industrial processes was unsatisfied. However, the goal of 
showing that existing process improvement methods did not 
address issues of process maturity was satisfied given that 
respondents demonstrated no clear majority or preference 
favoring such as approach. The final goal of this study was to 
show that existing industrial process environments did not 
conform to the CMM tenets and levels. This goal was 
achieved because the respondents showed primarily 
lower-level process maturity attributes (e.g., ad hoc or 
defined processes), but did not indicate the presence of 
higher levels of the maturity level framework with respect to 
the queried work settings. 

The study showed practically no relationship between 
personnel beliefs about process maturity versus process 
outcomes. It appears that respondents did not view 
categorical grouping as influential with respect to maturity 
level grouping for improving process outcomes. It also 
appears that respondents did not perceive process grouping 
(according to maturity level) as being a contributor toward 
successful process outputs. 

With respect to the survey’s distributions, the study also 
showed the potential of bias with respect to the observed, 
received surveys versus the expected pattern of surveys. 
The potential of bias to affect the study must neither be 
discounted nor ignored. Given this notion, future studies 
may repeat the investigations herein to either corroborate or 
refute the current findings. 

The final state of organizations that achieve and maintain 
the fifth maturity level reflects an optimized work setting in 
which wastefulness is minimized and productivity is 
enhanced. Similarly, improvements are observable 
regarding both efficiency and effectiveness within the 
organization. Given this notion, future studies may examine 
quantitatively the benefits of implementing process maturity 
as a process improvement framework. Specifically, future 
studies may investigate benefits with respect to cost savings, 
resource savings, and reduced time to generate products and 
services. 

A variety of maturity models and quality management 
paradigms exist among disciplines that are unrelated to the 
software domain [43, 44, 45]. Future studies may also 

consider the efficacy of the model with respect to enhanced 
competitiveness organizationally. Such investigations may 
examine benchmarking ratios at different points in time to 
determine whether market competitiveness is enhanced as 
stages of the model are achieved progressively. 

The preceding recommendations considered an internal 
perspective of the organization. Future studies may 
incorporate an external perspective of organizations that 
implement maturity modeling as a process improvement 
framework. For instance, as organizations progress through 
the stages of the maturity framework, customer service 
surveys may be performed to glean insight regarding 
perceptions of satisfaction. By doing so, organizations may 
judge whether improved customer service is perceived 
among market consumers as the organization achieves 
higher levels of process maturity through time. 

Despite the existence of derivative adaptations of the 
maturity model framework among unrelated settings and 
disciplines that its origin, this study failed to show a 
complete portability across domains. However, as an initial 
study with biases and limitations, the current study provides 
a starting point from which future studies may be spawned. 
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