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Abstract

Exploring the Application of Process Mapping in the Ontological Engineering of a Body

of Knowledge of the Supplier Quality Engineer Profession.

The aim of this study was to explore the application of process mapping as a
structuring methodology to engineer professional domain ontology. The term for this
application is process-based ontological engineering. The conceptual framework
combined the areas of ontology structuring and knowledge management with that of
process mapping. In this exploration, the profession of the supplier quality engineer
(SQE) within the aviation, space and defense (AS&D) industry was the specific area of
application.

The research design was a multiple-case-study approach with applied process-
mapping and including semi-structured interviews comprising open-ended questions, and
researcher observations. The research questions are broad in structure to allow maximum
flexibility to increase the understanding of applying a process-based ontology structuring
methodology to a specific domain. In this study, the case study methodology provided a
foundation for both a breadth and depth investigation of ontology engineering within
three sample AS&D organizations.

The process-mapping aspect of domain ontological engineering facilitates
understanding of what processes are enacted within a domain. This removes subjectivity

from the definition of what professionals should know within a domain. By applying



Bloom’s taxonomy to the resulting process map knowledge expectations related to
process and task became descriptive and quantitative.

The results of this study demonstrated that when combined with knowledge
analysis tools, such as Bloom’s taxonomy, process-mapping is a comprehensive tool for
ontological engineering. Since most professions are associated to a professional body of
knowledge (BoK), utilizing a process-based ontological engineering methodology makes

a BoK objective and directly related to the actual work of the profession.

Vi
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Process-Based Ontological Engineering

Chapter I: Introduction

Overview

Imagine sitting in an airport waiting for your connecting flight to take you home
to your loved ones. As you sit there you are most likely thinking about the pressing
matters back in the office or possibly something more delightful, such as having friends
over for the weekend. Even if your flight is delayed for one of the various reasons an
airline might provide, you are mostly likely not pondering the capabilities of the
professionals who support the system of business processes that produce the aircraft on
which you are flying.

The industry which produces the aircraft and products on which we travel and
upon which we depend for our national defense is known as the aviation, space, and
defense (AS&D) industry. Some of the products of this industry include aircratft,
engines, spacecraft, missiles, radars, and countless others. The general public may
assume that the professionals who perform the business of the industry are well trained
and competent in the processes they execute. By most accounts this is a valid
assumption; however, there are a number of factors which may affect the validity of that
assumption in the near future.

The first factor is that of an aging workforce. The present age of an AS&D
professional is 58 (ITA, 2002). This means that over half of the knowledge embedded in
the minds of these professionals will leave the industry as they retire. The second factor

is an uncertain economy, which has kept many professionals from entering retirement
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and creating an unknown variable as to when they may exit the industry. The third factor
is the outsourcing of work outside of the United States (US). With an ever-increasing
volume of work leaving the US, product and technology-based knowledge is also
leaving. This means that US companies may not have the know-how in the future to
develop or service many of the products they deliver today. The fourth factor is that
process knowledge is not well documented in the AS&D industry. This means that the
ability to transfer process knowledge to new professionals cannot be consistently
deployed. The fifth factor is that there is no industry-wide body of knowledge (BoK) to
train new entrants to the AS&D industry.

Combining all of the above-noted factors within a short amount of time translates
into a “perfect-storm effect” on the intellectual capability of the AS&D industry. The
solution is not simple. To head off this storm, government, industry, and academia will
need to combine their strategic focus and resources to work a combined approach to
sustaining the intellectual capability of the AS&D industry. And, in order to do this,
roadmaps must be created to focus such efforts—this includes the definition of an AS&D
professional BoK.

A structured BoK provides a profession with the ability to train its new entrants as
well as deploy consistent process across an industry. It provides a foundation for training
professionals on the execution of standards, methods, and processes, as well as empowers
them to engage in accurate decision making.

Decisions are inherent to organizational function. As subsets of society,

organizations allocate resources based on decision outcomes. The accuracy of these
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choices are reflected in the success or failure of the organization. Decision, systems, and
knowledge management theorists suggest derived benefits from the application of
formalized, systematic, and structured methods to the decision-making process (Fishburn,
1964; Lindgren, 1971; Bertalanffy, 1972; Laszlo, 1972; Hofstadter, 1989).

The collective knowledge of an organization, both tacit and explicit, is referred to
as organizational memory (OM). OM, also known as corporate memory, is an element of
the larger knowledge management discipline. When structured and documented, OM is
the organizational kin to a professional BoK. In general, knowledge management
represents the acquisition, creation, usage, representation, and evolution of both types of
knowledge. Failure to apply systematic and collective management of an organization’s
memory results in the loss of corporate knowledge and limits decision-making ability.
Proposed solutions include a shared conceptualization for representing organizational
knowledge. These high-level conceptualizations are called ontologies. Fundamentally,
an ontology represents a consistent vocabulary used to describe a concept. “Every
knowledge base, knowledge-based system, or knowledge-level agent is committed to
some conceptualization, explicitly or implicitly” (Gruber, 1993). Ontology is an
appropriate academic term for a BoK.

The aim of this study was to explore the application of process mapping as a
structuring methodology to engineer professional domain ontology. The term for this
application is process-based ontological engineering. The conceptual framework
combined the areas of ontology structuring within the field of knowledge management

with that of process mapping within the field of quality improvement. In this
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exploration, the profession of the supplier quality engineer (SQE) within the AS&D
industry will be the specific area of application. As previously described, the urgency for
developing domain ontology within the AS&D industry is based on several factors, one
being the increasingly aging workforce. As individuals within this workforce retire, their
undocumented but often crucial tacit knowledge is lost to the profession. It is frequently
the tacit knowledge of an industry which enables the performance of business processes.
However, the urgency is not limited solely to the AS&D industry. There are a number of
other industries experiencing a loss of intellectual capital, and there is an urgent need for
a process-based methodology which will enable consistent deployment of ontology
engineering.

A process-based approach assesses the business processes of an organization,
industry or profession in order to identify what is actually going on. Business processes
are task activities (e.g., contract review, buying, designing, auditing, and inspection) that
are performed to create value in the performance of a service or the creation of a product,
and which are performed ideally in a consistent manner. The more consistent a business
process is, the more variability and waste can be eliminated.

As the macrobusiness processes are identified within an industry, the tasks
associated with performing the business processes can be identified. For example, in the
business process of “supplier selection” there are a series of interrelated business
microprocesses, such as request-for-quotation development, process assessments, and
system audits, that are performed. Within the microbusiness processes there are a series

of tasks which must be performed. For example, the microbusiness process of “process
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assessments” tasks would include the planning of the assessment, performance of the
assessment, and documentation of the assessment. Each of these tasks will have specific
requirements for knowledge and skills. As an example, in the task of “performing
assessment” the individual performing the assessment will require the knowledge of
assessment criteria as well as the skills of interviewing and other means of acquiring
data. Each task can have multiple knowledge and skill requirements. When we utilize a
structured method, such as Bloom’s taxonomy (Anderson and Krathwohl, 2001), of
analyzing the tasks to identify the type and depth of knowledge or skill, a quantitative
measurement can be created to provide greater fidelity.

For example, when performing a process assessment an individual may require
procedural knowledge at a level that will enable the individual to perform the task in
accordance with the established criteria. 1t may only be required for the individual to
“apply” the procedural knowledge related to process assessments. Whereas, interviewing
skills may be more conceptual in nature, and to effectively apply the procedural
requirements the individual must grasp the conceptual skills of interviewing at a higher
level, such as “analyze” or “evaluate.”

As an industry’s business processes are identified, these are best placed within the
logical progression of the process execution. Meaning, business process “C” will follow
“B” and “D” will follow “C”. When these business processes are laid out in such a
fashion, it is referred to as process mapping. And when the process mapping reflects the
beginning and end of an entire product or service line, it is referred to as the business

process lifecycle. As it relates to identifying an all-inclusive list of knowledge and skills
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for an industry, it is important to recognize that tasks performed in one phase of the
lifecycle may require different knowledge or skills at a different phase of the lifecycle.

In the AS&D industry, the responsibility for task performance is traditionally
assigned to the various disciples within an organization. For example, the responsibility
for preparing a request-for-quotation is traditionally assigned to a procurement
professional, whereas the responsibility for verifying that the contents of the request-for-
quotation are complete and accurate may be assigned to the quality discipline. In this
case there are two disciplines who share responsibility of tasks within a microbusiness
process. The procurement discipline would define developing the request-for-quotation
as an element of their management processes and quality the verification task as a quality
management process (QMP). So, within the overall business process lifecycle of an
industry, the various active disciplines will typically have their own set of discipline-
related management processes.

Each of these discipline-related management processes are ideally a part of the
overall business process lifecycle. Meaning, as the overall definition of the lifecycle
business processes change, so do the disciple-related management processes. It is when
we disconnect a discipline from the actual business processes of the lifecycle that we see
the creation of artificial silos within organizations. These silos frequently lead to
fragmentation in business processes, loss of integration, the creation of waste, and unsafe
situations. Functional silos can also result in the establishment of differing and
potentially conflicting ontologies for a single process, depending on which professional

function is describing the requisite knowledge.
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In this study the researcher maintained a focus on the lifecycle business processes
of the AS&D industry. Within this focus, the processes which relate to the processes of
supplier management as related to the domain of quality will be identified as QMPs, not
to create a discipline-related silo but rather in an attempt to identify the interrelated
business processes of an industry.

By identifying the QMPs within the AS&D business process lifecycle, tasks can
be identified and a process-based ontology for SQEs can be established. The AS&D
industry will be enabled to structure the development of professional knowledge and
skills around the business processes for which SQEs are responsible. The intended result
of a process-based ontology is a more capable and ultimately safer industry. More
importantly, the application of a process-based ontology structure explores the
applicability and value of this concept so that it might be utilized in further research
when investigating the identification of a professional ontology in emerging and
changing industries.

In a sample of AS&D organizations, the business processes for which SQEs are
responsible are identified by mapping the actual processes in action in the AS&D
industry which relate to supplier quality management. This served to establish the scope
of professional responsibility for SQEs and identify AS&D QMPs. Identified QMPs
were further analyzed to identify the associated tasks and define the knowledge and skills
needed for effective performance. This structured process of knowledge type and level
identification will be made by applying Bloom’s taxonomy (Bloom 1956), and as further

described by Anderson and Krathwohl (2001).
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By providing the AS&D industry with a framework for process-based ontology
structuring, this research project has obvious operational application. From an academic
perspective the project offers the opportunity to combine the tools of the quality
discipline, such as process mapping, with the methods of sociology and education, in the
context of knowledge structuring. This exploration will apply the concept of process-
based ontology structuring, which can be applied in any emerging or mature profession
or industry.

There are some obvious limitations to the study. For example, because the focus
is the AS&D industry as a whole, the resulting process-based domain ontology will be
generic in nature. Though this will provide for broad application, it will require
augmentation in the technical- and commodity-based (i.e., turbine versus piston engines,
airplanes versus helicopters, and forgings versus electronics) aspects of knowledge,

which are product specific.

Statement of the Problem

The ontology of many professional disciplines remains largely unstructured and
informal, resulting in inefficient and ineffective application. In such, the focus of
research has been on the management and structure of explicit knowledge only, allowing
the larger percentage of intangible knowledge resources to remain in the minds of
individuals and subject to loss. Collectively, this tacit knowledge represents one

component of the profession’s memory or undocumented ontology. Despite much
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research linking decisions, knowledge management, and ontology theory as methods for
formalizing organizational memory, few studies specifically focus on the structuring of
ontology, also referred to as ontology engineering (Sayed and Zeid, 2003).

Although the body of research regarding the application of ontological
frameworks to organizational processes continues to grow (Gruber 1993; Uschold and
Grunier 1996; Postrel 2002; Van Elst and Abecker, 2002; Brey 2003), there remains a
gap in the understanding of how to effectively and consistently engineer ontologies.

Fensel (2003) identified ontology creation as a prerequisite to building
knowledge-focused systems. However, regardless of the acceptance of ontologies as a
method for addressing organization memory processes, a number of researchers have

cited issues relative to its applicability and to knowledge management in general:

1. Development of ontologies lacks consensual guidelines (Sayed and Zied, 2003).

2. Knowledge management technologies lack appropriate techniques for
representing and managing knowledge structures (Stollberg et al., 2004).

3. Efforts in investigation and design of organizational memory lack a
comprehensive view and a common methodology for development of ontologies
(Weinberger et al., 2003).

4. Organizational memory has been the subject of relatively little research (O'Toole
2000).

5. Knowledge management efforts require people who are willing to cooperate and

share information (Benjamins et al., 1998).



Process-Based Ontological Engineering

Issues in knowledge management and the application of ontologies promote
further research. Garigue (2003) stated that ontologies will become a fundamental unit of
study for organizations of the future. According to Lloyd-Jones (2003, p. 5), although
limited research supports development of organizational ontology, the use and
management of organizational knowledge are recognized in a contextual framework.
Specific to organizational memory, Vasconcelos et al., (2000) identified ontologies as
essential for knowledge representation and information structure. Much of the
aforementioned works support the use of ontologies for structuring and retaining

knowledge within organizational settings despite the lack of a consistent methodology.

Purpose and Research Question

The purpose of this study is to explore the application of process-mapping in the
ontological engineering of a BOK of the SQE profession within the AS&D industry.

The primary research question for this study is: Within the context of the AS&D
industry, is process mapping applicable for the development of a process-based ontology
engineering process that can be deployed for rapid development of domain ontology?

The second research question is: Can process mapping provide a consistent
methodology for ontological engineering?

And the third research question is: Based on the sample under study, what is the

process-based domain ontology for the AS&D SQE?

10
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Statement of Potential Significance

This area of research provides for several areas of potential contribution. A
process-based ontology engineering methodology would enable industries and
professions to assess the actual work of the industry/profession and accurately define the
requisite knowledge and skills to effectively deploy its business processes. Additionally,
a process-based ontology engineering methodology would contribute to the knowledge
management field by providing a consistent and non-subjective manner in defining
ontologies. The resulting standardization of ontology engineering would significantly
reduce variance in the professional fields within common industries and promote
accelerated development and sharing of knowledge.

Within the AS&D industry, the resulting domain ontology will identify and may
ultimately allow for greater standardization of professional capability within the industry.
Further qualitative and quantitative research may be applied to understand the influence
of elements of specific domain ontology as it relates to performance and other measures.
From an operational perspective, the establishment of an AS&D SQE ontology will
provide the professional with a structured outline of what knowledge and skills are
needed to capably execute the processes for which they are responsible.

From the perspective of the industry, the definition of a process-based ontology
could lead to professional certification of personnel and reduce variance among defined
professional activities. That is, the variance in knowledge and skills among professional

SQEs would be reduced. Both within an organization and within its extended supplier-
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base, confidence in the human-based processes can be increased by applying controls and
oversight. Structured and focused learning can be developed and deployed where
identifiable gaps are found.

From a theoretical perspective, the science and practice of quality may become
more defined than it is at present. It is quite possible that the application of quality tools
(such as process mapping in the present study) may prove useful in other sociological
inquiries. For example, wherever a process is enacted there are a series of steps and
sequential actions that can be mapped and analyzed. The tool of process mapping
illustrates the sequential and interrelated nature of processes and allows the researcher to
analyze a process within a process while keeping the entire process in perspective. The
present case may, then, provide methodological examples that can be extended to other
research studies.

By utilizing a process, such as that being proposed in this study, the future state
for establishing and sustaining professional ontologies may evolve from being expert-

based to process-based.

Theoretical Foundation/Conceptual Framework

The conceptual framework for this proposed area of study is (1) grounded within
the fields of sociology, management, organizational knowledge, organizational memory,
and education, with the concept that domain knowledge needs to be structured; and (2)

grounded within the field of quality improvement, with the methods of process mapping
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which provide visibility of the actual tasks and processes in action. Figure 1 illustrates

the conceptual framework for this proposed study.

’s&p Industry - SQE Profegg /oy

Knowledge
Management

Quiality
Improvement

Process
Mapping

Ontology
Engineering

Area of inquiry. Process-based
ontological engineering.

Figure 1, Conceptual framework for this study.

Summary of the Methodology

Within a purposeful sample of AS&D-related organizations, the business
processes that relate to the supplier quality management processes are identified through
a process-mapping methodology in a multiple-case study. The organizational sample
consists of three AS&D organizations of varying sizes. Organization A is a large
organization, with approximately 10,000 employees and with an extended supplier base.
Organization B is a medium-size organization, with approximately 3,000 employees and

a moderate-size supplier population. And organization C is a small organization, with
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approximately 100 employees and a small supplier base. All three of the organizations
are producers of AS&D products and have both commercial and military product lines.
This makes all three organizations susceptible to the same regulatory requirements for

supplier management and product assurance.

Process mapping organizational business process involves the application of
process review, procedural review, and interviewing. Interview transcripts were coded
and analyzed for themes along the business process lifecycle.

The process map was then analyzed at each process-level to determine the
definition and type of knowledge required to effectively perform the business process. In
this analysis, Bloom’s taxonomy (Anderson and Krathwohl, 2001) was utilized to

establish the definition of the domain ontology.

Limitations

As an inherent limitation of this study, the expectations for skills and knowledge
will continuously advance and change as business process and technologies change.
Schon (1983) recognizes this limitation in his statement, “Even if professional knowledge
were to catch up with the new demands of professional practice, the improvement in
professional performance would be transitory (p. 15).” In order for this or any domain
ontology to maintain its congruency with practice, processes must be instilled to update
the ontology. Without continuous updating, a static ontology will become irrelevant

within time.
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Another limitation of this study is the general nature of ontology definition. This
study aims to identify the knowledge and skills elements for the supplier quality engineer
within the entire AS&D industry. Recognizing that there are numerous knowledge
elements that are aligned to specific technologies and products, there will be additional
investigation required to capture technology and/or product-based knowledge elements.
Nevertheless, this limitation is not a major concern because the results of this study will
provide a structure for augmentation while maintaining a level of industry-wide
standardization.

Another limitation is the inability to generalize the findings of this study. Since
the population is confined to the AS&D, any conclusions would be limited to that
industry. Additionally, applying a case study methodology and purposeful sample will

further limit generalizability to the organizations included in the sample.

Definition of Key Terms

Aviation, Space, and Defense (AS&D) Industry: Includes designers, manufacturers,
suppliers, repairers, operators, and policymakers of products and services that are
aviation, space, and/or defense related (ITA, 2002).

Body of Knowledge (BoK): A body of knowledge is an all-inclusive term that describes
the sum of knowledge within a specific profession. Specific to this study, a body of
knowledge is the specialized skills and knowledge that a professional must possess in

order to execute the processes for which they are responsible (Gruber, 1993).
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Business Process: An activity that is performed to create value in the performance of a
service or creation of a product (Womack and Jones, 1996; Olalla, 2000).

Domain Ontology. Represents a specific field of objects, such as engineering,
mathematics, computer science, medicine, etc. (Noy and McGuiness, 2001; Stojanovic et
al., 2002; Spyns et al., 2002).

Knowledge Management. Knowledge management is concerned with the
representation, organization, acquisition, creation, usage, and evolution of

knowledge in its many forms (Polanyi, 1966).

Knowledge Management Process. The knowledge management process elicits,
transforms, and diffuses knowledge throughout an enterprise so that it can be

shared and reused (Mach and Owoc, 2001).

Lifecycle: The entire cycle of a project, business process, and/or product that is defined
by how such is planned, controlled, executed, and monitored from its inception to its
completion (Womack and Jones, 1996).

Ontological Commitment. An agreement of consistency with respect to queries and
assertions using the vocabulary defined in the ontology (Mach and Owac, 2001).
Ontology. Ontology provides a shared vocabulary, which can be used to model a
domain of knowledge, that is, the type of objects and/or concepts that exist, and their
properties and relations. It allows for common understanding and communication
between people and computers (Mennis et al., 2000; Lubit, 2001; Mach and Owac,

2001).
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Ontology Engineering. A methodology for the design of a knowledge base that
includes a strict definition of meaning, identification of relationships, and common
vocabulary (Sayed and Zeid, 2003).

Organizational Memory. The collective knowledge of an organization, both tacit

and explicit, structured and unstructured (Abecker et al., 1998; Anand and Manz, 1998;
Attipoe, 1999; Vasconcelos et al, 2002; Weinberger et al., 2003).

Process Mapping. The process of analyzing work or business processes for description
of objective and/or chronological order (Womack and Jones, 1996).

SQE. The acronym for a supplier quality engineer. A professional who has assigned

supplier quality management responsibilities.

Chapter Summary

This chapter has discussed the urgency within the AS&D industry to address the
growing need to formally identify and document the tacit knowledge of the industry. As
described, the need is based on a number of factors that have been developing over time.
The challenge, though, is How can the tacit knowledge of an industry be effectively
identified and portrayed in a useful manner? The absence of a robust engineering
methodology for the structuring of domain ontology of a profession or industry is at the
core of the research question.

It is aim of this study to explore the application of a process-based domain
ontology engineering process within the context of the AS&D industry. The purpose is

to determine whether such a methodology can provide for a consistent structuring
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methodology of domain ontology. The benefit of utilizing a process-based approach is
that the resulting ontology is based on the actual needs of the industry and not reliant on
the subjectivity of subject-matter experts.

The following chapter discusses a review of the literature with regard to the
development of knowledge management and ontology engineering. The uses, methods,
and application of process mapping are also discussed.

Chapter 11 discusses the qualitative inquiry developed for this research project.
In short, the research design applies, in a purposeful sample of AS&D organizations, a
process-mapping methodology to identify the enacted work processes of supplier quality,
and further assesses to identify the skills and knowledge to effectively execute the
processes.

Chapter IV displays the results of this research. Chapter V offers analysis to the
research findings. And, Chapter VI provides a discussion of where to go next with

process-based ontological engineering.
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Chapter II: Literature Review

Introduction: Topics, Purpose, and Methods of the Literature Review

This area of research investigates the structure of tacit knowledge within the
context of industry-wide business processes in order to establish a process-based
professional ontology. Lubit (2001) defines tacit knowledge as information that is
difficult to express, formalize, or shape. Yet the importance of tacit knowledge as the
basis for knowledge structuring is widely recognized in knowledge management
literature. The lack of a formal method for structuring professional knowledge suggests a
meta-level approach such as that specified by ontology.

The literature and research selected were drawn primarily from peer-reviewed
documents and books by noted authorities in these areas. The basic search criteria are
tacit knowledge, organizational memory, social systems, decision structure and theory,
knowledge management, and ontology. Relevant databases were searched based on these
subject headings. The following literature review presents the culmination of the
research material in support of the research questions investigated. The primary research
question for this study is: Within the context of the AS&D industry, is process mapping
applicable for the development of a process-based ontology engineering process that can
be deployed for rapid development of domain ontology?

The second research question is: Can process mapping provide a consistent

methodology for ontological engineering?
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The third research question is: Based on the sample under study, what is the

process-based domain ontology for the AS&D SQE?

Organization

This literature review is organized into four sections, each supporting the
collective foundation on which the researcher’s question is based. The integration of
these literature elements forms the basis and serves to support the value of this study.
Four themes were considered significant to the overall purpose of this research:

1. Generalized Structure of Social Systems

2. Decisions as Elements of Organizational Systems

3. Knowledge Management

4. Ontology of Knowledge Management

In combination, these themes support the Theory of Organizational Knowledge

Creation as the conceptual foundation for this study.

Description and Critigue of Scholarly Literature

Theory of Organizational Knowledge Creation

Studies in organizational knowledge generally accept the dichotomy of
knowledge proposed by Polanyi (1966). Polanyi suggested that knowledge is categorized
as either tacit or explicit. Researchers have asserted that the tacit dimension of
knowledge creation is fundamental to organizational memory research (Abecker et al.,

1998; Anand and Manz, 1998; Attipoe, 1999; Vasconcelos et al., 2002; Weinberger et al.,
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2003). Nonaka (1994) developed the Dynamic Theory of Organizational Knowledge
Creation as a means of describing the process by which knowledge converts from one
form to another through social interaction. Nonaka described four modes of knowledge
conversion in the SECI model.

As described in the SECI model, the assumption that knowledge is created
through conversion between tacit and explicit knowledge allows us to postulate four
different “modes” of knowledge conversion: (1) from tacit knowledge to tacit knowledge,
(2) from explicit knowledge to explicit knowledge, (3) from tacit knowledge to explicit
knowledge, and (4) from explicit knowledge to tacit knowledge (p. 18).

Socialization is the name given to the process of creating tacit knowledge through
shared experience. In organizational settings, conversion from tacit knowledge to tacit
knowledge occurs through shared experience such as knowledge transfer. Combination
is the process of creating explicit knowledge from explicit knowledge, again through
social interaction. This type of knowledge is considered formal in nature and is often
supported through technological means. Externalization is the process of converting tacit
knowledge to explicit knowledge, and finally, the Internalization process converts
explicit knowledge to tacit knowledge. Nonaka’s theory of organizational knowledge
creation is based on a continuous cycle of conversions including all four modes of
knowledge creation (reference figure 2).

Organizational knowledge creation, as distinct from individual knowledge
creation, takes place when all four modes of knowledge creation are “organizationally”

managed to form a continual cycle (p. 20). The SECI model and, more specifically, the
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process of externalization are noted as a basis for knowledge conversion and the creation
of organizational memory (Anand and Manz, 1998; Vasconcelos et al., 2000; Hatami et
al., 2002; Weinberger et al., 2003). In large part, the social nature of knowledge
conversion and the systematic aspects of social systems provide an environment in which

to investigate the research question of this study.
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Figure 2, The "engine’ of knowledge creation (Nonaka, 1994)

Generalized Structure of Social Systems

In general, system theorists agree as to the applicability of a system to assist in the
organization of entities for study (Buckley 1967; Bertalanffy 1972; Laszlo 1972). Social
interaction and social system concepts are the basis for multiple studies in organizational

memory systems (Nonaka, 1994; Abecker and Manz, 1998; Hatami et al., 2002). Nonaka
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(1994) emphasized the system as central to organizational process. “The theory of
organization has long been dominated by a paradigm that conceptualizes the organization
as a system that ‘processes’ information or ‘solves’ problems” (p. 14).

According to Levina (1999), tacit and explicit knowledge are interrelated in that
the former serves as the basis for the latter. The two are inseparable. In social practice,
these categories are critically interrelated. For example, tacit knowledge is the
foundation of explicit knowledge, and the latter cannot be separated from the former.
Similarly, an individual cannot be conceived without a collective—we see ourselves
based on distinctions from our environment (p. 9).

Biggiero (2001) characterized firms as “open systems characterized by
permeable, unstable, and ambiguous boundaries.” In this context, this study investigates
the structure of tacit knowledge within the boundaries of multiple organizational social

systems as they relate to a single domain.

Decisions as Elements of Organizational Systems

Systematic methods for management of organizations follow basic principles and
practices (Kelley, 1969). As systems, these organizational units require the sharing of
information that ultimately produces knowledge.

As business environments undergo drastic changes, the need for organizational
collaboration increases. The degree of collaboration requires extension to business

processes that involve functions that share information (Olalla, 2000).
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The development of organizational memory systems as a basis for decision
making is consistently stressed as a motivation for their application (Anand and Manz,
1998; Attipoe, 1999; Vasconcelos et al., 2000; Hatami et al., 2002; VVasconcelos et al.,
2002). Walsh and Ungson (1991) defined organizational memory as an organizational
repository that may be “brought to bear on present decisions.” Vasconcelos et al. (2000)
stressed an organizational environment for the capture of knowledge for later use in
decision making. Attipoe (1999) identified the need to create organizational knowledge
models for problem and decision making as a first step in establishing a corporate
memory system. A systemic memory model of organizational memory providing for
design of organizational processes for decision making is proposed by Anand and Manz
(1998). In all cases, these organizational systems were considered in the larger context of

knowledge management.

Knowledge Management

Brown and Woodland (1999) found that organizational knowledge tends to reside
at the individual level, which results in poor feedback systems and very little production
of new knowledge, and that this may ultimately lead to knowledge loss. The need for the
structure and management of an organization’s knowledge cannot be understated.
“Effective knowledge management is among the most significant challenges facing
modern business organizations” (March et al., 2000). Fulmer and Gibbs (1998) found
that organizations maintain a sustainable competitive advantage through knowledge

management and organizational learning practices. In such cases horizontal
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organizational structures, integrated functional groups, and empowered teams serve this
purpose (Sethi and King, 1998).

Although such systems aid in the internal management of knowledge, they do not
substitute for an organization’s employees and processes (Gallupe, 2001). It is the
combination of people, processes, and decisions within the organizational environment

that suggests the need for some form of meta-structure for encapsulation.

Ontology of Knowledge Management

Menzies et al. (2000) identified the value of ontologies in the collection of
knowledge for systematically viewing and sharing a special topic/problem. The use of
groups or teams in organizations to address specific topics or problems is common. The
importance of ontology for the systematic management of knowledge is widely
recognized (Mennis et al., 2000; Chan and Lewis, 2002; Van Elst and Abecker, 2002).
These studies emphasize the benefits of commonality, communication, and organization
in the creation of knowledge management systems. The importance of the ontology is in
establishing common terminology, communication, and interoperability (Uschold and
Gruninger, 1996).

As a subset of knowledge management, organizational memory has been
represented as a systematic conceptualization of the organization. “Organizational
memory information systems (OMIS) have been conceptualized as a framework for
information technologies to support these organizational memories” (Wijnhoven, 1999).

The requirement for conceptualization and knowledge frameworks is consistent
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throughout knowledge management literature (Abecker et al., 1998; Linger et al., 1999;
Mandviwalla and Grillo, 1999; Wijnhoven, 1999). The specification of these
frameworks is central to Mentzas’s (2002) definition of ontology.

The use of ontologies for knowledge representation is suggested throughout
knowledge management literature (Gruber, 1993; Benjamins et al., 1998; Vasconcelos et
al., 2002; Garigue, 2003; Sayed and Zeid, 2003). According to O’Toole (2000),
organizational memory has been the subject of little research. Where research does exist,
most researchers agree that knowledge management structures lack in both definition,
structure, and, consistent allocation (Ackerman and Halverson, 1999; Sayed and Zeid,
2003; and Weinberger et al. 2003). This research attempts to increase clarity with respect
to the structure of organizational memory and the applicability of ontology to tacit

knowledge.

Systems and Organizational Memory

Bertalanffy (1972) defined a system as a set of elements standing in interrelation.
His General System Theory identified systematic characteristics widely accepted to apply
to a range of scientific disciplines. These characteristics have been found throughout
much organizational memory literature (Ackerman and Halverson, 1999; Attipoe, 1999;
Levina, 1999; Olivera, 2000; Hatami et al., 2002). Sayed and Zeid (2003) defined
knowledge management as “systematic and organizational,” including the
communication of both tacit and explicit knowledge. Ackerman and Halverson (1999)

pointed to the inconsistency in literature with respect to organizational memory

26



Process-Based Ontological Engineering

definition, and identified the need for a systematic examination of organizational memory
concepts. Three system views of OM are described below. They are the General, Social,
and Information systems.

General Systems Theory has been cited as a basis for both the development of
organizational memory systems and knowledge management in general (Green, 1996;
Alquier et al., 1998). In constructing corporate memory models, Alquier et al. (1998)
identified general systems theory as a “spatial model for knowledge interactions in an
organized complex system.” Organizational memory is defined as the collective memory
of the organizational members resulting in the creation of knowledge (Abecker et al.,
1998; Vasconcelos et al., 2000; Hatami et al., 2002). Whereas individual memory is
viewed as a system composed of internal and external components, the collective mind is
a composite of individual minds resulting from a social process (Lin and Lin, 2001).

These attributes of interrelation, integration, and collection, among others, are all
consistent with general system theory, in that they represent a holistic rather than
independent approach in studying organizational memory elements. Abecker et al.
(1998) found that organizational memory required collection and systematic organization
of information from various sources in addition to user feedback for maintaining the
system. This systematic approach to representing organizational memory has resulted in
the treatment of organizational memory as a holistic, systematic entity (Attipoe, 1999;
Wijnhoven, 1999; Olivera, 2000; Vasconcelos et al., 2000).

Vasconcelos et al. (2000) defined an organizational memory system as that which

enables the integration of dispersed and unstructured organizational knowledge by
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enhancing its access, dissemination, and reuse among an organization’s members and
information systems. Such systems are the result of the recognition that both the
structure and amount of available organizational information must be managed in order
to create value.

All too frequently, organizations have too much information to process, and much
of this is generally unstructured information. So to create value, management has to
apply knowledge management practices to systematize and transform these unstructured
resources into structured information assets (Davies et al., 2003). The structure and
creation of knowledge are viewed largely as human functions, resulting from social
interaction (Nonaka, 1994; Olivera, 2000; Lin and Lin, 2001; Vasconcelos et al., 2002).

Giraldo (2000) found that the examination of organizations as complex social
systems served as a basis for developing a knowledge management model. Schwandt
(1995) proposed an alternative to traditional management thinking: organizations must be
viewed as dynamic social systems, in that they must be considered in total rather than as
the sum of individuals elements. This is explained by Giraldo (2000). In his research he
defines the collective (organization) as an amalgamation of actors, objects, and norms
and as characterized by social phenomena that are more than the sum of individual
behaviors and attitudes of the individual actors.

Although it is the individual that creates knowledge, it becomes part of the
knowledge base of organizational knowledge. An organization cannot create knowledge
without individuals. The organization supports creative individuals or provides a context

for such individuals to create knowledge. Organizational knowledge creation, therefore,
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should be understood in terms of a process that “organizationally” amplifies the
knowledge created by individuals, and crystallizes it as part of the knowledge network of
organization (Nonaka, 1994, p. 17).

Nonaka (1994) called the process of tacit knowledge creation “socialization.”
Olivera (2000) included social networks as one type of organizational memory system.
In doing so, he recognized that organizational memory is representative of the collective
whole rather than the memory of any particular individual.

Although no one particular member of an organization is likely to be the sole
repository of an organization’s memory, networks of individuals can be a powerful
means of storage and retrieval of the organization’s experiential knowledge (p. 811).
This is especially true when the organization’s knowledge base is mostly tacit.

Organizational knowledge is created through social interaction in a systematic
manner, viewed in total rather than individual knowledge elements (Nonaka, 1994).
Sparrow (1999) supported this in his examination of the role of organizational memory.
“Organizations are highly dependent on the complex knowledge that resides within the
net sum of an organization’s employees” (p. 144).

Organizational memory research has resulted in the development of
organizational memory information systems (Corbett et al., 1999; Linger et al., 1999;
Wijnhoven 1999; Grayson et al., 2002; Vasconcelos et al., 2002). These studies show
that organizations, as social systems, exchange information which represents elements of

organizational memory. This continuous communication among organizational members
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creates the tacit and explicit knowledge conversions necessary to create knowledge
(Nonaka, 1994).

Organizations are based on order and communication. Research shows that the
systematic organization of information, integration with the surrounding environment,
and use of feedback mechanisms are recognized elements of organization memory
systems (Abecker et al., 1998; Attipoe 1999; Sure et al., 2002). These characteristics are
consistent with those of social systems, as described by systems theorists.

Alquier et al. (1998) define corporate (organizational) memory as a knowledge
management issue. However, many researchers of organizational memory are clear to
make the distinction between information and knowledge (Nonaka, 1994; Anand and
Manz, 1998; Attipoe, 1999; Tuomi, 2000). According to Anand and Manz (1998),
information management understanding may be based on organizational memory models
and theories. Linger et al. (1999) identified organizational memory aspects as important
in the development of organizational memory information systems, and Attipoe (1999)
referred to organizing the information flow within a corporate memory system.

Capitalizing on organizational knowledge in a corporate memory system consists
of organizing the overall information flow in order to store and reuse efficiently the
accumulated knowledge (Attipoe, 1998, p. 27). Vanderstraeten (2000) stated that
humans may be viewed either as part of the environment in which they exist or as part of
society. The manner in which they (human beings) are viewed determines the extent to
which society acts collectively as a social system. Stein and Zwass (1995) defined

organizational memory as an instance of collective memory. The concept of collective
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corporate, or group, memory is fundamental to organizational memory system study
(Anand and Manz 1998; O'Toole 2000; Vasconcelos et al., 2000; Grayson et al., 2002).
The work environment to be investigated by this study is consistent with basic social
system characteristics and function, as previously described herein. Specifically, the
interaction of a professional domain with their respective business processes will provide
a systematic environment for the study of the tacit and explicit knowledge creation as
proposed by Nonaka’s (1994) theory of knowledge creation.

Although objections to a generalized systems theory exist, most notably
Lilienfeld (1978), a closed social system or subset of society provides a reasonable basis
on which to conduct scientific inquiry. It (a system approach) capitalizes on the
emergence of parallelisms in different disciplinary interpretations of reality and
consequently provides a platform for the integrated study of complexity in the human
experience (Laszlo, 1972).

Decision Theory

Decision outcomes vary significantly. “Poor decisions are, by definition, those
that result in unintended and or negative consequences. These consequences are often
unanticipated, whether or not they should have been” (Magasin and Gehlen, 1999).
When a choice between competing alternatives exists, the lack of a systematic process for
selecting one may result in less-than-desirable consequences. The need for decision
process increases with respect to the business community, where failure to make the right
choice may result in financial loss and/or erosion of safety. This is exemplified by

Messick and Bazerman (1996): “Executives today work in a moral minefield. At any
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moment, a seemingly innocuous decision can explode and harm not only the decision
maker but also everyone in the neighborhood.”

Often in attempting to simplify the decision-making process, many possible
outcomes are ignored (Magasin and Gehlen, 1999). If this process of “ignorance” is done
incorrectly, those factors leading to the most appropriate outcome may be inadvertently
eliminated, leading to a decision in the absence of relevant data. “Predictably, such
decisions are likely to have unanticipated outcomes” (Magasin and Gehlen, 1999).

Over time, a number of decision theories, statistical models, and mathematical
representations of the decision process have been promoted. Interestingly, many such
theories deal more with the human aspect than that of discrete decision elements. Carley
(1992) states, “organizations do not make decisions, people do...That humans comprise
organizations is neither a questionable nor a key issue from an organizational decision-
making perspective.” Current organizational memory research associates the need for
better decision making as a basis for creating organizational memory systems (Attipoe,
1999; Corbett et al., 1999; Mandviwalla and Grillo, 1999; Sparrow, 1999; Hatami et al.,
2002; Vasconcelos et al. 2002).

According to Carley and Behrens (1999), “Organizational decision making is a
product of both the way individuals make decisions and the context in which these
individuals make decisions” (p. 1). For purposes of this research, organizational decision
making serves as a framework for the investigation of the research question. Messick
and Bazerman (1996) suggest that, when making decisions, executives are employing

theories about the world, people, and self. According to Sparrow (1999), organizations
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are dependent on complex knowledge which is found within the sum of the
organization’s employees’ experience. The loss of this organizational memory may lead
to “dysfunctional decision making.”

Corbett et al. (1999) described organizational memory as a generic concept
relative to managing an organization’s knowledge. Mach and Owac (2001) note the
relationship between knowledge management and decision theory. “It can be easily
noticed, that the concepts which had the biggest impact on knowledge management
theory were the following ones: decision making process theory....” (p. 2). Such theories
encompass the context in which decisions are made and integrate with the more discrete
decision theory elements relative to the statistical, formalized mechanisms involved in
the decision-making process.

An example of a statistical-based decision-making mechanism is Failure Mode
and Effects Analysis (FMEA). FMEA organizes and categorizes elements of a process
and allows decision makers to quantify potential risks associated with potential failure
modes (Choo, 2003). Utilizing the FMEA methodology provides quantitative analysis
for informed decision making.

Specific decision theories incorporate mechanisms for the inclusion of prior
knowledge. A mechanism for inclusion of prior knowledge is consistent with O’Toole’s
(2000) organization memory retention structures. Such organizational memory
structures, including tacit knowledge retained by individuals, may be utilized for current
organizational decision making, as suggested by Walsh and Ungson (1991). These

structures may store and retain organizational history for use in present-day decisions.
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The dynamics of the business environment necessitate a strategic orientation
relative to any organization. Hatami et al. (2002) identified both knowledge management
and organizational memory as issues relative to strategic decision making.
“Organizations often rely on acquired knowledge from past experiences to make higher-
quality decisions on business strategies...In this context, Knowledge Management (KM)
and Organizational Memory (OM) become a central issue to the effectiveness of strategic
decision-making (p. 1).”

Further, Hatami et al. recognized the need for an integrated, interactive approach
for making effective organizational decisions. According to Corbett et al. (1999),
organization memory systems increase decision-making options through augmenting the

interaction between the knowledge provided and the information seeker.

Decision Theory and Social Connection

As noted by Carley and Behrens (1999), “The vast majority of organizational
decisions require attention from multiple individuals. That is, they are not the result of a
single individual acting in isolation.” In general, decisions are founded on an
individual’s social foundations. People make decisions based on a number of criteria.
This suggests that given the most sophisticated, mathematically based decision-making
models, human subjectivity still contributes largely to the ultimate result. This becomes
particularly important when considering those elements that constitute the decision

environment (system) in total. According to Fishburn (1964), the decision situation
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includes the individual as the first element of a decision situation. This may be

generalized to include a decision-making group.

Decision Elements

As previously discussed, organizational memory is often defined as a systematic
organizational process. Whether human or technologically based, systems are composed
of elements, or components. “In the context of using knowledge in social processes,
humans have different approaches to making decisions” (Hatami et al., 2002). According
to Senge (1990), systems approaches are used to explain the element of tacitness as the
underlying currents of decision making and strategy formation. Weinberger et al. (2003)
identified the definition of components as a major challenge to organizational memory.

Within the decisional framework, Carr and Howe (1964) identified four basic
elements common to all decision situations; these are sets of variables and parameters, a
model, an objective function, and a computational method. Clark et al. (2002) identify
organizational memory as a storage mechanism used for group decision making. Specific
to building organizational knowledge structures, they associate the use of key input and
process variables as increasing the level of understanding of how cross-functional teams
(CFT) build organizational knowledge. “We believe that a discussion of key input and
process variables will contribute to understanding the role of CFTs in building
organizational knowledge structures that are associated with both individual and

organizational learning (p. 220).”
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In making quality decisions, Hatami et al. (2002) noted the use of acquired
knowledge from past experiences as a basis for increasing the quality of organizational
decisions. According to Sparrow (1999), loss of organizational memory is a significant
strategic risk relative to organizational construction. Where decisions are concerned,
imprecise strategic analysis may lead to decisions based on incomplete and ambiguous
data (p. 141). Olivera (2000) refers to prior knowledge as experiential.

Experience and prior knowledge are fundamental to knowledge management and
organizational memory research (Nonaka, 1994; Attipoe, 1999; Cross et al., 2000;
Olivera, 2000, Hatami et al., 2002). These researchers identify tacit knowledge as a
primary element of organizational memory. According to Weinberger et al. (2003), tacit
knowledge is hidden in the individuals that make up the organization. Relative to
decision making, knowledge in general, regardless of type, is a piece or element of the

decision process.

Decision Theory and Knowledge

Recent studies (Davenport et al., 2001; and Denton, 2001) propose knowledge
management as the basis for more effective decision making. These investigations
evaluated the use of tools as well as systematic methods relative to knowledge
management. A knowledge-oriented view of decisions was proposed. Holsapple (1995)
supported a knowledge-oriented view of decision making as contributory to
understanding computer-based decision support. However, Drucker (1973) identifies the

limitations of technological solutions to decision making, and specifically the conversion
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of data into knowledge (Denton, 2001). Hassell (2003) concludes that knowledge is
always internal to humans and associated with social groups. Further backing for non-
technical decision support in favor of organization memory comes from research by
Cross and Baird (2000).

Truly improving business performance, however, demands more than simply
putting more knowledge into databases; it requires leveraging the many ways that
knowledge can migrate into an organization and strengthen business performance (Cross

et al., 2000).

Ontological Foundations

Gruber (1993) defined ontology to be an explicit specification of a
conceptualization. Ontological research (Poli, 1996) includes elements of knowledge
acquisition, integration, sharing, and representation in describing ontologies. Knowledge
sharing, conceptualization, frameworks, communication, and reuse are common
throughout organizational memory literature (Abecker et al., 1998; Attipoe, 1999;
Mandviwalla and Grillo 1999; Grayson et al., 2002; Weinberger et al., 2003). One
component common to most ontology definitions is that of knowledge. Obitko (2001)
defined ontology as a high-level description of concepts that organize the upper parts of
the knowledge base.” Also present in ontological definition are elements of vocabulary,
semantics, knowledge sharing and reuse, communication, order, classification, and

purpose.
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Uschold and Gruninger (1996) state that ontologies facilitate communication
between people and systems. Ontologies are descriptions of objects. Objects may be
large, highly decomposable entities or very discrete atomic units. In either case, it is the
ontological domain that determines the extent of the description. It is the need that
determines the scope of the domain. Vasconcelos et al. (2000) proposed a domain
conceptualization of knowledge elements. Abecker et al. (1998) and Grayson et al.
(2002) define ontologies of organizational memory.

An ontology helps us to describe facts, beliefs, hypotheses, and predictions about
the world in general, or in a limited domain, if that is what is needed. Constructing
ontologies for representing factual knowledge is still an ongoing research enterprise.
Ontologies range in abstraction from very general terms that lie at the heart of our
understanding and descriptive capabilities in all domains, to terms that are restricted to
specific domains on knowledge (Chandrasekaran et al., 1998, p. 2).

For purposes of this research, the scope of ontological description follows a
generalized reasoning for ontological development. This logic is based on the work of
Noy and McGuinness (2001), who identified five reasons for the development of an
ontology: (1) to share common understanding of the structures of information among
people or software agents; (2) to enable reuse of domain knowledge; (3) to make domain
assumptions explicit; (4) to separate domain knowledge from the operational knowledge;
and (5) to analyze domain knowledge.

Schoén (1983; 1987; 1995) claims that the multiplicity of conflicting views poses a

predicament for the practitioner within a domain who must choose among multiple
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approaches to practice or devise his own way of combining them. In safety-related
domains, it is important that uncertainty is reduced by establishing standard principles
and processes for dealing with specific problems (Moore, 1970).

Schon (1983) also claims that the systemic knowledge base of a profession is
thought to have four essential properties. Those are (1) specialized, (2) firmly bounded,
(3) scientific, and (4) standardized. Schein (1973) provides a similar perspective on the
structuring of professional knowledge, stating that there are three components: (1) an
underlying discipline or basic science component upon which the practice rests or from
which it is developed; (2) an applied science or engineering component from which many
of the day-to-day diagnostic procedures and problem-solutions are derived; and (3) a
skills and attitudinal component that concerns the actual performance of services to the
client, using the underlying basic and applied knowledge.

However, without definition of these components and properties a profession is
presently managed like what Schon refers to as a “minor profession.” Schén (1983)
suggests that minor professions suffer from shifting, ambiguous ends and from unstable
institutional contexts of practice. They are therefore unable to develop a base of
systemic, scientific professional knowledge.

Technical rationality is the view of professional knowledge which has most
powerfully shaped both our thinking about the professions and the institutional relations
of research, education, and practice (Schon, 1983). According to Schon, professional

activity consists in instrumental problem solving made rigorous by the application of
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scientific theory and practice. It is this bounded area of scientific theory and practice
which defines a professional or domain ontology.

In the context of this research, the tacit and explicit knowledge created through
organization interaction are proposed to reflect a common structure as that described by a
domain ontology. A framework for organizational memory supports its capture and
reuse. Organizational memory purpose is not inconsistent with Noy and McGuiness’s
(2001) reasons for ontological development.

There are good reasons to pursue creating organizational memory...
organizational memory is not just a facility for accumulating and preserving
but also for sharing knowledge. As knowledge is made explicit and managed it
augments the organizational intellect, becoming a basis for communication and
learning. It can be shared among individuals working alone, by teams needing
a project memory, and by the organization as a whole for between-team

coordination and communication (Conklin, 2001).

Ontological Structuring

Vasconcelos et al. (2002) propose an ontology as a means to represent informal
and semi-formal knowledge structures. Their vision is to develop an “ontologically
tailored” organizational memory information system based on organizational dynamics
(p. 2). Abecker et al. (1998) and Conklin (2001) proposed organizational memory as a
mechanism for dealing with both formal and informal knowledge elements. Tacit

knowledge is recognized as both an important organizational knowledge element and a
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type of knowledge difficult to formalize (Nonaka, 1994; Kimble et al., 2000; Ambrosini
and Bowman, 2001; Lubit, 2001; Martz and Shepherd, 2001). According to Weinberger
et al. (2003), “tacit knowledge is knowledge embedded in people. It’s not explicit, nor
formalized...” (p. 1). The inability to impose a knowledge structure on tacit knowledge
Is seen as a challenge by both organizational memory and ontology researchers.

The challenge is the representation of the tangible and relatively static aspects of
the organizational domain, such as individual and group know-how, accumulated
expertise, professional experience, and related heuristics (Kimble et al., 2000). The
structure of an ontology may take on a number of forms based on the type of knowledge
being described. According to (Maedche et al., 2003), “Communities establish
ontologies, or shared conceptual models, to provide a framework for sharing a precise
meaning of symbols and information exchanged during communication.” For purposes
of this research, organizational memory is considered a subset of knowledge
management. Knowledge management research increasingly identifies the use of
ontologies for organizational knowledge management (Benjamins et al., 1998; Sure et al.,
2002; Maedche et al., 2003).

The organizational importance of tacit knowledge is discussed widely in
knowledge management literature (Wijnhoven, 1999; O'Toole, 2000; Conklin, 2001;
Hassell, 2003; Weinberger et al., 2003), but little research exists in defining its structure
and operational use (Ambrosini and Bowman, 2001). “All this strongly suggests that
tacit knowledge is an important phenomenon to study. Nevertheless, tacit knowledge has

up to now resisted operationalization.”

4



Process-Based Ontological Engineering

Weinberger et al. (2003) considered ontologies to be “a family of tools such as
metadata and meta-knowledge used to achieve better content description in context.
Chandrasekaran et al. (1998) stated the importance of ontology in that its analysis
clarifies the structure of the knowledge and enables knowledge sharing. In this sense, an
ontology is a structure of representative knowledge. Abecker et al. (1998) and
Weinberger et al. (2003) identify meta-knowledge and knowledge bases as integral to its
composition. Vasconcelos et al. (2002) suggest the application of ontologies as a means

to represent informal and semi-formal data structures.

Ontologies as Systems of Logic

Uschold and Jasper (1999) identify three areas of ontological application: to assist
in communication between human agents, to achieve interoperability, or to improve the
process and/or quality of a system. Application is used in the broadest sense and should
be considered any system or process. Key to Uschold and Jasper’s description is the
communication condition. Ontological design communicates meaning in a specific rather
than a generalized format. This is consistent with the reasons for ontological
development as defined by Noy and McGuinness (2001). In addition to the need to
provide for a common framework of understanding, the necessity for knowledge
reusability drove the need for a proper ontology structure. “Enabling reuse of domain

knowledge was one of the driving forces behind recent surge in ontology research” (p. 1).
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Consistency in understanding is derived from commonly accepted meaning
relative to knowledge topics. Sowa (2003) states that the ability to capture the common
meaning for all the world’s knowledge is an astronomical task, and has identified what he
refers to as large ontologies to encompass the breadth of human knowledge. The ability
to actually do so is beyond validation. Current practical applications of ontologies focus

on confined knowledge systems and serve as the basis for domain-specific ontologies.

Domain Ontologies

Current research (Jurisica et al., 1999; Fensel, 2002; Spyns et al., 2002) identifies
the application of domain ontologies to systematic knowledge structures. These
structures apply formal processes to the management of knowledge in both programmatic

and manual implementations.

The attributes of the domain ontology are captured in the description below.
An ontology contains the vocabulary (terms or labels) and the definition of the
concepts and their relationships for a given domain. In many cases, the instances
of the application (domain) are included in the ontology as well as domain rules
(e.g. identity, mandatoriness, rigidity, etc.) that are implied by the intended
meanings of the concepts... A data model, on the contrary, represents the
structure and integrity of the data elements of the, in principle “single,” specific

enterprise applications(s) by which it will be used (Spyns et al., 2002).
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Ontologies represent a model of a knowledge domain. Sowa (2003) classified
basic fields of logic, ontology, and computation as classes of knowledge sharing. Sheng-
Tun et al. (2003) supported the use of domain ontologies as a basis for the classification
of knowledge objects. These objects form the basis for a knowledge management system
within the context of a specific field of knowledge.

For example, if one is interested in healthcare-related knowledge, then patient,
disease, symptom, diagnosis, and treatment might be among the primitive concepts upon
which one might want to describe the domain. These concepts and their meanings
together define an ontology for health care. Such an ontology can be used as common
knowledge that facilitates communication among health workers. It can also be used
during development of hospital information systems or decision-support systems (Jurisica
etal., 1999).

Jurisica et al. (1999) further supported the development of domain ontologies to

support systems integration through standardized vocabularies and reusable knowledge.

Ontology Applicability

Cook (1999) identified structure and systems as one of three ingredients
necessary for successful knowledge management. Gallupe (2001) identified knowledge
management systems as the means to aid organizations in creating, sharing, and using
knowledge. The Brown and Woodland (1999) case study found the majority of
organizational knowledge is individually internalized, resulting in minimal production of

new knowledge. Menzies et al. (2000) identified ontology as a systematic method for
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collecting, viewing, and sharing knowledge. Additionally, ontologies were found to
increase the effectiveness of communication through use of a shared lexicon.
Sheng-Tun et al. (2003) identified the establishment of ontology as the first step
in developing a knowledge management capability. Further research (Silvescu et al.,
2001) supports the use of ontologies for construction of knowledge-based systems.
These systems are based on a common set of semantics that facilitate the discovery of

new knowledge within a specific domain.

Ontology Limitations

This study focuses on the practical application of ontology to today’s
organizational environments. Within this context, recent research has shown issues with
ontologies to include definition, design, boundaries, consistency, reuse, and quality
(\Valente and Breuker, 1996; Guarino 1998; Winter 2001; Colomb 2002).

Multiple definitions of ontology can be found in the literature. In general, the
actual meaning is associated with the application under study. Roche (2002) stresses this
point. When the main goal of an ontology is to normalize the meaning of terms, the term
“ontology” itself is not clearly defined; “although ontology is currently a fashionable
term, no agreement exists on the exact meaning of the term,” and, “it seems to generate a
lot of controversy in discussion about Al (artificial intelligence).” In fact, ontologies
found applicability in many domains of application in knowledge and software

engineering, and each gives its own definition (p. 576).
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Winter (2001) states the use of the word ontology is dependent on the community
using the term. According to Guarino (1998), computer-based knowledge management
has fueled ontological research in the field of computer science. Such research resulted
in the development of knowledge management and information systems (Winter, 2001,
Colomb, 2002; Roche, 2002; Sayed and Zeid, 2003). The design of these systems is
based on ontological engineering methodologies. However, such systems have limited
consistency in design: “...as OE (ontological engineering) is in its infancy state, there are
neither widely accepted OE methodologies nor conceptual models for ontology
engineering” (Sayed and Zeid, 2003).

According to Kiryakov and Dimitrov (2003), ontologies are intended to capture
tasks associated with the extraction and representation of knowledge. However, such
uses are plagued with technical issues resulting from inconsistent representations and
terminologies used. This view is consistent with the findings of Valente and Breuker
(1996), who noted problems with constructing core ontology specifications. Roche
(2002) identified issues of this type as inhibitory to ontological evolution. “Although
there is quite a lot of experience in using ontologies, several barriers remain which stand
against a real use of ontology.”

Upper-level ontologies are intended to capture as many aspects of knowledge as
possible. This results in a lack of formal mapping between upper- and lower-level
ontologies which may have otherwise increased the level of understanding (Kiryakov and
Dimitrov, 2003). This lack of boundaries minimizes the use of such ontologies. Without

a set of standardized identifying features and characteristics, the sharing and integration
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of ontologies is minimized (Arpirez et al., 1998). These ontologies present their own
methodologies and architectural peculiarities (Guarino, 1998). This further limits the
ability to reuse ontological knowledge. Valente and Breuker (1996) and Guarino (1998)
also noted the lack of consistent meaning created by common vocabularies with
heterogeneous interpretations. The need for consistent meaning places further
requirements on ontologies. What is reused, however, remains unclear (Valente and
Breuker, 1996).

Colomb (2002) notes that the quality of an ontology is dependent on adequate
coverage of the domain, comprehensibility, and the extent to which the language
deployed is non-specific. Additionally, Colomb identified the environment as a quality
factor relative to human accessibility. Valente and Breuker (1996) further support the
domain as crucial to the quality of the ontology. *“The idea is that most applications are
confined to knowledge of one type of domain, and thus the knowledge of that domain has
a higher chance of being reusable among applications.”

The ability to build, share, and reuse ontologies serves as a barrier to their
expanded use (Roche, 2002). Examples of guidelines for ontological design are limited
(Valente and Breuker, 1996). With respect to design teams, lack of consistent guidelines
for ontological development “hinders the development of shared understanding within
teams and between teams, the extension of a given ontology by others and its reuse in
other ontologies and final applications” (Sayed and Zeid, 2003). Ontologies are designed
to use a consistent vocabulary but “the fact that a term is used widely across a certain

community does not mean that it is used with the same meaning” (Valente and Breuker,
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1996). Regardless of the limitations and issues associated with the application of
ontologies, an agreed vocabulary of common terms and meanings is generally accepted
as a solution to problems of knowledge sharing among heterogeneous actors (Roche,

2002).

Human Limitations in Ontologies

The human aspect remains at the forefront of difficulty relative to the application
of knowledge management. “In the current literature on knowledge management, it is
often observed that the main challenges are in the realm of human organizational culture
and practices” (Ruggles, 1998). It is this type of problem that both promotes the use of
ontological frameworks and detracts from them. Organization is required for efficiency,
yet humans maintain their own ideas relative to what organization is. Agreement on
vocabulary, semantics, categorization, ordering, and logic are all part of the larger human
condition and can only be helped through such mechanisms as ontologies.

As it relates to the development of information systems, “establishing definite and
consistent ontology is perhaps the toughest task. The major hurdle is the communication
of domain experts and knowledge engineers” (Sheng-Tun et al., 2003). These obstacles
are somewhat circular in nature. For example, communication ontologies are designed
specifically to deal with increasing communication between interacting elements,
including humans, while at the same time, inconsistency in communication serves as a
detriment to ontological development. The ontology provides the framework for

consistency.
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Communication between people, organization, and software systems is difficult
because each of these actors speaks a different language. To address this problem, we
need a common communication language that agents can read and understand (Roche,

2002).

Process Mapping

Hammer (2001) defines a process as “an organized group of related activities that
work together to transform one or more kinds of input into outputs that are of value to the
customer.” His definition communicates several key ideas: (1) a process is a group of
activities, not just one; (2) the activities that make up a process are not random or ad
hoc—they are related and organized; (3) all the activities in a process must work together
toward a common goal; and (4) processes exist to create results your customers care
about—whether they’re internal customers (within an organization, such as a department)

or external customers (outside an organization, such as paying customers).

The concept of process mapping has been applied in various fields of study. For
example, in sociology, Weick (1995) stresses the importance of “bracketing” to allow
detailed focus on part of the whole for closer examination. In doing so, Weick argues
that the complexity of the larger system can be managed to better understand the

interrelationships without overwhelming the organization.

Within the field of quality, process mapping is widely used and is a key aspect of

many other tools, such as value stream management, six-sigma, and lean. Womack and
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Jones (1996) are one of the most widely recognized leaders in the field of quality that
professes the value of process mapping. Within the context of understanding how the
processes of an organization create tangible value, Womack and Jones refer to the
interconnected business processes as a value stream. The value-steam is the set of all the
specific actions required to bring a specific product (whether a good, a service, or,
increasingly, a combination of the two) through the three critical management tasks of
any business. The first is the problem-solving task running from concept through
detailed design and engineering to production launch. The second is the information
management task running from order-taking through detailed scheduling to delivery. The
third is the physical transformation task, proceeding from raw materials to a finished

product in the hands of the customer.

When a process is viewed as a “value chain,” each activity or step contributes to
the end result. Some activities directly contribute value, while others may not. All
activities consume resources. The challenge for managers is to eliminate steps that do

not add value and to improve the efficiency of those that do.

Womack and Jones (1996) claim that understanding the value each activity of the
organization provides is critical for long-term success. They further posit the importance
of mapping processes that occur in an organization’s supply chain, in order to understand
where value is being created as well as where there is potential risk and waste. From

Womack and Jones’ perspective, risk and waste can also be created by a lack of
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organizational capability, which includes professionals without the requisite knowledge

to execute business processes.

Synthesis of Research Themes

Organizational memory research themes focus on systematic and ontological
representations for organization knowledge management. In synthesizing these themes,
the lack of a consistent methodology for organizational knowledge management is cited
as a common detriment to organization function. This literature review exposed other
ideas, common to knowledge management research, that further support the purpose for
this study.

According to Gil (2001), “Different systems use a wide variety of representations
and are often built to address different aspects of knowledge-based reasoning as well as
to acquire different kinds of knowledge.” Ullman (2002) states, “There is much evidence
in most companies that the decision-making process could be better.” Ullman identifies a
failure to draw on collective expertise, no use of previous decision history, and complex
and difficult decision structures as sources of poor decision making.

Systematic methods for organizational problem solving are the subject of multiple
studies using team approaches (Gibbons, 2000; Taiwo, 2001; Zemke, 2001; Beeson and
Davis, 2002). In general, all of these studies promote the use of a systems view of the
organization. This methodology is referred to as systems thinking. Gibbons (2000)
defines systems thinking as a tool organizations use to better understand the big picture

and the variables that are creating issues or problems. Zemke (2001) identifies systems
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thinking as an alternative to current management practices. “Everyday management
thinking too often looks for straightforward cause-and-effect relationships in problem
solving that ignore the effect on, and feedback from, the entire system” (p. 20).

Gibbons (2000) found that organizations that employed systems thinking
benefited from an increased understanding of the variables that effect organizational
problems and challenges. Hickey (2001) noted that managers who viewed the
organization as a system of interconnected threads were able to stimulate further growth.
Hickey further found that the application of systems thinking helped in the identification
of consequences of change in one area of the company to other areas, intended or not.

Stroh et al. (2000) applied systems thinking through the collective thinking of
groups within organizations. They found that the relationship between problems and
their causes is often indirect and not obvious; as a group, members were likely to see part
of the situation clearly, and no individual is likely to see how the whole system operates
to produce the behavior they describe. System characteristics such as feedback,
communication, boundaries, organization, and cause-effect relationships are common
among work groups or teams. These attributes are contributory to the development of a
shared mental model.

It is feedback that serves in developing a shared mental model. Shared mental
models are important for team performance because they support the development of
shared expectations and explanations of the tasks and roles of team members (Rasker and

Post, 2000).
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McDermott (1999) identified cross-functional teams as a key building block of
many organizations. Griffith (2003) further elaborated on the ability of Information
Technology to support virtual teams. Postrel (2002) studied teams relative to their
problem-solving capacities with shared knowledge and specialization leading to the
development of a knowledge management design. Weinberger et al. (2003) defined
organization memory as a basis for structuring knowledge management, and further
support an ontological approach. “We believe the ontological approach is key to
evaluating Organizational Memory (OM) and more generally to Knowledge Management
(KM) evaluation.”

Gruber (1993) identified the need to examine all knowledge bases at the
conceptual level. Lanfranchi et al. (2003) stated the need to establish domain ontologies
to overcome the problem of hidden knowledge. Postrel (2002) and Stojanovic et al.
(2002) further supported knowledge conceptualizations in the context of businesses and
organizations, identifying knowledge as existing in contextual frameworks.

The central insight of the knowledge perspective on organizations is that
knowledge inputs are necessarily embedded in a context—cognitive and behavioral,
individual and social—which powerfully constrains their discovery, their transfer from
one set of actors to another, and their usefulness in different situations (Postrel, 2002).

Stojanovic et al. (2002) associated the dynamics of the business environment with
the need to conceptualize a business domain ontology. Within the context of technology-
based decision systems, Yu and Chiang (2002) associated the need to understand how

decisions are made with respect to what they referred to as habitual domains. These
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domains represent a collective knowledge base. The research questions herein were
designed to examine the makeup of the domain knowledge within the context of an
ontological framework.

Consistent with the work of the identified researchers, ontologies have been
applied to establish commonality and consistency in knowledge structures. Further, the
surveyed research supports a systematic, model-based methodology for knowledge
representation. The purposes of the research questions are to evaluate the methodology
of a process-based domain ontology.

Weinberger et al. (2003) found the lack of a consistent methodology to be a major
detriment to knowledge management initiatives. Knowledge management research has
been shown to center on the use of organizational teams as a conduit for the investigation
of systematic methods to capture and reuse knowledge. However, with a dependence on
expert-knowledge there is an inherent risk in knowledge identification. The application
of process-mapping is an effective tool for identifying the processes of an industry and/or
organization. The aim of this proposed area of research is to apply the methods of
process mapping to identify the ontology of a specific domain. In such, a consistent

process-based methodology may emerge for structuring ontologies.

Research Methods
The literature reviewed in this document is based on qualitative methods
consistent with those described by Maxwell (1996) and Leedy and Ormrod (2001). The

qualitative purpose of the research herein aligns with that described by Peshkin (1993).
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System and decision theory, knowledge management, and ontological research have
commonly employed a case study method. This is demonstrated through the studies of
Ranganathan and Sethi (2002), in which a survey was used to examine the influence on
shared domain knowledge, and that of Ullman (2002), who examined the decision-
making process in a specific organization through case study methods.

Gruber (1993) deployed a descriptive methodology through the presentation of
ontological design criteria applied to specific case studies. Hanappi-Egger (1996)
evaluates observational data in reviewing group decision making relative to decision
support system design. Research conducted by Clark et al., (2002) used an interview
process to access knowledge structures within cross-functional teams.

Leedy and Ormrod (2001) define distinguishing characteristics of qualitative
research to include description, explanation, holism, and context-bound investigation
based on observations and interviews. The research design of this study is consistent
with those characteristics.

The literature review revealed both tacit knowledge and organizational memory
research within the context of social systems, decision science, knowledge management,
and knowledge ontologies. As a basis for a conceptual framework, the general
acceptance of Polanyi’s (1966) knowledge types and Nonaka’s (1994) theory of
organizational knowledge creation was consistently recognized throughout the literature.
The noted research was largely related to a specific application or discipline of
organizational knowledge, with minimal identified research relative to generalized tacit

knowledge or organizational memory. The research questions were developed to serve as
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a more generic method of studying the ontology of a specific domain or organization in

context and in action. The following chapter describes and supports the selection of the

research design and methodology chosen for this study.

Inferences for Forthcoming Study

In review of many of the existing domain ontologies (e.g., American Bar
Association, American Medical Association, American Society for Quality, Project
Management Institute), such have been developed by professional societies by gathering
groups of subject-matter experts together and establishing consensus on what they think
professionals within their discipline should know. In most cases the resulting domain
ontology is a high level of definition of macroprocesses and is not driven by the actual
work processes in action. This research project attempts to map the actual processes in
action within the context of a single industry domain. This approach attempts to identify
a domain ontology that is not subjective, but rather based on the actual work of the
domain.

As a starting point for the process-mapping efforts, a lifecycle perspective will be
utilized. In a lifecycle perspective, a process has a beginning and an end, with multiple
steps in-between. As arule, the process lifecycle cannot be broken within its span,
requiring researchers to ensure linkage between its sub-processes.

The resulting process-based domain ontology will essentially become a map or
diagram that visually displays the expected knowledge within the context of a business

process. In other words, the ontology map shows how knowledge should be used within
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the process. Such visual, process-based domain ontologies will remove ambiguity with
regard to the contextual application of knowledge and will further support the integration
of ontology structuring within organizations and industries. Furthermore, it will foster
the development of common vocabulary and meaning structures so that various domain

communities may integrate.

Theoretical Foundation/Conceptual Framework for Forthcoming Study

The conceptual framework for this proposed area of study is (1) grounded within
the fields of sociology, management, organizational knowledge, organizational memory,
and education, with the concept that domain knowledge needs to be structured; and (2)
grounded within the field of quality improvement with the methods of process mapping,
which provide visibility of the actual tasks and processes in action. The identification of
enacted business process will permit identification of the requisite knowledge and skills
for effective process execution. Figure 1 illustrates the conceptual framework for this
proposed area of research.

In summary, the literature has revealed that the area of domain ontology
engineering is at its earliest phases of definition. The value and importance of consistent
methods of domain ontology has been widely discussed, with few solutions offered. In
order for a domain to remove ambiguity from its work processes and facilitate the reuse
of knowledge, a robust process for identifying, categorizing, and interrogating the

knowledge expectations of domain is necessary. Such is the purpose of this research—to
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explore the application of a process-based mapping methodology to define the ontology

of a domain. And, ultimately, to describe a consistent methodology for defining the

ontology of a domain.
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Chapter I11: Methodology

Overview of Methodology

This study is to further the understanding of the structuring of domain ontologies,
also referred to as ontology engineering. The primary research question focuses on the
applicability of applying a process-based structuring methodology for the rapid
development of a domain ontology, and specifically, to evaluate a process-based
structuring of domain tacit knowledge. The widely accepted recognition of knowledge as
a social construct (Nonaka 1994; Hassell 2003), combined with the lack of common
definitions for both tacit knowledge and organizational memory, have resulted in
primarily qualitative research on these subjects. The questions of tacit knowledge
composition and organizational memory structure were examined through application of
a predominantly case study methodology. This approach logically supports the
descriptive nature of organizational knowledge creation through observation, personal
view, and inductive analysis.

The research design was a multiple-case-study approach with applied process-
mapping and including semi-structured interviews comprising open-ended questions, and
researcher observations. The case study and qualitative method are well suited to the
research questions in that no commonly accepted methodology for the study of
knowledge ontologies exists. Although the ability of qualitative data to explain causal

relationships is disputed, the value of qualitative research to elicit understanding of
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meaning, context, process, and influence (Maxwell, 1996) are elements inherent in the
definition of both ontology and knowledge management. The qualitative properties of
observation, interviews, and surveys further support the participant’s point of view
relative to complex phenomena proposed by the research question (Leedy and Ormrod,
2001).

This chapter documents the detailed research design and context for this study.
Additionally, the data collection and analysis methodology are described. The role of the
researcher and the appropriateness of both the questions and the participants selected are

supported relative to the selection of the case study approach.

Research Questions

The AS&D industry, as many others, is experiencing a quick and significant loss
of industrial knowledge as a result of an aging workforce. Presently, there is no
structured domain ontology upon which to educate and train new entrants to the AS&D
industry. This makes it difficult for organizations to indoctrinate new employees as well
as adds significant variation as to what is expected within the industry for performance.

Many other industries have established domain ontologies by employing subject-
matter experts to define the expectations for knowledge. However, these ontologies are
expert-based, may possess large amounts of subjectivity, and may lack connection to the
enacted processes of the industry. This investigation applied a process-based ontology

engineering methodology to identify the actual knowledge needs of an industry. The
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resulting domain ontology is not the opinion of experts, but rather the identification of
what work is actually occurring within the specific industry.

To provide a narrower scope for exploration, only those processes which related
to supplier quality management were identified. This area was selected as it was most
likely to have the greatest commonality within the industry because of a shared and
regulated supplier base.

The primary research question for this study was: Within the context of the AS&D
industry, is process mapping applicable for the development of a process-based ontology
engineering process that can be deployed for rapid development of domain ontology?

The second research question was: Can process mapping provide a consistent
methodology for ontological engineering?

And the third research question was: Based on the sample under study, what is the

process-based domain ontology for the AS&D SQE?

Support for Qualitative Paradigm and Case Study Research

Ipe (2003) asserts that the case study research method is used to understand
“systematic issues within a specific social context.” Leedy and Ormrod (2001) define
distinguishing characteristics of qualitative research to include description, explanation,
holism, and context-bound investigation based on observations and interviews. Given
the general variability of social systems, the reduction of this study to a subset of known
variables with established guidelines, as required for quantitative research, seems less

feasible and favors a qualitative approach. Additionally, the literature review revealed
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that the themes of social systems, organizational decision making, knowledge
management, organizational memory, and domain ontology have been largely researched
through application of qualitative and case study methods (Barreto, 2003; Choo, 2003;
Darnell, 2003; Ipe, 2003; Marra, 2003; Venters, 2004).

According to Maxwell (1996), qualitative studies are well suited for increasing
understanding of meaning, context, and process in studying human situations. This
research investigated the structure and composition of domain ontology through
participants’ experiences in organizational situations and through analysis of business
processes. Contextual application of knowledge, and the resulting value, is particularly
relevant in case study research in supporting the generalization of results (Leedy and
Ormrod, 2001). Cooper and Schindler (2001) stated that case studies have a significant
scientific role. The in-depth contextual analysis of a bounded set of interactions reduces
the chance of missing relevant data, and “A single, well-designed case study can provide
a major challenge to a theory and provide a source of new hypotheses and constructs

simultaneously.”

Alternative to Research Methodology

This study employed a qualitative research method. As quantitative approaches
focus on predictive investigations of known variables and large populations, these
distinguishing characteristics are inconsistent with the context-based descriptive nature of
the research questions. According to Maxwell (1996), the strength of qualitative research

is in increasing understanding of the meaning, context, and process associated with a
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given phenomenon. Such characteristics are not produced by quantitative research
(Leedy and Ormrod, 2001). Whereas both research methods investigate social
phenomena, Creswell’s (1994) definition of quantitative research associates the testing of
theory based on variables and statistical analysis which precludes this approach. The
frame of this investigation is a holistic interpretation within the environment in which the
subject of interest occurs. This is consistent with a qualitative investigation.

According to Leedy and Ormrod (2001), the focus of case studies is the analysis
of a single case within its natural setting. Additionally, the interpretation of results is
intended to categorize data based on common themes associated with the case portrait.
The purpose of this study was to derive neither theory nor identification of a body of
material. As such, content analysis and grounded theory are less appropriate for this
research design (p. 157). By definition, tacit knowledge resists operationalization, and
research in this area has been largely qualitative case studies (Brown and Woodland,
1999).

Studies support a complementary approach to research including both qualitative
and guantitative aspects (Borland 2001; Sogunro 2002). Sogunro (2002) asserts there is
no one best research method, and the research purpose drives the selection of the method

chosen.

Case Studies in Ontological Research and Related Themes

The literature reviewed in this document is based on qualitative methods
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consistent with those described by Maxwell (1996) and Leedy and Ormrod (2001). The
qualitative purpose of the research herein aligns with that described by Peshkin (1993).
Multiple studies in organizational memory and related themes of system and decision
theory, knowledge management, and ontological research deploy the case study method
(Ackerman and Halverson, 1999; Corbett et al., 1999; O'Toole, 2000; Hatami et al., 2002;
Ipe, 2003).

Ullman (2002) examined the decision-making process in a specific organization
through application of a case study. Gruber (1993) deployed a descriptive methodology
through the presentation of ontological design criteria applied to specific case studies.
Research conducted by Clark et al. (2002) used an interview process to access
knowledge structures within cross-functional teams.

Inherent in these examples is the underlying social nature of knowledge creation.
Explicitly, how humans within a specific domain create, store, and retain knowledge for
reuse is investigated. Depending on the contextual framework, the individual case study
emphasized tacit knowledge and, to a larger extent, organizational memory relative to the
case under investigation. For example, Choo (2003) researched knowledge creation
using a structured improvement method based on a systematic quality program. Corbett
et al. (1999) and Hatami et al. (2002) developed case studies based on aspects of
organizational decision making. O’Toole (2000) conducted a qualitative case study
based on organizational knowledge management issues, and Benjamins et al. (1998)
studied knowledge management and ontology in a social context. They established the

link between ontology, knowledge management, and social issues:
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Our approach to knowledge management is based on ontologies, and makes
knowledge assets intelligently accessible to people in organizations. Most
company-vital knowledge resides in the heads of people, and thus successful
knowledge management does not only consider technical aspects, but also social

ones. (p. 1)

The research questions are broad in structure to allow maximum flexibility to
increase the understanding of applying a process-based ontology structuring
methodology to a specific domain. The case study methodology provides a foundation
for both a breadth and depth investigation of ontology engineering. This research is
consistent with established definition and application of case study. The role of the

researcher and the research design are described in the following sections.

Research Procedures

On one side of the conceptual framework is the concept of structuring knowledge
within a professional discipline, known as domain ontology engineering, and on the other
is the practice of quality improvement with specific emphasis on the utilization of
process-mapping tools. The objective of this research was to investigate the applicability
of applying a process-based methodology to domain ontology engineering. The context
in which this application is to be made is within the AS&D manufacturing industry and

the unit of analysis is that of quality engineers with a supplier management focus.
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The tools that were applied in this research included business process mapping
(Womack and Jones, 1996) and the taxonomy of knowledge (Bloom 1956; Anderson and
Krathwohl, 2001). The models of Anderson and Krathwohl (2001) were also applied to

define the actual types of knowledge within the domain ontology.

Context of This Study

According to Maxwell (1996, p. 17), two characteristics of qualitative research
are the context in which the participants act and the influence the context has on their
actions; from this, the researchers “are able to understand how events, actions, and
meanings are shaped by the unique circumstances in which these occur” (p. 19). This
research employed multiple-case studies. This methodology was selected to allow a
sufficient level of in-depth analysis while allowing for limited generalization of specific
domain ontology. Leedy and Ormrod (2001) state, “By identifying the context of the
case, the researcher helps others who read the case study draw conclusions about the

extent to which its findings might be generalized to other situations” (p. 150).

Organizational Background

The AS&D industry is global in nature, with supplier chains that are entwined
throughout and subject to a consistent set of governing regulations. The size of the
industry is represented in trillions of annual dollars of revenue and hundreds of thousands
of people professionally engaged. At the age of a little more than 100 years old, the

AS&D industry continues to grow and deploy rapidly evolving technologies.
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The goal of this research was to increase understanding of the applicability of
applying a process-based ontology engineering process to a domain. In the context of
this study, the supplier quality engineering domain within the AS&D industry was

considered the primary unit of analysis.

Participant Selection

Consistent with qualitative research methods, this study employed a purposeful
sampling of the AS&D industry. Maxwell (1996, p. 71) defines four possible goals for a
purposeful sampling: (a) small studies allow for the deliberate selection of settings or
individuals on the basis of typical representation; (b) purposeful sampling ensures that
the widest variation in participation is selected based on the relevance to the study; (c)
deliberate examination of specific cases lends support to foundation theories in support of
the research; and (d) to illuminate reasons for differences between settings or individuals.

The selection of the AS&D organizational participation was based on the ability
of an organization to allow access to the researcher; the willingness of the organization to
provide meaningful data as it relates to its internal business process; the organization’s
implementation of quality management systems which are compliant with applicable
industry rules and regulations; and the maturity of the organization. Participant selection
using this criterion is seen as crucial to qualitative studies (Maxwell, 1996; Weiss, 1994).

Qualitative studies generally use smaller samples to allow for in-depth interviews
and observation (Borland, 2001; Leedy and Ormrod, 2001; Maxwell, 1996; Sogunro,

2002). For the process-mapping phase of this study, the organizational sample was one
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large organization, one medium-size organization, and one small-size organization.
Based on the overall size and level of regulated oversight, this sample proved to provide
sufficient perspective of the generalized business processes within AS&D supplier
quality management. Note, however, that since this is a purposeful sample it is not
possible to statistically generalize results. The sample meets the goal for purposeful

sampling as identified by Maxwell (1996) and consistent with qualitative inquiry.

Applying Process Mapping

Doing process mapping requires the researcher to “walk the processes” as they
occur in the organization’s day-to-day business. In doing so, the researcher deployed the
techniques of interviewing, shadowing, and document review. The objective was for the
researcher to identify the actual processes and tasks in action. As many organizations
may have hidden processes, it is beneficial for researchers to be experienced in the
overall business processes of the industry in which he is investigating. This researcher
has been an active professional in the AS&D industry for over 28 years and is frequently
engaged as a consultant expert on industry issues.

Based on the researcher’s experience, he has found that there are typically three
types of process maps. The first type of process map is the mental model the
organization holds of what they think the processes are and how they are aligned in their
business. The second type of process map is an illustration of the actual work processes
in the organization. Frequently the mental model and the actual work processes will not

be the same. The third type of process map is an illustration of how the processes would
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ideally be defined and aligned to provide the most efficient application of labor and
materials. The third type of process map would also address regulations and customer
requirements to ensure compliance and conformance.

For this research project, the researcher will perform interviews with
organizational subjects, however, recognizing that the majority of responses will yield
the first type of process map. To ensure validity of the process mapping process, the
researcher was required to shadow the actual processing of work products to capture the
second type of process map. And, to ensure that any potential compliance gaps are
addressed, the researcher facilitated a structured review process with representative
members of the sample organization to ensure external requirements common to the
industry were addressed. This activity resulted in the creation of the final process map of
this study, which reflects the third type of process map.

The lifecycle approach is used to ensure the mapping process has a beginning and
an end. The lifecycle approach also ensures that the interrelationship of processes is
captured and reduces the possibility of hidden processes going unnoticed. Traditionally,
a lifecycle is defined by four major phases: concept, design, production, and servicing.

Figure 3 illustrates the lifecycle model with sample processes aligned.
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Figure 3, lllustration of major lifecycle phases with sample processes.

In the Concept phase, the organization assesses its overall capabilities to design,
produce, deliver, and service a product or service. The Concept phase also assesses the
marketability of the potential products and services. Processes which are typically found
in the Concept phase include determination of material capacity, assessment of the state
of technology readiness, and determination of production capability.

The Design phase of the lifecycle is where a new product or service is defined in
terms of technical requirements. Such definition includes the creation of engineering

drawings, process control standards, and material specifications. Processes that typically
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occur in the Design phase include review of lessons learned from previous designs,
drawing review processes, and design validation.

Within the Production phase the organization converts the design into a tangible
product or service. In the Production phase, the organization may be conducting
manufacturing processes within its own facilities or may engage a supplier to augment or
totally replace its own manufacturing capacity. Processes that are typically found in the
Production phase include tooling validation, supplier audits, product inspection, and
assembly work.

In the Servicing phase, organizations are focused on maintaining the delivered
products. This may take the form of product support and consultation to customer as
well as providing scheduled maintenance and repair services. Typical processes within
the Servicing phase include repair development, development of service documents, and
product recall.

While applying the four phases of the lifecycle to the three sample organizations
in this research, the researcher quickly discovered that the phases would need to be
redefined to ensure accuracy of process mapping. The first two lifecycle phases
remained the same—conceptual and design. The third phase of production was divided
into four more defined phases. And, since the sample organizations represented
manufacturers, the fourth phase, that of Servicing, was eliminated. The resulting six

lifecycle phases for this study are illustrated in figure 4.
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Figure 4, Six phases of the lifecycle for this research project.

The Partner/Supplier selection phase contains the business process related to
ensuring that capable suppliers and partners are selected. By the nature of being enacted
prior to engaging a supplier or partner, the processes within this phase are mostly
proactive. Examples of processes within this phase include applying lessons learned, and
capability and capacity assessments.

The Pre-Production Manufacturing / Maintenance phase addresses business
processes related to proactive activities to ensure process capability prior to serial
production or servicing. These processes include pre-award surveys, capability
assessments, export controls, and the like.

The Production/Maintenance with System focus phase of the lifecycle contains

the business processes that are not product-related during the serial production and/or
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maintenance services of an organization. These processes include auditing, training,
procedural controls, and others.

The Production/Maintenance with Product focus phase of the lifecycle contains
the processes that directly interact with the product and/or maintenance services the
organization is providing. Examples of such processes include inspection,
nonconformance handling, root cause analysis, and issuance of governmental forms.

Within each phase there are a series of interconnected business processes. Key to
this research methodology is a robust methodology of identifying each business process
within a phase. To ignore or misidentify a business process would mean that an area of
domain ontology might not be addressed. Thus, applying a process-mapping
methodology with a high level of capability is mandatory for reliable results. Figure 5
outlines a general methodology for process mapping. To provide a contextual example
of how process-mapping may be applied to an everyday product, figure 6 illustrates the
production processes of a beverage can. In this example, the earliest processes related to
the production of a beverage can are mapped. As illustrated, there are various specialized
business process occurring throughout the production phase, each requiring the definition
of specific and unique professional capabilities. Process-mapping provides for
chronological identification of processes, and when further elaborated upon the

interrelationships among the processes.
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Constructing a Process Map Flowchart

Step 1: Determine the Boundaries
. Where does a process begin?
. Where does a process end?

Step 2: List the Steps

. Use a verb to start the task description.

. The flowchart can either show the sufficient information to
understand the general process flow or detail every finite action
and decision point.

Step 3: Sequence the Steps
. Use a flexible means for documenting tasks.
. Do not draw arrows until later.

Step 4: Draw Relationships
. Utilize drawings to show relationships among various steps and
processes.

Step 5: Apply a System Model (Lifecycle)

. Draw charts using system model approach.

. Input - use information based upon people, machines, material,
method, and environment.

. Process - use subsets of processes in series or parallel.

. Output - use outcomes or desired results.

. Control - use best in class business rules.

. Feedback - use information from surveys or feedback.

Step 6: Check for Completeness
. Include pertinent chart information, using title and date for easy
reference.

Step 7: Finalize the Flowchart

. Ask if this process is being run the way it should be.
. Are people following the process as charted?

. Do we have a consensus?

. What is redundant; add what is missing.

Figure 5, Constructing a process map.
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Figure 6, Example of a basic process map.

Throughout all of the phases of the lifecycle, there are supplier management—
specific processes that occur. For this study, these were the target business processes to
be identified. However, there will always be some business processes which are unique
to the commaodities and services the organization provides or produces. These unique
processes were identified during the mapping process, but were not considered as part of

the final domain ontology. Processes that are unique to a specific organization, and
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which have little generic application, were removed from the knowledge assessment step
of this study.

Each process identified during the process-mapping activities was assessed for the
type of knowledge required to capably execute the process. Bloom’s taxonomy (1956),
as revised by Anderson and Krathwohl (2001) was used as the standardized knowledge
assessment model. Figure 7 is an illustration of Bloom’s taxonomy. Bloom’s taxonomy
has been used in various studies (Anderson and Krathwohl, 2001) to provide multi-level
competency categorization of subject matter. In this research study, each business
process was analyzed to identify and categorize knowledge elements within the mapped
lifecycle. Then applying Bloom’s taxonomy, the minimum expected capability was
assessed to define the minimum domain expectation of a capable practitioner.

Because of the operational nature of the business processes and knowledge
expectations of the sample organizations, the knowledge dimension of meta-cognitive
was not applied in this research. However, all other dimensions and knowledge levels, as
defined by Bloom, were applied to provide measurement expectations of practitioner

knowledge.
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Figure 7, Bloom's taxonomy model, as revised by Anderson and Krathwohl (2001).

The knowledge identification process enables the researcher to align the specific
knowledge element within the business process lifecycle and contextualize the
measurement to the point in the lifecycle. For example, the process of auditing is
different for initial qualification of a supplier than it is for recurring assessment.
Additionally, auditing processes can be applied internally on both process and product.
Most processes will have different skills and knowledge requirements within the lifecycle
depending on its sequencing and where it is being applied. To illustrate knowledge
contextualization, a matrix was developed as part of this study which aligned the business
processes along the top axis and the knowledge elements along a vertical axis. An *“X”
on the matrix denotes knowledge applicability to a process. For each “X” there is a
worksheet that defines the aspects of knowledge and skills for that point on the lifecycle.
In the end, this provides a high level of fidelity of what knowledge is needed within the

business processes of supplier quality management as well, as when it is required.
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Role of the Researcher in the Data Collection Procedure

This research was designed to examine the domain ontology of the business
processes related to the supplier quality engineer within the aviation, space, and defense
(AS&D) industry in applying a multiple-case-study methodology. The researcher has
been an active professional within the AS&D industry for 28 years. Given the longevity
of the researcher’s engagement in this industry, he was uniquely positioned relative to
understanding both the context and the workings of the environment under study. The

importance of this experience is emphasized in qualitative study data collection:

Qualitative researchers are often described as being the research instrument
because the bulk of their data collection is dependent on their personal

involvement (interviews, observations) in the setting. (Leedy and Ormrod, 2001)

According to Maxwell (1996), qualitative research requires a research
relationship between the researcher and their research participants, and this may both
facilitate and hinder the data collection methods. To minimize the potential negative
aspects of the research relationship, the researcher functioned predominantly as a
“complete observer,” as defined by Marshall and Rossman (1995). In certain instances
the researcher needed to function as a team member relative to certain aspects of this
study.

Consistent with qualitative studies, objectivity can be an issue, particularly when

the researcher functions as a participant (Maxwell, 1996; Babbie, 2001; Leedy and
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Ormrod, 2001). Recognition of potential impacts, rather than avoidance, is crucial to this
researcher’s role relative to the data collection process. According to Babbie (2001), the

potential effects of participation are unavoidable. He states,

Ultimately, anything the participant-observer does or does not do will have some
effect on what’s being observed... There is no complete protection against this
effect, though sensitivity to the issue may provide a partial protection...Because
of these several considerations, ethical and scientific, the field researcher

frequently chooses a different role from that of complete participant. (p. 278)

An obvious threat to the data collection and analysis processes is that of
researcher bias. As a primary counteraction to researcher bias, the researcher was
constantly aware of the threat and applied discipline to ensure rigor. Additionally, the
researcher followed a structured interview protocol to collect data. And, at the
conclusion of data collection and analysis processes, the researcher facilitated a review of
the results by representatives of the sample organizations to establish consensus of
accuracy. This consensus building activity was conducted over a period of 14 weeks,

with weekly two-hours sessions of web-based interactive data review and feedback.

Viability of Interview Questions

This research was conducted utilizing in-depth interviews as the primary

instrument of data collection. Consistent with qualitative research methods, the
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researcher required an instrument that provides a high degree of increased understanding
and meaning relative to domain ontology structure and practice. The precise
correspondence between interview and research questions is deemed secondary. Such an

approach is supported by Maxwell (1996), who states,

Your research questions formulate what you want to understand; your interview
questions are what you ask people in order to gain that understanding. The latter
are judged not by whether they resemble the research questions, but whether they

provide the data that will contribute to answering these questions. (p. 74)

In order to facilitate interview question structure, the researcher applied a
process-mapping inquiry. In such, participants will be interviewed following the actual
execution of business processes with unstructured target questions that become
formulated throughout the interviewing process.

Target questions provide the basis for the in-depth interview. According to

Cooper and Schindler (2001),

Target questions address the investigative questions of a specific study. Target
questions may be structured (they present the respondents with a fixed set of
choices, often called closed questions) or unstructured (they do not limit
responses but do provide a frame of reference for respondents’ answers,

sometimes referred to as open-ended questions). (p. 334)
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According to Leedy and Ormrod (2001), qualitative research interviews are

largely unstructured and flexible, focusing on a few central questions. Babbie asserts:

Unlike a survey, a qualitative interview is an interaction between an interviewer
and respondent in which the interviewer has a general plan of inquiry but not a
specific set of questions that must be asked with particular words and in a

particular order. (p. 293)

In general, the target questions were formulated from the following core questions:

1.

2.

What process is being performed?

What is the preceding process?

What is the following process?

What do you need to know to know to execute the process?

What decisions do you make when executing the process?

What knowledge or other factors influence your decision making?
What type of knowledge is required to execute the process: Procedural,
Conceptual, or Factual?

What level of expertise is required to execute the process?

What happens if you don’t know what you should?

Data Collection

According to Lloyd-Jones (2003), qualitative research is unique in that it requires

continuous refinement throughout the research process. He states, “qualitative
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researchers must remain open and alert to possible alternatives” (p. 6). More specifically,
McDonnell et al. (2000) assert that case studies imply a flexible research method,
allowing for some modification of the data collection instruments during the actual data
collection process. The data collection process in this study ensured the maximum
flexibility in the breadth of information to be collected. This process included in-depth
interviews using semi-structured questions, participant observation, and direct
observation methods of data collection.

The justification for selection of the data collection is based largely on the data
instruments used in prior studies and the alignment with the research topics under
investigation with those studies. Additional justification is the use of the in-depth
interview as the primary source for data collection. According to Smith (1990), “Semi-
structured interviews, using interview schedules often provide much of the primary data”

in case study research.

Data Collection Schedule and Recording

The researcher is responsible for all collection and recording of data relating to
this study. Data collected included in-depth interviews and observation of enacted
business processes. The collection of data was expected to require 90 consecutive days.
During this period, the interviewer was to conduct numerous in-depth interviews and

observe actual organizational work. For each sample organization, it was anticipated that
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three to five days would be spent on-site, totaling an estimated 15 days of field data
collection.

The actual time spent on-site varied from ten to seven days, totaling 27 on-site
data collection days. An additional sixty days were required for synthesis and
organization of the data. And, additional fourteen weeks were required to perform
consensus of the data collection by representatives of the sample organizations. Analysis

of the data required an additional sixty days.

Process of Qualitative Analysis

According to Leedy and Ormrod (2001, p. 160), “there is usually no single ‘right’
way to analyze the data in a qualitative study.” Unlike quantitative analysis, qualitative
data analysis identifies words as the raw data element and the analysis process as
continuous (Borland, 2001). Babbie (2001, p. 379) suggested qualitative data analysis to
be as much an art as a science. In recognition of the varying methods of qualitative data
analysis, the researcher chose to use the data analysis spiral, as described by Creswell
(1998), as the basis for analyzing the data collected during this study. This method, the
coding procedure, and the schedule for analysis are described below.

Creswell (1998) defined four steps common to qualitative data analysis: (1)
Organization, including filing, creation of data repositories, and separation of larger units
(of raw data) into smaller ones; (2) Perusal, including developing an overall “sense” of

the collected data and capturing preliminary interpretations; (3) Classification, including
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grouping of data into categories and themes and finding meanings; and (4) Synthesis,
including suggestion of relationships among data, propositions, and hypothesis. The
researcher followed these steps in analysis of the data collected through execution of

this research. Given the complexity of qualitative data analysis, the researcher
recognized that refinement of that analysis process could occur after initial analysis of the
data is completed (Leedy and Ormrod, 2001, p. 160). In such, the researcher applied a
review process with the sample organizations to ensure accuracy and reliability of the
researcher’s analysis. Creswell’s spiral of data analysis (reference figure 8) was used as

a guide during this process (Creswell 1998).

Account

Examples
{Matnx trees,

Procedures

Representing, propositions

visualizing
Describing, Context,
classifying, categories,
interpreting COmparisons

Reading, Reflecting, writing

memaing notes across
questions

Data : Organize data

Managing into manageable

units

Data collection {process mapping, ——»
interviewing, process shadowing)

Figure 8, The data analysis spiral (Creswell 1998).
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Coding Procedure

According to Maxwell (1996), coding is the main categorization strategy in
qualitative research, the goal of which is the establishment of common categories for data
comparison. The researcher will develop the coding strategy through induction rather

than conceptualize based on existing theory. Maxwell states;

Although some coding categories may be drawn from existing theory, others are
developed inductively by the researcher during the analysis, and still others (what
are often called emic categories) are taken from the conceptual structure of the

people studied. (p. 79)

The researcher employed an open coding process (Strauss and Corbin 1990, p.
62) and concept mapping (Babbie, 2001) as the primary means of data classification.
Babbie asserts, “The concept is the organizing principle for qualitative coding.” In open
coding, patterns and categories are defined based on close examination of the data. The
data is broken into discrete parts and subjected to analysis based on the phenomenon
being observed. Consistent with the focus of the research question, the researcher will
apply a process-based ontological framework for coding of the data, first looking for
discrete knowledge objects, followed by their attributes, followed by examination in

terms of their relationships and alignment along the business process lifecycle (p. 369).
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Establishing relationships among discovered concepts and expressing them
graphically is called concept mapping. The higher-level analysis of this study is based
on developing concept maps from fundamental coding techniques. These techniques
included the entering of the text from all interviews and observation sessions into
Microsoft Excel. These transcripts were repetitively reviewed by the researcher, each
time, recording what appears as keyword objects or keyword statements.

The main components were entered into process map in Microsoft Excel and
assigned a code number. Key attributes and relationships were evaluated in the same
manner. Using the search function of Excel, comparison of common attributes and
shared relationships were evaluated. In addition to the basic separation into concept
maps, the researcher employed a contextualization strategy (Maxwell, 1996). Every
interpreted concept was assigned a context code. This allowed the researcher to examine
the similarities or differences between events and processes in relationship to the context
in which they occurred.

The researcher followed a continuous revision process through the data analysis.
This included follow-up discussion with interview participants for clarification of
responses and further elaboration. The researcher allowed for an approximately 60-day
period for organization, perusal, and classification of the raw data. An additional 30 to

60 days was anticipated for data synthesis.
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Discrepant Cases

The researcher did assume some degree of disconformability, and there was an
expectation that some findings would not support a common domain ontology. These
discrepant cases were evaluated and appropriately categorized.

According to Maxwell (1996), the basic principle here is that you need to
rigorously examine both the supporting and discrepant data to assess whether it is more
plausible to retain or modify the conclusion, being aware of all the pressures to ignore
data that do not fit your conclusions (p. 93).

The researcher did not discard discrepant or disconfirming data, regardless of the
sought conclusion. However, where a common domain ontology was not present, none

was claimed.

Human Participants and Ethics Precautions

According to Babbie (2001, p. 37), ethics is a key concern of social research. The
researcher made every effort to ensure the ethical treatment of this study’s participants.
In meeting this objective the researcher conducted this study under the following ethical
guidelines, as defined by Leedy and Ormrod (2001): (a) No participant will subjected to
any physical or psychological harm as a result of this research, (b) participation in this
study will be strictly voluntary, and (c) the privacy of individual participants has and will
remain strictly confidential. The researcher has reported all research findings without

misrepresentation and with maximum objectivity. In addition to the measures above, this

87



Process-Based Ontological Engineering

research design was submitted to The George Washington University’s institutional
review board for evaluation, and approval was granted prior to execution of any data

collection.

The primary method of data collection was through process mapping of
organizational processes. This entailed methods of observation and interviewing. In
observation, the researcher "walked the processes” of the organization and observed the

actions of the organization as they related to the activities under review.

In interview, the researcher requested clarification from subjects (organizational
members) toward an understanding of the scope, value, and actions of business processes
to ensure the researcher had a clear understanding of the purpose of business processes.
Additionally, through interview, subjects were asked about the specific skills and

knowledge required to effectively execute an associated business process.

Human subjects are the professionals within the aviation, space, and defense
industry who are employed by the sample organizations. During the data collection there

was no collection of individual names.

Consent for data collection was at the organizational level, and was documented
in a letter. Organizational consent was signed by a member of the organization's

management team.

To protect the identity of organizations, and any potential inappropriate use of
data, only the researcher had access to the raw data and the identification of data sources.

Organizationally, the only perceivable risk is the inappropriate release of competitive
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information, which did not occur. Organizations were also protected by nondisclosure

memorandums.
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Chapter 1V: Results

Introduction

In this chapter, the results of the qualitative study are presented. This study is not
designed to test any specific hypothesis or existing theory. The research questions are
broad in structure to allow maximum flexibility in increasing the understanding of
applying a process-based ontology structuring methodology to a specific domain. The
case study methodology provides a foundation for both a breadth and depth investigation
of ontology engineering. This research is consistent with established definition and
application of case study.

Though there are three research questions, the primary purpose of this study is to
investigate the methodology of process-mapping in defining an ontology for a domain.
As such, the resulting domain ontology would be based on actual work of a domain and
not on subject-matter-subjectivity. The application of process-based ontological mapping
could have been explored in most any domain. However, the AS&D industry was
selected based on the experience of the researcher. Familiarization of regulatory
requirements, industrial processes, and products facilitates a richer exploration of the
work processes and results in a more accurate and complete exploration.

The complexity of this research requires that analysis be performed at various
steps of the engagement. Thus, the results of this research project will be displayed in a

number of tables in this chapter. To facilitate a visual representation of the various
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tables, figure 9 illustrates the various steps of analysis and directs the reader to the

applicable tables for results (a roadmap to describe the results of this study).
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Figure 9, Overview of research steps and index of associated result tables.
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Demographics of the Sample and Common Review Process

For the purposes of this study, a purposeful sample of AS&D organizations was
made. Three established AS&D manufacturers allowed unlimited access to their
organizations, people, and processes. The amount of time required at each organization
varied, depending on the size of its operations and the complexity of its supplier
management systems. On-site data collection was conducted from February to July of
2008. There was no prescribed order of review of the participant organizations. Based
on schedule availability, the order of review was C, B, and then A.

Without exception, the supplier quality management responsibilities and process
were distributed widely in the participant organizations. This required interviews and
reviews with representatives from functional departments, other than quality.

The primary point of contact within each organization was the top quality leader.
Site visit planning, to include security screening, safety briefings, and nondisclosure of
proprietary information agreements, were all coordinated through the top quality leaders.
Each of the organizations was very courteous and extended complete access for this
study.

Each on-site review began with a meeting with the top quality leader, his or her
immediate staff, and the researcher. During the opening meetings, the purpose of the
study and research methods was discussed. As a lifecycle model was applied during the
process mapping, the initial process reviews and interviews would be conducted at the
earliest process step of supplier quality management. For the medium and large-size

organizations, the earliest phase of the lifecycle for which supplier quality management
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processes were engaged was the Conceptual. The small organization began its supplier
quality management processes at the Design phase.

The data collection process employed interview, procedural review, and product
production shadowing. As a general outline, the questions defined in Chapter 111 of this
document were utilized in interviews. For the most part, interviews were conducted
where the work was actually being performed, allowing direct interaction with those
responsible for work processes. The total number of interviewees varied from
organization-to-organization. Representatives from functional disciplines such as
engineering, procurement, manufacturing, and quality participated in the interviewing.

Though the product families that each of the participating organizations produced

was different, the complexity of product design and technologies were comparative.

Participant Organization A

Organization A is considered a large AS&D company, with over 10,000
employees. Organization A has a supplier base of over 350 first-tier suppliers, which is
typical of an organization of this size. Organization A was the last organization visited,
and required a total of 10 days on-site. In all, 35 persons were interviewed in

organization A.

Participant Organization B

Organization B is considered a medium-size organization, with slightly more than

3,000 employees. Its supplier base consists of approximately 225 first-tier suppliers,

93



Process-Based Ontological Engineering

which is typical of an organization of this size. Organization B was the second
organization visited, and required a total of 10 days on-site. A total of 22 persons were

interviewed in organization B.

Participant Organization C

Organization C is considered a small-sized organization, with slightly more than
100 employees. Its supplier base consists of approximately 50 first-tier suppliers, which
is typical of an organization of this size. Organization C was the first organization
visited, and required a total of seven days on-site. In total, 11 persons were interviewed

in organization B.

Findings: Process Mapping

As a result of the 66 interviews and process-mapping activities within the sample
population, there were 161 processes identified. To organize the processes within a
lifecycle model, each process was placed in its sequential order. The lifecycle model
identified six major phases (reference figure 4). The results of the process-mapping
activities are presented in a series of tables. Each table represented aligns the identified
processes to the phase in which they occur and also indicate with an “X” which sample
organizations were engaging the processes.

The first phase was the Conceptual phase. In the Conceptual phase, the sample

organizations engaged in early analysis of supplier, technology, product, and process
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capability. Only the medium (B) and large (A) size organizations were engaged in this

phase; and both organizations were deploying the same seven processes identified

processes in the Conceptual phase. Table 1 illustrates the identified processes in the

Conceptual phase.

o o o
by) 2 byl
@ © ©
Process Supplier Management Process Description |2 ]°
Define
Customer/Program Understand and identify any unique supplier considerations such as special processes,
Requirements traceability requirements, or restrictions on raw material. X X
Based on the lessons learned in previous programs/projects, apply lessons learned to ensure
Apply Lessons Learned previous issues are not repeated within the value stream. X X
To understand the present and potential state of engineering capability within the supply
Determine Design and/or partner base. To ensure supplier/partner design systems are compatible with your own
Capability (e.g., collaborative product designs, and computer-designed product). X X
Establish a Preliminary
Design and To understand where and how the stated and unstated work is to be performed within the
Production/Servicing identified value stream. Establish a program/project execution plan identifying sources for
Execution Plan work scope performance. X X
Determine To assess and understand the production/ servicing capability of the supplier and partner
Production/Servicing base and to ensure its capability to produce/deliver to the stated requirements of the design.
Capability This includes the quality of raw materials and the capability of special processes. X X
To assess and understand the production/ servicing capacity of the supplier and partner base
Determine and to ensure it has the capacity to produce/deliver to the stated requirements of the
Production/Servicing customer/program. This includes logistics considerations (e.g., transport of goods and
Capacity materials and export considerations). X X
Capture, Document, and | To recognize, understand, and document lessons learned during the application of the
Preserve Lessons previous processes in the Conceptual phase, as they related to the value stream, so that such
Learned may be used in future programs/projects. X X

Table 1, Identified processes in the Conceptual phase.

The second phase was the Design phase. In the Design phase, organizations
defined requirements that would need to flow to suppliers, as well as performed analysis
to determine capability of technologies and materials. In this phase of the lifecycle, 20

unique processes were identified. Again there was strong commonality among the
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engaging 19 of the processes and the large (A) organization was engaging in 20

processes. With 10 of the identified processes, the smaller (C) organization was

moderately engaged in supplier quality management processes in the Design phase.

Table 2 illustrates the identified processes in the Design phase.

o o o
) by by}
O o106
Process Supplier Management Process Description o
Based on the lessons learned in previous programs/projects, apply lessons learned to
Apply Lessons Learned ensure previous issues are not repeated within the value stream. X X
Determine quality requirements for the supplier/partner base. This process should include
lessons learned material from other similar programs as well as industry source material.
Establish a requirements database where flow-down requirements are identified. Establish a
plan for sharing a common requirements database or ensuring there are means of
Determine Quality synchronizing requirement data (requirements configuration management) with the prime
Reguirements - General and the defined value stream. X X X
Determine Quality
Requirements - Determine regulatory requirements for the supplier/partner base. Ensure regulatory
Regulatory requirements are integrated into requirements management tool. X X X
Determine special process requirements for the supplier/partner base. These requirements
shall be documented, stored, and integrated into the requirements hierarchy using a
Determine Quality requirements management tool. (Examples include consideration for NDT, Chemical
Requirements - Special Processing, Welding, and others.) Also consider any special process certification
Processes requirements, such as Nadcap. X X X
Determine Quality Determine export control requirements and ensure the supplier/partner base can meet stated
Requirements - Export requirements. Establish a requirements database where flow-down requirements are
Controls identified. X X X
Apply CPD Ensure computer file transmission is capable into supplier/partner base and that it is
Techniques/Methods controlled. Ensure suppliers/partners are capable in utilization of compatible CPD tools and
(solid model) techniques. X X X
Determine Material
Control Laboratory (MCL) | To the extent suppliers/partners are responsible for design work, ensure they determine the
Requirements appropriate MCL requirements and submit such for approval. X X
Ensure that suppliers are using the correct requirements to determine Product Validation
Determine Product Laboratory tests. Review supplier procedures for establishing Product Validation Laboratory
Validation Laboratory Testing. Review proposed supplier tests to ensure they are appropriate and sufficient to
Testing Requirements meet requirements. Link requirements to tests within a requirements management tool to
(Engineering Tests) ensure requirements coverage. X X
Perform the manufacturability review with a focus on the supplier/partner base and its ability
to consistently meet the design requirements. Focus of the manufacturability review with
regard to supplier/partners is to understand whether suppliers/partners can meet design
Perform Manufacturability | requirements, as well as identify if there might be alternative production methods which might
Review of Design require changes to the design. X X
Identify Applicable
Engineering Source
Approval (ESA) To the extent a supplier/partner performs design work, ensure ESA reviews are performed
Requirements and documented. X X
To the extent suppliers/partners design tools and gages, ensure they determine the
Determine Tool & Gage appropriate requirements for regulatory, design, production, and maintenance of tools and
Design Requirements gages. This may include calibration and traceability requirements. X X X
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Perform Inspectability
Review of Design

Perform the inspectability review with a focus on the supplier/partner base and its ability to
verify product/processes to the design requirements. Focus of the inspectability review with
regards to supplier/partners is to understand if suppliers/partners can meet design
requirements for inspection and/or testing as well as identify if there might be alternative
methods for conformity verification which might require changes to the design. Ensure data
collection capabilities support the requisite inspection, measurement and control plans.

Perform Maintainability
Review of Design

To the extent suppliers/partners are responsible for design, ensure a maintainability review is
performed.

Baseline the Quality and
Regulatory Requirements

To the extent suppliers/partners are responsible for design, ensure the consolidated baseline
quality requirements are organized, documented, stored, and integrated (decompose to
system and subsystem requirements) into the requirements hierarchy using a requirements
management tool.

Perform Design FMEA

To the extent suppliers/partners are responsible for design, ensure a design FMEA is
performed and appropriate action is documented and undertaken.

Plan for configuration
management process

To the extent that a supplier has design authority, review the Configuration Management
Processes to be used on the program to ensure compliance with established SE and CM
practices. Ensure the establishment of a change process for program and design changes is
being planned for, and coordination and communication are integral parts of the process's
design. Ensure that configuration management plans are required by contractual means to
suppliers/partners. For suppliers without design authority, ensure the establishment of a
process to track and implement changes throughout the part lifecycle.

Ensure the establishment
of configuration tracking /
status accounting system

To the extent that a supplier has design authority, ensure a system for tracking changes and
released configuration status is developed and implemented prior to work authorization. For
suppliers without design authority, ensure a system for tracing Manufacturing Bill of Materials
(MBOM) usage, PO Changes, and Change Implementation exists and is controlled for Status
Accounting prior to work authorization; and that these requirements are adequately noted in
applicable contract documents.

Ensure Design Validation
(Standard Work)

To the extent a supplier/partner performs design work, such work must be validated and risk
mitigation plans developed as required. Objective evidence of compliance to engineering
standard work shall be established and maintained.

Create Technical Data for
Suppliers

To the extent suppliers/partners are responsible for design, ensure a master file of technical
data is created when outsourcing work to suppliers. Configuration management of
applicable document revisions must be assured.

Capture, Document, and
Preserve Lessons
Learned

To recognize, understand, and document lessons learned during the application of the
previous processes in the Design Phase, as they related to the value stream, so that such
may be used in future programs/projects.

Table 2, Identified processes in the Design phase.

The third phase was the Partner/Supplier Selection Process (Pre-Approval) Phase.
This phase yielded 23 unique processes. In this phase, organizations were deploying
processes to determine which potential partners and suppliers would be best suited to
meet production capability and capacity. Both the medium (B) and large (A)

organization were engaged in all 23. The small (C) organization was engaged in 15 of
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the processes. Table 3 illustrates the identified processes in the Partner/Supplier

Selection Process phase.

o o o
) by by}
O e ]16
Process Supplier Management Process Description o
Verify Flow-down of | To the extent a supplier will outsource given state of work, ensure any and all applicable
Unique Customer customer and/or regulatory requirements are conveyed in the technical data and/or
Requirements purchasing documents. X X X
Based on the lessons learned in previous programs/projects, apply lessons learned to
Apply Lessons Learned ensure previous issues are not repeated within the value stream. X X
Define Material Review
Board (MRB) To the extent a supplier/partner will outsource work, ensure the prescribed controls for MRB
Requirements are applied at all levels of the supplier base. X X X
Assemble Master To the extent a supplier will outsource given work to a sub-tier supplier, a revision controlled
Technical Data and Bid master package of technical data, terms and conditions, and other pertinent documents shall
Package be created. X X X
To the extent a supplier will outsource given work to a sub-tier supplier, ensure a controlled
Verify Master and documented review process occurs to ensure master technical data and bid
Technical Data and Bid requirements are effectively flowed down to applicable places where value is being created
Package (to include all requirements for special processing and material controls). X X X
Apply Export Understand the specific requirements for export control and ensure export licensing is in
Control Rules (as required) | place prior to the transmittal of any controlled data throughout the supply-chain. X X X
Apply Unique
Requirements to To the extent a supplier/partner outsources stated work, they ensure any applicable
Purchasing Documents requirements are included in flow-down purchasing documents. X X X
Determine Supplier | To the extent a supplier/partner intends on outsourcing part or all of stated work, they
Capability (Assess Who perform an assessment to determine which sub-tier suppliers are technically capable of
has Capability) accepting work. (Note: Assessment of existing performance data.) X X X
Determine Supplier
Capacity (Assess Who has . . . .
Capacity to take on To the extent a supplier/partner intends to outsource work to sub-tiers, it must be understood
additional/changed work) their capability and capacity to oversee the performance of sub-tier suppliers. X X
Perform Pre-Award | Evaluation may include project management capabilities, QMS, technical execution, NDT,
Surveys (If New Supplier) and/or special processes. Special emphasis should be applied to sub-tier supplier control. X X X
Perform Financial
Capability Assessment To the extent a supplier/partner intends of outsourcing given work, they assess the financial
on Supplier/Partner capability of potential sub-tier suppliers to ensure sustained ability to conduct business. X X
Review may include existing Nadcap certifications, other prime approvals, and
Perform Special FAA/EASA/NAA (other regulatory authority) approvals. As applicable, evaluation shall
Process and/or NDT ensure capability and compliance at all points where the processing is performed, including
Evaluations at sub-tier locations. X X
Evaluation may include process monitoring/witnessing, inspections, testing, and other
Verify Suppliers' methods that will yield objective evidence of sustained technical capability. (Note: Actual
Technical Capabilities evaluation) X X X
Ensure process FMEA's are performed throughout the value stream and appropriate action
Perform Process FMEA undertaken, based on the process capability defined by design and quality requirements. X X
Determine the resourcing requirements of suppliers/partners and establish the support
resource requirements to ensure effective execution of work. Ensure suppliers have the
Determine Support resources to assure supplier management of their own supplier base. Ensure any unique
Resource Needs (IPT, approvals required for special process, or by procedure/policy are adequately supported by
SQA, Labs, etc.) appropriate resources. X X
Based on supplier, design, and production maturity, oversight resource needs may vary.
Determine Oversight Need to understand differences in regional and international influences on required oversight
Resources Needs and resources and practices. To the extent suppliers/partners outsource given work, they must
Plan Surveillance ensure they have adequate resources to oversee their suppliers. X X
Ensure requests for quote documents contain all applicable technical data in order for
Request Quotes from potential suppliers/partners to make accurate responses. The request must also take into
Suppliers account export considerations, as applicable. X X X
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Evaluate Quotes from | Evaluate the proposed use of sub-tier suppliers, source of raw materials, and logistics.
Suppliers Assess the requirements for special certifications (e.g., approved supplier list, Nadcap, etc.) X X X
Perform Full Quality Ensure supplier/partner has a QMS in place to meet the requirements of the purchasing
Management System documents. May include additional focus items such as special process and NDT controls,
Evaluation as well as, sub-tier supplier management control. X X X
Monitor Supplier-
QMS Corrective and
Preventative Action Ensure closed-loop corrective and preventative action is applied, as required, throughout the
Process supplier/partner's supplier base. X X X
In the selection analysis, ensure the supplier/partner has adequate controls applied to its
supplier base. In the analysis, considerations may include, price, total cost, QMS system,
Make a Supplier location, past performance, process capability, and other variables. If the supplier has not
Selection previously been used, then ensure the appropriate organizational procedure for new supplier
selection is applied. X X X
As required, ensure supplier/partners have access to the approved supplier listing and are
utilizing only those sub-tier suppliers who are on the list. As work is resourced throughout
Add Supplier to the supplier base, ensure each sub-tier supplier has procedures in place to ensure only
Approved Supplier List approved suppliers are utilized. X X X
Capture, Document, and | To recognize, understand, and document lessons learned during the application of the
Preserve Lessons previous processes in the Partner/Supplier Selection Phase, as they related to the value
Learned stream, so that such may be used in future programs/projects. X X

Table 3, Identified processes in the Partner/Supplier Selection phase.

The fourth phase was the Pre-Production Manufacturing/Maintenance Processes
phase. This phase incorporates the activities in which organizations engage to ensure
that the selected partner or supplier has the appropriate control processes in place, as well
as ensures the conformity of initial production articles. There were 33 unique processes

identified, with both the medium (B) and large (A) organizations employing all 33

processes. The small (C) organization employed only 18 of the identified processes.

Table 4 illustrates the results of this phase of process identification.
o o o
py] By by}
Process Supplier Process Description > [= |0
Based on the lessons learned in previous programs/projects, apply lessons learned to
Apply Lessons Learned ensure previous issues are not repeated within the value stream. X X
Notification of Changes | To ensure the organization is aware of any changes (positive or negative) to the capacity
in Capacity and/or and/or capability of manufacturing and/or servicing of a supplier/partner. Ensure there is a
capability notification process in place to make all appropriate parties aware of changes. X X
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Create Purchasing
Documents

To the extent a supplier/partner sources work to a sub-tier supplier, the product requirements
shall be flowed down into the supplier base.

Review of Purchasing
Documents

To the extent a supplier/partner sources work to a sub-tier supplier, they perform a review of
purchasing documents to ensure all design, regulatory quality, and delivery requirements are
flown into contracting documents, to include revisions.

Ensure Approvals
Match Approved
Commodity Types

To the extent a supplier sources work to sub-tier suppliers, they shall ensure the sub-tier
supplier is approved to perform the scope of work assigned.

Issue Purchasing
Document

Ensure the supplier's/partner's issue purchasing documents to sub-tier suppliers within a
controlled system and ensure configuration management is maintained.

Review Supplier
Process Planning

To the extent a supplier sources work to sub-tier suppliers, review sub-tier supplier planning
processes to ensure the scope of work is adequately defined, configuration management is
maintained, and work acceptance steps are appropriately utilized.

Verify Supplier Work
Instructions

To the extent a supplier sources work to a sub-tier supplier, ensure sub-tier suppliers have
work instruction creation processes in place that will adequately define the scope of work,
capture verification steps, and is revision-controlled. Work instructions must be linked to
configuration management processes.

Ensure Non-
Destructive Test
Sequences are
Appropriately Applied

To the extent a supplier outsources NDT processes to sub-tier suppliers, ensure the supplier
has a process for ensuring sub-tier suppliers have adequate processes in place to control the
sequencing of NDT methods in work instructions, process planning, and quality records.
Ensure sub-tier suppliers are accurately documenting the results of NDT evaluation in work
instructions and quality records.

Ensure Control of
Customer Owned
Material

To the extent a supplier sources work to a sub-tier supplier, and customer-owned material is
present at the supplier, ensure customer-owned material is controlled in accordance with
defined requirements. This control shall include identification, proper handling, preservation,
and updating as required. May require physical audits of customer-owned materials,
understanding of special storage requirements, and traceability and point of usage
documentation.

Ensure Control of
Government Furnished
Equipment/Materials

To the extent a supplier sources work to a sub-tier supplier, and customer-owned material is
present at the supplier, ensure government-owned material is controlled in accordance with
defined requirements. May require compliance to applicable government standards and/or
government contract clauses. This control shall include identification, proper handling,
preservation, and updating as required. May require physical audits of government-owned
materials, understanding of special storage requirements, and traceability and point of usage
documentation.

Ensure Supplier has
an Adequate Supplier
Control System

To the extent a supplier sources work to sub-tier suppliers, ensure the supplier has a capable
supplier management system to control sub-tier suppliers. This also includes the flow-down
of supplier management capabilities into the various levels of the sub-tier supplier base.

Ensure Supplier's
Utilize Source Approval
List for Sub-Tier
Selection (as required)

When sub-tier suppliers source work to other sub-tier suppliers, ensure sub-tier suppliers
utilize approved sources as documented on applicable source approval lists, as required.

Ensure Supplier
Packaging Controls are
in Place

To the extent suppliers source work to sub-tier suppliers, ensure the requirements for
packaging are appropriately flowed down to sub-tier suppliers. This includes the flow-down
of standards and the assurance of access and understanding. If direct-ship authority is
provided, ensure packaging and identification complies with PO, design, and regulatory
requirements.

Ensure Traceability
Controls

To the extent a supplier sources work to sub-tier suppliers, and/or procures raw materials
which have prescribed traceability requirements, ensure traceability requirements are flowed
down to the appropriate levels of the supplier base and that appropriate controls are in place
to ensure traceability. (Note: Traceability requirements must be flowed to the lowest level of
the requirement hierarchy, as appropriate.)

Ensure Configuration
Controls

To the extent that a supplier has design authority, ensure the existence and enforcement of
configuration management processes that support the program's needs. For suppliers
without design authority, ensure a closed loop, rapid response notification system, enabling
the supplier to be notified of changes to configuration through purchase order revisions or
other contractual vehicles.

Ensure In-Process
Inspection / Operator
Certification

To the extent work is sourced to sub-tier suppliers, ensure inspection requirements are
appropriately flowed down and understood. Ensure authorized persons are performing
inspection processes.

Ensure Process
Verification (Process
Tryout)

To the extent work is sourced to sub-tier suppliers, ensure processes perform as designed a
process verification process is conducted. Ensure processes are adequately defined and
operating in a conforming fashion. As processes are submitted for production, ensure a
documented process tryout is performed.

Ensure Process
Tooling Changes

Within the supplier/partner base, ensure tooling utilized in the production/servicing processes
are conforming to design requirements, including any changes to such tooling. Ensure
references to tooling requirements are accurately reflected in work instructions, process
sheets, and other technical documents.
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Ensure In-Process
Inspection / Machine
Probing are Adequate

Within the supplier/partner base, ensure in-process inspections and machine probing are
appropriately planned, sequenced, implemented, and controlled. May require process
auditing and documentation review. Ensure inspection personnel are appropriately qualified
to perform inspection and are available when inspection is required. Ensure the in-line
probing equipment has adequate capability to perform the required inspections. Ensure
suppliers incorporate the use of machine probing into their procedures and work instructions
and utilization is documented in the FAI reports.

Ensure
Chemical/Metallurgical
Processes are

Within the supplier/partner base, ensure chemical and metallurgical processes are
conforming to design and process requirements. May require destructive and/or
nondestructive evaluation methods. Ensure chemical and metallurgical processes are
verified by the supplier and may require oversight inspection to verify. Personnel must be

Conforming qualified to perform special processes.
Within the supplier/partner base, provide interpretation of design and quality requirements to
suppliers and to other members of the organization to ensure accurate understanding of
requirements. Understand cultural differences within the supplier/partner base. Ensure any
Provide formal direction is appropriately documented. Ability to understand technical requirements.

QA/Engineering
Interpretation

Ability to understand supplier challenges and recommendations and engage with
engineering, procurement, and other functional disciplines to resolve issues.

Review and
Approve Supplier
Development of First
Article Inspection
Report

To the extent sub-tier suppliers are creating FAI reports, ensure the FAI reports are inclusive
of all technical and contractual requirements.

Ensure Supplier
Software Conformance -
1st Article

Ensure software FAl is planned and complete. Ensure software transmission from
supplier/partner to sub-tiers is controlled.

Ensure Supplier
NDT/Special Process
Conformance - 1st
Article

To the extent sub-tier suppliers are performing special processes and NDT, ensure the
attributes of such are controlled and documented and made part of the FAI.

Ensure Supplier
Hardware Conformance
- 1st Article

Ensure FAI reports are complete at all levels of the sub-tier supplier base.

Ensure Deviations
are Reviewed and
Approved

Ensure deviation approval authority is appropriate at all levels of the sub-tier supplier base.
If deviations are present, then FAI must be performed after a production change occurs.

Approve Product
Conformance - 1st
Article Reports

Ensure all sub-tier suppliers have provided FAI documentation for lower-level/component-
level materials and products.

Establish Delegated
Inspection Process

To the extent sub-tier suppliers are performing delegated inspection functions, ensure that
only authorized persons are performing such duties are in compliance with established
procedures.

Ensure Shop-Assist
Process

To the extent that sub-tier suppliers utilize other production sources to support their capacity
requirements, ensure effective control of work/processes is established and that work is
appropriately documented.

Develop Alternate
Supplier Approval
Process (as required)

To the extent a supplier is utilizing a sub-tier supplier who does not meet all of the prescribed
quality requirements, ensure a quality plan is created and deployed that ensures control of all
work processes which are directly related to the product being worked.

Complete
governmental forms
related to production

and/or design
conformity

To the extent work is performed within an extended supplier base, ensure required records
are obtained were required from sub-tier suppliers.

Capture, Document, and
Preserve Lessons
Learned

To recognize, understand, and document lessons learned during the application of the
previous processes in the Pre-Production Manufacturing/Maintenance Phase, as they related
to the value stream, so that such may be used in future programs/projects.

Table 4, Identified processes in the Pre-Production Manufacturing/Maintenance

Processes phase.

101



Owner
Line


Process-Based Ontological Engineering

The fifth phase of the process mapping identified processes within the
Production/Maintenance (Post-FAI) System Focus phase. These are the organizational
activities that ensure the organization and suppliers have adequate control systems in
place to ensure the sustained production/maintenance that suppliers are providing.
Emphasis is placed on systems in this phase, not on the product. This phase yielded 48
unique processes, of which the large (A) organization was engaged in all 48; the medium
(B) organization was engaged with 47 of the processes, and the small (C) organization
was engaged with 35 of the identified processes. Table 5 illustrates the processes

identified in this phase.

o o o
) by by}
O e ]16
Process Supplier Management Process Description o
Based on the lessons learned in previous programs/projects, apply lessons learned to
Apply Lessons Learned ensure previous issues are not repeated within the value stream. X X
Apply Continuous Ensure suppliers have continuous improvement processes and that such do not change the
Improvement Support conformity to design, compliance with the FAI, or negatively affect product quality. X X
Establish Appropriate
Performance Metrics & Ensure visibility of performance is achieved at all levels of the supplier/partner base. Ensure
Data Analysis suppliers are utilizing data to improve the quality and performance of processes. X X
Collect Performance
Metrics & Perform Data | Collect and interpret data from various locations within the supplier base. Ensure data
Analysis analysis is conducted and presented in a visual format for organizational use. X X
Take action based on Based on the analysis of data, ensure appropriate improvement action is taken at all levels of
data analysis the supplier base. X X
Participate in
Process/Procedure
Ballot (Sign-off) Review | Ensure potential changes can be effectively implemented in the supplier/partner base. X X
Perform Supplier Ensure personnel are authorized and records are appropriately maintained throughout the
Designee Management supplier/partner base. X X
Monitor Calibration
Control Ensure calibration control is maintained throughout the supplier/partner base. X X
Monitor Gage R&R
Control Validate gage R&R throughout the supplier/partner base. X X
Monitor Correlation of To the extent that metallurgical testing is being performed within the supplier base, ensure
Metallurgical Testing there are robust methods of ensuring accuracy of standards. X X
Ensure Records &
Documentation are To ensure the documentation required to document traceability, product configuration, and
Appropriately quality acceptance is appropriately maintained throughout the supplier/partner base to
Maintained include retention and safeguarding of data content. X X
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Provide Operator /
Inspector Training/
Supervision Support

Ensure supplier/partner personnel understand system and design requirements. To provide
instruction to operators and/or inspectors in the methods of product/service verification.

Ensure Sampling
Inspection Processes
are Appropriate and
Controlled

Ensure supplier/partner personnel understand the use of sampling plans, and that
documentation is maintained. Ensure sampling plans accept zero defects. When sampling
plans are utilized, ensure the requirements are flowed down to all levels of the supplier base.
When required, ensure sampling plans have appropriate approvals prior to implementation.

Ensure Self Release
Program

To the extent that sub-tier suppliers will have the authority to self-release product and
services as representatives of the procuring activity, ensure self-release programs at
suppliers/partners are approved, personnel understand requirements, documentation is
maintained, and product is conforming.

Coordinate
Scheduling (MRP)

Coordinate throughout supplier/partner base critical points in material flow (e.g., inspection
and test points.) As a result of the coordination, plans should be developed to provide a
visual representation of timing and extent of support required.

Monitor Scheduling
(MRP)

Per the requirements established in program planning documents, engineering requirements,
contractual requirements, and other command media, suppliers and sub-tier suppliers
perform critical tasks (e.g., inspection and testing), and document the results of such in
appropriate records. Ensure the entire supplier base understands how to communicate
through the procuring system to ensure accurate authority and direction is provided. In the
event that conditions prevent the execution of activities as planned, ensure remedial planning
is accomplished to ensure tasks are effectively performed.

Ensure Supplier Self-
Audit (QMS)

Ensure internal audits are performed at all points of the supplier/partner base.

Monitor QMS Findings

Ensure at all levels of supplier/partner base that QMS findings are appropriately managed
and closed. This may require review and acceptance by the procuring authority.

Perform Periodic QMS
Evaluations

Ensure the supplier and sub-tier suppliers have established processes for performing
supplier audits to determine compliance to applicable QMS, regulatory, and contractual
requirements. Ensure suppliers and sub-tier suppliers have qualified personnel to perform
QMS auditing processes and that the results of this are appropriately documented. Where
2nd or 3’d-party sources are utilized as a means of determining supplier/partner compliance
to their QMS, ensure 2nd and 3rd parties have the appropriate skills and capabilities to
perform the scope of the audits.

Document QMS
Findings

Document noncompliances found during QMS evaluations in the supplier/partner base,
ensure such findings and observations are documented to reflect the required condition and
the encountered condition, and that such are documented on appropriate records.

Monitor Supplier Root
Cause Analysis - QMS
(Root Cause Process)

Evaluate the root-cause analysis tools utilized in the supplier/partner base.

Approve Supplier
Root Cause Analysis -
QMS (Individual Root

Cause Analysis)

Evaluate the root-cause analysis and ensure the root cause is addressed in the
supplier/partner base.

Monitor Supplier
Corrective & Preventive
Action Processes - QMS

Ensure corrective and preventative processes are implemented throughout the
supplier/partner base.

Approve Supplier
Corrective & Preventive
Action - QMS

Ensure corrective and preventative actions are appropriate and effectively implemented
throughout the supplier/partner base.

Follow-Up of Corrective
& Preventative Action

At all points within the supplier base, establish appropriate interval for effectiveness
assessment; audit the implemented solutions to ensure they reflect the agreed-to
arrangements; and that the solution prevents recurrence of the root cause. Ensure suppliers
who further outsource work also have established systems in place to perform effectiveness
verification activities.

Ensure Drop-Ship
Approvals (Shipments
directly from Supplier to
Customer)

Ensure sub-tier suppliers comply with the stated quality requirements for drop-shipment
between other sub-tier suppliers and potentially to a customer.

Ensure Contract
Terminations

Ensure product and process quality is assured throughout the supplier/partner base during
contract terminations.

Monitor Software
Quality Plan

Ensure software installed in the supplier/partner base complies with the approved quality
plan.
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Monitor Supplier
Sub-tier Control

Evaluate supplier/partner supplier control process and ensure they are adequately monitoring
the quality of processes, products and services.

Ensure Engineering
Support is Provided

Assess supplier/partner engineering processes and ensure accuracy of supplier design
(including configuration management) and production documents.

Monitor Engineering
Change Request
Process

Ensure engineering change process and configuration management is effectively deployed
throughout the supplier/partner base.

Review Engineering
Changes (MCL/SQE/QE)
(Quality Review)

Evaluate engineering changes to ensure quality requirements are addressed in engineering
documents, specifications, and appropriate work instructions.

Ensure Positive
Control of Unvalidated
Engineering Changes

Within the supplier base, ensure that a positive recall process effectively controls products
which are affected by-unvalidated engineering changes.

Ensure Ship in
advance of Completion
Process is Controlled

Ensure processes are established which ensure the effective management of product being
shipped from one location to another without all of the required processes being completed.
These processes may include special processing, inspection, testing, and installation of parts
and components.

Ensure Buy-Back
Processes are
Controlled

Ensure control processes adequately control the buy-back process, product has appropriate
documentation, and appropriate inspections have been performed.

Ensure Packaging &
Preservation

Within the supplier base evaluate compliance to packaging, handling and preservation
requirements.

Monitor Financial
Condition of Key
Suppliers

To ensure the ability of a supplier base to sustain production/servicing. Maintain awareness
of the financial condition of suppliers/partners by review public information and discussions
within industry. Establish awareness through observation in the supplier base of conditions
such as material changes, changes in suppliers, equipment condition, employee turnovers,
etc.

Monitor Changes in

Within the supplier base, assess the capability of personnel in key positions which may have
an impact on quality. Ensure such personnel have an accurate understanding of
requirements. Through surveillance and reporting, monitor supplier/partner personnel

Personnel changes. Evaluate changes of key personnel to ensure appropriate capabilities are
maintained.
Monitor Evaluate supplier/partner documentation control processes and ensure compliance to
Documentation Control requirements. Ensure documentation retention and storage at all tiers of the supplier/partner
Processes base.

Monitor Inspection
Control Processes

Throughout the supplier base, evaluate appropriateness of inspection/test planning and the
effectiveness of inspection/testing processes; ensure authorized personnel perform
inspection/test functions, and ensure appropriate documentation.

Monitor Operator
Certification Controls

Ensure delegated inspection procedures meet organizational, customer, and regulatory
requirements and that the defined processes ensure capable inspection/testing. Within the
supplier base, ensure operator certification controls are compliant with approved procedures.

Monitor Parts
Release Kitting
Verification

Ensure kitting performed at suppliers/partners and sub-tiers is conforming to stated
requirements and that the configuration of kitted parts is correct.

Monitor Supplier
Stamp Control

Ensure appropriate stamp and signature control within the supplier/partner base.

Monitor Engineering
Source Approval

Evaluate engineering-source-controlled processes to ensure they are performing as
approved throughout the entire supply-base.

Monitor NADCAP
Surveillance Process

To monitor suppliers/partners who have special processes approved by Nadcap are
maintaining their approval as current. For suppliers who allow their certification to expire,
engage an alternative means of special process surveillance. For sub-tier suppliers, ensure
1°tier suppliers have processes in place to notify the organization in the event of changes in
the sub-tier certification status.

Monitor Handling
Practices / Foreign
Object Damage Controls

Evaluate supplier/partner material handling process to ensure product is effectively protected
during processing. Evaluate supplier/partner work practices and ensure there are positive
practices to prevent FOD. Ensure FOD prevention practices are engaged at all levels of the
supplier base.

Monitor Supplier
Resource Capacity

Evaluate changes in supplier/partner facilities, personnel, and work volume and potential
impact on their ability to continuously meet design, quality, and production/maintenance
requirements. During ongoing assessments and communication with supplier/partners,
establish awareness of potential capability/capacity changes.
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Capture, Document, and
Preserve Lessons
Learned

Throughout the supplier base, ensure knowledge of past problems, challenges, and best

practices are documented in a fashion in which can be easily understood and organized so

that the case is illustrated to show relationship to the various business process steps within

the lifecycle. Ensure the process for maintaining and accessing lessons learned is

developed to allow long-term memory to the lesson and facilitates easy retrieval. Ensure

suppliers and sub-tier suppliers have structured processes to ensure the lessons learned

activities. X X

Table 5, Identified processes in the Production/Maintenance (Post-FAI) System

Focus phase.

The sixth, and final, phase of the process-mapping documents the processes

which reside in the Production/Maintenance (Post-FAI) Product Focus phase. Similar to

the fifth phase, Production/Maintenance (Post-FAI) System Focus, this phase

incorporates processes that ensure the sustainability of production and maintenance

process. However, in this phase the focus is on interaction with the product. There were

a total of 27 unique processes identified during this phase, with the large (A) organization

engaged with 26 of the processes, the medium (B) organization engaged in 24 of the

processes, and the small (C) organization deploying 23 of the processes. Table 6

illustrates to processes identified in the Production/Maintenance (Post-FAI) Product

Focus phase.

o o o
) by by}
O [e 16
Process Supplier Management Process Description o
Based on the lessons learned in previous programs/projects, apply lessons learned to
Apply Lessons Learned ensure previous issues are not repeated within the value stream. X X
Ensure suppliers/partners have an established process for ensuring machines are
Ensure First-Piece appropriately set up so they will yield conforming characteristics and meets all stated
Setup requirements. X
Ensure Hidden Ensure suppliers/partners perform required inspections and tests on product characteristics
Dimension Verification that cannot be verified at a later point. Ensure quality records accurately reflect inspection of
is Performed (as required) | hidden characteristics. X X X
Ensure suppliers/partners perform inspections (NDT and visual) and verification (e.g.,
Ensure Test and testing, software model runs) of product characteristics at appropriate points and with
Inspection (Measurement appropriate techniques. Ensure process, people, and equipment is appropriate and
Software, Equipment, etc.) controlled throughout the supplier/partner base. Results of inspection and test activities
is Performed (as required) | must be defined and documented. X X X
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Ensure Hardware
Conformance -
Dimensional Inspection
- CMM/Layout/Bench

Ensure suppliers/partners perform dimensional inspections utilizing appropriate equipment
and gages, utilizing appropriate inspection techniques, utilizing qualified personnel, and are
appropriately documented.

Ensure Hardware
Conformance - Visual
Inspection

Ensure supplier/partner visual inspection processes are appropriately defined and personnel
performing the visual inspection process are qualified the scope of their responsibilities.

Ensure Hardware
Conformance - NDT
Inspection

Ensure supplier/partner NDT processes are performed to requirements, equipment is
appropriately maintained (to include calibration and shelf-life), and personnel performing NDT
hold appropriate qualifications.

Ensure Software
Conformance -
Deliverable

Ensure suppliers/partners perform conformity processes to verify deliverable software is
conforming. Ensure quality records reflect software configuration, conformity, and
acceptance. As required, ensure testing tools are provided with the deliverable code or
software program.

Perform Source
Inspection

Throughout the supplier-base, plan, schedule, and perform product inspection activities and
document results in appropriate quality records. Ensure personnel performing source
inspection have the appropriate skills and experience to understand and access
product/service conformity.

Perform Periodic
Special Processes (Weld,
Peen, Plating, etc.)
Evaluations

Plan, schedule, perform, and document periodic evaluations of special processes at
supplier/partner locations. Utilize risk-based methods as appropriate.

Perform Product
Conformity Audits

Plan, schedule, perform, and document product conformity audits at supplier/partner
locations. Utilize risk-based methods as appropriate.

Monitor Engineering
Source Approval
(Process Approval - as
required)

Evaluate engineering-source-controlled processes to ensure they are performing as
approved at supplier/partner locations. Ensure evaluation results are appropriately
documented.

Monitor Process
Certification /Statistical
Process Control

Assess statistical techniques and inspection sampling plans are applied in the
supplier/partner base and are being applied correctly and that appropriate action is
undertaken, as required.

Document Product
Nonconformances

Within the supplier/partner base, document product nonconformities on appropriate material
review/quality records.

Manage Quality
Review (MRB Activities) -
Product

Ensure supplier/partner material review processes are compliant with approved procedures.

Monitor/Approve
Supplier Root Cause
Analysis - Product

Evaluate the effectiveness and application of root-cause analysis tools utilized in the
supplier/partner base.

Monitor/Approve
Supplier Corrective &
Preventive Action
Processes - Product

Ensure supplier/partner and sub-tier base are compliant with approved corrective and
preventative action procedures and that corrective and preventative actions are effective.

Ensure Internal
Receiving Inspection
Controls are Adequate

Within the supplier/partner base, ensure receiving inspection processes which receive
supplier/partner products and services are capable of performing required verification
processes. Inspection requirements must meet the requirements of the customer, design,
and production complexity. Receiving inspection processes may include physical inspection,
documentation review, and other means of verifying conformity of design and contract
requirements. Ensure receiving inspection documentation is maintained as quality records.

Ensure Configuration
Status and Accounting
(FCA)

Prior to delivery, ensure configuration reconciliation is performed between EBOM and
MBOM, complete with a history of Deviation and Waivers, open and pending changes, and
objective evidence of change incorporation as applicable. Ensure the capability to
successfully perform an FCA exists if required.

Ensure Configuration
Status and Accounting
(PCA)

Prior to delivery, ensure configuration reconciliation is performed between EBOM and
MBOM, complete with a history of Deviation and Waivers, open and pending changes, and
objective evidence of change incorporation as applicable. Ensure the capability to
successfully perform a PCA exists if required.

Perform Escapes
(nonconformance to field)
Management and Field

Notification/Recall
Process

Ensure suppliers/partners have established appropriate field recall/notification processes.
Within the supplier/partner base, support investigation processes to determine how well
nonconforming material populations are positively controlled.
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Monitor Control of
Scrap

Ensure scrap materials are positively controlled at suppliers/partners and sub-tiers.

Manage Reportable
Nonconformance,
Defect, Malfunction, and
Defect (e.g., FAA CFR 14
Part 21.3) Reporting
Process

Ensure supplier/partners provide information required to complete required (e.g., CFR 14
Part 21.3) notifications.

Issue FAA Form 337

Within the supplier/partner base, ensure FAA Form 337 is created when required. Ensure

(USA) approved personnel have made form entries.
Issue DD Form 250 As required by contract, ensure suppliers/partners provide DD-250 with receiving
(USA) documentation packages.
Issue FAA Form
8130-series
(Airworthiness Certificate -
USA) Ensure authorized personnel issue FAA Form 8130-series. X X

Capture, Document, and
Preserve Lessons
Learned

To recognize, understand, and document lessons learned during the application of the
previous processes in the Production/Maintenance Phase, as they related to the value
stream, so that such may be used in future programs/projects. X X

Table 6, Identified processes in the Production/Maintenance (Post-FAI) Product
Focus phase.

Findings: Identification of Tasks Related to Process

As a result of the process-mapping activities, each process was analyzed during
the mapping process to identify tasks associated with the process. The researcher’s
objective was to identify every required task to effectively execute the identified process.
Because of the variation in process complexity, it was found that there was a wide
variation in task quantity per process. The methods of task identification included
interview and process shadowing. Representatives from participant organizations were
asked to describe in detail the tasks they performed within the defined process step.
Though participants may have used varying terms to describe the tasks, there was
complete conformity in description of order of tasks and objective of tasks throughout the
sample. As illustrated in the following tables (7 through 12), the number of tasks

associated to a process ranged from 1 to 7.
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Task 1 (Describe
the task with specific
action verb and

Task 2
(Describe the
task with specific
action verb and

Task 3
(Describe the
task with specific
action verb and

Task 4
(Describe the
task with specific
action verb and

Task 5
(Describe the
task with specific
action verb and

Task 6
(Describe the
task with
specific action

Process noun) noun) noun) noun) noun) verb and noun)
Engage in
conversation with
customer,
organization, and
suppliers to elicit
requirements and
understand
capabilities. This

Review customer process is to ensure
requirements that requirements
(functionality, are understood and
schedules, Document customer that undocumented
functionality, cost, requirements in an requirements are
Define Elicit and verify that all reliability, etc.) to appropriate format identified and
Customer/Program customer requirements determine customer (UML, SYSML, and subsequently
Requirements are available for review. expectations. DODAF). documented.

Apply Lessons Learned

Review lessons-learned
libraries and determine
applicability based on
the program/project
requirements.

Evaluate current
program/project
against existing
lessons-learned
libraries and
determine
applicability of
application.
Determine which
lessons learned
should be applied to
the new
program/project.
Ensure identified
lessons learned are
documented so that
they can be
integrated into the
program/project
plan.

Implement lessons
learned into
program/project
planning and/or
document initial risk
management
practices for risk
associated with not
implementing
lessons learned.

Determine Design
Capability

Determine customer
requirements for specific
design models.

Evaluate
organizational
design capabilities
against specific
customer
requirements. (Does
the organization
have the
appropriate
engineering tools
and skills to
accomplish required
work?)

Evaluate design
capabilities within
the supplier base
against specific
customer
requirements. (Does
the value stream
have the
appropriate
engineering tools
and skills to
accomplish required
work?)

Evaluate customer
requirements
against the existing
definition of
engineering
standard-work. (Is
there a difference
between what the
customer is
requesting and what
is already defined in
standard-work?)

Define, measure,
and evaluate risks
associated from
deviations from
engineering
standard-work.

Establish a Preliminary
Design and
Production/Servicing
Execution Plan

Utilizing defined design
and production
requirements, identify
potential sources of
where work may be
performed. Utilize
existing information
within the organization
and value stream.

Utilizing defined
design and
production
requirements,
identify potential
sources of where
work may be
performed. Elicit
preliminary
capability and
capacity information
from the value
stream. (Ensuring
the existing
information is
accurate)

Document the
preliminary work
scope execution
plan and provide
rational for the
decisions made.
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Determine Production

Evaluate the
production/service
capability of the

Evaluate production
requirements
against the current

Document gaps in
present standard-
work against new
production/service
requirements.
Measure the gap as
measures of
production/service
execution risk.
Ability to understand
and evaluate the
present level of

Determine which
production/servicing
processes are to be

Ability to determine
which unique
and/or special
processes are to

Determine capability. (Determine value stream state of production/servicing applied to ensure be applied to
Production/Servicing the production capability against the work production/servicing standard work as it effective execution ensure effective
Capability within a value stream) requirements. standard-work. relates to capability. of work. execution of work.
Understand the
product/service capacity
and material
requirements and the Based on physical
resources needed to evaluation of
deliver the production/servicing Elicit from
product/service. Review processes, management
results of the determine the information about
product/servicing production production plans Document plans
capability evaluation resources required and resources. and expectations.
process. Make to deliver the Through evaluation, Review with
preliminary desired determine the organization
determination of product/service. effectiveness of management. Perform physical
production/servicing/log- (Including alternative Determine projected evaluation of the
istics approach with evaluation of other approaches. Identify | schedule and value stream to
alternatives. actual or planned and characterize resource assess the actual
Determine Understand and work that suppliers risks associated constraints. capacity to perform
Production/Servicing document program may be planning to with capacity (Analysis performed the expected scope
Capacity constraints. take on.) planning. in previous tasks) of work.
Document identified
lessons learned so
that such can be Integrate
Review the processes understood, documented

Capture, Document, and
Preserve Lessons Learned

applied during the
Conceptual Phase and
identify lessons learned
for future use.

assessed for
applicability, and
applied in future
programs/projects.

lessons learned into
organizational
lessons-learned
libraries.

Table 7, Phase 1, Conceptual, process to task identification.

Process

Task 1
(Describe the task
with specific action
verb and noun)

Task 2
(Describe the task
with specific action
verb and noun)

Task 6
Task 3 Task 4 (pescribe | Task 5 (Describe the
(Describe the task the task with specific (Describe the task task with specific

with specific action
verb and noun)

action verb and
noun)

with specific action
verb and noun)

action verb and
noun)

Task 7
(Describe the
task with
specific action
verb and noun)

Apply Lessons
Learned

Review lessons
learned libraries
and determine
applicability based
on the
program/project
requirements.

Assess current
program/project
against existing
lessons learned
libraries and
determine
applicability of
application.
Determine which
lessons learned
should be applied
to the new
program/project.
Ensure identified
lessons learned
are documented so
that they can be
integrated into the
program/project
plan.

Implement lessons
learned into
program/project
planning and/or
document initial
risk management
practices for risk
associated with not
implementing
lessons learned.
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Determine
appropriate source

Determine and

Extract quality
management best
practices from
industry source
material, identify
customer quality
requirements, and
determine
organizational
quality
requirements.
Place best
practices and
requirements in
requirements
management tool.
Review
completeness of
requirements to

Determine material for quality implement ensure best
Quality requirements, appropriate practices and
Requirements — including (_:ustomer, requirements requirements are
General bestlpracnce management tool approprla.tely
quality literature, (e.g., DOORS), to aligned with
and lessons include the defined identified
learned. value stream. processes.
Organize
regulatory
requirements into a
Research matrix (or other
Determine Identify applicable regulatory resource appropriate
Quality regu!atory Iibrar_it_es to capture organizational_
Requirements — reqylrements speqﬂc regulatory documgnt) which
during review of requirements as can be integrated
Regulatory program quality they relate to the into requirements
requirements. program. management tool.
Review applicable
design and Document, store,
program planning and integrate
Determine documents and Research industry special process
Quality identify special resource libraries quality
Requirements - processes _whi_ch to e_malyze polenli_al requirements into
Special require yalldatlon, options av;ulable in the requwements
verification, the execution and hierarchy using a
Processes certification, and control of special requirements
control. processes. management tool.
Review applicable
design and
program planning Research sources Assess the defined
documents and of information value stream and
identify potential related to export identify potential
export control control export control
. requirements. requirements. considerations.
Determine Organize, Organize, Organize,
Quality document, store, document, store, document, store,
Requirements - and integrate and integrate and integrate
Export findir_\gs into the findiﬂgs into the findir_\gs into the
Controls requirements requirements requirements
hierarchy using a hierarchy using a hierarchy using a
requirements requirements requirements
management tool. management tool. management tool.
Identify risks
Identify the associated with
application of CPD CPD deployment in Assess the
Apply CPD and electronic- the value stream capability of the

Techniques/
Methods (solid

controlled
production/inspect-
ion systems as

with regards to
data transfer and
compatibility

value stream to
integrate electronic
production and

Verify that CPD data
transfer processes

model) they relate to the among the value inspection are capable and
program. stream. processes. controlled.
Evaluate the
Review applicable Research industry defined value
. design and resource libraries stream and identify
Determlne program planning to analyze potential material control
Material documents and options available in | considerations.
Control identify material the execution of Organize,
Laboratory control production document, store,
(MCL) requ?rements \_Nhich processes and a_lnd_ integrate
R . ts require validation, control of findings into the
equiremen verification, materials. applicable
certification, and Document results organizational
control. of analysis. records.
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Determine
Product
Validation
Laboratory
Testing
Requirements
(Engineering
Tests)

Identify
requirements that
should drive
Product Validation
Laboratory Testing.

Analyze
requirements
previously
identified and
define tests that
are appropriate for
validating
requirements.

Document tests in
a Test Plan. Store
the Test Plan in a
tool that facilitates
linking to the
requirements
database. Link the
tests to the
requirements.

Ensure that suppliers
have used the
correct requirements
to establish their
product validation
tests.

Review supplier
product validation
test/requirements
linkage to ensure
adequate
requirements
coverage. Review
proposed supplier
product validation
tests to ensure that
they adequately
cover
requirements.

Perform
Manufacturab-
ility Review of

Design

Review
engineering,
process, and
production
requirements and
assess such
against the known
capability of
manufacturing/serv
icing to ensure the
design can be
produced.
Organize,
document, store,
and integrate
findings into the
appropriate
organizational
records.

Evaluate the value
stream's ability to
produce, quality
cost to produce,
and ability to
produce with an
appropriate level of
quality.

Identify and
evaluate potential
alternative
production/servic-
ing methods which
might require
changes to the
design.

Identify
Applicable
Engineering
Source
Approval (ESA)
Requirements

Review
engineering,
process, and
production
requirements and
determine if there
are production
processes which
require engineering
review and
approval prior to
production release
and prior to the
implementation of
any changes
(processes
declared
unchangeable by
engineering without
subsequent review
and approval).
Organize,
document, store
and integrate ESA
requirements into
the requirements
management tool.

Determine Tool
& Gage Design
Requirements

Review regulatory,
engineering,
process, and
production/servicin
g requirements and
determine
capability
requirements for
design, production,
and maintenance
of tools and gages.
Organize,
document, store,
and integrate
tooling and
inspection gauging
controls into the
requirements
hierarchy using a
requirements
management tool.

Review regulatory,
engineering,
process, and
production/servicin
g requirements and
determine
maintainability
requirements for
design, production,
and maintenance
of tools and gages.
Organize,
document, store,
and integrate
tooling and
inspection gauging
controls into the
requirements
hierarchy using a
requirements
management tool.

Review regulatory,
engineering,
process, and
production/servicin
g requirements and
determine reliability
requirements for
design, production,
and maintenance
of tools and gages.
Organize,
document, store,
and integrate
tooling and
inspection gauging
controls into the
requirements
hierarchy using a
requirements
management tool.

Review regulatory,
engineering,
process, and
production/servicing
requirements and
determine
certification
requirements for
design, production,
and maintenance of
tools and gages.
Organize, document,
store, and integrate
tooling and
inspection gauging
controls into the
requirements
hierarchy using a
requirements
management tool.

Review regulatory,
engineering,
process, and
production/servicin
g requirements and
determine human
factors
requirements for
design, production,
and maintenance
of tools and gages.
Organize,
document, store,
and integrate
tooling and
inspection gauging
controls into the
requirements
hierarchy using a
requirements
management tool.

Identify
calibration and
traceability
(reference to
primary
standards)
requirements.
Organize,
document, store,
and integrate
tooling and
inspection
gauging controls
into the
requirements
hierarchy using a
requirements
management
tool.

Based on R&R,
identify
Measuring and
Test Equipment
(M&TE)
required for the
measurement
and verification
of the
production
parts.

Organize,
document,
store, and
integrate tooling
and inspection
gauging controls
into the
requirements
hierarchy using
a requirements
management
tool.
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Review
engineering,
process, and
production
requirements and
assess such
against the known
capability to
inspect/test
product at the
appropriate point of

Perform . production to
Inspectability ensure conformity
Review of to design. Identify
Design and document any
process Ensure that Evaluate process
inadequacies. measurement, inadequacies and
Organize, inspection, key establish
document, store, characteristic recommendations
and integrate control, and first for remediation
inspection article inspection activities such as
requirements into are included in request for design
the requirements applicable design changes, process
hierarchy using a documents and/or changes, or the
requirements other program development of
management tool. control documents. new methods.
Review design
documents and
customer Evaluate the
requirements to proposed design
establish for ease of
maintainability maintaining (to
requirements. include human
Determine the factors) the product
cost/benefits while it is in the
Perform | anbssol | possessionof e
Malntglnablllty Organize, Ability to organize,
Review of document, store, document, store,
Design and integrate and integrate
maintainability maintainability
requirements into requirements into
the requirements the requirements
hierarchy using a hierarchy using a
requirements requirements
management tool. management tool.
Review the
preceding quality
requirements
definition
processes of the
Design Phase to
ensure adequacy
and completeness.
Create a
consolidated
Baseline the baseline quality
Quality and requirements
Regulatory document. Ensure

Requirements

consolidated
requirements are
organized,
documented,
stored, and
integrated into the
requirements
hierarchy using a
requirements
management tool.

Evaluate combined
baseline quality
requirements and
determine if there
are any gaps in
definition.

Perform Design
FMEA

Apply the concepts
and methods of
DFMEA to the
product design in
order to quantify
and categorize the
potential areas of
design risk and
ensure there are
risk mitigation
plans developed,
documented and
deployed.
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Review applicable
contractual
documents and
verify that
requirements for
configuration
management are
adequately noted.

Evaluate the
organization's

Review the capability and
Configuration capacity to manage
Plan for l’;Aanagement . dezign chan%es,
" . rocesses to be and ensure the
configuration used on the coordination,
management program and communication,
process ensure compliance and appropriate
with established approval processes
Systems are integral parts of
Engineering (SE) the design CM
and Configuration processes.
Management (CM) (Awareness of
practices. common CM tools)
Assess non-design
Ensure the responsible
organization's suppliers to ensure
(organization with processes for
Ensure the design tracing
establishment authorization) Manufacturing Bill Ensure contractual
of system for tracking of Materials documents from
. . changes and (MBOM) usage, the organization to
configuration released PO Changes, and the supplier, and/or
tracking / configuration Change supplier to its
status status is Implementation suppliers, include
accounting developed, exists and are adequately noted
system capable, and controlled for configuration

implemented prior
to work

Status Accounting
prior to work

management flow-
down

Ensure Design
Validation
(Standard Work)

authorization. authorization. requirements.
Ensure that risk
mitigation plans are
established to
Assess the manage variations in
implementation of Evaluate proposed the design, which Ensure design
the design design data have not been Based on the standard work is
validation process (objective previously produced positive results of revised to

Ensure design
validation process
meets all customer
and regulatory

and verify that it is
completed and that
there is objective
evidence of its

evidence) to
ensure compliance
to existing
engineering

(variations to
standard work),
using control
processes as

validating new
design
requirements,
update engineering

capture any new
knowledge of

design capability
gained during the

requirements. completion. standard work. appropriate. standard work. Design Phase.
Create a master
file of documents
which contain all of
Create the design, Ensure
Technical Data production, and configuration

for Suppliers

quality information
required to produce
the

management of
master
file/repository is

product/service. controlled.
Document
identified lessons
Capture, learned so that
Document, and Review the such can be Integrate
Preserve processes app!ied understood, documented
Lessons during the Design asse_sseq_ for !essons Ie_arngd
Phase and identify applicability, and into organizational
Learned lessons learned for lessons-learned

future use.

applied in future
programs/projects.

libraries.

Table 8, Phase 2, Design, process to task identification.
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Process

Task 1 (Describe the
task with specific action
verb and noun)

Task 2 (Describe
the task with specific
action verb and noun)

Task 3 (Describe the
task with specific action
verb and noun)

Task 4 (Describe
the task with specific
action verb and noun)

Task 5 (Describe
the task with specific
action verb and noun)

Verify Flow-down
of Unique Customer
Requirements

Review all applicable
regulatory, customer,

design, production, and
quality requirements, to

determine that any and

all applicable flow-down

requirements are
identified.

Ensure that proper
requirement
hierarchies are in
place to ensure
complete
requirement
allocation. Review
identified
requirements list
from Task 1 of this
step. Determine
which requirements
should be used to
expand existing
requirements or
added to the existing
requirement
hierarchy. Ensure
that requirements
are properly
decomposed to
ensure adequate
functional and test
coverage.

Ensure applicable
requirements are
conveyed in the
technical data and/or
purchasing
documents in a
specific and
enforceable manner.

Assess
partner/supplier
processes to ensure
applicable
requirements are
provided to their
suppliers in a
specific and

enforceable manner.

Apply Lessons
Learned

Review lessons-
learned libraries and
determine applicability
based on the
program/project
reqguirements.

Assess current
program/project
against existing
lessons-learned
libraries and
determine
applicability of
application.
Determine which
lessons learned
should be applied to
the new
program/project.
Ensure identified
lessons learned are
documented so that
they can be
integrated into the
program/project
plan.

Implement lessons
learned into
program/project
planning and/or
create risk mitigation
plans. Document
initial risk
management
practices for risk
associated with not
implementing
lessons learned.

Define Material
Review Board (MRB)
Requirements

Identify requirements
for material review
processes for creation
of nonconforming
product/services are
created at
suppliers/partners.

Ensure MRB
processes at
suppliers/partners
are documented in a
controlled procedure
and the
responsibilities of the
entities involved in
the design,
procurement, and
production of the
product/service are
identified. Ensure
contractual
documents at
suppliers/partners
provide requirements
to all points where
value is being
created (including
applicable sub-tier
suppliers).
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Assemble Master
Technical Data and
Bid Package

Create a master
package of technical
data, terms and
conditions, and other
pertinent documents
needed to accurately
communicate to
suppliers/partner the
expectations of the
customer.

Verify Master
Technical Data and

Ensure the contents of
the master technical

Ensure
supplier/partner
processes are
adequate to ensure
master technical
data and bid
packages are flowed
down to their

Bid Package data and bid packages suppliers are
are complete and complete and
correct. correct.
Review technical data,
policies, procedures,
and regulations to Ensure

Apply Export Control
Rules (as required)

determine if special

handling processes are

required to ensure
compliance with export
control requirements.

suppliers/partners
have adequate
controls in place to
ensure compliance
with export control.

Review customer
requirements and

Effectively
communicate to the
supplier/partner

Apply Unique identify any special through defined and
Requirements to and/or unique documented means
Purchasing requirements of communication
Documents applicable to any special or
suppliers/partners. unigue requirements.
For existing Assess the process

Determine Supplier
Capability (Assess Who
has Capability)

suppliers/partners.
Review various data
inputs to determine
supplier/partner
capability (including
dependence on key
personnel).

capability of work
scope execution
within the existing
supplier/partner base
(including
dependence on key
personnel).

Document the
results of
supplier/partner work
scope capability
assessments.

Determine Supplier
Capacity (Assess Who
has Capacity to take on
additional/changed work)

Assess the
production/servicing
capacity in the
supplier/partner base.
Review various data
inputs to determine

Determine the
effects of potential
material and
resource shortages
on

Determine the
effects of additional
work load in the

Document the
results of
supplier/partner work

Perform Pre-Award

supplier/partner production/serving supplier/partner base | scope capacity
capacity. capacity. on overall capacity. assessments.
Assess work scope
Perform an execution capability

Review quality
requirements and

evaluation at the
points where value is

at potential new
suppliers/partners

Assess potential new

Document the

Surveys (If New determine the scope of added, which may (including supplier/partner results of
Supplier) evaluation for new include sub-tier dependence on key capacity and identify supplier/partner pre-
suppliers/partners. suppliers. personnel). risks. selection evaluation.
Assess the financial Assess

Perform Financial
Capability
Assessment on
Supplier/Partner

capability of the
supplier/partner and

their sustained ability to

conduct business and
ensure their ability to
execute the defined
work scope.

supplier/partner sub-
tier suppliers to
identify processes
and/or products that
may require
significant financial
capital to deliver.

Evaluate the
financial health of
key supplier/partner
sub-tier suppliers.

Document the
results of financial
health analyses.
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Perform Special
Process and/or NDT
Evaluations

In review of quality
requirements, define
the scope of evaluation
(plan the audit) to
determine the
compliance, capability,
and capacity of
supplier's/partner's
controls for special
processes and/or
nondestructive testing.

Perform evaluation
of supplier/partner
special processes
and nondestructive
testing to determine
compliance,
capability, and
capacity. Document
evaluation results.

Identify and
document risks
associated with
noncompliance,
capability concerns,
and capacity
constraints found
during evaluation at
supplier/partner
facilities.

Verify Suppliers'
Technical Capabilities

Define evaluation
scope to ensure
suppliers/partners have
adequate technical
capability to execute
the scope of intended
work.

Physically evaluate
and ensure the
supplier/partner can
perform to the
requirements of the
technical data and
purchasing
documents.
Document the
evaluation results.

Document any risks
discovered during
evaluation.

Perform Process
FMEA

Apply the concepts and
methods of Process FEMA
to the production/servicing
processes in order to
quantify and categorize the
potential areas of work
execution risk and ensure
there is risk mitigation plans
developed.

Ensure PFEMA analysis
are organized,
documented, stored,
and integrated into the
requirements hierarchy
using a requirements
management tool.

Determine Support
Resource Needs (IPT,

Determine actual and
total technical resource
needs to support
outsourcing to
suppliers/partners.
(Assess personnel and
logistics
considerations,
receiving inspection

Quantify variation in
technical resource
requirements based
on supplier/partner
production/servicing
maturity (ability to
consistently meet
requirements).
(Reviewing past
performance to

Quantify variation in
technical resource
requirements based
on differences in

Assess the capability
of suppliers/partners
to ensure they have
adequate resources
to support their

Document results of
technical resource
analysis in terms that

SQA, Labs, etc.) resources, and establish regional and suppliers. (Is there can be used for
procurement interface demonstrated international sufficient available effective program
resources.) capability). influences. resources?) management.

Determine Oversight
Resources Needs and
Plan Surveillance

Based on supplier,

design, and production
maturity, oversight

requirements, evaluate
and identify personnel
resource requirements
to support outsourcing.

Assess the capability
of suppliers/partners
to ensure they have
adequate resources
to oversee their
suppliers.

Document results of
resource analysis in
terms that can be
used for effective
program
management.

Request Quotes
from Suppliers

Create a document
which requests from
suppliers/partners
formal documents
which define their
terms, conditions and
pricing to perform work
which is stated within
the technical data
package and defined in
a statement of work.
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Evaluate Quotes from

Evaluate formal offer
packages that potential
suppliers/partners have
provided in response
for quotations. Assess
offer packages and
ensure the responses
accurately address all
of the technical
requirements stated in
the scope of work.

Evaluate the

Suppliers Evaluate all requested proposed use of sub-
deviations/objections tier suppliers,
noted in the response sources of raw
from suppliers/partners, | materials, and
and assess the impact logistics support
on quality and providers. Identify
schedule. Determine any risks to capacity
and document ratings or capability.
for each supplier offer Document the
package. results of analysis.
Perform a complete
quality management
Based on a review of system evaluation of Ensure
the quality the selected supplier/partner has
Perform Full requirements, plan the supplier/partner to effective controls in Document the

Quality Management
System Evaluation

QMS evaluation of the
supplier/partner (to
include objectives,
scope, schedule, and
technical expertise).

ensure compliance
to applicable QMS
requirements defined
in the planned
evaluation.

place to ensure their
suppliers have
compliant and
effective QMS (sub-
tier control).

results of the
evaluation, to include
any findings,
observations, or
assessments of risk.

Monitor Supplier-
QMS Corrective and
Preventative Action

Process

Verify and validate that
suppliers/partners have
effective procedures in
place to ensure
effective root cause,
closed-loop corrective
and preventative action
is deployed as a result
of findings and
observations
documented during a
QMS evaluation.

Identify and measure
risks associated with
the delay of
corrective action
implementation.
Manage the
implementation
timing of corrective
action and the
management of
deviations.

Assess and
determine that
closed-loop
corrective and
preventative action is
applied, as required,
throughout the
supplier/partner's
supplier base.

Make a Supplier
Selection

Based on the criteria
established by the
organization, and the
measured ability of the
potential
supplier/partner to
deliver to the defined
scope of work, select a
supplier/partner.

Add Supplier to
Approved Supplier
List

Ensure approved
suppliers/partners are
listed on the
organization's list of
approved suppliers.

Ensure the scope
and limitations of
supplier/partner
approvals are well-
defined.

Ensure availability of
access and the
adequacy of
established
procedures to
ensure approved
suppliers lists are
made available to all
points where its use
is expected (includes
throughout the value
stream). As required
for programs with
partners, edit the
approved supplier
listing so that a
useful subset of the
supplier list is
provided.
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Capture, Document,
and Preserve Lessons
Learned

Review the processes
applied during the
Partner/Supplier
Selection Phase and
identify lessons learned
for future use.

Document identified
lessons learned so
that such can be
understood,
assessed for
applicability, and
applied in future
programs/projects.

Integrate
documented lessons
learned into
organizational
lessons-learned
libraries.

Table 9, Phase 3, Partner/Supplier Selection Process, process to task identification.

Process

Task 1 (Describe
the task with specific
action verb and noun)

Task 2 (Describe
the task with specific
action verb and noun)

Task 3 (Describe
the task with specific
action verb and noun)

Task 4 (Describe
the task with specific
action verb and noun)

Task 5 (Describe
the task with specific
action verb and noun)

Task 6 (Describe
the task with specific
action verb and noun)

Apply Lessons
Learned

Review lessons
learned libraries
and determine
applicability based
on the
program/project
requirements.

Assess current
program/project
against existing
lessons-learned
libraries and
determine
applicability of
application.
Determine which
lessons learned
should be applied
to the new
program/project.
Ensure identified
lessons learned
are documented so
that they can be
integrated into the
program/project
plan.

Implement lessons
learned into
program/project
planning and/or
document initial
risk management
practices for risk
associated with not
implementing
lessons learned.

Notification of
Changes in
Capacity and/or
capability

Assess
organizational
processes to
ensure the
organization is
notified of any
changes (positive
or negative) to the
capacity and/or
capability of
manufacturing
and/or servicing of
a supplier/partner.
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Verify that
purchasing
documents contain
all applicable
information or
references to all
applicable
information related
to the procured

Create scope of work.
Purchasing Create formal (Including the
Documents documents to requirement for
procure products or | suppliers/partners
services from to notify the
supplier/partner organization in the
(e.g., purchase event of changes
order, contract, to capability and/or
etc.). capacity.)
Verify that
suppliers/partners
have processes in
place to perform
reviews of
purchasing
documents to their
Review purchasing | sub-tier suppliers
documents to verify | to ensure all
) they are complete design, regulatory,
Review of and accurate quality, and
Purchasing (includes design delivery
Documents specifications, requirements are
regulatory flown [[?]]into
requirements, contracting
applicable documents, to
revisions, quality include proper
requirements, etc.). | revisions.
Review and verify
that the approvals
granted to the
supplier/partner
match the products
or services the
supplier/partner is
providing. The
approvals shall
note the scope of
system approval,
Ensure product approvals,
Approvals and special
Match process approvals. | Verify that
Approved (i.e., Unique suppliers/partners
Commodity approvals may are validating the
Types include certifications their
commodities such sub-tier suppliers
as forgings, hold to ensure sub-
castings, ESD tier suppliers are
controls, NDT, approved to
special processes, perform the scope
etc.). of work assigned.
Verify that
suppliers/partners
issue purchasing
documents to sub-
Issue Ensure purchasing tier suppliers within
Purchasing documents are Verify that a controlled system
Document formally controlled purchasing Issue the and ensure
within an documents define purchasing configuration
established the correct design documents to the management is
system. configuration. supplier/partner. maintained.
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Evaluate control
methods to ensure
adequacy and

capability of Evaluate
process planning supplier/partner
Review may include defined processes
Review documented statistical process to ensure process
Supplier process planning at | control plans, planning is
Process suppliers/partners process control controlled by
Planning to ensure sheets, and other configuration
processes are means of process management
documented. definition. processes.
Assess sub-tier
Assess suppliers work
supplier/partner instruction creation
work instructions processes and
Verify Supplier | and verify that the verify that they Verify that a
Work process of define the scope of | configuration
Instructions completing work is work, capture management

accurately and

verification steps,

process is in place

Ensure Non-
Destructive
Test
Sequences are
Appropriately

appropriately and are revision at all levels of the
defined. controlled. value stream.
Evaluate work

instructions, Evaluate NDT

process planning,
and quality records
to ensure
nondestructive
testing is being
performed at the
appropriate points

process
requirements to
determine if
appropriate records
are established
and standards of
reference and the

Evaluate
certification
requirements for
NDT inspectors
and validate that
persons assigned
to associated NDT

Assess inspection
records to validate
that the
documentation of
NDT results are
accurately defined

Applied in limits of responsibilities are in applicable work
production/servic- acceptance are appropriately instructions and
ing. defined. certified. quality records.

Schedule and
perform physical
audits of
organizational and
supplier/partner
facilities to verify
that customer-
Assess owned materials
organizational and are being
Ensure Control | supplier/partner appropriately
of Customer- processes to verify | maintained and
Owned Material | customer-owned there is an Verify that
material is understanding of customer-owned
procedurally special storage material is
controlled in requirements, appropriately
accordance with traceability, and maintained
defined point-of-usage throughout the

requirements.

documentation.

value stream.

Ensure Control
of Government-
Furnished
Equipment/
Materials

Assess
organizational and
supplier/partner
processes to verify
government-owned
material is
controlled in
accordance with
defined
requirements.

Schedule and
perform physical
audits of
organizational and
supplier/partner
facilities to verify
that government-
owned materials
are being
appropriately
maintained and
there is an
understanding of
special storage
requirements,
traceability, and
point-of-usage
documentation.

Verify that
government-owned
material is
appropriately
maintained
throughout the
value stream.

120



Owner
Line


Process-Based Ontological Engineering

Ensure
Supplier has an
Adequate
Supplier
Control System

Schedule and plan
the audit scope to
assess a
supplier's/partner's
quality
management
system in order to
determine
compliance to
defined
requirements and
to identify potential
risk factors related

Conduct evaluation
of the
supplier/partner's
supplier
management
processes and
procedures to
verify that
supplier/partners
have adequately
defined control
over work
processes sourced

Evaluate the
deployed
supplier/partner's
supplier
management
processes to verify
that
supplier/partners
have effective
control over work
processes sourced

Evaluate
suppliers'/partners'
capability and
capacity to ensure
conformity of work

Evaluate supplier
control processes
to validate that
process controls
are effective for
managing
noncompliances
and
nonconformances,
to include

to management to their sub-tier at sub-tier subcontracted to disposition and
system controls. suppliers. suppliers. sub-tier suppliers. corrective action.
Verify that sub-tier
suppliers who
source work to
Ensure other sub-tier
Suppliers Verify that suppliers, utilize
Utilize Source suppliers/partners only approved
Approval List only utilize sources as
for Sub-tier approved sources documented on
Selection (as when required by applicable source
required) design or other approval lists, as
formal document. required.
Verify shipping
documents meet
applicable Ensure
Verify that requirements supplier/partner
supplier/partner (international, has adequate
defined processes customer, and processes in place
Ensure protect products in governmental) and to ensure sub-tier
Supplier packaging to that labeling is suppliers apply
Packaging prevent damage legible, applied packaging
Controls are in during transport appropriately, and requirements Verify direct-ship
Place and in compliance contains all (international, authority is defined
with applicable applicable data customer, and and appropriately
requirements. required. governmental). implemented.
Review and verify
that drawings,
process
documents, work
instructions, and
quality records
accurately reflect
applicable
traceability
requirements and
that traceability is
maintained to the
level of product
definition which
requirements
specify. Verify that
Ensure all applicable
Traceability Verify that traceability
Controls

suppliers/partners
have documented
processes in place
to ensure
materials,
components, and
products are
controlled in such a
manner that
traceability is
assured to
specified
requirements.

requirements are
reflected in the
appropriate
drawings, process
documents, work
instructions, and
quality records, as
applicable. (Note:
This task requires
verification of
traceability in
artifacts in both
directions.)

Ensure traceability
controls are
effectively
deployed into the
value stream
(Product review).
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Verify congruence

Verify the
implementation of
approved changes
are planned
produceably and
effectively either in
line or through

of part modification kits
Ensure configuration with which are
Configuration engineering thoroughly
Controls configuration, and coordinated with
that changes to the affected
one are adequately | internal and / or
coordinated with external
the other. organizations.
Verify inspections
are being
performed at
Ensure In- appropriate points Validate the
Process in effectiveness of
Inspection / production/servic- inspection Assess the
Operator ing and the planning, through effectiveness of Verify that operator
Certification inspections are evaluation of operator certification
being performed by | quality records and | certification programs have
qualified persons. product review. processes. required approvals.

Ensure
Process
Verification

Verify
organizational and
supplier/partner
documented
processes to
ensure risk factors
identified in
process tryout are
addressed and

Assess the
adequacy of

Verify that process
verification
activities have
been accomplished
and are

(Process Tryout) | Process process verification | appropriately
verifications are processes documented
conducted as throughout the throughout the
required. value stream value stream.

Assess and verify
Verify tooling that references to
utilized in the tooling
production/servic- requirements are

ing processes are

accurately reflected

Ensure conforming to in work
Process design instructions,
Tooling requirements, process sheets,
Changes including any and other technical
changes to such documents
tooling, throughout throughout the
the value stream. value stream.
Audit production
and inspection
processes and Validate that
verify that in- suppliers
process incorporate the use
Ensure In- inspections and of machine probing
Process Plan and perform machine probing into their
Inspection / auditing and are appropriately Assess and Verify in-line procedures and
Machine documentation planned, determine that Verify that probing equipment work instructions.
Probing are review of in- sequenced, inspection inspection has adequate Verify that
Adequate process inspection implemented and personnel are personnel are capability to utilization of
activities controlled appropriately available when perform the machine probing is
throughout the throughout the qualified to perform | inspection is required documented in the
value stream. value stream. inspections. required. inspections. FAI reports.
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Evaluate
processes and

Perform oversight
inspection of
supplier/partner
work activities to

Assess personnel
capabilities to
verify assigned

Ensure verify that chemical verify conformance persons are
Chemical/ and metallurgical of chemical and qualified, and
Metallurgical processes are Verify that metallurgical certified as
Processes are conforming to chemical and processes to required, to
Conforming design and process | metallurgical design and process | perform special
requirements, processes are requirements, processes,
throughout the verified by throughout the throughout the
value stream. suppliers/partners. value stream. value stream.
Provide
interpretation of
design, quality, and Schedule and
regulatory verify through
Provide requirements to follow-up actions

QA/Engineerin
g Interpretation

suppliers and to
other members of
the organization to
ensure accurate
understanding of
requirements.

Document formal
direction, as
appropriate.
Transmit direction
to supplier/partner.

that interpretation
provided was
accurately
understood and
applied, throughout
the value stream.

Verify

Review and | supplier's/partner's | Verify FAI plans
Approve FAI processes are address
Supplier appropriately supplier/partner
Development of | planned and internal
First Article compliant to requirements as Verify sub-tier
Inspection applicable well as higher-level | supplier activities
Report standards (e.g., (customer, prime) are included in FAI
AS9102). requirements. planning.
Verify
deliverable/embedd
ed software meets
design
requirements and
that production
Ensure systems will assure | Verify that first Ensure personnel
Supplier conformity to article inspection are capable of
Software applicable planning includes performing
Conformance - | standards and software software
1st Article program verification verification
requirements, considerations, activities,
throughout the throughout the throughout the
value stream. value stream. value stream.
Verify personnel at
Validate that Ensure special all levels of the
defined NDT and processes have supplier/partner
Ensure special process objective evidence base, who are
Supplier verification Verify measured of conformity and performing special
NDT/Special Verify NDT and processes results in NDT and | that NDTs are processes and
Process special processes documented in FAI special processes performed per NDT evaluations,
Conformance - | are included in FAI are appropriate meet defined FAI defined FAI are qualified to
1st Article planning, and adequate, requirements, requirements perform special
throughout the throughout the throughout the throughout the processes and

value stream.

value stream.

value stream.

value stream.

NDT.
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Verify the
appropriate
selection of
measurement
devices (e.g.,
calibrated, and

Verify the accuracy) and
geometric and ensure such are
physical utilized when
Ensure characteristics to making inspection
Supplier ensure conformity measurements,
Hardware to design throughout the
Conformance - requirements are value stream.
1st Article controlled and Verify that
measured in the measurement
FAI process devices are
throughout the appropriately
value stream. calibrated.
Document
deviations Evaluate FAI
discovered in pre- follow-up
Evaluate production Verify that processes to
documented processes and deviations ensure follow-up
Ensure processes to verify ensure appropriate discovered during actions are
Deviations are | that deviation review and initial FAI are effectively
Reviewed and authority is defined | approval is replanned for a performed and
Approved and controlled, concluded, follow-up FAl, documented,
throughout the throughout the throughout the throughout the
value stream. value stream. value stream. value stream.
Evaluate final FAI
packages to verify
the entire
Approve deliverable product
Product conforms to design
Conformance - | and purchasing Verify all lower-
1st Article document level/component-
Reports requirements and level FAIls are
complies with FAI complete and
requirements. accurate.
Evaluate the Perform
Assess capabilities and performance
supplier/partner qualifications of Evaluate analysis of
documented supplier/partner supplier/partner delegated activities
procedures related personnel to actual delegated to determine if
Establish to delegations perform delegated | functions to ensure | additional
Delegated functions to ensure inspection compliance to qualification review
Inspection compliance to functions (at applicable and process
Process external and individual and/or requirements, inspection is
internal organizational throughout the required (e.g.
requirements. level). value stream. remedial activities).
Verify that shop-

Ensure Shop-
Assist Process

assist suppliers
have effective
procedures in
place to ensure the
quality of the
temporary out-
sourced work and
are consistent with
the organization's
quality
management
system. Where a
sub-tier supplier
engages in shop-
assist activities,
ensure the same
controls are in
place.

Determine that the
scope and use of
shop assist is
limited to the
temporary use of
production capacity
and is not actually
an outsourcing of
longer-term
production and/or
services. Where a
sub-tier supplier
engages in shop-
assist activities,
ensure the same
controls are in
place.

Verify shop-assist
quality records and
production
documentation is
appropriately
controlled. Where a
sub-tier supplier
engages in shop-
assist activities,
ensure the same
controls are in
place.
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Develop
Alternate
Supplier
Approval
Process (as
required)

In review of design,
program, contract,
and quality
requirements,
create a quality
plan which defines
the specific
controls to be in
place to effectively
manage work to a
supplier which is
not approved under
normal processes.

When quality plans
are required,
validate the
effective
implementation of
quality plans at
suppliers/partners.

Verify that changes
to quality plans are
subject to customer
approval prior to
implementation, as
required, and
ensure such
approval is
obtained.

Complete
governmental
forms related
to production
and/or design

conformity

Identify which
governmental
forms are required
for the various
parts, components,
and systems of the
project/program.
Verify that
organizational and
supplier/partner
business
processes
adequately control
and plan for the
issuance of
governmental
forms related to
quality, throughout
the value stream.

Create the
appropriate
documentation for
product design and
production
approval by
governmental
agencies.

Verify that
authorized persons
complete the
official forms and
that supporting
documentation is
provided.

Ensure appropriate
governmental
forms flow with the
product throughout
applicable
processes and
delivery.

Capture,
Document, and
Preserve
Lessons
Learned

Review the
processes applied
during the Pre-
Production
Manufacturing/Mai
ntenance Phase
and identify
lessons learned for
future use.
Document
identified lessons
learned so that
such can be
understood,
assessed for
applicability, and
applied in future
programs/projects.

Integrate
documented
lessons learned
into organizational
lessons-learned
libraries.

Table 10, Phase 4, Pre-Production Manufacturing/Maintenance Processes, process

to task identification.
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Process

Task 1 (Describe
the task with specific
action verb and noun)

Task 2 (Describe
the task with specific
action verb and noun)

Task 3 (Describe
the task with specific
action verb and noun)

Task 4 (Describe
the task with specific
action verb and noun)

Task 5 (Describe
the task with specific
action verb and noun)

Task 6 (Describe
the task with specific
action verb and noun)

Apply Lessons

Review lessons
learned libraries
and determine

Ensure identified
lessons learned
are integrated into
the program/project
plan. Evaluate the

Implement lessons
learned into
program/project
planning and/or
document initial
risk management

Learned applicability based risks/benefits practices for risk
on the associated with associated with not
program/project implementing implementing
requirements. lessons learned. lessons learned.
Apply Cl methods
to remove waste
and improve
quality. Ability to
utilize data and
various quality
tools to understand
process
performance and
improvement
Apply opportunity. Ability | Ensure Ensure best
Continuous to develop a improvement practices are
Improvement business case in actions do not identified,
Support support of Cl compromise documented, and
methods/project approved integrated into
and present to production/servic- organizational
management. ing controls. memory.
Ensure the
personnel within
the value stream
who are
establishing
performance
measurements
have the
Effectively appropriate
communicate knowledge to
performance successfully
measurements to execute the
applicable parties process. Review
(e.g., management, | value stream
Establish customer, and performance to
Appropriate value stream). ensure
Performance Establish Integrate (Note: This task is effectiveness of
Metrics & Data | appropriate performance for all types of performance
Analysis performance measurement performance measurement
measurements to processes into measurement selection and
assess process business, communication - effectiveness of
performance and production, and internal and improvement/corre
quality. service processes. external.) ctive actions.
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Effectively
communicate
performance
measurements to
applicable parties
(e.g., management,

Ensure the
personnel within
the value stream
who are collecting
and communicating
performance
measurements
have the
appropriate
knowledge to
successfully
execute the
process. Review
value stream

Collect customer, and performance to
Performance value stream). ensure
Metrics & (Note: This task is effectiveness of
Perform Data Collect for all types of performance
Analysis performance data performance measurement
related to process Conduct data measurement selection and
and product analysis to communication - effectiveness of
performance and determine process internal and improvement/corre
quality. performance. external.) ctive actions.
Ensure the
personnel within
the value stream
who are conduction
analysis of
performance
measurements
have the
appropriate
knowledge to
successfully
execute the
Evaluate analysis process. Review
) of data to establish value stream
Take action a proposed course performance to
based on data | of improvement ensure
analysis action. Ability to effectiveness of
develop a business Documents performance
case in support of Effectively Ensure executed action measurement
product/process coordinate performance and apply to selection and
improvement and proposed action improvement action | lessons learned effectiveness of
present to with key is undertaken and and standard work, | improvement/corre
management. constituents. effective. as applicable. ctive actions.
Review proposed
changes to

Participate in
Process/Proce-
dure Ballot
(Sign-off)
Review

procedures and
provide input to
changes in policies
and procedures.
Verify proposed
changes to policies
and procedures are
appropriate with
regards to product
design, quality
requirements (FAI,
QMS, standards,
FAR),
organizational
culture, available
resources, and
equipment.
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Ensure persons
who have been
delegated
inspection authority

Perform are capable to
Supplier execute inspection
Designee responsibilities and
Management are in compliance
with applicable
requirements.
Assess equipment
maintenance,
handling methods,
Verify calibration calibration
systems are in standards, use,
compliance with and storage control
Monitor the approved processes and
Calibration system validate
Control requirements and compliance to
applicable applicable
regulations. requirements.

Verify that gage R
& R studies have
been conducted

correctly
Monitor Gage throughout the
R&R Control Perform and value stream and
document gage R appropriately
& R studies. documented.
Ensure the Verify that
standards and documentation of
equipment utilized Perform correlation | correlation studies
Monitor for metallurgical studies (i.e., "round | (i.e., "round robin")
Correlation of testing are robin") of is available
Metallurgical accurate, metallurgical throughout the
Testing throughout the equipment and supplier/partner
value stream. methods. base.
Ensure the
documentation For electronic
required to records, ensure
Ensure document data is backed up
Records & traceability, product at appropriate
Documentation | configuration, and Verify that retention | locations and
are quality acceptance times and locations | contentis
Appropriately is appropriately of records comply protected from
Maintained maintained, with requirements, degradation,
throughout the throughout the throughout the
value stream. value stream. value stream.
Provide instruction
Provide to operators and/or | Verify that effective
Operator / inspectors in the training
Inspector methods of management
Training/ product/service systems have been
Supervision verification, deployed
Support throughout the throughout the
value stream. value stream.
Verify that
approved sampling
plans are
appropriately
Ensure utilized, throughout
Sampling the value stream.
Inspection Verify that Verify that records Verify that
Processes are established related to sampling | personnel utilizing

Appropriate
and Controlled

sampling plans are
controlled and in
compliance with
appropriate
sampling
standards.

activities are
appropriately
controlled and
maintained,
throughout the
value stream.

sampling plans
understand
approved sampling
methods,
throughout the
value stream.
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Verify that
supplier/partner
processes for self-
release meet
applicable
regulatory and
organizational

Verify that
personnel

Verify that
documentation

Ensure Self- requirements and performing or related to self-
Release appropriate managing self- release processes
Program approvals are release programs is maintained, and
granted prior to understand product is
implementation. requirements. conforming.
Schedule adequate | Determine if critical Develop
quality/inspection skills, special quality/inspection
support (e.g., equipment, or support planning to
inspection, testing, logistics provide a visual
Coordinate etc.), and ensure considerations are representation of
Scheduling Review MRP and critical points in required to provide timing and extent
(MRP) determine the material flow are adequate support of support required,
scope of quality recognized and of MRP throughout the
related support. planned. requirements. value stream.
In the event that
conditions prevent
the execution of
Monitor and verify activities as
that planned, the ability
quality/inspection Verify that skills, to verify that
Monitor support action is equipment and remedial planning
Scheduling taken at critical other is accomplished to
(MRP) points in material considerations are ensure tasks are
flow, as defined in available when effectively
program planning. needed. performed.
Review and verify
that records
contain the scope
of the assessment,
elements of the
assessment which Verify that
were/were not appropriate root-
performed, and cause/corrective
findings and action is
observations undertaken to
discovered during include appropriate
Verify that the assessment, follow up actions,
suppliers/partners throughout the throughout the
perform self- Verify that records value stream. value stream.
assessments to of self- Validate that Verify that Verify that records
ensure compliance assessments are persons performing | appropriate Verify that past are available for
Ensure to their QMS and maintained as the self- objective evidence findings and review by external
Supplier Self- contract quality records, assessments are is maintained, observations are auditors,
Audit (QMS) requirements throughout the qualified to perform | throughout the included in audit throughout the
(internal audit). value stream. self-assessments. value stream. scope planning. value stream.
Verify that
noncompliances
are documented Verify that Verify that at all
when found during appropriate levels of
self-assessments corrective action supplier/partner
and are managed follow up actions base that QMS
Monitor QMS for root cause and occur as findings are
Findings corrective action, scheduled, appropriately
throughout the throughout the managed and
value stream. value stream. closed.
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Perform
Periodic QMS
Evaluations

Plan, schedule,
and perform
periodic QMS
evaluations at
supplier/partner
locations.

Utilize risk based
methods as
appropriate in
establishing
schedule and
scope of QMS
audits.

Where 2nd or 3rd
party sources are
utilized as a means
of determining
supplier/partner
compliance to their
QMS, verify that
2nd and 3rd parties
have the
appropriate skills
and capabilities to
perform the scope
of the audits.

Document
QMS Findings

Document
noncompliances
found during QMS
evaluations, ensure
such findings and
observations are
documented to
reflect the required
condition and the
encountered
condition. Ensure
observations and
findings are
documented on
appropriate
records.

Monitor
Supplier Root
Cause Analysis
- QMS (Root

Verify that
suppliers/partners
are utilizing
appropriate root
cause analysis
tools and such are
applied during

Evaluate the
effectiveness of
root cause analysis

Cause Process) analysis of tools utilized in the
documented sub-tier supplier
findings. base.

Approve
Supplier Root
Cause Analysis
- QMS (Individual

Validate that the
supplier/partner
has identified the

Evaluate root
cause analysis and
ensure the root
cause is addressed
in the sub-tier

Root Cause root cause of QMS
Analysis) noncompliances. supplier base.
Verify that
) suppliers/partners
Monitor have effective
Supplier corrective and
Corrective & preventative action | Verify that Verify that effective
Preventive processes in place corrective action corrective action
Action and such are process identifies processes are in
Processes — applied to the root and mitigates any place within the
QMS cause of potential impact on sub-tier supplier
noncompliance. product. base.
Verify that the
documented
corrective and
Approve preventative action
Supplier determinations
Corrective & effectively address
Preventive the root cause in a
Action — QMS timely fashion,

throughout the
value stream.
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Follow-Up of

Corrective &

Preventative
Action

Verify the
effectiveness of
corrective and
preventative
actions by
assessing
implemented
solutions after
actions had been
taken, throughout-
the value stream.

Ensure Drop-
Ship Approvals

Verify procedures
are in place to

Verify that
appropriate
documented
approvals are

Verify that
appropriate
documented
approvals are
maintained to

Evaluate direct-
ship process to
verify that positive
quality control is

(Shipments . . Lo . L
directly from control direct-ship maintained to permit drop- maintained
Supplier to processes in permit drop- shipments between | throughout
Customer) accordance with shipments between | suppliers and supplier/partner
requirements. suppliers. customers. base.
Verify that when a
contract is
terminated
Verify that when a between a
contract is supplier/partner
terminated with a and sub-tier
supplier/partner suppliers that the
Ensure that the terms and terms and
Contract conditions of conditions of
Terminations termination are termination are
complied with and complied with and
quality is quality is
maintained maintained
throughout the throughout the
process. process.
Verify
deliverable/embedd
ed software meets
Identify design

requirements and
create software
quality plans which

requirements and
that production
systems will assure

Monitor will verify the conformity to
Software technical and Verify that software | applicable
Quality Plan functional quality plans are standards and
capabilities of being applied as program
imbedded and required, requirements,
deliverable throughout the throughout the
software. value stream. value stream.
Evaluate
supplier/partner
supplier control
Verify that process and
suppliers/partners ensure they are
are effectively adequately
) controlling their monitoring the
Monitor supply base by quality of
Supplier Sub- ensuring processes,
tier Control requirements are products and

flowed through
purchasing
documents and
complied with.

services from their
sub-tier suppliers
(process
evaluation).
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Ensure
Engineering
Support is

Provided

Verify that
suppliers/partners
have accurate
technical/design
data to include the
assurance of
configuration
management.

Verify that
suppliers, partners,
and sub-tier
suppliers posses
an understanding
of requirements
and is accurate by
assessing the
implementation of
technical
requirements into
documented work
processes.

Verify that
engineering
support is provided
as required.

Monitor
Engineering
Change
Request
Process

Verify that
engineering
processes are
performed in
accordance with
system
requirements,
throughout the
value stream.

Review
Engineering
Changes
(MCL/SQE/QE)
(Quality
Review)

Verify that quality
considerations are
included in
engineering
changes, including
produceability,
inspectability, and
production testing
requirements.

Ensure Positive
Control of
Unvalidated
Engineering
Changes

Verify that
processes are in
place to control the
deployment
unvalidated
engineering
changes into
production while
maintaining
positive recall
control of any
product or services
in which
unvalidated
changes have
been applied.

Ensure Ship in
advance of
Completion
Process is
Controlled

Verify that
processes are
established which
ensure the
effective
management of
product which are
being shipped from
one location to
another without all
of the required
processes being
completed.

Ensure Buy
Back
Processes are
Controlled

Assess the
applicability for
buy-back of
product into
production/servic-
ing activities and
verify positive
confirmation of
airworthiness.

Verify that
appropriate
documentation is
obtained for buy-
back
materials/product.

Determine if
appropriate
approvals have
been obtained
(e.g., regulatory
authority approvals,
customer
approvals, etc.).

Ensure buy-back
materials/product is
effectively
controlled during
re-integration into
the organization's
QMS.
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Evaluate
supplier/partner
packaging and

Evaluate
packaging to
ensure adequacy
to prevent
deterioration of
product during
shipping and

Verify that sub-tier

Ensure handling storage. Evaluate suppliers are in
Packaging & procedures to compliance to compliance with
Preservation determine packaging, applicable

compliance with handling and packaging and
applicable preservation handling
requirements. requirements. requirements.
Maintain Maintain an

Monitor
Financial
Condition of
Key Suppliers

awareness of the
financial condition
of key
suppliers/partners
by review of public
information and
discussions within
industry. Through
analysis of
collected data and
physical review of
operations
evaluate the ability
ofa
supplier/partner to
sustain

awareness through
observation in the
supplier base of
conditions such as
material changes,
changes in
suppliers,
equipment
condition,
employee
turnovers, etc.,
which may be
indicators of
financial health
stress at
suppliers/partners

Effectively
communicate
financial health
measurements of

production/servic- and key sub-tier the value stream to
ing. suppliers. management.
Monitor, through
Evaluate that surveillance and
supplier/partner reporting,
and key sub-tier supplier/partner
supplier personnel and key sub-tier
Monitor Identify any have the supplier personnel
Changes in specialized skill appropriate changes. Evaluate
Personnel requirements capability and changes of key
related to the understanding to personnel to
program, meet design and ensure appropriate
throughout the contract capabilities are
value stream. requirements. maintained.
Verify, at
suppliers/partners,
that documentation
control processes
are appropriately
controlled, to
include changes
reviewed and
approved by
authorized Evaluate the
persons, changes effectiveness
implemented at the | supplier/partner
appropriate documentation
configuration control processes
) control level, and at sub-tier supplier
Monitor implemented into to ensure
Documentation | appropriate work compliance to
Control documents. Verify requirements.
Processes that production and | Verify
inspection records documentation

are retained at
suppliers/partners
in accordance with
specific
requirements.

retention and
storage at all tiers
of the
supplier/partner
base.
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Monitor
Inspection
Control
Processes

Verify that
inspection
processes are
appropriately
planned and
performed
throughout
production/servicin
g processes by
qualified persons.

Evaluate
effectiveness of
inspection/testing
processes, ensure
authorized
personnel perform
inspection/test
functions, and
ensure appropriate
documentation is
maintained.

Monitor
Operator
Certification
Controls

Review the
operator
certification
oversight
processes to verify
the process is in
compliance and
capable. Validate
the effectiveness of
operator
certification
processes.

Assess the
competency of
persons with
delegated
inspection
authorization
(operator
certification).

Verify that operator
certification
delegation records
are maintained,
complete, and
accurate.

Monitor Parts
Release Kitting
Verification

Verify that kitting
performed at
suppliers/partners
and sub-tiers are
conforming to
stated
requirements and
that the
configuration of
kitted parts is
correct.

Monitor
Supplier Stamp
Control

Verify that stamps
and signatures
utilized to perform
acceptance of work
processes are
effectively
controlled and
traceable to the
individual
accepting work at
suppliers/partners
and throughout the
value stream.
(Includes all media,
including
electronic.)

Monitor
Engineering
Source
Approval

Verify that
processes which
are designated as
controlled by
engineering
("frozen process")
are effectively
controlled.

Monitor
NADCAP
Surveillance
Process

Monitor
suppliers/partners
who have special
processes
approved by
Nadcap and verify
their approval as
current.

Engage alternative
means of special
process
surveillance for
suppliers who allow
their certification to
expire or where
certification is
revoked.

For sub-tier
suppliers, verify
that 1°-tier
suppliers have
processes in place
to notify the
organization in the
event of changes in
the sub-tier
supplier Nadcap
and other special
process
certification status.
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Monitor

Evaluate
supplier/partner
material handling

processes
Handling (established Evaluate
Practices / planning and supplier/partner Verify that FOD
Foreign Object | procedures) to work practices and | prevention
Damage verify product is ensure there are practices are
Controls effectively positive practices engaged at all
protected during to prevent and levels of the
processing. detect FOD. supplier base.
Evaluate changes
in supplier/partner
facilities,
personnel, and During on-going
work volume and assessments and
Monitor potential impact on communication
Supplier their ability to with Ability to effectively
Resource continuously meet supplier/partners, communicate
Capacity design, quality, and | identify and changes in value
production /maint- quantify potential stream capacity
enance capability/capacity measures to
requirements. changes. management.
Document
identified lessons
Review the learned so that
Capture, processes applied such can be Integrate
Document, and | during the understood, documented
Preserve Production/Service assessed for lessons learned
Lessons Phase and identify applicability, and into organizational
Learned lessons learned for | applied in future lessons-learned

future use.

programs/projects.

libraries.

Table 11, Phase 5, Production/Maintenance (Post-FAI) System Focus, process to
task identification.

Process

Task 1 (Describe the
task with specific action verb
and noun)

Task 2 (Describe the
task with specific action
verb and noun)

Task 3 (Describe the task
with specific action verb and
noun)

Task 4 (Describe the task
with specific action verb and
noun)

Apply Lessons Learned

Review lessons-learned
libraries and determine
applicability based on
the program/project
requirements.

Assess current
program/project against
existing lessons-
learned libraries and
determine applicability
of application.
Determine which
lessons learned should
be applied to the new
program/project.
Ensure identified
lessons learned are
documented so that
they can be integrated
into the program/project
plan.

Implement lessons
learned into
program/project planning
and/or document initial risk
management practices for
risk associated with not
implementing lessons
learned.

135



Owner
Line

Owner
Line


Process-Based Ontological Engineering

Ensure First-Piece
Setup

Perform inspection
techniques to verify that
the first article produced
for each production run
in recurring production
processes is
appropriately set up so
that it will yield
conforming
characteristics and
meets all stated
requirements (not
AS9102 FAI).

Ensure Hidden
Dimension Verification
is Performed (as required)

Apply inspection
techniques to verify all
required verification
characteristics are
positively conformed to
design and engineering
data sets at the points
where verification can
be made. Verify that
quality records
accurately reflect
inspection of hidden

Ensure Test and
Inspection (Measurement
Software, Equipment etc.) is
Performed (as required)

characteristics.
Evaluate that process,
people, and equipment
are appropriate to
effectively perform
Verify that product/service

supplier's/partner's
perform inspections
(NDT and visual) and
verification (e.g., testing,
software model runs) of
product characteristics
at appropriate points

verification activities
and are controlled
throughout the
supplier/partner base.
Ability to verify that
results of inspection
and test activities are

Ensure Hardware
Conformance -
Dimensional Inspection
- CMM/Layout/Bench

and with appropriate defined and
techniques. documented.
Verify

supplier's/partner's
perform dimensional
inspections utilizing
appropriate equipment
and gages, utilizing
appropriate inspection
techniques, utilizing
qualified personnel, and
are appropriately

Ensure Hardware
Conformance - Visual
Inspection

documented.
Throughout the value
stream, verify that
visual inspection
processes are

Verify, where appropriately defined

appropriate in the value
stream, that physical
product qualities were
verified by appropriate
visual means.

and personnel
performing the visual
inspection process are
qualified to the scope of
their responsibilities.
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Ensure Hardware
Conformance - NDT
Inspection

Verify that physical
product qualities are
verified by appropriate
nondestructive
evaluation techniques
and approved persons.
(Verification of NDT
processes on product.)

Verify that
supplier/partner NDT
processes are
performed to
requirements,
equipment is
appropriately
maintained (to include
calibration and shelf-
life), and personnel
performing NDT hold
appropriate
qualifications.
(Assurance of NDT
processes.)

Ensure Software
Conformance —
Deliverable

Verify that deliverable
software (software
which is embedded in a
product and is delivered
to a customer) conforms
to design requirements.

Verify that
supplier's/partners
perform verification
processes (e.g., code
comparison, run tests,
peer review) to verify
deliverable software is
conforming.

Throughout the value
stream, verify that quality
records reflect software
configuration, conformity,
and acceptance.

Perform Source

Evaluate personnel
performing source
inspection have the
appropriate skills and
experience to

Through inspection and
test methods, to ensure
product conformity at
source of
production/servicing; and

Inspection understand and access Plan and schedule document results in
product/service product inspection appropriate quality
conformity. activities at source. records.

Perform Periodic
Special Processes (Weld,
Peen, Plating, etc.)
Evaluations

Evaluate personnel
performing special
process controls have
the appropriate skills
and experience to
understand and access
product/service
conformity.

Plan and schedule
periodic evaluations of
special processes at
supplier/partner and
sub-tier supplier
locations.

Perform periodic special
process evaluations.

Apply risk-based
methods to special
process oversight, as
appropriate.

Perform Product
Conformity Audits

Plan and schedule
product conformity
audits, throughout the
value stream.

Perform periodic
product conformity
evaluations.

Apply risk-based methods
to product conformity
inspections, as
appropriate.

Monitor Engineering
Source Approval
(Process Approval - as
required)

Verify processes which
are designated as
controlled by
engineering (“frozen
process") are effectively
controlled.

Monitor Process
Certification/Statistical
Process Control

Assess statistical
techniques and
inspection sampling
plans that are applied in
the supplier/partner
base that they are being
applied correctly and
that appropriate action
is undertaken, as
required.

Verify that sampling
and SPC records are
effectively maintained
throughout the value
stream.

Document Product
Nonconformances

Document product
and/or process
nonconformities on
appropriate material
review/quality records.

Verify appropriate
approvals are obtained
for nonconformance
records.

Manage Quality
Review (MRB Activities) —
Product

Validate the appropriate
segregation, review,
disposition, corrective
work, and approvals are
made in the event of a
product
nonconformance.

Verify that authorized
(e.g., MRB) personnel
have approved the
corrective work
activities.
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Monitor/Approve
Supplier Root Cause
Analysis — Product

Verify that appropriate
root cause analysis
tools are utilized during

Verify that authorized
(e.g., MRB) personnel
have approved the

Substantiate that
product/services
previously
produced/provided are
reviewed for applicability

Verify that root cause
documentation is

Monitor/Approve
Supplier Corrective &
Preventive Action
Processes — Product

analysis identification of root of the same or similar root maintained as quality
nonconformances. cause. cause. records.
Verify that effective

corrective and
preventative action
processes are in place
and applied to the root
cause of
noncompliance/nonconf
ormance in a timely
fashion.

Verify that corrective
and preventative action
plans have been
approved, as required.

Verify effectiveness after
implementation and prior
to closure of the corrective
action records (follow up).

Ensure Internal
Receiving Inspection
Controls are Adequate

Verify that receiving
inspection processes
which receive
supplier/partner
products and services
are capable of
performing required
verification processes.

Verify that receiving
inspection requirements
meet the requirements
of the customer,

design, and production
complexity.

Verify that receiving
inspection documentation
is maintained as quality
records.

Ensure Configuration
Status and Accounting
(FCA)

Verify that prior to
delivery, configuration
reconciliation is
performed between
Engineering Bill of
Materials (EBOM) and
Manufacturing Bill of
Materials (MBOM),
complete with a history
of Deviation and
Waivers, open and
pending changes, and
objective evidence of
change incorporation as
applicable.

Verify that capability to
successfully perform a
Functional
Configuration Audit
(FCA) exists, if
required.

Ensure Configuration
Status and Accounting
(PCA)

Verify that prior to
delivery, configuration
reconciliation is
performed between
Engineering Bill of
Materials (EBOM) and
Manufacturing Bill of
Materials (MBOM),
complete with a history
of Deviation and
Waivers, open and
pending changes, and
objective evidence of
change incorporation as
applicable.

Verify that the capability
to successfully perform
a Physical
Configuration Audit
(PCA) exists, if
required.

Perform Escapes
(nonconformance to
field) Management and
Field Notification/Recall
Process

Verify that
suppliers/partners have
established appropriate
field recall/notification
processes.

Support investigation
processes to determine
how well
nonconforming material
populations are
positively controlled.

Monitor Control of
Scrap

Substantiate that scrap
materials are positively
controlled.

Verify that
documentation related
to the control and
disposition of scrap
materials is maintained
as quality records.
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Manage Reportable
Nonconformance,
Defect, Malfunction, and
Defect (e.g., FAA CFR 14
Part 21.3) Reporting
Process

Verify that discrepancies
defined in regulatory
requirements (e.g., CFR
14 Part 21.3) are
appropriately reported to
the organization and
applicable regulatory
authorities within
defined time
requirements.

Verify that suppliers,
partners, and sub-tier
suppliers have
processes in place to
report potential product
and process issues to
the organization.

Issue FAA Form 337
(USA)

Verify that suppliers,
partners, and sub-tier
suppliers have defined
processes in place to
effectively control the
issuance of FAA Form
337.

Verify that when
required, an FAA Form
337 is created.
Substantiate that
approved personnel
have made entries on
FAA Form 337

Issue DD Form 250
(USA)

Verify that
suppliers/partners
provide DD-250 with
receiving documentation
packages, as required.

Issue FAA Form
8130-series
(Airworthiness Certificate -
USA)

Verify suppliers/partners
have adequate process
controls to establish
airworthiness and
release of FAA Form
8130-3. Verify that
authorized personnel
issue FAA Form 8130-
series.

Capture, Document, and
Preserve Lessons
Learned

Review the processes
applied during the
Production/Maintenance
Phase and identify
lessons learned for
future use.

Document identified
lessons learned so that
such can be
understood, assessed
for applicability, and
applied in future
programs/projects.

Integrate documented
lessons learned into
organizational lessons-
learned libraries.

Table 12, Phase 6, Production/Maintenance (Post-FAI) Product Focus, process to
task identification.

Findings: Alignment of Process to Knowledge Expectations

During the process-mapping activities, participants were also asked to describe
their expectations of what skills and knowledge are required to successfully execute the
processes and their related tasks. Participants were encouraged to utilize the six levels of
cognition, as described by Bloom (Anderson and Krathwohl, 2001). The following
series of tables (tables 13 through 18) document the results of identifying knowledge and

skill expectations at the process level.
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Skil I/Knowledge Obj ective Req uirements: (Clearly state what the expected capability should

Process be)
Define - . -
Customer/Program Ability to elicit from the customer the stated and unstated customer needs. Ability to

Requirements

express and present this information back to the customer and work with the customer to
get customer acceptance.

Apply Lessons Learned

Ability to access lessons-learned libraries and apply the experience gained from previous
programs/projects to the new program/projects.

Determine Design
Capability

Knowledge of value stream capabilities and systems related to engineering/design.
Familiarity with interface specifications of design and development tools. Knowledge of
value stream scheduling and resource limitations. Ability to elicit similar information from
suppliers.

Establish a Preliminary
Design and
Production/Servicing
Execution Plan

Knowledge of contractual requirements. Ability to interpret work-scope requirements.
Knowledge of quality management practices. Knowledge of existing capabilities and
capacity of the value stream. Ability to document execution planning into terms the
organization can understand.

Ability to assess and understand the present and potential state of production/servicing

PrOdu(I:Dt?(t)ir/rgler:\?icing capability of the organization and ensure its capability to produce/service is known and
Capability provided as an input to the design process, and to ensure the production base is capable of
fulfilling the final stated requirements of design. Knowledge of value stream capability to
include raw materials.
Determine Detailed understanding of desired product/service requirements. Ability to determine the
Production/Servicing organization's capacity to deliver the required products/services given production resources
Capacity and constraints. Ability to elicit detailed information from the organization.

Planning/scheduling capability.

Capture, Document, and
Preserve Lessons
Learned

Ability to identify and document lessons learned and integrate such into organizational
lessons-learned libraries so that the experience gained from previous processes in the
Conceptual Phase can be applied to future program/projects.

Table 13, Phase 1, Conceptual, knowledge and skill expectations to process

alignment.

Process

Skill/Knowledge Objective Requirements: (Clearly state what the expected capability should
be)

Apply Lessons Learned

Ability to access lessons-learned libraries and apply the experience gained from previous
programs/projects to the new program/projects.

Determine Quality
Requirements — General

Ability to analyze potential quality requirements and determine which requirements are
applicable to a given production/servicing program. Ability to analyze production/serving
program and determine which quality practices would be appropriate and useful. Ability to
author and manage requirements.

Determine Quality
Requirements —
Regulatory

Ability to recognize applicable regulatory requirements during review of quality
requirements. Ability to research regulatory resource libraries to capture specific regulatory
requirements as they relate to the program. Ability to organize regulatory requirements into
a matrix (or other appropriate organizational document) which can be integrated into the
reguirements management tool.

Determine Quality
Requirements - Special
Processes

Ability to review applicable design and program planning documents and identify special
processes which require validation, verification, certification, and control. Ability to research
industry resource libraries to analyze potential options available in the performance and
control of special processes. Ability to organize, document, store, and integrate into the
requirements hierarchy using a requirements management tool.
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Determine Quality
Requirements - Export

Ability to review applicable design and program planning documents and identify potential
export control requirements. Ability to research sources of information related to export

Controls control requirements. Ability to assess the defined value stream and identify potential
export control considerations. Ability to organize, document, store and integrate into the
requirements hierarchy using a requirements management tool.

Ability to understand the application of CPD systems as they relate to the program. Ability
to identify risks associated with CPD deployment in the value stream. Ability to verify that
CPD data transfer process is capable and controlled. Understanding of CPD interfaces to
Apply CPD production and inspection processes. Ability to evaluate the capability of CPD tools. Ability
Techgiﬁ;ensqgl\él;t)hods to identify issues related to usage of different CPD tools within the value stream. Ability to

assess value stream integration capability with production and inspection processes.
Ability to organize, document, store, and integrate findings into the requirements hierarchy
using a requirements management tool.

Determine Material
Control Laboratory
(MCL) Requirements

Ability to review applicable design and program planning documents and identify material
control requirements which require validation, verification, certification, and control. Ability
to research industry resource libraries to analyze potential options available in the
execution of production processes and control of materials. Ability to assess the defined
value stream and identify material control considerations. Ability to organize, document,
store, and integrate into the requirements hierarchy using a requirements management tool.

Determine Product
Validation Laboratory
Testing Requirements

(Engineering Tests)

Knowledge of requirements and requirement tools. Ability to analyze requirements and
determine tests that can be used to ensure product meets requirements. Ability to
communicate with supplier. Ability to link requirements to tests within a requirements
management tool to ensure requirements coverage.

Perform
Manufacturability
Review of Design

Ability to review engineering, process, and production requirements and assess such
against the known capability of manufacturing/servicing to ensure the design can be
produced. Ability to evaluate the value stream's ability to produce, quality cost to produce,
and ability to produce with an appropriate level of quality. Ability to evaluate potential
alternative production methods which might require changes to the design.

Identify Applicable
Engineering Source

Approval (ESA)

Requirements

Ability to review engineering, process, and production requirements and determine if there
are production processes which require engineering review (ESA) and approval prior to
production release and prior to the implementation of any changes (processes declared
unchangeable by engineering without subsequent review and approval).

Determine Tool &
Gage Design
Requirements

Ability to review regulatory, engineering, process, and production/servicing requirements
and determine requirements (capability, maintainability, reliability, certification, and human
factors) for design, production, and maintenance of tools and gages. Ability to identify
calibration and traceability (reference to primary standards) requirements. Ability to
organize, document, store and integrate tooling and inspection gauging controls into the
requirements hierarchy using a requirements management tool.

Perform Inspectability
Review of Design

Ability to review engineering, process, and production requirements and assess such
against the known capability to inspect/test product at the appropriate point of production to
ensure conformity to design. Ability to ensure that measurement, inspection, key
characteristic control, and first article inspection are included in applicable design
documents and/or other program control documents. Ability to evaluate process
inadequacies and establish recommendations for remediation activities such as request for
design changes, process changes, or the development of new methods. Ability to
organize, document, store and integrate inspection requirements into the requirements
hierarchy using a requirements management tool.

Perform
Maintainability Review
of Design

Ability to review design documents and customer requirements to establish maintainability
requirements. Ability to evaluate the proposed design (e.g., use cases) for ease of
maintaining (to include human factors) the product while it is in the possession of the
customer/end-user. Ability to organize, document, store and integrate maintainability
requirements into the requirements hierarchy using a requirements management tool.

Baseline the Quality and
Regulatory
Requirements

Ability to review the preceding quality requirements definition processes of the Design
Phase to ensure adequacy and completeness. Ability to evaluate combined baseline
quality requirements and determine if there are any gaps in definition. Ability to ensure
consolidated requirements are organized, documented, stored and integrated (decompose
to system and subsystem requirements) into the requirements hierarchy using a
reguirements management tool.

Perform Design FMEA

Ability to apply the concepts and methods of DFMEA to the product design in order to
quantify and categorize the potential areas of design risk and ensure there are risk
mitigation plans developed, documented and deployed.
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Plan for configuration
management process

Ability to review the Configuration Management Processes to be used on the program and
ensure compliance with established Systems Engineering (SE) and Configuration
Management (CM) practices. Ability to assess the establishment and adequacy of a
change process for program. Ability to evaluate the organization's and value stream's
capability and capacity to manage design changes, and ensure the coordination,
communication, and appropriate approval processes are integral parts of the design CM
processes. (Awareness of common CM tools) Ability to access contractual documents to
ensure configuration management control requirements are adequately noted.

Ensure the
establishment of
configuration tracking /
status accounting
system

Ability to ensure the organization's and value stream's system for tracking changes and
released configuration status is developed, capable and implemented prior to engineering
release. Ability to assess non-design responsible suppliers to ensure processes for tracing
Manufacturing Bill of Materials (MBOM) usage, PO Changes, and Change Implementation
exists and are controlled for Status Accounting prior to work authorization. Ability to access
contractual documents to ensure configuration management control requirements are
adequately noted.

Ensure Design
Validation (Standard
Work)

Ability to ensure design validation process meets all customer and regulatory requirements.
Ability to assess the design validation process and verify that it is completed and that there
is objective evidence of its completion. Ability to recognize variations in design standard
work. Ability to ensure that variations in design standard work have risk mitigation plans.

Create Technical
Data for Suppliers

Ability to create a master file of documents which contain all of the design, production, and
quality information required to produce the product/service (includes design and production
standard work definition, design and production artifacts, and the requirement hierarchy).
Ability to ensure configuration management of master file is controlled.

Capture, Document, and
Preserve Lessons
Learned

Ability to identify and document lessons learned and integrate such into organizational
lessons-learned libraries so that the experience gained from previous processes in the
Design Phase can be applied to future program/projects.

Table 14, Phase 2, Design, knowledge and skill expectations to process alignment.

Process

Skill/Knowledge Objective Requirements: (Clearly state what the expected capability should
be)

Verify Flow-down of
Unique Customer
Requirements

Ability to review all applicable regulatory, customer, design, production, and quality
requirements, to determine that any and all applicable flow down requirements are
identified. Ability to ensure applicable requirements are conveyed in the technical data
and/or purchasing documents. Ability to assess partner/supplier processes to ensure
applicable requirements are conveyed to their suppliers. Ability to ensure applicable
requirements reside in the requirements hierarchy tool.

Apply Lessons Learned

Ability to access lessons-learned libraries and apply the experience gained from previous
programs/projects to the new program/projects.

Define Material Review
Board (MRB)
Requirements

Ability to identify requirements for material review processes for creation of nonconforming
product/services at suppliers/partners. Ability to ensure MRB processes at
suppliers/partners are documented in a controlled procedure and the responsibilities of the
entities involved in the design, procurement, and production of the product/service are
identified.

Assemble Master
Technical Data and Bid
Package

Ability to create a master package of technical data, terms and conditions, and other
pertinent documents needed to accurately communicate to suppliers/partner the
expectations of the customer.

Verify Master Technical
Data and Bid Package

Ability to ensure the contents of the technical data and bid package are complete and
correct. Ability to ensure supplier/partner processes are adequate to ensure technical data
and bid packages to their suppliers are complete and correct. Ability to verify that
requirements are effectively flowed down to all places where value is being created. Ability
to ensure the requirements flow-down process is appropriately documented to provide
objective evidence of compliance.

Apply Export Control
Rules (as required)

Ability to review technical data and assess if special handling processes are required to
ensure compliance with export control requirements. Ability to ensure suppliers/partners
have adequate controls in place to ensure compliance with export control. An
understanding of export control licensing and applicable regulations.
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Apply Unique
Requirements to
Purchasing Documents

Ability to review customer requirements and identify any special and/or unique
requirements applicable to suppliers/partners. Ability to effectively communicate to the
supplier/partner through defined and documented means of communication any special or
unigue requirements.

Determine Supplier
Capability (Assess Who
has Capability)

Ability to assess the capability of work scope execution in the supplier/partner base. Ability
to review various data inputs to determine supplier/partner capability. Ability to document
the results of supplier/partner work scope capability assessments.

Determine Supplier
Capacity (Assess Who has
Capacity to take on
additional/changed work)

Ability to assess the production/servicing capacity in the supplier/partner base. Ability to
review various data inputs to determine supplier/partner capacity. Ability to determine the
effects of material shortages on production/serving capacity. Ability to determine the
effects of additional work load in the supplier/partner base on overall capacity. Ability to
document the results of supplier/partner work scope capacity assessments.

Perform Pre-Award
Surveys (If New Supplier)

Ability to determine the scope of evaluation for new suppliers/partners, or those who are
potentially assuming work for which they have no previous performance evidence. Ability to
perform an evaluation at the points where value is added, which may include sub-tier
suppliers. Ability to assess compliance to requirements. Ability to assess work scope
execution capability. Ability to assess supplier/partner capacity and identify future risks.
Ability to document the results of supplier/partner pre-selection evaluation.

Perform Financial
Capability Assessment
on Supplier/Partner

Ability to assess the financial capability of the supplier and their sustained ability to conduct
business and ensure their ability to execute the defined work scope. Ability to assess
supplier/partner sub-tier suppliers to identify processes and/or products that may require
significant financial capital to deliver. Ability to evaluate the financial health of key
supplier/partner sub-tier suppliers. Ability to document the results of financial health
analyses.

Perform Special
Process and/or NDT
Evaluations

Ability to define the scope of evaluation to determine the compliance, capability, and
capacity of supplier's/partner's controls for special processes and/or nondestructive testing.
Understanding of applicable industry standards for special processes and nondestructive
testing. Understanding of regulatory requirements related to special processes and
nondestructive testing. Ability to perform evaluation of supplier/partner special processes
and nondestructive testing to determine compliance, capability, and capacity. Ability to
identify and document risks associated with noncompliance, capability concerns, and
capacity constraints found during evaluation at supplier/partner facilities. Ability to
document evaluation results.

Verify Suppliers'
Technical Capabilities

Ability to define evaluation scope to ensure suppliers/partners have adequate technical
capability to execute the scope of intended work. Ability to physically evaluate and ensure
the supplier/partner can perform to the requirements of the technical data and purchasing
documents. Ability to document any risks discovered during evaluation. Ability to
document the evaluation results.

Perform Process
FMEA

Ability to apply the concepts and methods of Process FEMA to the production/servicing
processes in order to quantify and categorize the potential areas of work execution risk and
ensure there are risk mitigation plans developed. Ability to ensure PFEMA analysis are
organized, documented, stored and integrated into the requirements hierarchy using a
requirements management tool.

Determine Support
Resource Needs (IPT,
SQA, Labs, etc.)

Ability to determine actual and total resource needs to support outsourcing to
suppliers/partners. Ability to quantify variation in resource requirements based on
supplier/partner production maturity. Ability to quantify variation in resource requirements
based on differences in regional and international influences. Ability to assess the
capability of suppliers/partners to ensure they have adequate resources to oversee their
suppliers. Ability to assess supplier/partner's past performance to identify potential risk
factors. Ability to document results of resource analysis in terms that can be used for
effective program management.

Determine Oversight
Resources Needs and
Plan Surveillance

Based on supplier, design, and production maturity, oversight requirements, ability to
evaluate and identify personnel resource requirements to support outsourcing. Ability to
quantify differences in regional and international influences on required oversight
resources. Ability to assess the capability of suppliers/partners to ensure they have
adequate resources to oversee their suppliers. Ability to document results of resource
analysis in terms that can be used for effective program management. Ability to understand
how regional and international influences affect oversight practices.

Request Quotes from
Suppliers

Ability to ensure a document is created which requests from suppliers/partners formal
documents which define their terms, conditions, and pricing to perform work which is stated
within the technical data package and defined in a statement of work.
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Evaluate Quotes from
Suppliers

Ability to evaluate formal offer packages that potential suppliers/partners have provided in
response for quotations. Ability to assess offer packages and ensure the responses
accurately address all of the technical requirements stated in the scope of work. Ability to
evaluate all requested deviations/objections noted in the response from suppliers/partners,
and assess the impact on quality and schedule. Ability to determine and document ratings
for each supplier offer package. Ability to evaluate the proposed use of sub-tier suppliers,
sources of raw materials, and logistics support providers.

Perform Full Quality
Management System
Evaluation

Based on a review of the quality requirements, ability to determine the scope of
supplier/partner QMS evaluation. Ability to perform a complete quality management system
evaluation of the selected supplier/partner to ensure compliance to all applicable
requirements. Ability to ensure supplier/partner has effective controls in place to ensure
their suppliers have compliant and effective QMS. Ability ensure the results of the
evaluation are appropriately documented, to include any findings or observations. Ability to
add the resulting new knowledge to the organizational knowledge library.

Monitor Supplier-QMS
Corrective and
Preventative Action
Process

Ability to verify and validate that suppliers/partners have effective procedures in place to
ensure effective closed-loop corrective and preventative action is deployed as a result of
findings and observations documented during a QMS evaluation. Ability to manage the
implementation timing of corrective action and the management of deviations. Ability to
identify and measure risks associated with the delay of corrective action implementation.
Ability to assess and determine that closed-loop corrective and preventative action is
applied, as required, throughout the supplier/partner's supplier base.

Make a Supplier
Selection

Based on the criteria established by the organization, and the measured ability of the
potential supplier/partner to deliver to the defined scope of work, the ability to select a
supplier/partner.

Add Supplier to
Approved Supplier List

Ability to ensure approved suppliers/partners are listed on the organization's list of
approved suppliers. Ability to ensure the scope and limitations of supplier/partner
approvals are well defined. Ability to assess existing processes to determine if approved
suppliers lists are made available to all points where its use is expected (includes
throughout the value stream).

Capture, Document, and
Preserve Lessons
Learned

Ability to identify and document lessons learned and integrate such into organizational
lessons-learned libraries so that the experience gained from previous processes in the
Partner/Supplier Selection Phase can be applied to future program/projects.

Table 15, Phase 3, Partner/Supplier Selection Process, knowledge and skill

expectations to process alignment.

Process

Skill/lKnowledge Objective Requirements: (Clearly state what the expected capability should be)

Apply Lessons Learned

Ability to access lessons-learned libraries and apply the experience gained from previous
programs/projects to the new program/projects.

Notification of Changes
in Capacity and/or
capability

Ability to assess organizational process which ensure the organization is aware of any
changes (positive or negative) to the capacity and/or capability of manufacturing and/or
servicing of a supplier/partner. Ability to assess existing notification processes to ensure all
appropriate parties aware of changes in supplier/partner capability/capacity.

Create Purchasing
Documents

Ability to create formal documents to procure products or services from supplier/partner
(e.g., purchase order, contract, etc.). Ability to verify that purchasing documents contain all
applicable information or references to all applicable information related to the procured
scope of work (including notifications of any changes to capabilities and/or capacity).

Review of Purchasing
Documents

Ability to review purchasing documents to verify they are complete and accurate (includes
design specifications, regulatory requirements, applicable revisions, quality requirements,
etc.). Ability to verify that suppliers/partners have processes in place to perform reviews of
purchasing documents to their sub-tier suppliers to ensure all design, regulatory quality,
and delivery requirements are flowed into contracting documents, to include revisions.

Ensure Approvals
Match Approved
Commodity Types

Ability to review and verify that the approvals granted to the supplier/partner match the
products or services the supplier/partner is providing. The approvals shall note the scope
of system approval, product approvals, and special process approvals. (i.e., Unique
approvals may include commaodities such as forgings, castings, ESD controls, NDT, special
processes, etc.). Ability to verify that suppliers/partners are validating the certifications their
sub-tier suppliers hold to ensure sub-tier suppliers are approved to perform the scope of
work assigned. Knowledge of industry certification schemes.
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Issue Purchasing
Document

Ability to issue the purchasing documents to the supplier/partner. Ability to ensure
purchasing documents are formally controlled within an established system. Ability to verify
that purchasing documents define the correct design configuration. Ability to verify that
suppliers/partners issue purchasing documents to sub-tier suppliers within a controlled
system and ensure configuration management is maintained.

Review Supplier
Process Planning

Ability to review documented process planning at suppliers/partners to ensure processes
are documented. Ability to understand and evaluate control methods to ensure adequacy
and capability of process planning may include statistical process control plans, process
control sheets, and other means of process definition. Ability to evaluate supplier defined
processes to ensure process planning is controlled by configuration management
processes.

Verify Supplier Work
Instructions

Ability to assess supplier/partner work instructions and verify that the process of completing
work is accurately defined. Ability to assess sub-tier suppliers work instruction creation
processes and verify that they define the scope of work, capture verification steps, and are
revision controlled. Ability to verify that a configuration management process is in place at
all levels of the value stream.

Ensure Non-
Destructive Test
Sequences are
Appropriately Applied

Ability to evaluate work instructions, process planning, and quality records to ensure
nondestructive testing is being performed at the appropriate points in production/servicing.
Ability to evaluate NDT process requirements to determine if appropriate records are
established and standards of reference and the limits of acceptance are defined. Ability to
evaluate certification requirements for NDT inspectors and validate that persons assigned
to associated NDT responsibilities are appropriately certified. Ability to assess inspection
records to validate that the documentation of NDT results are accurately defined in
applicable work instructions and quality records.

Ensure Control of
Customer Owned
Material

Ability to assess organizational and supplier/partner processes to verify customer-owned
material is controlled in accordance with defined requirements. Understanding of
identification, proper handling, preservation, and updating control requirements. Ability to
perform physical audits of organizational and supplier/partner facilities to verify that
customer-owned materials and being appropriately maintained and there is an
understanding of special storage requirements, and traceability and point of usage
documentation. Ability to verify that customer-owned material is appropriately maintained
throughout the value stream.

Ensure Control of
Government Furnished
Equipment/Materials

Ability to assess organizational and supplier/partner processes to verify government-owned
material are controlled in accordance with defined requirements. Understanding of
identification, proper handling, preservation, and updating control requirements. Ability to
perform physical audits of organizational and supplier/partner facilities to verify that
government-owned materials are being appropriately maintained and there is an
understanding of special storage requirements, traceability and point of usage
documentation. Ability to verify that government-owned material are being appropriately
maintained throughout the value stream. Knowledgeable of applicable government
standards and ability to assess applicability to project/program.

Ensure Supplier has an
Adequate Supplier
Control System

Ability to schedule and plan the audit scope to assess a supplier's/partner's quality
management system in order to determine compliance to defined requirements and to
identify potential risk factors related to management system controls. Ability to evaluate the
supplier/partner's supplier management processes to verify that supplier/partners have
effective control over work processes sourced. Ability to evaluate the supplier/partner's
supplier management processes to verify that supplier/partners have effective control over
work processes sourced at sub-tier suppliers. Ability to evaluate supplier's/partner's
capability and capacity to ensure conformity of work subcontracted to sub-tier suppliers.
Ability to evaluate supplier/partner sub-tier supplier performance monitoring systems to
verify effective oversight. Ability to evaluate supplier control processes to validate that
process controls are effective for managing noncompliances and nonconformances, to
include disposition and corrective action.

Ensure Supplier's
Utilize Source Approval
List for Sub-Tier
Selection (as required)

Ability to verify that suppliers/partners only utilize approved sources when required by
design or other formal document. Ability to verify that sub-tier suppliers who source work to
other sub-tier suppliers, utilize only approved sources as documented on applicable source
approval lists, as required.

Ensure Supplier
Packaging Controls are
in Place

Ability to verify that supplier/partner processes protect products and services in packaging
to prevent damage during transport. Understanding of various packaging standards,
including international and government standards, as applicable. Ability to verify that
shipping documents meet applicable requirements and that labeling is legible, applied
appropriately, and contain all applicable data required. Ability to ensure supplier/partner
has adequate processes in place to ensure sub-tier suppliers apply packaging
requirements. Understanding of direct-ship processes and related regulatory requirements,
as applicable.
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Ensure Traceability
Controls

Ability to verify that suppliers/partners have processes in place to ensure materials,
components, and products are controlled in such a manner that traceability is assured to
specified requirements. Ability to review and verify that drawings, process documents, work
instructions, and quality records accurately reflect applicable traceability requirements and
that traceability is maintained to the level of product definition which requirements specify.
Ability to ensure traceability controls are effectively deployed into the value stream.

Ensure Configuration
Controls

Ability to verify congruence of part configuration with engineering configuration, and that
changes to one are adequately coordinated with the other. Ability to verify the
implementation of approved changes are planned produceably and effectively either in line
or through modification kits which are thoroughly coordinated with the affected internal and /
or external organizations.

Ensure In-Process
Inspection / Operator
Certification

Ability to determine the appropriate points of inspection in the production/servicing work
processes. Ability to verify inspections are being performed at appropriate points in
production/servicing and the inspections are being performed by qualified persons. Ability
to validate the effectiveness of inspection planning. Ability to assess the effectiveness of
an operator certification process. Ability to verify that operator certification programs have
the appropriate approvals needed to deploy.

Ensure Process
Verification (Process
Tryout)

Ability to verify organizational and supplier/partner documented processes to ensure
process verifications (process try-outs) are conducted as required. Ability to assess the
adequacy of process verification processes. Ability to verify that process verification
processes are appropriately documented.

Ensure Process Tooling
Changes

Ability to verify tooling utilized in the production/servicing processes are conforming to
design requirements, including any changes to such tooling, throughout the value stream.
Ability to assess and verify that references to tooling requirements are accurately reflected
in work instructions, process sheets, and other technical documents.

Ensure In-Process
Inspection / Machine
Probing are Adequate

Ability to assess production and inspection processes and verify that in-process inspections
and machine probing are appropriately planned, sequenced, implemented and controlled.
Ability to plan and perform auditing and documentation review of in-process inspection
activities. Ability to assess and determine that inspection personnel are appropriately
qualified to perform inspection. Ability to verify that inspection personnel are available
when inspection is required. Ability to verify in-line probing equipment has adequate
capability to perform the required inspections. Ability to validate that suppliers incorporate
the use of machine probing into their procedures and work instructions and utilization is
documented in the FAI reports.

Ensure
Chemical/Metallurgical
Processes are
Conforming

Understanding of various standards related to chemical and metallurgical processes.
Ability to evaluate processes and verify that chemical and metallurgical processes are
conforming to design and process requirements. Understanding of destructive and/or
nondestructive evaluation methods. Ability to verify that chemical and metallurgical
processes are verified by supplier. Ability to perform over-sight inspection to verify process
conformance. Ability to assess personnel capabilities to verify assigned persons are
qualified, and certified as required, to perform special processes.

Provide QA/Engineering
Interpretation

Ability to provide interpretation of design and quality requirements to suppliers and to other
members of the organization to ensure accurate understanding of requirements.
Understand cultural differences within the supplier/partner base. Ability to document formal
direction, as appropriate. Ability to understand technical requirements. Ability to
understand supplier challenges and recommendations and engage with engineering,
procurement, and other functional disciplines to resolve issues. Ability to schedule and
verify through follow up actions that interpretation provided was accurately understood.

Review and Approve
Supplier Development
of First Article
Inspection Report

Understanding of first article inspection standards. Ability to verify that supplier's/partner's
FAI processes are appropriately planned and compliant to applicable standards (e.g.,
AS9102). Ability to verify FAI plans address supplier/partner internal requirements as well
as higher-level (customer, prime) requirements. Understanding of the relationship of
tooling control in FAI planning. Ability to verify sub-tier supplier activities are included in
FAI planning.

Ensure Supplier
Software Conformance -
1st Article

Understanding of software quality processes (e.g., peer review). Ability to verify that
deliverable/embedded software meets design requirements and that production systems
will ensure conformity (e.g., review of design artifacts such as UML, verification of software
performance requirements such as fault tolerance and built in test.). Ability to verify that
first article inspection planning includes software considerations. Ability to review
contractual documents to determine level of organizational access to source code.
In cases where the organization cannot see the source code, software verification
processes will be planned and arranged accordingly.) Ability to ensure personnel are
capable of performing software verification activities.

(Note:

146



Owner
Line


Process-Based Ontological Engineering

Ensure Supplier
NDT/Special Process
Conformance - 1st
Article

Understanding of NDT methods and applicable special process standards requirements.
Ability to verify NDT and special processes are included in FAI planning. Ability to validate
that defined NDT and special process verification processes defined in FAI are appropriate
and adequate. Ability to verify measured results meet defined requirements. Ability to
verify special processes have objective evidence of conformity and that NDTs are
performed per requirements. Ability to verify personnel at all levels of the supplier/partner
base are qualified to perform special processes and NDT.

Ensure Supplier
Hardware Conformance
- 1st Article

Understanding of FAI processes and standards. Understanding of design standards.
Understanding of production processes and production planning. Understanding of
inspection planning. Ability to apply concepts and standards to verify the geometric and
physical characteristics are conformed throughout the FAI process. Ability to verify
appropriate measurement devices (e.g., calibrated, and accuracy) are utilized when making
inspection measurements. Ability to ensure compliance of FAI requirements throughout the
value stream.

Ensure Deviations are
Reviewed and Approved

Understanding of documentation processes for product and/or process deviations. Ability
to formally document deviations discovered in pre-production processes and to ensure
appropriate review and approval is concluded. Ability to evaluate documented processes to
verify that deviation authority is defined and controlled. Ability to verify that deviations
discovered during initial FAI are replanned for a follow up FAI. Ability to evaluate FAI
follow-up processes to ensure follow-up actions are effectively performed and documented.
Ability to ensure FAls are performed at the appropriate locations and sequences within the
value stream.

Approve Product
Conformance - 1st
Article Reports

Understanding of FAI processes and standards. Understanding of design standards.
Understanding of production processes and production planning. Understanding of
inspection planning. Ability to evaluate final FAI packages to verify the entire deliverable
product conforms to design and purchasing document requirements and complies with FAI
requirements. Ability to verify all lower-level/component-level FAls are complete and
accurate.

Establish Delegated
Inspection Process

Understanding of regulatory requirements for inspection and design delegations.
Understanding of customer requirements for inspection and design delegations. Ability to
assess supplier/partner documented procedures related to delegations functions to ensure
compliance to external and internal requirements. Ability to evaluate the capabilities and
qualifications of supplier/partner personnel to perform delegated inspection functions.
Ability to evaluate supplier/partner delegated functions to ensure compliance to applicable
requirements. Ability to ensure delegated functions within the value stream are controlled.

Ensure Shop-Assist
Process

Ability to verify that shop-assist suppliers have effective procedures in place to ensure the
quality of the temporary out-sourced work. Ability to determine that the scope and use of
shop assist is limited to the temporary use of production capacity and is not actually an
outsourcing of longer-term production and/or services. Ability to verify shop-assist quality
records and production documentation are controlled.

Develop Alternate
Supplier Approval
Process (as required)

Ability to interpret design, production, and quality requirements. Ability to create a quality
plan which defines the specific controls to be in place to effectively manage work to a
supplier which is not approved under normal processes. Ability to validate the effective
implementation of quality plans. Ability to verify that changes to quality plans are subject to
customer approval prior to implementation, as required, and ensure such approval is
obtained.

Complete
governmental forms
related to production

and/or design
conformity

Understanding of regulatory direction (e.g., FAA/EASA Orders and Advisory Circulars) and
applicable regulations. Ability to verify that organizational and supplier/partner business
processes adequately control the issuance of governmental forms. Ability to create the
appropriate documentation for product design and production approval by governmental
agencies. Ability to ensure authorized persons complete the official forms and that
supporting documentation is provided. Understanding of resource and schedule
reguirements to process governmental forms.

Capture, Document, and
Preserve Lessons
Learned

Ability to identify and document lessons learned and integrate such into organizational
lessons-learned libraries so that the experience gained from previous processes in the Pre-
Production Manufacturing/Maintenance Phase can be applied to future program/projects.

Table 16, Phase 4, Pre-Production Manufacturing/Maintenance Processes,
knowledge and skill expectations to process alignment.
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Process

Skill/Knowledge Objective Requirements: (Clearly state what the expected capability should
be)

Apply Lessons Learned

Ability to access lessons-learned libraries and apply the experience gained from previous
programs/projects to the new program/projects.

Apply Continuous
Improvement Support

Understanding of various continuous improvement (Cl) methods. Ability to apply CI
methods to remove waste and improve quality. Ability to utilize data and various quality
tools to understand process performance and improvement opportunity. Ability to ensure
improvement actions do not compromise approved production controls. Ability to integrated
best practices and lessons learned into organizational memory. Ability to develop and
present a business case for Cl activities/projects.

Establish
Appropriate
Performance Metrics &
Data Analysis

Ability to establish appropriate performance measurements to assess process performance
and quality. Ability to integrate performance measurement processes into business,
production, and service processes.

Collect Performance
Metrics & Perform Data
Analysis

Understanding of performance measurement processes. Ability to collect data related to
process performance and quality. Ability of conduct data analysis. Ability to present data in
visual formats for use in the organization. Ability to effectively communicate performance
measurements.

Take action based on
data analysis

Understanding of performance measurement processes. Ability to evaluate course of action
based on analysis of data to take desired improvement action. Ability to coordinate
proposed action with key constituents. Ability to ensure action is taken. Ability to document
executed action and apply to lessons learned and standard work, as applicable.

Participate in
Process/Procedure
Ballot (Sign-off) Review

Understanding of procedure management systems. Ability to review proposed changes to
procedures and provide input to changes in policies and procedures. Ability to verify
proposed changes to policies and procedures are appropriate with regards to product
design, quality requirements (FAI, QMS, standards, FAR), organizational culture, available
resources, and equipment.

Perform Supplier
Designee Management

Understanding of regulations and processes for delegations of inspection functions. Ability
to ensure persons who have been delegated inspection authority are capable to execute
inspection responsibilities and are in compliance with applicable requirements.

Monitor Calibration
Control

Understanding of metrology control processes. Understanding of the international nature of
metrology control and the various national and international agreements for measurement.
Ability to verify calibration systems are in compliance with the approved system
requirements and applicable regulations. Ability to assess equipment maintenance,
handling methods, calibration standards, use, and storage control processes and validate
compliance to applicable requirements.

Monitor Gage R&R
Control

Understanding of metrology control processes. Ability to verify calibration systems are in
compliance with the approved system requirements and applicable regulations. Ability to
assess equipment maintenance, handling methods, calibration standards, use, and storage
control processes and validate compliance to applicable requirements. Understanding of
human factors in measurement. Understanding of variability in measurement processes.
Ability to perform gage R & R studies. Ability to document gage R & R studies. Ability to
verify that gage R & R studies have been conducted correctly throughout the value stream
and appropriately documented.

Monitor Correlation of
Metallurgical Testing

Understanding of variance control methods in metallurgical testing. Ability to ensure the
standards and equipment utilized for metallurgical testing are accurate. Ability to verify that
documentation of correlation studies (e.g., "round robin") are available throughout the
supplier/partner base. Understanding of special control requirements for spectrometers.

Ensure Records &
Documentation are
Appropriately
Maintained

Understanding of applicable industry standards which require retention of quality records.
Ability to ensure the documentation required for documentation of traceability, product
configuration, and quality acceptance is appropriately maintained. Ability to verify that
retention times and locations of records complies with contract requirements. For
electronic records, ability to ensure data is backed-up at appropriate locations and content
is protected from derogation. Ability to ensure the documentation required to document
traceability, product configuration, and quality acceptance are appropriately maintained
throughout the supplier/partner base to include retention and safeguarding of data content.
Understanding of the legal requirements related to quality records.
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Provide Operator /
Inspector Training/
Supervision Support

Understanding of skill development processes. Understanding of various industry
personnel, process, and system certifications. Understanding of how skills relate to task.
Ability to verify personnel have accurate understanding of requirements. Ability to verify
that personnel have access to organizational decision-making processes. Ability to provide
instruction to operators and/or inspectors in the methods of product/service verification.
Ability to verify that effective training management systems have been deployed throughout
the value stream.

Ensure Sampling
Inspection Processes
are Appropriate and
Controlled

Basic understanding of statistics. Understanding of inspection technigues. Understanding
of key characteristics. Ability to verify that established sampling plans are controlled and in
compliance with appropriate sampling standards. Ability to verify that approved sampling
plans are appropriately utilized. Ability to verify that personnel utilizing sampling plans
understand sampling methods. Ability to verify that records related to sampling activities
are maintained. Ability to verify that supplier/partner personnel understand the use of
sampling plans. Ability to verify that when sampling plans are utilized, the requirements are
flowed down to all levels of the supplier base. Ability to verify, when required, that sampling
plans have appropriate approvals prior to implementation.

Ensure Self-Release
Program

Understanding of regulatory requirements related to self-release. Understanding of
organizational procedures related to self-release processes. Ability to create appropriate
forms related to self-release. Ability to verify that supplier/partner processes for self-release
meet applicable regulatory and organizational requirements. Ability to verify that self-
release programs at suppliers/partners are approved, as required. Ability to verify that
personnel performing or managing self-release programs understand requirements. Ability
to verify that documentation related to self-release processes are maintained, and product
is conforming.

Coordinate Scheduling
(MRP)

Understanding of material resource planning processes. Ability to review MRP and
determine the scope of quality related support. Ability to schedule adequate
quality/inspection support (e.g., inspection, testing, etc.), and ensure critical points in
material flow are recognized and planned. Based on MRP requirements, ability to
determine if critical skills, special equipment, or logistics considerations are required.
Ability to create quality/inspection supports which provide a visual representation of timing
and extent of support required.

Monitor Scheduling
(MRP)

Understanding of material resource planning processes. Ability to review MRP and
understand the scope of quality related support. Ability to verify that support action is taken
at critical points in material flow, as defined in program planning. Ability to verify that skills,
equipment and other considerations are available when needed. Ability to document the
outcomes of planned activities. In the event that conditions prevent the execution of
activities as planned, the ability to verify that remedial planning is accomplished to ensure
tasks are effectively performed. Ability to validate that the entire supplier base understands
how to communicate with the procuring system to ensure accurate authority and direction is
provided.

Ensure Supplier Self-
Audit (QMS)

Understanding of quality management systems. Understanding of QMS standards.
Understanding of applicable regulatory requirements related to internal audits. Ability to
perform QMS evaluations. Ability to verify that suppliers/partners perform self-assessments
to ensure compliance to their QMS and contract requirements (internal audit). Ability to
verify that records of self-assessments are maintained as quality records. Ability to validate
that persons performing the self-assessments are qualified to perform self-assessments.
Ability to review and verify that records contain the scope of the assessment, elements of
the assessment which were not performed, and findings and observations discovered
during the assessment. Ability to verify that appropriate objective evidence is maintained.
Ability to verify that past findings and observations are included in audit scope planning.
Ability to verify that appropriate root cause/corrective action is undertaken to include
appropriate follow up actions. Ability to verify that records are available for review by
external auditors.

Monitor QMS Findings

Understanding of quality management systems. Understanding of QMS standards.
Understanding of applicable regulatory requirements related to internal audits. Ability to
perform QMS evaluations. Understanding of root cause analysis. Understanding of closed-
loop corrective action. Ability to verify when required that noncompliances are documented
when found during self-assessments and are managed for root cause and corrective action.
Ability to verify that appropriate follow-up actions occur as scheduled. Ability to verify at all
levels of supplier/partner base that QMS findings are appropriately managed and closed.
As required, ability to verify that review and acceptance by the procuring authority is
obtained and documented.
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Perform Periodic QMS
Evaluations

Understanding of quality management systems. Understanding of QMS standards.
Understanding of applicable regulatory requirements related to supplier audits. Ability to
perform QMS evaluations. Understanding of root cause analysis. Understanding of closed-
loop corrective action. Understanding of the business processes and/or technical
processes under audit. Ability to plan, schedule, and perform periodic QMS evaluations at
supplier/partner locations. Ability to utilize risk based methods as appropriate in
establishing schedule and scope of QMS audits. Ability to verify that the results of the QMS
audit are documented, to include scope of audit. Where 2"- or 3"-party sources are
utilized as a means of determining supplier/partner compliance to their QMS, ability to verify
that 2nd and 3rd parties have the appropriate skills and capabilities to perform the scope of
the audits.

Document QMS
Findings

Understanding of quality management systems. Understanding of QMS standards.
Understanding of applicable regulatory requirements related to internal audits. Ability to
perform QMS evaluations. Understanding of root cause analysis. Understanding of closed-
loop corrective action. Understanding of the business processes and/or technical
processes under audit. Ability to document noncompliances found during QMS
evaluations. Ability to ensure findings and observations are documented to reflect the
required condition and the encountered condition. Ability to ensure observations and
finding are documented on appropriate records.

Monitor Supplier Root
Cause Analysis - QMS
(Root Cause Process)

Understanding of quality management systems. Understanding of QMS standards.
Understanding of applicable regulatory requirements related to internal audits. Ability to
perform QMS evaluations. Understanding of root cause analysis. Understanding of closed-
loop corrective action. Understanding of the business processes and/or technical
processes under audit. Ability to verify that suppliers/partners are utilizing appropriate root
cause analysis tools and such are applied during analysis of documented findings. Ability
to evaluate the effectiveness of root cause analysis tools utilized in the sub-tier supplier
base.

Approve Supplier Root
Cause Analysis - QMS
(Individual Root Cause
Analysis)

Understanding of quality management systems. Understanding of QMS standards.
Understanding of applicable regulatory requirements related to internal audits.
Understanding of root cause analysis. Understanding of closed-loop corrective action.
Understanding of the business processes and/or technical processes under audit. Ability to
validate that the supplier/partner has identified the root cause of QMS noncompliances.
Ability to evaluate root cause analysis and ensure the root cause is addressed in the sub-
tier supplier base.

Monitor Supplier
Corrective & Preventive
Action Processes —
QMS

Understanding of quality management systems. Understanding of QMS standards.
Understanding of applicable regulatory requirements related to internal audits.
Understanding of root cause analysis. Understanding of closed-loop corrective action.
Understanding of the business processes and/or technical processes under audit. Ability to
verify that suppliers/partners have effective corrective and preventative action processes in
place and such are applied to the root cause of noncompliance. Ability to verify that
corrective action process identifies and contains any potential impact on product. Ability to
verify that effective corrective action processes are in place within the sub-tier supplier
base.

Approve Supplier
Corrective & Preventive
Action — QMS

Understanding of quality management systems. Understanding of QMS standards.
Understanding of applicable regulatory requirements related to internal audits.
Understanding of root cause analysis. Understanding of closed-loop corrective action.
Understanding of the business processes and/or technical processes under audit. Ability to
verify that the documented corrective and preventative action determinations effectively
address the root cause in a timely fashion. Ability to document acceptance, in the
appropriate manner, to indicate acceptance of corrective action.

Follow-Up of Corrective
& Preventative Action

Understanding of quality management systems. Understanding of QMS standards.
Understanding of applicable regulatory requirements related to internal audits.
Understanding of root cause analysis. Understanding of closed-loop corrective action.
Understanding of the business processes and/or technical processes under audit. Ability to
verify the effectiveness of corrective and preventative actions by assessing implemented
solutions after actions had been taken. Ability to establish appropriate interval for follow-up
effectiveness assessment. Ability to perform a follow-up audit of the implemented solutions
to ensure they reflect the agreed-to arrangements; and that the solution prevents
recurrence of the root cause. Ability to verify that corrective action follow up audits are
effective planned, performed, and documented within the sub-tier supplier base.
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Ensure Drop-Ship
Approvals (Shipments
directly from Supplier to

Customer)

Understanding of regulatory requirements related to direct-ship authorization.
Understanding of organizational procedures related to direct-ship processes. Ability to
create appropriate forms related to direct-ship processes. Ability to verify procedures are in
place to control direct-ship processes. Ability to verify that appropriate documented
approvals are maintained to permit drop-shipments between suppliers. Ability to verify that
appropriate documented approvals are maintained to permit drop-shipments between
suppliers and customers. Ability to evaluate that positive quality control is maintained
throughout supplier/partner base.

Ensure Contract
Terminations

Understanding of contract review processes. As applicable, understanding of government
requirements for contract termination. Ability to verify that when a contract is terminated
with a supplier/partner that the terms and conditions of termination are complied with and
quality is maintained throughout the process. Ability to verify that when a contract is
terminated between a supplier/partner and sub-tier suppliers that the terms and conditions
of termination are complied with and quality is maintained throughout the process.

Monitor Software
Quality Plan

Understanding of software quality practices. Ability to review technical program
requirements and identify specific software control requirements. Ability to create a
software quality plan that will verify the technical and functional capabilities of imbedded
software. Ability to verify that software quality plans are being applied as required. Ability
to verify that results of software quality control activities are appropriately documented.

Monitor Supplier Sub-
tier Control

Understanding of quality management systems. Understanding of QMS standards.
Understanding of applicable regulatory requirements related to supplier control and product
conformity. Understanding of root cause analysis. Understanding of closed-loop corrective
action. Understanding of the business processes and/or technical processes under audit.
Ability to verify that suppliers/partners are effectively controlling their supply base by
ensuring requirements are flowed through purchasing documents and complied with.
Ability to evaluate supplier/partner supplier control process and ensure they are adequately
monitoring the quality of processes, products and services.

Ensure Engineering
Support is Provided

Understanding of configuration management practices. Understanding of design change
processes. Understanding of applicable regulatory requirements related to design
changes. Understanding of the relationship between design documents and production
planning. Ability to verify that suppliers/partners have accurate technical/design data to
include the assurance of configuration management. Ability to verify that suppliers,
partners, and sub-tier suppliers posses an understanding of requirements and is accurate
by assessing the implementation of technical requirements into documented work
processes.

Monitor Engineering
Change Request
Process

Understanding of configuration management practices. Understanding of design change
processes. Understanding of applicable regulatory requirements related to design
changes. Understanding of the relationship between design documents and production
planning. Ability to verify that engineering processes are performed in accordance with
system requirements. Ability to verify that engineering changes are implemented effectively
and configuration management maintained. Ability to verify that engineering change control
processes and configuration management are effectively deployed throughout the value
stream.

Review Engineering
Changes (MCL/SQE/QE)
(Quality Review)

Understanding of configuration management practices. Understanding of design change
processes. Understanding of applicable regulatory requirements related to design
changes. Understanding of the relationship between design documents and production
planning. Understanding of quality laboratory processes. Understanding of contract
review process. Understanding of purchase order processes. Ability to verify that quality
considerations are included in engineering changes, including produceability, inspectability,
and production testing requirements.

Ensure Positive Control
of Unvalidated
Engineering Changes

Understanding of configuration management practices. Understanding of design change
processes. Understanding of applicable regulatory requirements related to design
changes. Understanding of the relationship between design documents and production
planning. Understanding of quality laboratory processes. Understanding of contract
review process. Understanding of purchase order processes. Ability to verify that
processes are in place to control the deployment-unvalidated engineering changes into
production while maintaining positive recall control of any product or services in which
unvalidated changes have been applied. Ability to evaluate the controls established are
adequate to control the deployment un-validated engineering changes into production while
maintaining positive recall control of any product or services in which unvalidated changes
have been applied.
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Ensure Ship in advance
of Completion Process
is Controlled

Understanding of special processing, inspection, testing, and installation of parts and
components. Understanding of configuration management processes. Understanding of
production and inspection records. Ability to verify that processes are established which
ensure the effective management of product which are being shipped from one location to
another without all of the required processes being completed.

Ensure Buy-Back
Processes are
Controlled

Understanding of applicable regulatory requirements related to product buy-back.
Understanding of contract review processes. Ability to assess the applicability for buy-back
and positive confirmation of airworthiness. Ability to verify that appropriate documentation
is obtained for buy-back materials/product. Ability to determine if appropriate approvals
have been obtained (e.g., regulatory authority approvals, customer approvals, etc.).

Ensure Packaging &
Preservation

Understanding of various government packaging standards. Understanding of product
protection methods. Ability to evaluate supplier/partner packaging and handling procedures
to determine compliance with applicable requirements. Ability to evaluate packaging to
ensure adequacy to prevent deterioration of product during shipping and storage. Ability to
evaluate compliance to packaging, handling and preservation requirements. Ability verify
that sub-tier suppliers are in compliance with applicable packaging and handling
requirements.

Monitor Financial
Condition of Key
Suppliers

Understanding of financial health indicators. Ability to evaluate the ability of a
supplier/partner to sustain production/servicing. Ability to maintain awareness of the
financial condition of suppliers/partners by review of public information and discussions
within industry. Ability to maintain an awareness through observation in the supplier base
of conditions such as material changes, changes in suppliers, equipment condition,
employee turnovers, etc., which may be indicators of financial health stress at
suppliers/partners and key sub-tier suppliers. Ability to effectively communicate financial
health measurements to management.

Monitor Changes in
Personnel

Ability to identify any specialized skill requirements related to the program, throughout the
value stream. Ability to evaluate that supplier/partner and key sub-tier supplier personnel
have the appropriate capability and understanding to meet design and contract
requirements. Ability to monitor, through surveillance and reporting, supplier/partner and
key sub-tier supplier personnel changes. Ability to evaluate changes of key personnel to
ensure appropriate capabilities are maintained.

Monitor Documentation
Control Processes

Understanding of production and inspection planning processes. Understanding of
applicable regulatory and industry standard requirements. Ability to verify that
documentation control processes are appropriately controlled, to include changes reviewed
and approved by authorized persons, changes implemented at the appropriate
configuration control level, and implemented into appropriate work documents. Ability to
verify that production and inspection records are retained in accordance with specific
requirements. Ability to evaluate the effectiveness supplier/partner documentation control
processes at sub-tier supplier to ensure compliance to requirements. Ability to verify
documentation retention and storage at all tiers of the supplier/partner base.

Monitor Inspection
Control Processes

Understanding of inspection methods. Understanding of regulatory requirements related to
inspection processes and authorizations. Ability to verify that inspection processes are
appropriately planned and performed throughout production/servicing processes by
qualified persons. Ability to evaluate effectiveness of inspection/testing processes, ensure
authorized personnel perform inspection/test functions, and ensure appropriate
documentation is maintained.

Monitor Operator
Certification Controls

Understanding of regulatory requirements related to inspection processes and
authorizations. Ability to validate the effectiveness of operator certification processes.
Ability to assess the competency of persons delegated inspection authorization. Ability to
verify that delegation records are maintained, complete, and accurate. Ability to review the
process oversight processes associated with delegated inspection authorization to verify
the process is in compliance and capable.

Monitor Parts Release
Kitting Verification

Understanding of material control processes. Understanding of foreign object debris
prevention. Understanding of packaging and handling methods. Ability to verify that kitting
performed at suppliers/partners and sub-tiers is conforming to stated requirements and that
the configuration of kitted parts is correct.

Monitor Supplier Stamp
Control

Understanding of stamp-control methods. Understanding of regulatory and industry
standard requirements related to stamp control. Ability to verify that stamps and signatures
utilized to perform acceptance of work processes are effectively controlled and traceable to
the individual accepting work at suppliers/partners and throughout the value stream.
(Includes all media, including electronic.)
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Monitor Engineering
Source Approval

Understanding of type design control requirements. Understanding of which processes are
engineering source controlled, and audit the processes and associated documentation to
ensure compliance. Ability to verify that processes which are designated as controlled by
engineering ("frozen process") are effectively controlled.

Monitor Nadcap
Surveillance Process

Understanding of regulatory requirements related to 2nd and other party oversight of
suppliers. Understanding of Nadcap processes. Understanding of controls for special
processes. Understanding of product conformity implications related to special processes.
Ability to monitor suppliers/partners who have special processes approved by Nadcap and
verify their approval as current. Ability to engage alternative means of special process
surveillance for suppliers who allow their certification to expire. For sub-tier suppliers,
ability to verify that 1st tier suppliers have processes in place to notify the organization in
the event of changes in the sub-tier supplier certification status.

Monitor Handling
Practices / Foreign
Object Damage Controls

Understanding of foreign object debris prevention and detection methods. Understanding
of potential product conformity impact related to FOD. Understanding of handling and
packaging methods. Ability to evaluate supplier/partner material handling processes to
verify product is effectively protected during processing. Ability to evaluate supplier/partner
work practices and ensure there are positive practices to prevent and detect FOD. Ability to
verify that FOD prevention practices are engaged at all levels of the supplier base.

Monitor Supplier
Resource Capacity

Understanding of industrial capacity measurement methods. Understanding of value
stream mapping processes. Understanding of MRP processes. Ability to evaluate changes
in supplier/partner facilities, personnel, and work volume and potential impact on their
ability to continuously meet design, quality, and production/maintenance requirements.
During ongoing assessments and communication with supplier/partners, ability to recognize
and quantify potential capability/capacity changes. Ability to effectively communicate
changes in value stream capacity measures to management.

Capture, Document, and
Preserve Lessons
Learned

Understanding of lessons learned libraries. Ability to identify and document lessons
learned and integrate such into organizational lessons learned libraries so that the
experience gained from previous processes in the Production/Service Phase so that they
can be applied to future program/projects.

Table 17, Phase 5, Production/Maintenance (Post-FAI) System Focus, knowledge

and skill expectations to process alignment.

Process

SkilllKnowledge Objective Requirements: (Clearly state what the expected capability should be)

Apply Lessons Learned

Ability to access lessons learned libraries and apply the experience gained from previous
programs/projects to the new program/projects.

Ensure First-Piece
Setup

Ability to perform geometry math. Ability to lay a part out for inspection. Understanding of
applicable production methods. Ability to utilize inspection gauging. Ability to perform
inspection techniques to verify that the first article produced for each production run in
recurring production processes is appropriately set-up so that it will yield conforming
characteristics and meets all stated requirements (not AS9102 FAI)..

Ensure Hidden
Dimension Verification
is Performed (as required)

Understanding of applicable production methods. Ability to utilize inspection gauging.
Ability to verify that inspection planning accurately reflects inspection requirements at
appropriate points of inspection. Ability to apply inspection techniques to verify all required
verification characteristics are positively conformed to design and engineering data sets at
the points where verification can be made. Ability to verify that quality records accurately
reflect inspection of hidden characteristics.

Ensure Test and
Inspection (Measurement
Software, Equipment etc.) iS
Performed (as required)

Understanding of production and inspection planning processes. Understanding of special
process controls. Understanding of NDT methods. Understanding of operator/technician
qualification requirements. Ability to verify that supplier's/partner's perform inspections
(NDT and visual) and verification (e.g., testing, software model runs) of product
characteristics at appropriate points and with appropriate techniques. Ability to evaluate
that process, people, and equipment are appropriate and controlled throughout the
supplier/partner base. Ability to very that results of inspection and test activities are be
defined and documented.
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Ensure Hardware
Conformance -
Dimensional Inspection
- CMM/Layout/Bench

Understanding of inspection planning processes. Ability to utilize inspection measurement
devices. Understanding of metrology control requirements. Ability to verify
supplier's/partner's perform dimensional inspections utilizing appropriate equipment and
gages, utilizing appropriate inspection techniques, utilizing qualified personnel, and are
appropriately documented.

Ensure Hardware
Conformance - Visual
Inspection

Understanding of production and inspection planning processes. Ability to verify that
physical product qualities were verified by appropriate visual means. Ability to verify that
visual inspection processes are appropriately defined and personnel performing the visual
inspection process are qualified to the scope of their responsibilities.

Ensure Hardware
Conformance - NDT
Inspection

Understanding of various NDT methods and requirements for personnel certification.
Ability to verify that physical product qualities are verified by appropriate nondestructive
evaluation techniques. Ability to verify that supplier/partner NDT processes are performed
to requirements, equipment is appropriately maintained (to include calibration and shelf-
life), and personnel performing NDT hold appropriate qualifications. Ability to determine
compliance within the value stream on matters related to NDT.

Ensure Software
Conformance —
Deliverable

Understanding of Software Quality principals and methods. Ability to verify that deliverable
software (software which is embedded in a product and is delivered to a customer)
conforms to design requirements. Ability to verify that supplier's/partners perform
verification processes (e.g., code comparison, run tests, peer review) to verify deliverable
software is conforming. Ability to verify that quality records reflect software configuration,
conformity, and acceptance.

Perform Source
Inspection

Understanding of production and inspection planning processes. Understanding of MRP
processes. Ability to evaluate that personnel performing source inspection have the
appropriate skills and experience to understand and access product/service conformity.
Ability to plan, schedule, and perform product inspection activities and document results in
appropriate quality records. Through inspection and test methods, the ability to verify
product conformity at source of production/servicing. Ability to document and verify that
inspection results are documented and appropriately maintained.

Perform Periodic
Special Processes
(Weld, Peen, Plating,
etc.) Evaluations

Understanding of various NDT methods. Understanding of special process controls. Ability
to plan, schedule, perform, and document periodic evaluations of special processes at
supplier/partner locations. Ability to apply risk based methods as appropriate.

Perform Product
Conformity Audits

Understanding of and ability to apply various inspection and test methods. Ability to plan,
schedule, perform, and document product conformity audits. Ability to apply risk-based
methods as appropriate.

Monitor Engineering
Source Approval
(Process Approval - as
required)

Understanding of technical program requirements. Ability to verify processes which are
designated as controlled by engineering (“frozen process") are effectively controlled. Ability
to evaluate engineering source controlled processes to ensure they are performing as
approved. Ability to verify evaluation results are appropriately documented.

Monitor Process
Certification /Statistical
Process Control

Understanding of applicable regulatory and industry standard requirements related to
sampling and application of statistical process control methods. Understanding of statistics
and statistical process controls. Ability to assess statistical techniques and inspection
sampling plans that are applied in the supplier/partner base and are being applied correctly
and that appropriate action is undertaken, as required. Ability to verify that sampling and
SPC records are effectively maintained throughout the value stream.

Document Product
Nonconformances

Understanding of regulatory requirements related to the documentation of product and/or
process nonconformities. Understanding of industry standard and/or customer
requirements related to the documentation of product and/or process nonconformities.
Understanding of material review board processes. Understanding of contract
requirements. Ability to document product and/or process nonconformities on appropriate
material review/quality records. Ability to verify appropriate approvals are obtained. Ability
to verify that the nonconformance document is provided to appropriate MRB personnel.

Manage Quality
Review (MRB Activities) —
Product

Understanding of regulatory requirements related to the documentation of product and/or
process nonconformities. Understanding of industry standard and/or customer
requirements related to the documentation of product and/or process nonconformities.
Understanding of material review board processes. Understanding of contract
requirements. Ability to validate the appropriate segregation, review, disposition, corrective
work, and approvals are made in the event of a product nonconformance. Ability to verify
that authorized (e.g., MRB) personnel have approved the corrective work activities.
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Monitor/Approve
Supplier Root Cause
Analysis — Product

Understanding of regulatory requirements related to the documentation of product and/or
process nonconformities. Understanding of industry standard and/or customer
requirements related to the documentation of product and/or process nonconformities.
Understanding of material review board processes. Understanding of contract
requirements. Understanding of root cause analysis. Understanding of closed-loop
corrective action. Understanding of the product and/or services. Ability to verify that
appropriate root cause analysis tools are utilized during analysis nonconformances. Ability
to verify that authorized (e.g., MRB) personnel have approved the identification of root
cause. Ability to substantiate that product/services previously produced/provided are
reviewed for applicability. Ability to verify that root cause documentation is maintained as
quality records.

Monitor/Approve
Supplier Corrective &
Preventive Action
Processes — Product

Understanding of regulatory requirements related to the documentation of product and/or
process nonconformities. Understanding of industry standard and/or customer requirements
related to the documentation of product and/or process nonconformities. Understanding of
material review board processes. Understanding of contract requirements. Understanding
of root cause analysis. Understanding of closed-loop corrective action. Understanding of
the product and/or services. Ability to verify that effective corrective and preventative action
processes are in place and applied to the root cause of noncompliance/nonconformance in
a timely fashion. Ability to verify that corrective and preventative action plans have been
approved, as required. Ability to verify effectiveness after implementation and prior to
closure of the corrective action records (follow-up).

Ensure Internal
Receiving Inspection
Controls are Adequate

Understanding of regulatory requirements related to inspection processes. Understanding
of inspection skill requirements. Understanding of inspection methods and utilization of
inspection equipment. Ability to verify that receiving inspection processes which receive
supplier/partner products and services are capable of performing required verification
processes. Ability to verify that inspection requirements meet the requirements of the
customer, design, and production complexity. Ability to verify that receiving inspection
documentation is maintained as quality records.

Ensure Configuration
Status and Accounting
(FCA)

Understanding of contract requirements related to configuration management.
Understanding of configuration management processes. Ability to verify that prior to
delivery, configuration reconciliation is performed between Engineering Bill of Materials
(EBOM) and Manufacturing Bill of Materials (MBOM), complete with a history of Deviation
and Waivers, open and pending changes, and objective evidence of change incorporation
as applicable. Ability to verify that capability to successfully perform an Functional
Configuration Audit (FCA) exists, if required.

Ensure Configuration
Status and Accounting
(PCA)

Understanding of contract requirements related to configuration management.
Understanding of configuration management processes. Ability to verify that prior to
delivery, configuration reconciliation is performed between Engineering Bill of Materials
(EBOM) and Manufacturing Bill of Materials (MBOM), complete with a history of Deviation
and Waivers, open and pending changes, and objective evidence of change incorporation
as applicable. Ability to verify that the capability to successfully perform a Physical
Configuration Audit (PCA) exists, if required.

Perform Escapes
(nonconformance to field)
Management and Field

Notification/Recall
Process

Understanding of regulatory requirements related to field escapes. Understanding in
organizational MRB processes. Ability to verify that suppliers/partners have established
appropriate field recall/notification processes. Ability to support investigation processes to
determine how well nonconforming material populations are positively controlled.

Monitor Control of
Scrap

Understanding of regulatory and industry standard requirements related to the control of
scrap materials and product. Understanding of organizational MRB processes. Ability to
substantiate that scrap materials are positively controlled. Ability to verify that
documentation related to the control and disposition of scrap materials is maintained as
quality records.

Manage Reportable
Nonconformance,
Defect, Malfunction, and
Defect (e.g., FAA CFR 14
Part 21.3) Reporting
Process

Understanding of regulatory requirements and advisory materials related to the notification
of reportable defects and failures. Ability to verify that discrepancies defined in regulations
(e.g., CFR 14 Part 21.3) are appropriately reported within the time requirements. Ability to
verify that suppliers, partners, and sub-tier suppliers have processes in place to report
potential issues to the organization.
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Issue FAA Form 337
(USA)

Understanding of applicable FAA regulations, advisory materials, and Orders which relate
to the documentation of major repairs and alterations. Ability to verify that suppliers,
partners, and sub-tier suppliers have defined processes in place to effectively control the
issuance of FAA Form 337. Ability to verify, that when required, an FAA Form 337 is
created. Ability to substantiate that approved personnel have made entries on FAA Form
337.

Issue DD Form 250
(USA)

Understanding of applicable U.S. Department of Defense requirements for the
documentation to accept products/services and transfer ownership. As required by contract,
ability to verify suppliers/partners provide DD-250 with receiving documentation packages.

Issue FAA Form
8130-series
(Airworthiness Certificate -
USA)

Understanding of applicable FAA regulations, advisory materials, and orders which relate to
the certification of product. Ability to verify that suppliers/partners have adequate process
controls to establish airworthiness and release of FAA Form 8130-3. Ability to verify that
authorized personnel issue FAA Form 8130-series.

Capture, Document, and
Preserve Lessons
Learned

Ability to identify and document lessons learned and integrate such into organizational
lessons-learned libraries so that the experience gained from previous processes in the
Production/Maintenance Phase can be applied to future program/projects.

Table 18, Phase 6, Production/Maintenance (Post-FAI) Product Focus, knowledge

and skill expectations to process alignment.

Findings: Definition of Knowledge Requirements at the Task Level

In order to truly understand the ontological expectations of the sample

organizations, each task must be analyzed to identify the specific knowledge

requirements, to identify the type of knowledge, and to quantify expected capability. To

accomplish this level of analysis, Bloom’s (Anderson and Krathwohl, 2001) taxonomy

was applied. This researcher analyzed each task within three categories of knowledge

types—procedural, conceptual, and factual. And, within each knowledge type the

specific knowledge expectation and level of capability were identified.

When analyzing the task by the three different knowledge types, there were a total

of 440 points of task analysis. In addition to each individual point of analysis, each task

contained between 1 and 12 specific knowledge elements, depending on assignment to

knowledge type, requiring further definition. The capability assessments ranged from 2
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to 6, again based on knowledge type and where in the lifecycle the task was being
performed. The analysis resulted in the creation of a very large data set, which rolled up
the highest capability score within the task to the knowledge type at the task level. An
example of how each task was analyzed is illustrated in Table 19. The table indicates
that both procedural knowledge types had one knowledge expectation at a level 3. The
conceptual knowledge type had three knowledge expectations, with the highest level
being 5. The factual knowledge type had six knowledge types with the highest level
being 4. So, to establish the value for the knowledge type at the task level, the highest

value was utilized, 3, 5, and 4 respectively.
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Task

Procedural

Conceptual

Factual

Review quality
requirements and

determine the scope of

evaluation for new
suppliers/partners.

Ability to apply a
defined and
structured process
in review of
project/program
quality
requirements to
identify and
document the
evaluation criteria
for potential new
suppliers/partners

(©)

Ability to elicit
unstated quality
requirements
applicable to
potentially new
suppliers/partners
(4). Ability to
review stated
project/program
quality
requirements to
identify and
document the
evaluation criteria
for potential new
suppliers/partners
(3). Ability to
create a scope of
evaluation for
potential new
suppliers/partners
to assess their
ability to meet
project/program
requirements (5).

Knowledge of
requirements
management
tools (3).
Knowledge of
project/program
quality
requirements
(3). Knowledge
of applicable
regulatory
requirements
(3). Knowledge
of audit
practices (3).
Knowledge of
evaluation
planning
practices (3).
Knowledge of
applicable
technical
processes (4).

Table 19, An example of the knowledge analysis at the task level.

To develop a sense for the levels of knowledge capability that are required within

each phase of the lifecycle, Table 20 displays the averaged totals of knowledge capability

at each phase by task numbers.
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Table 20, Averaged totals of knowledge capability at each phase by task number.

Further analysis related to the knowledge capability scores found that the highest
knowledge and skills expectations related to Conceptual knowledge, with a total score of
4.20. Factual knowledge had a score of 3.27 and Procedural knowledge a total

expectation score of 3.20.
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For leaders of organizations it is important to know where the skills and

capabilities need to be applied during the lifecycle. Table 21 displays the scores by

knowledge type by phase numbers.

Phase 1 | Procedural 3.30
Conceptual 4.35
Factual 3.37
Phase 2 | Procedural 3.04
Conceptual 4.27
Factual 3.09
Phase 3 | Procedural 2.92
Conceptual 3.94
Factual 3.47
Phase 4 | Procedural 3.07
Conceptual 4.17
Factual 3.35
Phase 5 | Procedural 2.82
Conceptual 3.81
Factual 2.92
Phase 6 | Procedural 2.96
Conceptual 3.83
Factual 2.99

Table 21, Averaged totals of knowledge capability levels by knowledge type at each

phase.

Findings: Establishing Consensus Reliability of the Results

Since this is a qualitative study, it is difficult to apply reliability tests to the data

and the findings. Recognizing that this study attempts to identify domain ontology, the
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researcher sought representatives of the sample domain to provide feedback as to the
accuracy of the data collection and score analysis. Representatives from the sample
organizations engaged the researcher over a period of 14 weeks in a series of virtual
Web-based meetings. In these meetings, the sample organizations provided feedback as
to the accuracy of the process mapping, identification of tasks, and definition of skill and
knowledge expectations. Most importantly, the sample organizations provided feedback
relative to the specific findings of skill and knowledge expectations at the task level.

Since the task-level knowledge and skill requirements definition potentially
allowed for researcher bias in the measurement of capability level, establishing a sample
consensus was important to accurately reflect the domain under study. During these
reviews, the feedback from the sample organizations varied no more than one point in
any capability-level assessment.

Feedback from the sample population on process mapping did not result in any
processes being added or removed from the process map. However, feedback from the
sample did result in adding clarification to the process definition. Feedback from the
sample also added clarity to task description, but did not result in tasks being added.

However, feedback did result in a few tasks being combined.

Summary

This chapter presented the results of the process mapping of a sample domain
ontology. The findings were presented in what may be perceived as a chronological

series of events. However, the actual data collection process required the researcher to
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engage the sample from various perspectives simultaneously. While performing the
process mapping, participants from the sample were also asked about the requisite
knowledge and skills for effective process execution. This inquiry led to further
elaboration as to the actual tasks related to the process. This method of inquiry is
consistent with Creswell’s (1998) data analysis spiral (reference figure 8).

According to Maxwell (1996), coding is the main categorization strategy in
qualitative research, the goal of which is the establishment of common categories for data
comparison. And, as stated in Chapter 111 of this study, the researcher was to develop the
coding strategy through induction rather than conceptualize based on existing theory. In
such, the process-mapping methodology provided logical structure for the categorizing of
findings at the process, task, and knowledge definition. The additional use of Bloom’s
(Anderson and Krathwohl, 2001) taxonomy in structuring the categorization of
knowledge types and their assessments of capability levels was very useful in both the

data collection and analysis processes.

The combined application of Creswell’s (1998) data analysis spiral, of process-
mapping, and of Bloom’s (1956) taxonomy were very well suited for this type of
investigation. The following chapter will discuss this researcher’s interpretation,

conclusions, and recommendations.
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Chapter V: Interpretation, Conclusions, and Recommendations

Introduction

As stated in Chapter | of this study, the AS&D industry is experiencing a
significant loss of its professional knowledge base. With much of the industrial
knowledge base being tacit, as professionals leave the workforce, so does the knowledge.
With the absence of a structured methodology to capture knowledge for later reuse, the
industry is often forced to start the learning processes from scratch. And, the AS&D
industry is not the only industry facing a loss of knowledge, nor is it only a phenomenon
limited to the geographical boarders of the Unites States.

As suggested by Ambrosini and Bowman (2001), tacit knowledge has resisted
operationalization. Meaning, neither researchers or practitioners have been able to put
their hands around the management of tacit knowledge. This study was useful in
understanding how methodical tools such as process mapping and Bloom’s taxonomy
(Anderson and Krathwohl, 2001) can assist in developing a domain ontology, as well as
in making ambiguous work tasks of the sample organizations more visible. As noted by
Wijnhoven, 1999; O'Toole, 2000; Conklin, 2001; Hassell, 2003; and Weinberger et al.,
2003, the organizational importance of tacit knowledge is discussed widely in knowledge
management literature; however, little research exists in defining its structure and
operational use.

The primary intent of this study was to explore the use of process mapping within

the context of a single domain and to learn from the results. Would such a structured
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approach lend itself as a consistent methodology for domain ontology engineering? The

short answer is, yes.

Conclusions Regarding the Application of Process Mapping as a Structuring Process for

Domain Ontology

The first research question was, Within the context of the AS&D industry, is
process mapping applicable for the development of a process-based ontology
engineering process that can be deployed for rapid development of domain ontology?
Again, the short answer is yes. However, let’s revisit the data in Chapter IVV. The data
collection for this project was very immense. So, a process of order was required to
ensure accurate categorization. Applying a lifecycle model, required the definition of a
beginning and an end to a series of process. This allowed the researcher to apply a
consistent methodology of inquiry across the sample organizations.

Since the sample organizations were all members of the same industrial
community, and the series of processes under investigation were all those of supplier
quality management, a consistent context was established. With organizational type and
functional context being relatively the same, we established a domain for investigation.
The domain was that of the SQE in the AS&D industry.

In applying the process-mapping methods, the researcher was guided through the
process of interview and organizational business process review. The process-mapping
method proved to be rigorous and repeatable. By the time the researcher was at the third

organization (A), the domain process map had evolved to 90% of its present state.
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The process-mapping methodology also facilitates the identification of tasks
aligned with processes. This proved valuable when identifying the skills and knowledge
expectations at the task level. Many of the tasks are performed elsewhere in the
lifecycle. However, there were different knowledge and skills expectations based on the
placement of similar tasks within the lifecycle. This demonstrated that skills and
knowledge are very contextual.

Finally, utilizing Bloom’s (1956) taxonomy, as revised by Anderson and
Krathwohl (2001), to analyze each task provided a rich understanding as to the contextual
expectation of knowledge and skill capability. Bloom’s taxonomy also facilitated the
interview discussions with the sample population. Participants were asked to clarify their
stated knowledge and skill expectations to specific levels of capability. In order for this
clarification to occur, the researcher was required to explain to each participant the
taxonomy scale and the meanings of each level. Utilizing Bloom’s taxonomy added to

the rigor and repeatability of the domain ontology engineering process.

Conclusions Regarding Process Mapping as a Consistent Method for Ontological

Engineering

The second research question was, Can process mapping provide a consistent
methodology for ontological engineering? Though there was a high level of repeatability
in the application of process mapping, it has not been applied outside of the three sample
organizations. However, in the opinion of the researcher, process-based ontological

engineering can provide consistent methods for identifying most any domain.
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In making such a bold statement, the researcher cautions that process-based
ontological engineering requires true subject-matter experts to facilitate the inquiry and
analysis processes. In the case of this study, the researcher is considered an expert in the
AS&D industry, with a special emphasis in supplier quality management. This
researcher found that absolute reliance on participant feedback throughout the process
may not have yielded such an extensive domain ontology. As noted in Creswell’s (1998)
description of the data analysis spiral, the researcher must know when to ask more
questions and which questions to ask. Consistent with Creswell, this researcher also
applied his own experience in the industry to probe deeper and wider into the
identification of the domain ontology.

With a researcher being a subject-matter expert in a qualitative study brings its
own concerns of bias. However, recognizing this potential, the researcher was able to
suspend any personal or professional bias and is only reporting the findings of the
participant sample. As previously described, interviews occurred with the sample
subjects, utilizing structured interview questions, that led to the creation of the first type
of process maps — mental models. By applying shadow process reviews and expert
experience, the researcher was able to solicit greater process knowledge from those
enacting the processes. This step facilitated the illustration of the second type of process
map — actual enacted processes. And finally, with the application of a consensus building
process with members of the sample organizations, any potential researcher bias was
subjected to review and challenge by the sample. The resulting process map was the

third type — the “should be” process map.
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Conclusions Regarding the Ability to Define a Process-Based Domain Ontology

The third and final research question was, Based on the sample under study, what
is the process-based domain ontology for the AS&D SQE? As described in Chapter 1V,
the findings of this study demonstrate that the AS&D SQE profession has a very complex
domain ontology. Recognizing that the sample size does not allow for any generalization
of the AS&D industry, the conformity among the organizations was rather strong.

The large (A) and medium (B) size organizations had the greatest commonality in
processes. The small (C) organization was also common, though it was not performing
as many of the processes as the other two sample organizations. The description of tasks,
knowledge and skills, and capability levels were very consistent throughout this study.
The final reliability review with all three organizations increased the accuracy of the
domain ontology and led to sample consensus. As the description of domain ontology
aims to be accurate, the researcher felt that this consensus activity was important.
However, the consensus review with sample participants did not result in any significant
changes to the data or any findings. There were less than 5% of the knowledge and skill
expectations that had any modification to score. And, no score was modified in either
direction more than one point.

This being a qualitative study, the scoring may sound like it can lead to statistical

analysis. In future studies that might be a possibility, but such was not the aim of this
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research. The scores were a very important component of this study by adding increased
accuracy to defining the expectations for knowledge and skills of the SQE domain.

For organizational leaders, knowing where your most capable talent is needed is
valuable. Figure 10 illustrates the scores of knowledge types at each phase level. The
data suggests that the AS&D SQE is a position that requires critical thinking throughout
the lifecycle, although with slightly more emphasis in the earlier phases. Keep in mind
that this data is not statistically valid. Nevertheless, it is useful to facilitate the
understanding of the domain ontology of an AS&D SQE. Figure 10 further illustrates
that throughout the lifecycle there is little measurable difference of knowledge capability
between Procedural and Factual knowledge types.

In a review of figure 10, it might be possible to characterize the AS&D SQE
profession as one that requires the consumption of many facts, the ability to apply
structured processes, and the ability to analyze and evaluate work processes to determine
the appropriate action. Figure 10 also illustrates that the levels of requisite knowledge
vary from phase to phase. In review of the processes associated with each phase,
complexity and expectations for knowledge are higher in the earlier phases of the AS&D

SQE domain ontology.
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Figure 10, Capability level scores by knowledge type at each phase.

So, in response to the third research question, as an overview, this researcher will

direct readers to figure 10, above. The figure provides actual measurement throughout

the lifecycle of the AS&D SQE profession. Implicit in the results is that the earliest

phases of the lifecycle require the highest capabilities of professionals. Additionally,

Chapter IV documents the detailed results of the process-based domain ontology study of

the AS&D SQE profession. Though it must be underscored that the results of this

ontology description are limited to the scope and population of this study’s sample, the

definition of the AS&D SQE domain ontology is possible.
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Discussion

Utilization of a process-based method of identifying domain ontology was found
to be useful within the context of the sample. Process mapping facilitated repeatability of
the inquiry process and provided a standard method of data categorization. ldentifying
unique and specific processes allowed for a detailed level of analysis without distraction
from neighboring processes. It also facilitated a dissection of the work tasks enacted to
perform the process.

Including Bloom’s (1956) taxonomy, as revised by Anderson and Krathwohl
(2001), as both a tool for categorization of knowledge and skills, as well as a means for
describing capability levels and knowledge types to participants, was extremely valuable.
This tool ensured consistent application of analysis, increased accuracy, and facilitates
repeatability for future studies as well. It also allowed for measurement of capability at
the task and life cycle phase levels.

In this study, the process-based ontology engineering methodology has
demonstrated itself capable of defining the ontology of a specific domain. However,
there are some conditions that readers must be aware of. In order to apply such a
process-based ontological engineering method, access to a willing population is required.
The participants in this study accommodated the researcher for not only the weeks of on-
site investigation, but also countless hours of follow-up inquiry and support of a
reliability review. So, without a willing population it is unlikely that domain ontology

can be accurately defined utilizing process-mapping techniques.
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Another point readers must understand is the importance of having an expert
either perform the investigation, or at least play a significant role in the study. Without
such a domain expert, depth and completeness of domain ontology may not be sufficient.
Since the majority of the knowledge elements identified in this study were relatively
undefined by the domain, they are characterized as tacit. And, since tacit knowledge is
undefined and resides mainly in the minds of the people performing the work, it is
important for a researcher to be familiar with the art of work to perform an adequate level
of interrogation. Once the tacit knowledge has form and definition, the domain that
utilizes the knowledge can apply more structure to the stewardship of the knowledge and
make it explicit. Once knowledge is explicit, it can be controlled and variation removed
in its usage.

And, as a final consideration, readers must recognize the time and resource
commitment required by the researcher and by the participants. Applying a process-
based ontological engineering study upon a domain is very time-consuming and it is very
easy to fatigue your sample population, as well as the researcher. Utilizing the process-
based methodology allows the researcher to segment the research into manageable
sections, relieving some of the stresses of having all aspects of a study open without end.
As a researcher engages in process-based ontological engineering it is important to plan
your steps into the following: (1) Define the domain to describe; (2) utilize a lifecycle
approach and define the beginning and the end; (3) engage the sample in process-
mapping; (4) while process-mapping, have the sample describe the requisite knowledge

for the process; (5) perform analysis at the process level to identify tasks associated with
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the process; (6) apply Bloom’s taxonomy (Anderson and Krathwohl, 2001) to categorize
the knowledge and skill expectations at the task level and to assess capability levels; and
(7) perform a reliability review with the sample to ensure accuracy and completeness

(reference figure 8).

Recommendations

This study has demonstrated to the researcher that process-based ontological
engineering is a valid method for describing ontologies of all sorts. As such, the

application of this methodology has use in both practice and future study.

Recommendations for Practice

The process-based ontological engineering methodology brings structure where
there has previously been very little. Presently, most professional societies define their
bodies of knowledge based on the expert opinions, and not on the actual needs of the
industry its professionals serve. So this researcher recommends that professional
societies embrace a process-based ontological engineering methodology so that its
members can provide greater value through enhanced capability to the industry they
serve.

For organizations it is recommended to consider the application of a process-
based ontological engineering methodology to understand the unique skill and knowledge
requirements the organization’s business may demand. This methodology will make

visible the actual knowledge and skill requirements of the organization’s business
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processes. The scoring aspects of knowledge and skill at the task level can also be
developed into risk management tools. Knowledge and skill capability will be able to be
measured against task requirements, and strengths and weakness identified.

For training organizations, it is recommended to consider developing training and
education products that specifically address the knowledge and skill requirements of
client domains. Doing so will provide specific learning directed to the needs of the
domain.

For the practice of risk management, the process-based ontological engineering
methodology offers an objective means of identifying process requirements as they relate
to skills and knowledge of a work activity, domain, value stream, or any other series of
activities. It is recommended that risk management practitioners utilize the process-
based ontological engineering process to objectively measure the strengths and weakness
of the areas they are managing. Examples of such include management of risks within an
organization, as well as insurance companies who are insuring activities that are heavily
influence by the competency of humans.

The usefulness of process-based ontological engineering in practice will truly be
demonstrated in application. However, based on the interaction with the sample
organizations in this study, this researcher is confident that the methodology will quickly
gain acceptance within industry and professional societies. The future will bring the best

evidence of this claim.
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Recommendations for Further Study

Regarding recommendations for future study, the process-based ontological
engineering methodology provides structure in the identification of domain ontologies
where previously there was little or none. Weinberger et al. (2003) considered ontologies
to be a family of tools such as metadata and meta-knowledge used to achieve better
content description in context. As part of the aim of this study, this researcher explored
the applicability of a process-based tool in order to provide contextual clarity of domain
ontology structuring. The researcher recommends further investigation as to the
applicability of process-based ontological engineering methods in other domains. Such
research would add further understanding as to the broader applicability of such a
method.

A second recommendation relates more to quantitative research and to assessing
the reliability of knowledge and skill definition and capability levels. Chandrasekaran et
al. (1998) stated the importance of ontology is that its analysis clarifies the structure of
the knowledge and enables knowledge sharing. In order for sharing of knowledge to be
effective, as a professional domain, it must be related to the processes for which the
domain is responsible. Further study may include reliability of capability scoring;
frequency of knowledge sharing within a domain; measurement of variance across
various domains; relationship of capability scores to process effectiveness; and
relationship of capability scores to product quality, as well as other relationship inquiry.

It is the hope of this researcher that process-based ontological engineering will

find its place in the makeup of the knowledge management field. This structured
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methodology has the potential of providing academia with a tool for investigating
domains, with a high level of repeatability. Recognizing that one of the greatest sources
of variance in research is a human’s ability to measure, process-based ontological
engineering methodology reduces human measurement variance by employing consistent
process and structure. Additionally, the visual tools of process mapping and knowledge
and skill alignment provide for additional rigor and increase a reader’s understanding of

the interrelationships between business processes.

Significance

At the outset of this study | was seeking understanding of how to approach the
ever-growing brain-drain in our industry. As a senior professional and leader within the
AS&D industry, | had been engaged in a number of professional groups to discuss the
challenge of knowledge loss. Despite endless hours of discussion, the industry was not
developing any solid solutions. | had recognized that the development of professionals is
a process, and all processes require control to ensure process success.

The first step in attempting to control a process is to define the process. In this
case it was the assurance of skills and knowledge of AS&D SQEs. Amazingly, there was
not an adequate definition of the requisite skills and knowledge for this domain. In
essence, the AS&D SQE did not have a domain ontology. Further investigation found
that all existing methods for defining domain ontology were expert-based and relied

heavily on the opinions of greybeards. An expert-based domain ontology is highly
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subjective and inherently risky for industries in which safety and quality are critical
characteristics.

Building upon the fields of knowledge management and education, it was my aim
to develop a process-based ontological engineering process that removed subjectivity
from its contents. The tools of process mapping and Bloom’s taxonomy (Anderson and
Krathwohl, 2001) seemed ideal for this inquiry. In reflection of the results and analysis,
the significance of this study is in the development of a methodology that is accurate and
repeatable for defining domain ontologies.

As industries are challenged with potential waves of knowledge loss, they will
have a tool at hand to measure and recognize where the gaps in knowledge and skills are,
and one capable of enacting surgical precision to close the gaps. The utilization of
process-based ontologies will also serve as a bridge between educational institutions and
industries. The actual educational needs of an industry will be visible and understood.
Having professionals ready to go to work quickly after leaving school or university will
provide significant value to those who employ their capabilities.

As noted by Nonaka (1994), it is the individual that has the potential to create
knowledge. When effectively managed, that knowledge can become part of the
knowledge base of an organization. However, Nonaka also states that an organization
cannot create knowledge without individuals. The organization supports creative
individuals or provides a context for such individuals to create knowledge.
Organizational knowledge creation should therefore be understood in terms of a process

that “organizationally” amplifies the knowledge created by individuals, and crystallizes it
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as part of the knowledge network of organization. By deploying a process-based
ontological engineering process, organizations can become more effective in managing
both tacit and explicit knowledge and integrating both into sustainable and dynamic
business processes. Thus, the organizational amplification of knowledge may be directly
related to the robustness of organizational knowledge management processes. It would
be interesting, and possible very valuable, to understand how knowledge management
capability relates to organizational performance.

The greatest contribution that process-based ontological engineering offers is the

removal of the guesswork in defining professional domain ontologies.

Summary

This study was about exploring the applicability of utilizing process mapping as
the primary tool to define domain ontology. As the research progressed, | was truly
amazed by how much effort is required to employ discipline and rigor to the process-
mapping activities. As practices were identified, they also unfolded associated tasks.
Then task analysis revealed the requisite knowledge to perform the task. Then, by
employing Bloom’s taxonomy (Anderson and Krathwohl, 2001), the knowledge
expectations became richer, specific, and measurable. The process was like peeling back
the layers of an onion, with each layer revealing an even greater fidelity of to the specific

domain ontology.
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The process-based ontological engineering methodology still has much room for
development, and I encourage others to apply it in other domains. In the future, this
study may serve as a basis for quantitative studies which may provide tangible means for
measuring competency, capability, effectiveness, and overall performance.

When it comes to developing professionals in the AS&D industry, it is important
that accurate domain ontologies are applied. This is probably true for most professions.
By continuing the application of process-based ontological engineering methodology,
organizations, professional societies, educational intuitions, and professionals will be on

the same sheet of music.
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