
DEVELOPMENT OF A MEASUREMENT-BASED APPROACH 
FOR MONITORING THE CHANGES IN AN EVOLVING 

QUALITY MANAGEMENT SYSTEM 

By 

Vivek Caroli 

Thesis submitted to the Faculty of the 
Virginia polytechnic Institute and State University 

in partial fulfillment of the requirements for the degree of 

MASTER OF SCIENCE 

in 

Industrial & Systems Engineering 

APPROVED: 

;/fA K. 

K'~ 
Triantis (ISE) 
Chairman 

November 1994 
Falls Church, Virginia 



,P 

LD 
,,5ta:IS 
VF!E5 
}c[l1f,f 

/",' r;t'z / 
t\,..~~j(o 

c-,2 



DEVELOPMENT OF A MEASUREMENT-BASED APPROACH 
FOR MONITORING THE CHANGES IN AN EVOLVING 

QUALITY MANAGEMENT SYSTEM 

by 
Vivek Caroli 

K. Triantis, Ph.D., Chairman 
Industrial & Systems Engineering 

ABSTRACT 

The concept of quality management is operationalized in 

an organization through a Quali~y Management System (QMS) -

a complex, coordinated set of activities and behaviors aimed 

at improving the quality of an organization's processes, 

goods, and services. Like all systems, a QMS must be 

planned, monitored, improved, and maintained over time to 

function at its best. For this, measurement is key. 

The standard of quality management performance 

developed by Triantis, et. al. (1991b) is the quality 

management system definition used in this thesis. The 

thesis subsequently makes three contributions. First, it 

provides a methodology for defining generic measures of QMS 

performanc~ and evolution, and implements this methodology 

in creating more than 200 prototype measures for 10 out of 

the 37 component "modules" of a QMS. Second, a methodology 

is presented for developing a tool to collect the very data 

called for by the measures. This methodology is implemented 

and a prototype questionaire developed to collect 

measurement data for the Vendor/Contractor Relations (VCR) 



module of a QMS. Third, given the vast amount of data 

collected with the various questionnaires that needs to be 

manipulated in order to manage the QMS, it is important to 

be able to use automation. Therefore, it becomes necessary 

to logically organize the data. The entity-relationship 

(E/R) modeling technique is one approach that can be used to 

achieve this objective. This E/R approach is used to 

logically organize data that is generated by the 

questionnaire for the VCR module. In so doing, one can 

assess the potential viability of this data modeling 

appproach and begin laying the foundation for a database 

that will support the measurement requirements of a QMS. 
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CHAPTER 1: OBJECTIVES, SCOPE, AND METHODOLOGY 

1.1 INTRODUCTION 

Competition is fierce in today's marketplace. 

Organizations must offer their goods and services to an 

increasingly complex world of consumers able to choose from 

an ever-expanding array of options. Advertising, pricing, 

brand name reputations, and multiple product/service 

features add to the many factors influencing consumer 

decision making, further complicating the work of 

organizations to stay competitive. In the face of such an 

environment, product and service quality become critical. 

Indeed, for companies to hope to maintain customers and 

achieve financial growth, their quality of goods and 

services must equal or exceed those of competitors and ever­

improve with time. 

Among the many methods, philosophies and technologies 

available to maintain organizational performance and improve 

it, is a concept called Total Quality Management (TQM). 

Defined as "an approach for continuously improving the 

quality of goods and services delivered through the 

participation of all levels and functions of the 

organization," (Pfau (1989), p. 17] TQM may be applied to 

any business enterprise. Also known as strategic Quality 

1 
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Management (SOM) [Garvin (1988)], TQM is an expansion of 

earlier efforts to control quality through inspection and 

sampling. It affects all goods, services, and processes of 

an organization. In this thesis, the philosophy of Total 

Quality Management is referred to as TQM, SQM, or simply 

Quality Management (QM). 

The concept of quality management can be 

operationalized in an organization through a Quality 

Management System (OMS). Such a system involves multiple 

behaviors and activities regarding materials, labor, 

processes, services, goods, vendors, consumers, and 

management, to name a few; all contribute to the ongoing 

maintenance and improvement of the quality of an 

organization's products and services. Just as the goods and 

services of an organization, however, must intentionally be 

monitored in order to be improved, the performance and 

improvement of a quality management system must itself be 

monitored to ensure its continued revitalization. 

Measurement facilitates this need. 

Measurement can tell an organization if its quality 

management system is performing as it should. It can tell 

management how its system has done over time - what the 

system does well, not so well, and where adjustments are 

needed. In so doing, measurement can allow management to 

set priorities - to determine where energies and resources 
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are best applied. In short, the single most important 

reason for employing measurement is to provide information 

for improving a quality management system itself. Together, 

measurement and QMS revitalization hold the promise of 

creating strong competitors in today's global economy. 

1.2 RESEARCH OBJECTIVES 

The standard of quality management performance 

developed by Triantis, et. al. (1991b) is the quality 

management system definition used in this thesis. 

Subsequently, this thesis addresses three fundamental 

objectives: 

1. To provide a methodology for defining generic 

measures for QMS performance and evolution and to 

define prototype measures for ten out of the thirty-
-

seven modules of a quality management system. 1 

2. To define a methodology for developing a tool to 

collect the data called for by the prototype 

measures. This methodology is implemented by 

developing a questionnaire to collect data for the 

vendor/contractor relations (VCR) module of a QMS. 

1 A "module" designates a fundamental component of a 
QMS. For more details, refer to the background information 
in Chapter 2, section 2.1. 
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3. To use the E/R modeling technique as a possible 

approach for logically organizing the data generated 

by the questionnaire of the VCR module. The 

viability of the approach is assessed by tracing 

back to specific database requirements for this 

module and assessing whether these requirements have 

been met. 

The first objective of this research is to identify and 

develop prototype "generic" measures appropriate for 

monitoring and reflecting changes in a QMS. To meet this 

objective, a methodology is presented and applied for 

creating performance measures for 10 modules of QMS. For 

maximum utility, the measures should be applicable to any 

work environment, i.e., "generic" in nature. The totality 

of measures must capture qualitative and quantitative 

elements of quality management. Measures need also reflect 

both operational and strategic parameters of organizational 

behavior given the powerful roles of each in managing for 

continued gains in quality. 

To operationalize the above measures within an 

organization, a tool is needed for collecting the very data 

sought in the measures. Development of a data collection 

tool is, therefore, a second objective of this project. A 

methodology is presented to develop a questionnaire to meet 

this objective. For illustrative purposes, a questionnaire 
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is developed to collect the data for measures of the VCR 

module of the QMS. Measures for this particular module are 

among the set of prototype measures defined. 

If effective, any collection tool will generate a given 

amount of measurement data. Analysis is needed to convert 

this data into useful information that may be used to 

improve/enhance the performance of the activities that are 

being measured. Should additional questionnaires be used to 

collect information about other modules of a QMS, even more 

measurement data will be generated. Thus the total amount 

of data available for analysis would be of a large 

magnitude. 

with this scenario in mind, an automated system would 

be highly useful in storing, retrieving and manipulating 

measurement data that is generated by the questionnaires 

developed as part of the second objective of this thesis. A 

database is a system that comes.to mind for meeting these 

needs. One of the first steps in designing this database is 

to logically the organize the data. The third focuses on 

the E/R modeling approach as a possible vehicle for 

logically organizing the data that is generated by the 

questionnaire for the vendor/contractor relations module. 

The potential viability of the approach for this specific 

case will be determined by tracing back to the data 

requirements and assessing whether these requirements have 
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been met. This exercise would have to be repeated for the 

remaining modules of a QMS to assess the usefulness of the 

E/R approach to logically organize all the data that is 

generated by all data collection tools. However, as a first 

step it is necessary to at least attempt this exercise for 

one of the many modules of the QMS. 

1.3 METHODOLOGY 

Figure 1 depicts an overview of the approach used in 

this thesis. To start, a methodology was developed for 

identifying and defining measures appropriate for a QMS. 

Generic measures - those applicable to any organization -

were developed for the activities of 10 modules of a QMS as 

these activities/modules were originally defined by 

Triantis, et. ale (1991b). Measures were also developed for 

criteria and quality system activities not otherwise 

identified by Triantis, et. a1. (1991b) but researched from 

the literature. 

Next, a methodology was developed for preparing a 

survey tool - in this case, a qUestionnaire. The 

methodology calls for tailoring generic measures to the 

specific workplace and environment of an organization 

wishing to improve or monitor its QMS. According to the 

methodology, measures of quality judged to be most important 
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Methodology for defining 
quality measures from 
QMS definition 

~ 
Quality measures and their 
relationships 

~ 
Methodology for collecting 
measurement data 

-l 
Data collecting 
tooVquestionnaire 

l 
A possible logical model . 
for organizing data 
obtained from 
questionnaire 

Figure 1. Methodology 
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and appropriate are to be selected from the pool of tailored 

measures and retained for final use in a questionnaire. 

consistent with the philosophy of Total Quality Management, 

the methodology calls for the participation of the customer 

throughout this process. Upon completion of a final set of 

tailored measures, instances or examples for each measure 

are to be created; these instances are statements about the 

attributes of a product, service, or process being 

evaluated. A response format for the questionnaire is 

ultimately selected and an introduction written for the 

final questionnaire. 

In this research, the above methodology was used to 

develop a prototype questionnaire for collecting measurement 

data specific for the activities of the Vendor/Contractor 

Relations module of a QMS. The questionnaire was developed 

for the unique needs of a sample organization called Delta: 

as called for by the TQM philosophy, Delta employees 

participated throughout the development process. 

Once collected through a questionnaire, (quality) 

measurement data requires organization, storage, and 

analysis. In this research, a logical model was developed 

for the data generated by the prototype questionnaire of the 

Vendor/Contractor Relations module. The entity-relationship 

(E/R) modeling approach was specifically used to logically 

organize the data for the VCR module. This modeling work is 
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a first step in designing and creating a database for the 

QMS. The author envisions this effort as a starting point 

for a future quality information system. 

1.4 SCOPE OF THESIS RESEARCH 

When coupled with the earlier work of Triantis, et. a1. 

(1991b), the methodologies, prototype measures, sample 

survey, and entity-re1ationship.1ogica1 model presented in 

this thesis lay a practical foundation for operationa1izing 

the TQM philosophy within an organization. This foundation 

may be applied to any organization - government or 

commercial, service- or manufacturing-based. Through use of 

this research, an organization can measure its 

revitalization in quality from both operational and 

strategic points of views. 

This research may also be used to support 

organizational systems beyond those for quality measurement. 

Improvements documented over time (through QMS measurement) 

for a particular product, process, or service can serve as a 

basis for employee reward, bonus or recognition. When used 

external to an organization, the methodologies and measures 

developed herein can be applied to parties such as suppliers 

and vendors whose products or services have significant 

consequences for the organization. In the process of 
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contracting with new vendors, for example, an organization 

may utilize the measures to clarify the operating parameters 

for its vendors and to assess their quality management 

capabilities. 

~.5 DOCUMENT ORGANIZATION 

Chapter 1 sets forth the research objectives of this 

thesis. It includes an overview of the methodology used and 

the scope of the work. To facilitate the reader's fullest 

understanding, a list of the many QMS-, measurement-, and 

questionnaire-~elated terms appearing in this research are 

defined in Appendix A. 

In Chapter 2, the reader is given background 

information on quality management systems. This Chapter 

establishes the importance of the research and outlines a 

set of assumptions that were made and relied upon in 

completing the work. 

Chapter 3, presents a review of the literature. The 

review concentrates on: a) the history of quality 

management, b) the relationships between strategic quality 

management and business performance, c) features and 

components of excellence in quality management systems, and 

d) database modeling for organizing QMS measurement 

information. 
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In Chapter 4, a methodology is presented for developing 

generic measures appropriate for a quality management 

system. Included with the methodology is a set of prototype 

measures for ten of the thirty-seven modules of a QMS; these 

measures can be found in Appendix B. 

Chapter 5 follows with a methodology for developing a 

tool to collect measurement data within an organization. A 

sample prototype questionnaire is presented (in Appendix C) 

for collecting performance-related data regarding 

Vendor/Contractor activities of a QMS, just one component 

(module) of a QMS. 

Chapter 6 describes the application of the E/R model as 

an approach to logically organize the data created by the 

questionnaire defined for the VCR module in Chapter 5. 

Final observations of this research are offered in 

Chapter 7, along with recommendations for future 

investigation. 



CHAPTER 2: BACKGROUND OF THE QUALITY MANAGEMENT SYSTEM, 

IMPORTANCE OF RESEARCH, AND ASSUMPTIONS 

2.1 BACKGROUND ON THE QUALITY MANAGEMENT SYSTEM 

Previous work by Triantis, et. ale (1991a, 1991b, 1992, 

1993) has laid a foundation for understanding the structure 

and functioning of a quality management system. In 1991, 

this group identified numerous, comprehensive criteria for 

assessing the fundamental components of a QMS in any 

organization. Their quality criteria gave rise to a 

definition of a QMS involving thirty-seven sub-systems or 

modules. (See Figure 2) The modules reflect groups of 

behaviors and activities vital to an organization's quality 

management behavior, e.g., quality planning; employee 

involvement; and customer requirements, expectations, and 

satisfaction, among others [Triantis, et. ale (1991b)]. 

In defining a QMS, Triantis, et. ale (1991b) first 

defined modules as individual units. They considered each 

module as its own system and applied standard systems 

engineering principles to it. The research team identified 

the primary value-adding activities of each module and the 

primary inputs needed to perform these activities. They 

also identified the major value-added results or outputs of 

each module. The sum of all functions reflected in the 

thirty-seven modules constituted a "system" of quality 

12 
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management within an organization. 

In formulating their definition, Triantis, et. ale 

considered two views for all modules as depicted in Figure 

3. The first, a bottom up view, provides an operational 

perspective. This view allows one to address the functional 

details of the various management and production processes 

of an organization as they relate to the quality of 

processes, products and services. Modules identified by 

Triantis, et. ale and consistent with this perspective were 

grouped as process level modules. The second view applied 

by the research team was more strategic in nature. This top 

down view focused on management-based activities such as 

strategic planning, quality leadership, and quality culture, 

to name a few. Modules consistent with this perspective 

were called enterprise level modules. 

Overall, the QMS work of Triantis, et. ale delineates 

the dynamic interplay between the many and complex elements 

of an organization's efforts to enhance the quality of its 

goods and services. The group's efforts offer powerful 

analytical, operational tools for understanding both single 

components of a QMS and the system as a whole. Used alone, 

however, the quality criteria and management system 

definition cannot be fully operationalized within an 

organization. Measurement is needed. This raises new 

questions: How might measures for a quality management 
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system be derived? What measures of a quality management 

system's activities might best reflect the performance of 

the system as a whole? 

2.2 IMPORTANCE OF RESEARCH 

As previously stated, quality management systems hold 

the promise of creating fundamental change in the way 

organizations approach the need to continously improve their 

processes and service/product quality. Yet research is 

lacking on a key component of a QMS - the development and 

use of measures (or a measurement system) that can support a 

system's revitalization and continued improvement. The 

current research effort addresses this need. 

Depicted in Figure 4 and described below is the cycle 

of developing or continuously improving a QMS. At each 

stage, measurement is needed. Consistent with the 

philosophy of Total Quality Management, the work presented 

herein allows for the full implementation of a QMS within an 

organization and the monitoring of its performance over 

time. 

2.2.1 The Analysis and Assessment of An organization's 

Quality Management Capabilities 

Before initiating change in an organization, it is 

imperative to know where an organization is in relation to a 
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given standard. Equally important is an understanding of 

any limitations that may exist in achieving a particular 

standard. Such an understanding can be obtained through an 

assessment of an organization's quality management 

capabilities. 

To begin an assessment, one must determine how an 

organization defines quality. Is quality determined by a 

product's conformance to specifications? Is it linked to 

specific product features or the presence or absence of 

certain attributes vis a vis competitors' services or 

products? How do customers define quality? Based on what 

is important to an organization, the organization must 

prepare a list of criteria that addresses all aspects of the 

functioning of its ideal QMS. Though such a list will serve 

to identify what a company wishes to look for in its QMS, it 

will not permit an organization to determine how well its 

criteria for system performance are actually being 

implemented. Only through measures - concrete and 

unambiguous, qualitative and quantitative - can an 

organization establish a base against which it can measure 

its growth or gains in quality management. 

2.2.2 The Definition of Strategic and Operational 

Goals/Objectives 

Both strategic and operational goals and objectives 
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must be established when developing a quality management 

system. These may be expressed in terms of the presence of 

certain performance-based criteria or the extent to which 

such criteria are present. Once again, measures are called 

for. Measures are needed to ensure that goals and 

objectives are expressed in quantifiable terms, e.g., the 

reduction of scrap and rework by 10% over a 6-month period. 

Equally important as performance goals and objectives, 

is the need to plan for how these milestones will be 

achieved, i.e., over what period 'of time and to what degree. 

strategic and operational plans can be potent maps for this 

work. In order to express plans in quantifiable terms, an 

organization again needs to utilize measures; to achieve a 

10% reduction of scrap/rework, for example, a company might 

plan to spend 15% of its operational budget on education and 

training of its workforce. Quality-related measurement data 

obtained at an earlier time by an organization can serve as 

useful input for the organization's planning process. 

2.2.3 The Design of a Quality Management System 

The design of a QMS is ultimately expressed through an 

organized set of detailed specifications. Specifications 

that meet goals and objectives defined earlier by the 

organization must be developed. Such specifications may be 

expressed in terms of the presence of certain criteria and 
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the extent of their maturity. Here, again, measurement is 

key. Measures-pertaining to.qu~lity performance criteria 

are critical in capturing the extent of the maturity of each 

of the criteria and hence, changes in the quality management 

system over time. 

2.2.4 The Implementation of a Quality Management 

System/Design 

When implementing a QMS, measures provide valuable 

feedback that enable an organization to quantify the extent 

to which it has achieved its goals. 

2.3 ASSUMPTIONS 

Any organization seeking to implement or enhance a QMS 

needs to begin with certain fundamental knowledge, attitudes 

and awarenesses regarding quality. In completing this 

research, it was assumed that such a body of knowledge is 

present within an organization. Specifically, assumptions 

were made concerning the approach of an organization's 

management in three areas: a) its basic understanding of the 

philosophy of Total Quality Management, b) its motivation 

for implementing TQM, and c) management's expectations for 

TQM within its-organization. 
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2.3.1 Management's Understanding of and commitment to TOM 

1. Management must exhibit a full commitment to the 

philosophy and practices of quality management. It 

must be prepared to initiate the requisite changes 

and commit sufficient resources in bringing about 

the realization of a "OMS system. This commitment 

must be made on a long-term basis, for a OMS (and 

its measurement) are not intended to fight fires 

only or fix problems that have erupted. 

2. In order for TOM to flourish, an unambiguous 

definition of a OMS must be shared throughout an 

organization's culture. Working definitions of 

product or service quality, process quality, and 

quality management should exist (or be able to be 

developed) within an organization with little or no 

ambiguity in their meanings. 

3. Managers and employees must be educated about OMS 

development, measurement principles, statistical 

evaluation approaches, and structured group 

processes. A spirit of cooperation between 

management and employees is key to using this 

particular body of knowledge and fully realizing TOM 

within a company. 
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Parties who participate in developing a 

questionnaire, for example, must be well-trained in 

the principles of TQM. They should be familiar with 

their work environment and able to focus on the 

problems of particular quality-related processes 

and activities in their group or department that 

require monitoring and/or improvement. 

4. Management must view its employees and workers as 

its most valuable assets rather than dreaded 

liabilities. Management must accept responsibility 

for the development of its workers and employees 

[Dutta (1989)]. 

5. Management must welcome and facilitate stakeholders' 

participation in developing quality improvement 

plans. Stakeholders must share in some decision­

making activities. Their active support is key. 

6. It is not a simple task to develop and implement 

measures, compile statistical data, store, and then 

retrieve this information. Considerable time and 

resources are required for the systematic 

development of a QMS. Management and 
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stakeholders must demonstrate support for (or 

suggest that they will support) using and 

maintaining a measurement system. In the absence of 

expressed support and acknowledged responsibility 

for these efforts within an organization, 

continued advances in quality are unlikely. 

2.3.2 Management's Motivation for Implementing TOM 

1. Quality must be a corporate goal and a primary one. 

2. Management's motivation must be the improvement of 

the QMS using accurate and complete information 

about process, product, "and service attributes. 

Measurement for the sake of measurement alone cannot 

be an ultimate aim. 

3. Measurement for the sake of control alone will be 

counterproductive to the quality goals of an 

organization. It must not be a motivating factor. 

4. Changes within organizational structure must be 

viewed as possible if not imperative for the 

organization's continued financial health. 

5. The customer is a forcing function for improvement. 
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This means that an organization must change from a 

producer-oriented system to a customer-oriented 

system [Sink (1989)]. 

6. External factors sucn a~ competition in the 

marketplace, or internal factors such as a high 

scrap rate, a~e other prime motivating factors for 

implementing or improving a QMS. 

2.3.3 Management's Expectations for TOM within Its 

Organization 

1. Management must understand and be prepared to accept 

the cultural, behavioral and philosophical changes 

required to develop and further a QMS. Moreover, 

management must be willing to act on the information 

it learns about its quality-related practices and 

QMS performance. 

2. Management must remember that resistance to change 

is inherent in all human activity. Resistance to a 

change in a QMS or to a new system can be eased by 

education, training and the use of incentives. It 

is also possible to break down resistance by 

choosing quality improvement projects on a pilot 

basis and posting early successes with these 

projects. 
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3. No matter how badly an organization might want to 

transform itself to some new order, management must 

recognize that it must continue doing business and, 

for the time being, do so in the way it knows best 

[Scholtes (1988), Part I]. 

4. Management must appreciate the well known truth that 

improvements in quality are a continuous process 

[Dutta (1989)]. 



CHAPTER 3: REVIEW OF THE LITERATURE 

3.1 A BRIEF HISTORY OF STRATEGIC QUALITY MANAGEMENT 

When viewed historically, the modern quality movement 

may be broken into four eras. Blending with and building 

upon each other, the eras reflect periods of differing 

emphasis and effort by American businesses to ensure and 

promote quality [Garvin (1988)]. 

As observed by Garvin, the earliest "inspection era" 

was characterized by special emphasis on the detection of 

problems in products based on an item's conformance to 

specifications; a combination of final inspections and post­

production adjustments were commonly used to ensure quality 

[GAO (1991); Garvin (1988)]. An era of statistical quality 

control beginning in the 1930s later added and emphasized 

advanced statistical and sampling methods - techniques to 

reduce the number of inspections. These methods also more 

efficiently coptrolled products' conformance to specifica­

tions. A third era followed in the 1950s in which 

organizations began to proactively coordinate between all 

departments in the production chain to prevent failures in 

quality. This period, one of quality assurance, expanded on 

the practices before it [Garvin (1988)]. 

Throughout each of these periods, organizations sought 

26 



27 

Throughout each of these periods, organizations sought 

to control quality in a manner consistent with what was 

perceived as quality within their respective departments and 

corporate cultures. As described, this most commonly 

translated into efforts to control and limit product 

defects. Such efforts were typically relegated to 

specialized, lower-level departments. Rarely in the early 

periods of quality management did issues of quality assume 

strategic importance in the corporate boardroom. Equally 

rarely were customers solicited for their opinions or 

reactions to product or service quality [Pfau (1989); Garvin 

(1988)]. 

Over the past decade, however, a number of forces have 

driven changes in the quality-related attitudes and 

practices of American businesses. Increased foreign 

competition both here and abroad has compelled u.s. 

companies to distinguish themselves from a larger field. In 

particular, the emergence and successful penetration of 

postwar Japanese businesses into American auto and 

electronics markets in the late '70s and early '80s proved 

unequivocably the powers of superior quality and reliability 

to command market share and erode u.s. profits [Garvin 

(1988)]. American manufacturers took notice. 

Government's increased vigilance of domestic products 

also awakened u.s. organizations. Recalls of defective or 



28 

unsafe products such as those made by the u.s. Consumer 

Product Safety Commission, Environmental Protection Agency, 

and National Highway Traffic Safety Administration, for 

example, showed companies - and continue to show companies -

the all-too-painful cost of producing lesser quality and 

defective goods. A dramatic leap in product liability suits 

between 1974 and 1981 drained yet additional millions from 

u.s. corporate pockets, another cost for not producing 

quality [Garvin (1988)]. 

Collectively, such changes have given rise to what may 

be called a fourth era in the quality movement. In this 

newest period, issues of quality are no longer being left to 

technical inspectors and statistical printouts alone. A new 

philosophy has emerged that calls upon the power, ideas and 

responsibilities of the entire work force to make quality a 

competitive advantage, not simply a cost of business. 

Quality itself has been redefined; it has been pushed to 

center stage. The age of strategic Quality Management (SQM) 

has arrived. 

"Building quality in from the beginning ••• making 

quality everyone's concern and responsibility." [Pfau 

(1989), p.1?] This is Loren Pfau's view of strategic 

Quality Management. It is an o~ganizational process. It's 

"an approach for continuously improving the quality of goods 

and services delivered (by an organization) through the 



29 

participation of all levels and functions of the 

organization," explains Pfau.[Pfau (1989), p.17]. strategic 

Quality Management is proactive rather than reactive. 

"Companies should seek out and exploit opportunity for 

improvement; they should view this change as a natural 

continuous path of activity" [Pfau (1989), p.17]. 

Like previous eras, the newest emphasis on SQM includes 

many of the earlier lessons learned about quality. It 

differs, however, in several key respects. In this newest 

age, quality is more consistently defined with the needs and 

requirements of customers in mind. In fact, it has become 

customer-driven. Top-level management now more consistently 

takes full interest and/or p~rt~cipates in the management of 

quality. The subject commands the highest attention and 

commitment of leadership. Finally, the management of 

quality is more commonly included in the strategic planning 

process. strategic Quality Management is today viewed as a 

competitive strategic weapon in the marketplace. 

3.2 STRATEGIC OUALITY MANAGEMENT AND BUSINESS PERFORMANCE 

Movement toward this expanded view of quality 

management has come for good reason. Apart from the obvious 

success of Japanese auto and electronic makers, a number of 

studies have documented significant benefits to U.S. 
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organizations willing to adjust their focus and adopt 

alternative practices in managing for continuous gains in 

quality [GAO (1991); Garvin (1988)]. A 1991 report by the 

u.s. Government Accounting Office (GAO), in particular, 

documents multiple performance payoffs for twenty American 

companies shown to have developed successful quality 

management strategies within their corporate cultures [GAO 

(1991)]. 

When allowed sufficient time to realize gains, the 

companies' achievements were measureable across four areas. 

Somewhat better employee relations were suggested by 

indicators such as employee satisfaction, improved 

attendance, improved safety and health, and decreased 

turnover. Operating procedures improved in a number of 

companies; these gains were reflected in reliability, 

timeliness of delivery, inventory turnover, cost savings, 

order processing times, product'lead time, and reduced 

quality costs. Greater customer satisfaction was a third 

payoff. Fourth, companies saw valuable financial rewards: 

growth in market share, sales per employee, return on 

assets, and return on shares. Collectively, the changes 

allowed for improved productivity and profitability among 

the group [GAO (1991)]. 

Shared among the Total Quality Management programs 

reviewed in the GAO study were a number of common features. 
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Corporate attention, for example, was found to be strongly 

focused on customers: quality was customer-defined; 

companies took new approaches to customer feedback: internal 

customers commanded fresh recognition. Management was also 

found to lead the way in disseminating TQM values throughout 

the organizations: quality improvement was included in 

strategic and operational planning; companies planned and 

adopted systematic processes for continued measurement and 

evaluation of quality product/service; they used statistical 

process control techniques to review manufacturing processes 

to identify and eliminate defects; requisite changes were 

then promptly implemented [GAO (1991)]. 

A third feature common to the TQM programs was 

managements' actions authorizing and empowering employees to 

continuously improve key business processes: many companies 

implemented systems to address employee complaints and 

ideas; training programs encouraged quality-related skills 

and awareness among workers. Additionally, the 

organizations tended to practice fact-based decision-making. 

This was done in a~mospheres.wi~~ few formal and informal 

barriers among workers. OVerall, corporate flexibility and 

responsiveness were h~avily emphasized ~y management [GAO 

(1991)]. 

As suggested by the GAO findings and similar studies, 

efforts to improve quality have come to assume strategic 
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importance because they appear to make a difference in the 

organizational bottom line. Factors such as price, cost and 

productivity - standard measures of business performance -

also affect the bottom line. Given this, an important 

question arises: How do improvements in quality affect the 

standard indicators of business performance? What is the 

relationship between continued revitalization of the quality 

of products or services and, say, product or service cost? 

price? Are the relationships predictive? Can they be 

measured? 

Garvin analyzed such relationships in his work Managing 

Quality. surp~isingly, cost, price, productivity, 

profitability, advertising, and market share each were found 

to correlate with quality in complex, sometimes 

unpredictable ways. Empirical findings conflicted with 

theoretical projections. Under certain conditions, quality 

and price were positively correlated; at other times or in 

different industries, the two moved inversely to each other. 

Similar variability was seen with market share and other 

indicators. 

Why, one could ask, should improvements in quality 

affect business performance indicators so (seemingly) 

inconsistently? Why should empirical findings belie theory 

or prove weaker than projected?" 'According to Garvin, at 

least some of the answers rest with the multi-dimensional 
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nature of quality itself. Its facets are indeed many. 

Quality involves questions of performance, features and 

reliability. It speaks to issues of conformance, 

durability, serviceability, aesthetics, and perceived 

quality [Garvin (1988)]. Who defines quality is as vital as 

the dimensions that are encompassed by it: is quality 

defined by manufacturing directors? Marketing managers? 

Consumers or CEOs? Dimensions of quality are both 

independent and interrelated; one dimension can improve at 

the expense of the other or in proportion to it. Each also 

is self-contained and distinct for a given product or 

service; a product or service may be high in quality for one 

element and low in another. 

Such complexity necessarily confounds what might 

otherwise be a simple assessment of the relationship between 

continued quality improvement and standard business 

performance indicators. To the extent that many existing 

correlation studies reflexively view quality as a single 

dimension, they obscure the individual and unique impacts of 

quality's many dimensions on other business indicators, 

argues Garvin. Many studies, for example, relate quality to 

a single performance indicator without an appreciation for 

the host of other influences that can distort and alter the 

relationship. Correlation studies may also require 

analytical techniques different than those usually applied. 
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Garvin suggests, for instance, that when looking at quality 

and its relationships to price, mUltivariate statistics may 

yield more accurate modeling than other, traditional 

approaches that are less complete. Overall, a dearth of 

empirical studies limits the power of the existing research 

base to make predictive statements about the effects of 

improved quality on standard business performance indicators 

[Garvin (1988)J. 

However intricate its relationships, an understanding 

of the role of quality within an organizational model is 

vital. Given a thorough understanding of quality, one can 

more clearly define it - both on paper and operationally. 

This facilitates more accurate measurement. with full and 

accurate measurement, it then becomes probable that the 

effects of improved quality (in all its dimensions) on 

standard business performance indicators will be better 

correlated and fully appreciated. 

3.3 FEATURES AND COMPONENTS OF "EXCELLENCE" IN QUALITY 

MANAGEMENT SYSTEMS 

3.3.1 ENTERPRISE-LEVEL CRITERIA 

In the current professional literature on quality, many 

articles and publications address what are believed to be 
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the key ingredients or critical-components of excellence in 

quality management. Included in this literature are five 

documents that outline numerous criteria and evaluative 

procedures specific for enterprise-level activities of an 

organization's structure. The five documents lay a 

foundation of generic guidelines for defining quality 

management excellence, a foundation previously elucidated by 

Triantis, et. ale (1991a). widely accepted within industry 

and government organizations, these documents are reviewed 

below. 

The most widely accepted formal definition, perhaps, of 

what constitutes a total quality.management company exists 

in the criteria for the Malcolm Baldrige National Quality 

Award [GAO (1991); Baldrige (1991)]. Given by the u.s. 

Commerce Department since 1988, criteria for the Baldrige 

Award were developed by the National Institute of standards 

and Technology (NIST) to promote information sharing between 

American organizations regarding successful quality 

strategies. The guidelines are intended to be used as a 

basis for self-assessment by business, government agencies, 

health care organizations, and educational institutions 

pursuing quality excellence. According to the Baldrige 

Award scoring syst~, the mo~t ~~portant criteria for total 

quality management are: customer-driven quality, quality 

results, human resource utilization, and quality assurance 
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of products and services. 

A second document, the ISO series 9000-9004, also 

offers comprehensive and detailed guidelines for quality 

excellence [ISO (1987)]. Produced by the International 

standards Organization, criteria in this series are targeted 

at the manufacturing and service industries and their 

associated customers. The criteria focus clearly and 

concisely on elements needed to assure both internal quality 

management and external quality assurance; as such, the 

guidelines may be applied within an organization (during 

internal self-assessment evaluations) or extended to outside 

contractors and suppliers (in the form of contractual 

requirements). Because the scope and application of 

criteria in the ISO Series 9000-9004 are so well defined, 

the criteria c~n be readily operationalized when tailored to 

an individual application. 

The 1990 President's Award for Quality and Productivity 

Improvement targets quality management within federal 

government agencies (Federal Quality Institute (1990)]. 

criteria and scoring guidelines for the President's Award 

were developed to identify and recognize federal agencies 

that have become excellent examples of Total Quality 

Management. The criteria are intended to serve as a basis 

for routine self-assessment evaluations and on-site visits 

by federal examiners. Eight major elements are included in 
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the criteria set forth in this award: 1) top management 

leadership and support, 2) strategic planning, 3) focus on 

the customer, 4) employee training and recognition, 5) 

employee empowerment and teamwork, 6) measurement and 

analysis, 7) quality assurance, and 8) quality and 

productivity improvement results. As reflected in the 

President's Award scoring guidelines, customer satisfaction, 

quality results, human resource-utilization, and quality 

assurance of products and services are key determinants of 

excellence in a quality management. 

The Institute for Industrial Engineers (lIE) has 

established its own body of criteria for denoting gains in 

quality [lIE (1990)]. Unlike the criteria previously 

discussed, guidelines for the lIE Award incorporate factors 

of productivity and cost. Six criteria are considered 

significant by the lIE: strategic and business planning, 

leadership and management in productivity and quality, 

management by data, productivity and quality management, 

productivity and quality training and continuing education, 

measurement of results. All criteria are targeted at the 

manufacturing and service industries. Though scoring 

guidelines are not included, the presence or absence of the 

elements is intended to identify organizations that have 

accomplished significant, measurable and observable 

achievements in increased productivity, reduced human 
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drudgery, and improved quality. The lIE criteria are not 

sufficiently comprehensive or detailed to be used alone in 

assessing or implementing a TOM program. 

A fifth set of quality-related, enterprise-specific 

criteria for quality excellence are those used to judge 

recipients of the virginia u.s. senate Award [Virginia 

(1990)]. Like the President's Award, the Senate Award 

honors American organizations with particularly effective 

productivity and quality improvement efforts. Twelve 

criteria form the evaluation basis for this award, given to 

private manufacturing and service industries as well as 

local, state, and federal agencies. criteria include 

quality of (an organization's) application, innovation 

and/or originality, transferability of techniques employed, 

willingness to share results, comprehensiveness, commitment 

and involvment by top management, measurement and evaluation 

process, employee involvement, long-range plan for constant 

improvement, customer focus/service focus, results, and the 

planning process. 

3.3.2 PROCESS-LEVEL CRITERIA 

In contrast to the above criteria, other similarly 

well-regarded guidelines for evaluating Total Quality 

Management concentrate on specific key processes of an 

organization rather than the performance of an enterprise as 
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a whole. Process-level functions such as production/service 

processes and management processes are specifically 

targeted. certain organizational elements or units are 

emphasized as well; e.g., programs, cost and profit centers, 

and particular departments. within the professional 

literature, five frequently referenced documents outline 

criteria specific for assessing Total Quality Management 

with regard to such process-level functions. Widely 

recognized within the field, these documents are reviewed 

below. 

The ANSI/ASQC Q90-Q94 Series standards is identical to 

the ISO 9000-9004 Series discussed earlier. It is also most 

comprehensive [ANSI/ASQC (1987)]. Like the ISO Series, the 

ANSI Standards focus clearly and concisely on elements 

needed to assure both internal quality management and 

external quality assurance. The standards address both 

process details and management functions. They can be 

applied to any organization or organizational unit 

regardless of its involvement in the contracting process. 

According to the ANSI/ASQC Standards, the main elements 

of a world-class organization implementing Total Quality 

Management include: a quality management system (itself), 

quality costs, quality in marketing, quality in 

specification and design, quality in procurement, quality in 

production, product verification, control of measuring and 
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test equipment, nonconformity, corrective action, handling 

and post-production operations, quality documentation, and 

records, personnel, and product safety and liability. 

Despite these rather exhaustive criteria, "continuous" 

enhancement of the Quality Management System itself is not a 

stated objective of the ANSI/ASQC Standards. Though the 

importance of the product life-cycle in a TQM program is 

strongly emphasized, quality leadership, results, and 

quality-related information systems are not. 

criteria set forth in MIL-Q-9858A provide contractors 

for the Department of Defense (DOD) with guidelines for 

process-related quality management. These criteria offer 

specifications for establishing a quality management program 

when it may be required for a given contract. within the 

MIL-Q-9858A criteria, the definition of quality is implied 

to be compliance with contract requirements; conformance 

with DOD-mandated specifications is also implied. Five 

elements are defined as key: quality program management, 

facilities and standards, control of purchases, 

manufacturing control, and coordinated government/contractor 

actions. In general, management functions are emphasized 

less than process-related elements. Missing from the MIL-Q-

9858A criteria are certain critical elements including human 

resource utilization, productivity management, and strategic 

planning and its relationship to quality planning. 
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A third benchmark for process-level quality management 

can be found within the aerospace industry in the NASA 

Quality and Excellence Award [NASA (1991)]. Though no 

longer active, this award gave NASA and its contractors a 

means of evaluating contractor quality so that it might be 

publicly acknowledged. According to award criteria, the 

major elements of a process quality management program are 

customer satisfaction, quality assurance, and productivity. 

Less detail was offered for those criteria dealing with 

process control and measurement, and issues of testing 

quality. 

Vendors and suppliers are the target of the Ford Motor 

Company Vendor Evaluation Guidelines [Ford (1990)]. Through 

use of a questionnaire, the Ford Motor Guidelines provide a 

procedure for measuring and evaluating subcontractors and 

vendors to assure their effective control of the quality of 

products and services being procured. significant process­

level quality management criteria include: planning for 

quality, statistical methods, quality auditing, 

documentation, facilities/equipment, customer concerns, and 

in-process and outgoing quality control. These criteria 

emphasize the quality process control elements; lesser 

attention is paid to the management elements that support 

the process control activities. criteria also are lacking 

regarding quality costs and information sharing. 
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The fifth document is the DOD 5000.51-G TQM Guide [DOD 

(1990)]. It is intended for use by executive management to 

determine the status of the implementation or enhancement of 

Total Quality Management within a DOD organizational 

element. The Guidelines also serve to introduce to 

procurement professionals, operating management, contractor 

personnel, and executive management to specific techniqes 

and process enhancements during each cyle of the 

implementation/enhancement process. Primary factors for 

quality management as viewed by the DOD Guide include: top 

management commitment, obsession with excellence, an 

organization that is customer driven, customer satisfaction, 

training, employee involvement, use of incentives, and the 

use of tools. . 

3.4 DATABASE MODELING FOR OUALITY MANAGEMENT SYSTEMS 

A number of resources enabled this author to explore 

the basic concepts of entity-relationship (E/R) modeling, 

its applications and its advantages for QMS measurement. 

Database Modeling & Design: The E/R Approach Entity 

Relationship Model by Toby Teorey offers significant 

background informat~on concerning database modeling. 

Another valuable resource is Database Analysis and Design by 
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l.T. Hawryszkiewycz. Detailed concepts of the E/R model, 

its use, implemention and benefits are further discussed in 

Chapter 6. 



CHAPTER 4: PERFORMANCE MEASURES OF A 

QUALITY MANAGEMENT SYSTEM 

4.1 OBJECTIVES 

This Chap~er presents guidelines for measuring quality 

that may be used by any organization to assess, monitor and 

improve its quality management capabilities. The guidelines 

specify a procedure for defining measures of quality as well 

as an actual set of generic quality measures that may be 

tailored to the specific, unique needs of organizations in 

the manufacturing and service industries. Both the 

measurement methodology and set of measures apply to 

enterprise-level (or operational) and process-level (or 

strategic) views of an organization. Both also address 

subjective and objective criteria of a quality management 

system. 

4.2 INTRODUCTION TO MEASURES AND MEASUREMENT SYSTEMS 

Any object, process, or being in this world has 

attributes that describe it. Height and weight, for 

example, are two attributes of a human being. When a scale 

is assigned to an attribute - such as inches/feet to height, 

or pounds/ounces to weight - the attribute becomes 

44 
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countable: it becomes quantifiable. Together, both 

attribute and scale become a measure - in this case, a 

measure of tallness or a measure of heaviness. Innumerable 

measures exist-in daily life: compensation expressed in 

dollars: response of an ambulance expressed in minutes; 

distance counted in miles; noise measured in decibels. All 

reflect measures and their organization of the world around 

us. 

In the broadest sense, measures may be thought of as 

hard or soft. Hard, or objective measures, are concrete in 

nature. The weight of a product, the number of employees, 

or the time to process information, each represent hard 

measures - measures of weight, number and time. These, and 

other similar measures, are directly countable. Soft 

measures, by contrast, are subjective in nature. They are 

intangible. They focus on attitudes, perceptions, and 

feelings - qualitative factors - that are not directly 

measureable by physical or linear scales. Thanks to 

industrial psychologists, specialized measurement techniques 

for counting the intangible features of attitudes and 

perceptions are well articulated [Hayes (1992)]. When 

appropriate scales are employed, assessment of qualitative 

factors can lead to reliable, valid measures of human 

actions and values. 

Worthwhile measurement systems, however, don't just 
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appear. They must be systematically developed and 

maintained [Sink (1989)]. They demand time, attention and 

resources. They require followup. The "plan-do-check-act" 

cycle developed by Deming, in fact, is appropriately applied 

to the needs of a measurement system, as like any other 

system, if an organization's efforts at measurement are 

going to further its objectives in achieving continuous 

gains in quality. 

4.3 EFFECTIVE MEASURES AND MEASUREMENT SYSTEMS 

Do "good" measures have anything in common? What makes 

a measure or measurement system effective? Simple, 

unambiguous, "user-friendly" measures (and systems) are most 

useful. This, of course, assumes that they are applied to 

appropriate behaviors and processes within an organization. 

Measures and systems that are directly applicable to current 

processes are deemed especially practical as this makes them 

more likely to b~ adopted. Measures (and systems) that can 

be readily updated or modified in different situations gain 

added power [Triantis, et. ale (1993)]. 

Effective, strong measures share other commonalities. 

Since the collection, storage, retrieval, and analysis of 
. .. 

data that support measures (and systems) are on-going 

processes capable of consuming tremendous resources, 
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measures (and measurement systems) that minimize the costs 

of these needs are favored. The most effective designs for 

measures (and systems) encourage the participation of 

employees at all skill levels given only little 

training/education; this increases ownership of measures and 

helps to lower resistance from the participating parties. 

The best quality-related measures and measurement systems 

are consistent and thoroughly integrated with the quality 

measurement objectives of the organization and its vision of 

quality management development. 

In creating measures, the following design criteria are 

important to be kept in mind. Valid measures specify or 

actually measure what is purported to be measured; invalid 

measures measure something other than what is intended and 

are rendered functionally useless. Measures that are 

reliable ensure that errors in the measurement process are 

minimized over time or at least kept consistent; reliable 

measures provide consistently valid results. Accurate and 

precise measures, those which indicate the "true" state of a 

phenomenon, enhance overall validity and reliability [Sink 

(1989)]. 

Other features give measures added power. Measures 

that are specific and unique facilitate a "cleaner" look at 

a process or phenomenon; unless preplanned and accounted 

for, measures that overlap or are redundant have the 
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potential to muddy an organizational picture with 

ambiguities. Making measures complete and exhaustive helps 

to ensure that all variables within a system are included. 

[Sink (1989)]. 

When devising a measurement plan to assess ongoing 

performance of a quality management system, it should also 

be remembered that "quality" has both objective and 

subjective attributes. As such, Objective and subjective 

measures are called for. Objective measures can be used to 

capture such things as frequency of equipment inspections, 

number of employees trained in quality control procedures, 

or the cost of warranty claims, etc. Subjective measures 

can be employed to capture the attitudes and morale of 

employees or the perceptions of internal and external 

customers. Only when both hard and soft measures are fully 

utilized can all of the varied mechanical and human elements 

inherent in a QMS be accounted for when assessing changes in 

performance over time. 

4.4 SCOPE OF CHAPTER 

This Chapter is more than mere academic exercise. The 

methodology and measures put forth are designed to be 

utilized in any organization within the government or 

private sector, service or manufacturing industries. An 
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organization may utilize the information to support its 

development of a new QMS or the maintenance and enhancement 

of an existing one. since the measures reflect enterprise­

and process- views of an organization, it is possible, with 

them, to measure both the operational and strategic 

components of an organization's.approach to continued 

quality improvement. 

In addition, the methodology and generic measures are 

quite flexible. The measures may be applied within an 

organization to develop, maintain and improve a quality 

management system as just stated. They may also be used to 

support other organizational systems, for example an 

employee reward, bonus, or recognition structure, or a 

training and development process. When used external to an 

organization, the methodology and measures can be applied to 

parties such as suppliers and vendors whose products or 

services have significant conse~ences for the organization. 

For example, in the process of contracting with new vendors, 

an organization may utilize the measures to clarify the 

operating parameters for its vendors and to assess their 

quality management capabilities. 

4.5 METHODOLOGY FOR DEFINING MEASURES FOR A OMS 

To begin, the building blocks of each module of a QMS 
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were analyzed individually. An "extensive literature search 

was completed to identify significant numbers of additional 

elements that were applicable to many of the modules. The 

relationships between each element and its particular, 

unique influence(s) on quality were further considered in 

detail; attributes of each element were illuminated that 

might reflect or influence the role of the element within a 

quality system. Based on this analysis, generic measures 

were evenutally formulated and articulated in writing that 

were thought to best capture the various relationships, 

effects and contributions of the elements to the quality 

management system as a whole. 

At each step in formulating measures, the following 

questions were considered and applied: 

a) Will the measure have meaning to a management team? 

b) How realistic is the measure? How likely is it that it 

will "work?" 

c) Can the measure be worded simply and in unambiguous 

terms? 

d) If a ratio is necessary - for example between inputs 

and outputs -"can it be 'properly defined and 

consistently applied? 

e) Will the value of the measure justify the cost required 

to collect, store, retrieve and portray its data? 

f) Does the measure support the overall objectives and 
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philosophy of Total Quality Management? (Triantis 

et. al., (1993)] 

When applied, the above methodology gave rise to a set 

of measures that were quantitative and qualitative in 

nature. Appropriate units were applied to those that were 

quantitative and an appropriate scale for qualitative 

measures developed; this is further discussed in Chapter 5. 

Measures that were found to apply equally well to more than 

one module were repeated as needed in each module so that 

every module might stand alone. These common measures are 

cross-referenced with each other for easy identification. 

The set of prototype generic measures was developed for 

ten out of the-thirty-seven mod~les of a quality management 

system. Figure 5 identifies the ten specific modules. 2 

The set of prototype measures is found in Appendix B of this 

thesis. All of the elements (and their associated modules) 

reflect a mix of enterprise-level and process-level 

behaviors within an organization. 

2 Because cross references for the common measures in 
these selected modules sometimes refer to measures/modules 
not included in this Chapter, the reader is encouraged to 
review the full set of measures found in "Document E" by 
Triantis, et. al., 1993, "Report on Process and strategic 
Based Quality Measurement Guidelines for Quality Management 
System Development of Hardware Electronic Manufacturing 
Facilities. II 
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Quality Measurement 

Management of Quality Data & Information 

Analysis of Quality Data & Information 

Employee Involvement 

Quality Education & Training 

Determining customer Requirements 

strategic & Operational Quality Planninq 

Leadership 

Vendor Relations 

Quality CUlture 

Figure 5. Ten Modules For Which prototype Heasures Ar. 
Developed 
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4.6 ORGANIZATION OF PROTOTYPE MEASURES 

Generic measures created in the work of this Chapter 

are grouped (i~ Appendix B) according to the ten modules to 

which they apply. Definitions for the individual measures 

are stated along with the definitions for each module. 

within each set of measures for a module, measures that 

capture particular trends in the overall performance of the 

module are regrouped separately at the end. 

4.7 CONCLUSION 

The primary objective of this Chapter was to develop a 

methodology for identifying generic performance measures for 

a QMS based on the operational definition of a QMS. 

Prototype measures were also to be created to illustrate 

this methodology. -Both objectives were achieved. 

The methodology works well to define generic measures 

that reflect both qualitative and quantitative aspects of 

QMS activity. Through its application, the author created a 

substantial number of unique measures able to capture 

changes in QMS activity. Measures are extensive, user­

friendly, and applicable to any work environment in the 

business or government sectors. 

Given such a set of generic measures, further work is 

now needed. How are the measures to be operationalized 

within an organization? What is needed in order to actually 
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gather data with these measures? The next Chapter addresses 

these questions. In it, a methodology is presented and a 

questionnaire constructed for collecting both qualitative 

and quantitative data. The methodology recognizes that the 

operationalization of performance measures within an 

organization must be specific for the particular 

organization's-work environm~nt! . It recognizes, therefore, 

that the generic measures developed in this Chapter must be 

tailored for some "test" work environment for their full 

application. 



CHAPTER 5: COLLECTING MEASUREMENT DATA 

5 • 1 OBJECTIVES 

This Chapter presents a methodology for developing a 

questionnaire to collect data for objective and subjective 

performance measures of a quality management system. The 

methodology is intended to be applicable to all measures of 

a QMS. Keeping with the philosophy of Total Quality 

Management, the methodology provides for direct 

contributions from an organization's stakeholders. 

Also included in this research is a prototype 

questionnaire. The questionnaire has been developed using 

the above methodology and can be found in Appendix C. It 

allows for the collection of measurement data specific for 

the Vendor/Contractor Relations module outlined in Chapter 3 

of this thesis - just one of the thirty-seven modules that 

comprise a quality.management system. It is not the 

objective of this Chapter to evaluate the statistical merits 

of the prototype questionnaire. 

5.2 INTRODUCTION TO QUESTIONNAIRES/SURVEY TOOLS 

A questionnaire can be a versatile and valuable tool 

for collecting data. It can be adapted to gather 
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information regarding objective and subjective measures both 

internal or external to a work environment. It can be 

employed in any service or manufacturing environment. 

Unlike data for objective measures that are readily 

quantifiable through concrete vehicles such as weighing 

scales or linear scales, data for subjective measures are 

less readily obtained. Measures of stakeholders' 

perceptions and attitudes, for example, or workers' 

perceptions of the quality of their work life are not easily 

quantified with objective scales. Nonetheless, such data 

can be collected through use of a well-developed 

questionnaire. Moreover, they are vital to a comprehensive 

understanding of the quality of any service, product or 

system. 

In Measuring customer Satisfaction, Hayes presents a 

methodology for designing and developing questionnaires for 

surveying a spectrum of issues concerning customers. What 

are customers' requirements regarding certain products and 

services? Are customers satisfied with the services and 

products they've received? What satisfies them? What 

dissatisfies them? Are there specific attitudes and 

perceptions that customers hold regarding products/services? 

What do they value? These questions and more can be 

explored and their responses counted through use of an 

appropriate questionnaire. 



57 

As used by Hayes, the term customer applies to both 

internal and external parties. Groups or individuals within 

an organization who receive services or products directly or 

indirectly can be thought of as internal customers. 

External customers are those beyond the organization -

groups or individuals who are affected by products or 

services. since all such customers are affected by the 

organizational-systems that ~e~e them, all maintain 

personal attitudes, perceptions and beliefs about the 

systems - indicators that may be measured. As a quality 

management system is but one system within an organization, 

Hayes' methodology may be adapted to obtain qualitative and 

quantitative information about a quality management system 

that serves all stakeholders in an organization. 

5.3 SCOPE OF CHAPTER 

The methodology in this Chapter can be used to develop 

a survey tool for gathering performance-related data 

internal or external to any organization within the 

manufacturing or service industries in both the private or 

government sectors. Questionnaires derived from the 

methodology may be used to gather information in support of 

measures that evaluate strategic components such as 

leadership or strategic planning. Survey tools also can be 
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adapted for collecting data regarding operational components 

of a quality management system such as calibration and 

quality control. Beyond quality measurement, the 

methodology may be adapted to gather information regarding 

any performance-related criteria of an organization. 

5.4 QUESTIONNAIRE RELIABILITY AND VALIDITY 

At least one question invariably rises when adopting a 

questionnaire or survey to gather qualitative and 

quantitative information: How well does the questionnaire 

do what it says? Can one rely ori such a tool to obtain true 

data regarding measures concerning quality? 

Reliability and validity are two important criteria by 

which to evaluate a questionnaire's or survey's measurement. 

The term reliability refers to the degree to which scores 

obtained from a questionnaire - the "observed" scores" - are 

systematically related to some underlying "true" score. If 

results are reliable, observed scores can be assumed to be 

free from random error. In the case of QMS measurement, 

questionnaires with high reliability will distinguish 

between varying levels of quality system performance better 

than those with low reliability; They also make it more 

likely that one will find significant relationships between 

variables that are truly related to each other [Hayes 
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(1992)]. 

Three types of reliability are commonly spoken of: 

test-retest reliability, equivalent form reliability, and 

internal consistency [Hayes (19~2)]. Reliability as defined 

by the internal consistency of a questionnaire concerns us 

most. 3 In addition, two elements can influence the 

reliability of a questionnaire: number of question items and 

the variability of questionnaire respondents. The more 

numerous a questionnaire's items or queries, the more 

reliable its findings. Similarly, the more heterogeneous 

the sample of respondents in terms of its perceptions and 

views, the more reliable the questionnaire's results [Hayes 

(1992)]. As previously mentioned, a measure of the 

reliability of the prototype questionnaire put forth in this 

thesis is beyond the scope of this research. 

A second criteria by which to evaluate the merits of a 

surveyor questionaire is through its validity. Validity 

refers to the degree to which a questionnaire's scale 

measures what it is designed to measure, or the degree to 

which evidence supports the inference(s) made from scores 

derived from a questionnaire's measures. Although one might 

3 A full discussion of these general forms of 
reliability is beyond the scope of this investigation. The 
reader is referred to the following textbooks: Anastasi, 
1988; Brown, 1983; Guion, 1965; and Gulliksen, 1987 [Hayes 
(1992), p.32]. 
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have a highly reliable questionnaire, it is still important 

to question what an observed score actually indicates. 

Although a questionnaire may be highly reliable in 

distinguishing quality performance along some underlying 

continuum, for example, one would still want to ensure that 

the continuum is the correct one. As with reliability, the 

measure of the validity of the prototype questionnaire 

developed in this Chapter is be¥ond the scope of this 

research. 

5.5 OUESTIONNAIRE RESPONSE FORMATS AND SCALES 

Once designed, all questionnaires call for responses 

from those who are surveyed. The way(s) in which an 

individual may respond to a questionnaire are varied. They 

are determined by a particular "response format." Several 

response formats or scaling methods have been developed to 

collect subjective information. Among the most common are 

the following:-

a) Checklist format [Hayes (1992)] 

b) Likert scaling method [Likert (1932); Hayes (1992)] 

c) Equal-appearing intervals [Hayes (1992)] 

d) Scalogram approach [Guttman (1950); Hayes (1992)] 

The checklist format is a simple yes-no scale that can 

quantify the number of positive or negative attributes of a 
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service, product or process. 4 R.A. Likert developed a 

response format using a five-point scale. This type of 

scale represents a bipolar continuum defined so that the 

lower end represents a negative response and the upper end 

reflects a positive response. with a neutral point in the 

middle, the scale's five-point gradations allow respondents 

to express opinions in varying degrees. Three sample Likert 

scales are presented below: 

Agree-Disagree continuum 

Neither Agree 

strongly Nor 

Disagree Disagree Disagree Agree 

1 2 3 4 

Dissatisfied-Satisfied Continuum 

Neither satisfied 

Dis- Nor Dis-Very Dis­

satisfied satisfied Dissatisfied Satisfied 

1 2 3 4 

strongly 

Agree 

5 

Very 

Satisfied 

5 

4 "Instances" for measures used with this type of 
format are written as satisfaction items. 



Very 

Poor 

1 

Poor 

2 
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Poor-Good continuum 

Neither Poor 

Nor Good 

3 

Good 

4 

Very 

Good 

5 

The equal-appearing interval response format and the 

scalogram approach are more laborious scaling methods than 

that developed by Likert [Hayes (1992)]. These are not 

further reviewed in this Chapter. 

The Likert response scale has several merits. Less 

restrictive than a simple yes-no checklist, it permits 

greater variability in response. This increased variability 

has been shown statistically to be more reliable than a two­

or three-point scale such as'a yes-no checklist. The scale 

has also been tested extensively by others and shown to be 

more reliable using fewer (questionnaire) items than the 

Thurstone or Guttman scaling approaches. It has also been 

shown (statistically) that scales having ~ than five 

points (as the Likert scales call for) offer little 

additional incremental value since their reliability 

eventually levels off [Hayes (1992)]. 
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5.6 METHODOLOGY FOR DEVELOPING A QUESTIONNAIRE TO COLLECT 

DATA FOR PERFORMANCE MEASURES 

As depicted in Figure 6, the development of a 

questionnaire was essentially a three-stage process. stage 

I, partially completed in Chapter 4, is completed in this 

chapter as described below. The work of stage II is also 

outlined in this chapter. Stage.III lies beyond the scope 

of this research. 

5.6.1 STAGE I: DEVELOPMENT OF OUALITATlVE & OUANTITATIVE 

MEASURES WITH OPERATIONAL DEFINITIONS FOR 

A PARTICULAR WORK ENVIRONMENT (See Figure 7) 

5.6.1.1 Define and Develop Generic Measures 

A) Determine what must be measured in a quality management 

system to obtain a comprehensive view of how well the 

system is functioning, i.e., Ask what features are most 

salient or im~ortant to the continued functioning of 

the system. 

B) Determine what must be measured to determine the 

weaknesses and strengths of a system as they are 

perceived by an organization's stakeholders. 
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Stage I 

Develop qualitative and 
quantitative measures with 
operational definition for a 
particular work environment 

Stage II 

." 

Construd the questionnaire 

Stage III 

." 

Circulate final questionnaire 

Figure 6. Methodology for D~vel9pment of Questionnaire 
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Stage I 

Define & develop generic 
measures 

Tailor generic measures to a 
specific work environment 

Add additional m~asu.res that 
have not been derived from the 

list of generic measures 

Delete measures from the 
generic measure list that don't 

apply to work environment 

I 

Figure 7. Developing Measures for a Particular 
Environment 
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5.6.1.2 Tailor Generic Measures to a Specific Circumstance. 

Work Environment or Industry 

A) Highlight each measure and define it within the context 

of a particular work environment and/or industry. 

Example 1: A generic definition of "maintainability" 

is: "The ease with which preventive and 

corrective maintenance can be achieved on a 

product" [Triantis, et. al. (1993)]. 

A definition of "maintainability" that is 

unique for, say, a product in the software 

industry might be: "The effort required to 

find and correct an error in operational 

programs. 'I 

Example 2: A"generic definition of "reliability" is: 

"The probability that a product will 

operate after "til hours of use [Triantis, 

et. al. (1993)]. 

A definition specific for a product in the 

software industry might be: "The extent to 

which programs perform intended functions 
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with- precision. II 

B) Identify examples of processes or activities unique to 

the environment that might be measured. Such 

.. instances, II or .. items" will serve as "operational 

definitions" and are pivotal in determining the way 

that each measure is quantified. 

Example 1: Two instances of maintainability within the 

software industry might be: a) "Locating an 

error in the operational program is easy." 

b) "Fixing an error in the operational 

program is easy." 

Example 2: Two instances of reliability within the 

software industry could be: a) "For the 

past 10 years, the software has performed 

functions accurately." b) "The software 

allows the operator to perform functions 

with precision." 

In some cases, a series of multiple statements will 

most fully describe the activity being ~easured. The 

statements may describe a specific process or refer to a 

specific task performed by a person associated with the 
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process. Specific examples of a service or product may 

describe either a positive or negative performance of the 

service or product. statements that describe a measure and 

seem redundant should be combined. The following rules (and 

examples) should be applied when developing operational 

measures: 

Rule: Make lIinstances" concise. Eliminate superfluous words 

so that a final survey tool is easily read and 

understood. 

Example (Poor): The contractor seemed to act in a very 

personable manner to me when I asked 

for a meeting. 

(Better): The contractor was very personable. 

Rule: To avoid equivocal responses, make "instances" precise 

and unambiguous. 

Example (Poor): The service provided by the 

contractor's maintenance crew was 

good. 

(Better): The service took a short time. 

The service providers were friendly. 

Rule: Have each "instance" contain only one thought 

so that a respondent is not forced to summarize 
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his or her reactions to two or more ideas at once. 

Example (Poor): The contractor accommodated the 

buyer's specifications and took a long 

time to deliver. 

(Better): The contractor met the buyer's 

specifications. 

The contractor failed to meet its 

. deadline for delivery. 

Rule: Use no double negatives when developing "instances." 

Example (Poor): The products were never not tested as 

contractually required. 

(Better): The products were always tested. 

C) Add any additional measures pertaining to the work 

environment not already included in a list of generic 

measures. Include definitions and examples. 

D) Delete those measures that exist in the generic list 

that do not apply or are not needed in the list of 

specific measures. 

steps A-D are best completed with the assistance of 

experts/consultants and stakeholders themselves. Because of 

his or her unique expertise, an expert or consultant may 

draw on a number of resources to tailor generic measures to 
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a specific industry. He or she may draw from information in 

scientific, professional or trade journals, independent 

studies of the service or product and processes of a given 

industry. He or she may also rely on his/her professional 

knowledge, judgment, and experience with the practices of an 

industry. 

stakeholders can be tapped as well. Through structured 

interviews, both internal or external customers of the 

products/services/processes in question can be asked to 

select and define measures from a generic list and provide 

examples (for measures) from their own work environment. 

since stakeholders are most aware of their own requirements 

for quality, it can be especially fruitful to solicit ideas 

and opinions from them. Involving stakeholders also 

provides a way to learn of specific, sometimes unique, 

examples from the customers' environment and organization 

that may help to clarify certain measures, thereby enhancing 

their value. 

certain points are useful to remember when interviewing 

stakeholders. Interviews may.be conducted equally 

effectively with individuals or groups. stakeholders 

participating in the process should be internal or external 

customers who have received some products or services from 

the system and have interactions with providers. 

Interviewees should be knowledgeable in the philosophy and 
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practices of quality management. The interview process is 

especially efficient when group'sizes are limited to three 

to five participants: this way, deficient information from 

one interviewee may be offset by information from another, 

and the spectrum of customer requirements can be better 

represented. 

When calling on stakeholders directly, customers' true 

requirements for quality products/services are rarely 

overlooked or misunderstood. Measures that a consultant or 

expert may identify as pertinent or valuable, for example, 

may be readily dismissed by a group of stakeholders; 

perceptions of an outsider can be far from those who are on 

the inside - persons who deal with differences in quality 

every day. In addition, feedback from stakeholders can 

often identify instances of product/service performance that 

may reflect the overall condition of a quality management 

system within an organization. 

At the conclusion of stage I, the survey developer 

will have generated a pool of possible measures that may 

reasonably be applied to a specific industry. 

5.6.2 STAGE IIi CONSTRUCTION OF A QUESTIONNAIRE OR SURVEY 

(see Figure 8) 

In order to cQnstruct a.fi~~l questionnaire/survey, 

selected measures and their related "instances" must be 
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Stage II 

Seled measures from the pool of 
tailored measures 

Seiad desired response format 
and the scale to use 

" 
Prepare written introdudion to 

questionnaire 

Validate questionnaire 

Figure 8. Construction of Questionnaire 
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integrated with appropriate scaling procedures. An 

introduction also must be written for the questionnaire. 

The tool can then be validated. 

5.6.2.1 Select (Tailored) Measures for A Questionnaire 

A) From the pool of potential measures and operational 

definitions, select those that best reflect the 

continued performance of a given module. 

B} Select measures based on the following considerations: 

accuracy/reliability; relevance to the objective(s) of 

the questionnaire; amount of available study time; 

number of intended survey respondents; available 

budget. 

5.6.2.2 Select Desired Response Format 

The choice of a response format determines how 

customers can respond to a questionnaire and, ultimately, 

how data shall be quantified and used. In selecting a 

response format, the following should be considered: 

What degree of understanding is sought? Is it 

sufficient to know simply that a particular attribute or 

feature of a service,. product or process is present or 

absent? If yes, a checklist format may be the simplest, 

most effective to use. If it is important to know more than 

the presence or absence of an attribute, that is, if one 
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needs to know the degree to which an attribute is present or 

absent, a five-point Likert scale is recommended. Other 

scales may be applicable as well but are not discussed in 

detail in this thesis. 

When selecting one or another Likert scale, the 

following should be kept in mind: a) The Agree-Disagree 

continuum is best used with satisfaction-related items that 

are declarative in nature and reflect specific good or bad 

aspects of a service or product: b) The Dissatisfaction­

satisfaction continuum is appropriate for items that reflect 

specific aspects of a service or product; the items need to 

be stated in rather neutral terms; c) The Poor-Good 

continuum is appropriate for items that reflect specific 

aspects of a service or product; these items need to be 

stated in rather neutral terms. 

5.6.2.3 Prepare written Introduction To Questionnaire 

A) Explain the purpose of the questionnaire and give 

instructions for how to complete it. If and when 

similar items are included, explain that this is for 

reasons of accuracy. 

B) Explain how the data will be used, but be careful not 

to say so~ething that may influence questionnaire 

responses. 

C) Keep instructions brief, simple, and understandable. 
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5.6.2.4 Validate Questionnaire Tool 

A) Test the final tool with a small group of respondents 

as regards the following: clarity of purpose; 

instructions and content; applicability to the 

respondents; relevance to survey objective; and 

length of questionnaire. 

5.6.3 STAGE III: CIRCULATION OF FINAL QUESTIONNAIRE 

5.7 DEVELOPMENT OF PROTOTYPE QUESTIONNAIRE 

5.7.1 STAGE I 

In this research, generic measures developed earlier 

and outlined in Chapter 4 for the Vendor/Contractor 

Relations module (of a QMS) were tailored to the needs of a 

specific environment - "Organization Delta" ("Delta"). The 

methodology outlined above was applied and tested. 

Both experts/consultants and stakeholders were involved 

in the process. Over a period of two years, a group of 

selected experts/consultants referenced literature 

pertaining to Delta's industry and held discussions with 

Delta's employees. This conferred considerable knowledge 
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and experience with Delta's work environment that enabled 

the group to assist in tailoring generic measures and naming 

instances appropriate for each. 

A structured interview was then used to involve the 

stakeholders. All interviewees were asked to read the 

measures and definitions provided in the set of generic 

measures. By group consensus, measures that were thought to 

reflect or relate to the same issues of quality (according 

to the work environment at Delta) were grouped in a logical 

manner. The measures were also assigned priority. Each 

interviewee was asked to enhance or modify the definitions 

of each measure so that they better applied to his or her 

particular work environment. Although the suggested changes 

and modifications were to be recorded on separate note pads 

provided to each individual, Delta employees found the 

generic definitions fully acceptable and offered no 

modifications. 

All interviewees were next asked to record (on their 

pads) as many ~xamples or "instances" for the measures as 

they could for their respective work environments. The 

respondents were instructed to give specific examples of 

product, service, process, and management quality. They 

were also asked to structure their examples in such a way as 

to reflect specific good or bad aspects of the activities or 

behaviors. (This created instances for measures as 
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"satisfaction items.") General'statements such as "Service 

was good/bad," or "The representative's behaviour was nice 

or unpleasant" were discouraged. Upon discussion, the few 

definitions and examples contributed by Delta employees 

through the above process were consolidated. Additional 

instances identified by this author were used to supplement 

the group's effort. 

5.7.2 STAGE II 

The instances developed in stage I were re-reviewed 

by the author. All were retained for final use in a 

questionnaire. 

The Likert scale was next chosen as the most suitable 

response format for gathering measurement data. Less 

restrictive than a simple yes-no checklist, the scale 

provides for greater variability in response. with it, 

stakeholders responding to various instances of product, 

service, or process-related quality would be able to 

indicate a spectrum of opinion about their environment and 

in more precise fashion. Since in order to measure system 

performance over time, one must gather information about a 

system at point "A" and compare it with information gathered 
-

(later) at point "B," the variability afforded by the Likert 

scale would allow this author to more closely monitor and 

measure changes in system performance. -In short, the Likert 
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scale offered maximum utility in analyzing Vendor/Contractor 

behaviors and activities. 

Of the different types of Likert scales, the agree­

disagree continuum was the one selected. This choice 

necessarily followed from the author's earlier decision to 

use satisfaction-styled items to describe instances for 

measures. Had either of the other continuua for Likert 

scales been selected such as a dissatisfied-satisfied 

continuum or the poor-good continuum, instances (for 

measures) would have to have been expressed in neutral 

terms. 

To conclude, a brief introduction was written for the 

questionnaire. This stated the purpose of the tool and 

instructed respondents in how to complete the questions. A 

page preceding. the body of the questionnaire was also 

prepared for accommodating particular identifying 

information about the questionnaire itself, the date of its 

completion, the vendor who circulates it, and the customer 

(respondent) completing it. The final questionnaire was 

returned to the group Delta for their review and reaction. 

Members of the group concurred positively regarding the 

questionnaire's content and relevance. 

5.8 ORGANIZATION OF MEASURES WITHIN PROTOTYPE QUESTIONNAIRE 

The measures listed in the prototype questionnaire are 
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not listed randomly. Measures identified by Delta employees 

as similar or alike were first grouped together as a set. 

The sets were organized into "Parts" and these "Parts" 

ordered within the survey according to their relative 

importance for the unique Vendor/Contractor environment at 

Delta; this importance was determined by Delta's working 

group. (Measures in Part I of the survey were deemed the 

most significant fOr the organization. Measures in Parts 

II, III, IV, etc. follow in order of their importance.) 

within each Part, measures are numbered with arabic 

numerals, e.g. measures #1, #18 and #19 comprise Part I. 

These numbers correspond to the numbers used in the original 

list of measures for the Vendor/Contractor module (found in 

Appendix A). Letters a, b, c, etc. in the questionnaire 

represent the "instances" for each group of measures. 

5.9 CONCLUSION 

In this Chapter, the author accomplishes the second 

objective of this research project: to develop a 

methodology for creating a survey tool to collect the very 

measurement data -called for by prototype measures. The 

methodology is easily comprehended and executed with minimum 

training by persons with knowledge of quality management 

principles. It also calls for an active role by the 

customer (in whose organization a survey is to be taken) 
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when developing the survey tool, a practice consistent with 

the philosophy of Total Quality Management. 

Applying the above methodology, the author then 

develops a questionnaire that incorporates performance 

measures specific for the Vendor/Contractor activities of a 

sample organization called Delta. The tool permits an 

exhaustive collection of information for both qualitative 

and quantitative measures. It is quickly understood by 

respondents and, consistent with the TQM philosophy, is 

developed with employee participation from organization 

Delta itself. -

In order for VCR measurement data to be of operational 

value it must ultimately be stored, retrieved, and analyzed. 

Indeed, measurement data collected for other modules of a 

QMS (in addition to the VCR module) would similarly need to 

be collected, stored, retrieved, and analyzed before it 

could be useful in QMS development. The author envisions 

that a significant collection of such measurement data might 

be put to use in many ways. The following hypothetical 

example is offered. 

Many different vendors circulate a questionnaire to 

employees of their customer organizations: the same the 

process is completed more than once a year. Because all 

customers are within the same industry and share similar 

work environments, the same questionnaire is circulated. 
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Consultan:t "A" receives all completed questionnaires thereby 

collecting exhaustive VCR measurement data for numerous 

vendor/customer relationships. Using a system designed to 

store, retrieve, and analyze'this information, the 

consultant then provides analytical feedback to each of the 

vendors and customers regarding the performance of their 

respective vendor/contractor (QMS) activities. with the 

totality of information available, it also becomes possible 

for the consultant to determine (VCR) performance benchmarks 

and to use all data in other ways for still further feedback 

to vendors and customers about their performance. 

To meet the needs of the hypothetical consultant, the 

considerable amounts of measurement information would need 

to be organized and stored in an automated system. 

One known way to do this is through the use of a database. 

To design a database, one must first organized one's data in 

some logical manner. . In Chapter 6 of this project, the 

author focuses attention on creating a prototype data model 

for organizing the data collected with the questionnaire 

developed in this Chapter. Specifically, the applicability 

and utility of the E/R model are evaluated in creating a 

logical design for VCR measurement data. If suitable, the 

same E/R modeling techniques might one day be employed to 

create models for the measurement data of other modules of 

the QMS. 



CHAPTER 6: ENTITY-RELATIONSHIP MODELING OF MEASUREMENT 

DATA FOR THE VENDOR/CONTRACTOR RELATIONS 

MODULE OF A QMS 

6.1 INTRODUCTION 

Measurement data collected via a questionnaire like the 

questionnaire developed in Chapter 5 (for Vendor/Contractor 

Relations activities) must ultimately be organized and 

analyzed in order to understand its implications. An 

automated database is most helpful for this work. Databases 

offer reliable, convenient ways to store, retrieve, and 

update large quantities of data - in this case, quality­

related measurement data. They also permit the manipulation 

of data for maximum analytical inference. 

The modern database is usually based on one of four 

types of data models: hierarchical, network, relational, and 

object-oriented. In general, the models reflect different 

ways of organizing and storing data. In a database based on 

the hierarchical model, for example, data elements are 

stored using nested data structures. In a network database, 

the hierarchical model is generalized and data are organized 

in a network of nodes and links. In a relational database, 

all data are stored in a tabular format. 

Organizing data into one of the above models is a 

82. 
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necessary first step in developing a database. All 

potential data elements must be identified and defined and 

their inter-relationships established. To facilitate these 

steps, a number of software design aids are available. One 

aid, the IIEntity-Relationship Model" (ItE/R" Model), is 

perhaps the most important and widely used. The E/R model 

provides a high-level, "logical" view of one's data and is 

closest to the relational model. 

Essentially, the E/R model is an information model. 

Developed in 1976 by Peter Chen, it is based on three major 

building blocks - "entities," "relationships," and 

"attributes." If one likens an E/R model or diagram to a 

graphical language that expresses statements about a 

particular business or work environment, "entities" in an 

E/R model function as nouns, "attributes" as adjectives, and 

"relationships" as verbs. To model information about an 

environment, the three need to be organized according to 

specific E/R rules or semantics. 

6.2 OBJECTIVES 

The first objective of this Chapter is to identify the 

requirements of a database able to store, retrieve, and 

analyze measurement data collected by the questionnaire for 

the Vendor/Contractor Relations (VCR) module of a QMS. (VCR 

measurement data were collected via the prototype 
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questionnaire developed in the previous Chapter.) The 

second objective is to acertain the reliability of the E/R 

modeling approach in defining a logical model that 

effectively meets the initial requirements. In this 

Chapter, the author builds a prototype data model using E/R 

modeling semantics and constructs and then depicts this 

model in diagram form. He subsequently traces back to the 

original data requirements and evaluates if they have been 

met. Development of the logical model is a first step in 

designing a Vendor/Contractor Relations Measurement 

Database. 

6.3 DEFINITIONS OF THE E/R MODEL 

The E/R model has been defined at two levels - simple 

and complex. The simple definition is used by most 

computer-aided software engineering tools. with it, the 

primary classes of information - entities, attributes, and 

relationships - are described simply in diagram form. 

Special constructs are included in the simple form such as 

the concepts of "existence dependency" and "identification 

dependency." Other special con<::epts and constructs are 

added to avoid cluttering an E/R diagram [Teorey, 1990, 

p.2]. 

The complex definition of the E/R model on the other 

hand includes concepts that go beyond the simple model. 
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Included, for example, are concepts from the semantic models 

of artificial intelligence. with such enhanced concepts, a 

database designer can capture additional semantics about 

his/her data and its interrelationships without having to 

resort to narrative explanations. The complex definition is 

also useful to the database applications programmer because 

a number of requirements defined in the complex E/R model 

relate directly to the code. The additional details built 

into the complex level of an E/R model, however, can detract 

from end-user understanding. This is especially true for 

large E/R diagrams. For these reasons, the simple level is 

a preferred communication tool for database design and 

verification [Teorey (1990), p.2] and, consequently, is used 

in this research. 

6.4 REASONS FOR CHOOSING THE E/R MODEL 

The E/R modeling technique is a top-down approach that 

uses the concept of abstraction to simplify the task of 

analysis. The technique abstracts "entities," which are a 

group of like objects, and studies the interrelationship 

between them. This reduces the total number of 

interrelationships needed to be studied [Teorey (1990), 

p.34]. In the case of Vendor/Contractor Relations 

measurement data, numerous vendors may exist, each of which 

has unique relationships with different customers. Given 
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the concept of abstraction afforded by the E/R model, it is 

simpler to abstract the entities VENDOR and CUSTOMER, for 

example, and to study their interrelationships as a group, 

than to study the specific data requirements between each 

and every vendor ~nd each and every customer. 

Also, in E/R modeling, "attributes" that describe 

"entities" are grouped together with each entity. 5 Since 

attributes normally have relationships with other attributes 

of the same entity or with attributes of entities that are 

directly related to their (own), the grouping of like 

objects into entities greatly reduces the task of analyzing 

inter-attribute relationships as well [Teorey (1990), p.34]. 

Again, in the case of VCR measurement data, most data 

elements are "attributes." Use of the E/R modeling approach 

therefore simplifies the task of analyzing these many 

individual attribute interrelationships. 

Additionally, this Chapter is limited to the 

development of a logical model for (the measurement data of) 

a single module of a QMS, specifically, the 

Vendor/Contractor Relations module. If successful, still 

other modules of a QMS may be considered as candidates for 

abstraction. Eventually, a logical representation of the 

measurement data for an entire QMS might be achieved. Such 

5 For easy reference throughout this Chapter, all names 
of entities are capitalized. 
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a representation would necessarily involve a large magnitude 

of data. But again, because of the use of abstraction, E/R 

modeling would ease the task. 

other reasons for choosing the E/R model for this 

project are its simplicity and strength as a communication 

tool. E/R modeling semantics force a database designer to 

concentrate on the details of data relationships. This 

helps to capture detail more accurately. In the case of the 

prototype model, E/R semantics force a designer to ask, 

among other questions: What is the nature of the 

relationship between VENDORS and QUESTIONNAIRES? One-to­

one? one-to-many? Many-to-many?, etc. Analysis shows that 

a vendor may circulate many questionnaires but that a 

questionnaire may only be circulated by one particular 

vendor. The relationship between the two is therefore 

defined as one-to-many and can be so represented in a 

logical model. A final graphic presentation makes all such 

details easily understood by both designer and end-user. 

Finally, if a relational database is found best suited 

for QMS measurement data, a prototype E/R model is readily 

translatable into a structured query language (SQL) 

constructs. This facilitates transfer of the conceptual 

data model to the next design level, from which a database 

programmer may ultimately implement a database. 
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6.5 STEPS IN THE DEVELOPMENT OF A DATABASE 

As outlined by Teorey (1990), the life cycle of a 

database takes the following course: 

1. Requirements Analysis 

2. Logical Design 

a) ER modeling 

b) View Integration 

c) Transformation of ER model to SQL relations 

d) Normalization 

3. Usage Refinement 

4. Data Distribution 

5. Local Schema and Physical Design 

6. Database Implementation, Monitoring, and 

Modification [Teorey (1990), p.3-6]. 

Steps (1) and (2a) are completed in this Chapter for the 

Vendor/Contractor Relations measurement data obtained via 

the questionnaire developed in Chapter 4. The remaining 

steps lie beyond the scope of this research. 

6.6 REQUIREMENTS ANALYSIS 

6.6.1 Delineation of Primitive Objects and Their 

Interrelationships 

A VCR Measurement Database is to be created for 
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purposes of storing, retrieving, and manipulating 

measurement data collected from questionnaires that are 

circulated by numerous vendors (of products and services) to 

their respective customers.6 The database will be 

maintained by an independent consultant to whom 

questionnaires are ultimately returned. The consultant's 

task is to input all data, analyze it to meet various 

objectives, and provide feedback to vendors and customers 

alike. The consultant is skilled in database operation but 

unskilled in database design. Since E/R modeling is a 

useful communication tool, graphic in nature and not too 

difficult to learn, the consultant is less reluctant to 

participate in the design process. 

First, vendors circulating questionnaires can issue 

more than one questionnaire to any customer organization. 

Vendors must be identified by a unique vendor i.d. number 

assigned by the consultant. The vendor i.d. is not only a 

unique number for the vendor but also associates him/her to 

the organization they belong. Vendor name, address, 

telephone, and fax number must also be associated with each 

questionnaire. The reasons for these requirements are as 

follows: 

6 All customers are assumed to received the same 
questionnaires. 
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a. The consultant user will need to contact vendors for 

such reasons as information verification, analytic 

feedback, clarification, etc. 

b. Responses to every questionnaire must be traceable to 

the vendor that issued the-questionnaire. 

c. Information specific to anyone vendor must be fully 

obtainable. 

A single customer in an organization can respond to 

more than one questionnaire coming from the same vendor or 

different vendors. customers who respond to questionnaires 

must be uniquely identified with an i.d. number, again 

determined by the consultant. This i.d. number is unique to 

the individual awnserinq the questionnaire and associates 

them with their particular organization. Because 

individuals within a customer organization who complete a 

questionnaire are identified.on.a questionnaire by their 

name, title, contact phone and fax numbers, this information 

needs to be reflected in the database. Additional reasons 

for these user requirements are listed below: 

a. The consultant user wishes to trace all questionnaire 

responses (i.e., measurement data) to the customer 

organizations from whence they came. 

b. The user needs to trace particular responses to 

individuals within a given customer organization. 

c. The user wishes to trace responses to specific levels 
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of management (within a customer organization) as might 

be reflected in respondent job titles. 

d. Phone and fax numbers facilitate direct, rapid contact 

with respondents for data verification and other needs. 

They also further distinguish individual respondents 

from each other. 

Thirdly, three elements need to be recognized in the 

database as co~cerns the questionnaire itself. Each 

questionnaire must be uniquely identified by a serial 

number. A serial number should be a unique alpha-numeric 

identification that designates the Iitype" of questionnaire 

at the end of the number. 7 Each questionnaire must also be 

traceable to the vendor that issued it, the customer 

receiving and responding to it, and the customer's 

organization, which is implicit in the customer's i.d. 

number. A database must recognize the date that each 

questionnaire is completed. All of these features are 

needed by the user for the following reasons: 

a. The consultant user wishes to associate all responses 

in a particular questionnaire (i.e., its measurement 

7 The "type" of a questionnaire refers to the 
department or area of business within a customer's 
organization from which measurement is being collected. For 
example, a questionnaire completed by an individual in the 
"Design Assurance" department would have a two digit code 
"DA" at the end of his/her questionnaire serial number. 
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data) with the unique vendor-customer pair described by 

the responses. 

b. The user needs to track changes in questionnaire 

responses over time. 

In every questionnaire (designated by a serial no.) 

there are many responses corresponding to the many questions 

contained in it. All responses need to be traceable to the 

individual who completed the questionnaire. Also, the 

database needs to reflect that each question is repeated in 

many questionnaires and thus will have many responses in 

those different questionnaires. 

within each questionnaire~ individual question items 

are uniquely identified by a question i.d. number. This 

information must therefore be provided for within a 

database. The database must also identify: the nature of 

every question as either qualitative or quantitative; the 

individual text of each question; and the various units of 

measures associated with particular quantitative question 

items, e.g., units such as percentage, minutes, etc. Though 

not yet included in the prototype questionnaire, the author 

foresees future value in assigning relative weight to 

qualitative responses. Since this is known at this time, 

the user would~like a VCR Measurement Database to be able to 

assign each qualitative question its designated relative 

weight. All of the above requirements are needed for the 
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following reasons: 

a. The consultant user wishes to trace all responses to 

the question items that prompted them. 

b. For purposes of identification and analysis, 

quantitative and qualitative scores need to be 

distinguished as separate question items. 

Responses to question items must finally be stored in a 

VCR measurement database. The database must be capable of 

distinguishing between qualitative and quantitative answers. 

It must further be possible to trace responses to their 

associated questions. since any given vendor may send the 

same questionnaire type to a number of different customers, 

there will be numerous responses to the same question (in a 

questionnaire) depending on how many questionnaires are 

actually completed. This makes it imperative that all 

responses stored in the database be traceable to the serial 

number of the questionnaire from which they come. 

6.6.2 Processing Requirements 

Listed below are sample queries that the consultant 

user may wish to pursue with a VCR Measurement Database. 

The queries are by no means exbaustive. 8 

8 In addition, each of the following queries may be 
asked of a particular "type" of questionnaire (as this term 
has already been explained). 
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a. How does a given individual in a customer 

organization rate his/her vendor/contractor 

relations?, i.e., What is the total score for a 

particular questionnaire?9 

b. What is the trend over time for the performance 

scores that' one individual has given for the same 

vendor? 

c. What-are the average scores given to a vendor by 

different respondents in a particular customer 

organization? What are the scores for an entire 

organization? (An analagous query may also be 

formulated for particular questions in a 

questionnaire.) 

d. What are the low, average, and high scores 

received by a vendor on the set of questionnaires 

sent to its different customers? 

e. What are the low, average, and high scores 

received over time by a vendor on the set of 

questionnaires sent to its different customers? 

f. What are the average, high, and low scores for 

each question on a questionnaire for all vendors 

of a particular customer? 

9 "Score" refers to the answer given on a qualitative 
question. 
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g. What are the average, "high, and low scores over 

time for each question on a questionnaire for all 

vendors of a particular customer? 

h. What scores are received by a vendor for 

questionnaires responded to by upper management 

vs. those responded to by middle or lower 

management? 

i. What are the responses for any given measure? for 

a particular set of measures? 

j . What are the ranges of survey scores - highest and 

lowest - for a given measure or set of measures? 

k. What are the average scores for a given measure or 

particular set of measures? 

1. What are the survey scores for quantitative 

measures alone? for qualitative measures only? 

m. What changes are reported for a particular measure 

(or set of measures) over time for a given vendor 

or customer? 

n. How do scores of one vendor or customer on a given 

measure (or set of measures) compare with the 

scores of other vendors or customers? 

o. What scores on a given measure (or set of 

measures) characterize a particular group of 

vendors or customers at a particular time? What 

are the "industry norms?," i.e., ranges and 
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average scores for certain vendor/contractor 

quality-related behaviors? 

The above sample queries will ultimately need to be handled 

by a Vendor/Contractor Relations Measurement Database. A 

prototype logical (data) model should be structured to 

accommodate these information requirements as fully as 

possible. 

6.6.3 Processing Requirements Updates 

a. Occasionally the addresses, phone numbers, fax 

numbers, and even the names of vendors and 

customers themselves will change. The user will 

wish to keep this information current, updating 

the information on a quarterly basis. 

b. New customers and vendors must be added to the 

database. 

c. Questionnaires may be modified from time to time 

to better reflect changing business climates, 

vendor/contractor activities, the focus of system 

measurement, changes in the quality management 

criteria, etc. The existence of a revised 

questionnaire will need to be uniquely 

identifiable. 
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6.7 BUILDING OF A PROTOTYPE LOGICAL MODEL FOR 

VENDOR/CONTRACTOR MEASUREMENT DATA 

Keeping in mind the requirements and sample queries 

specified by the database user, and considering all data 

elements, a logical (data) model was developed in the 

following manner. 

6.7.1 Classification of Entities and Attributes 

Entities that naturally came to mind were: 

VENDOR/CONTRACTOR, CUSTOMER, and QUESTIONNAIRE. These 

elements represented the obvious, major "objects" about 

which (and through which) one would collect 

vendor/contractor-specific quality information. Since 

measurement data for the module primarily concerns the 

relationship between VENDORS and CUSTOMERS, much information 

existed to be modeled for these two elements. 

Descriptors such as address, phone number, and fax 

number were identified as some of the attributes of these 

two entities. - An attribute tha~would uniquely identify the 

separate instances of the VENDOR entity was "Vendor i.d. 

number." "Customer i.d. number" would similarly identify 

separate, unique instances of the entity CUSTOMER. These 

two were therefore chosen as the primary keys for the two 

entities. 

A third major entity was considered next -
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QUESTIONNAIRE - the tool by which one might learn of an 

organization's relations with its vendors and contractors. 

The questions contained in a vendor's (or contractor's) 

questionnaire, as well as the many question responses, were 

initially modeled as attributes of the entity QUESTIONNAIRE. 

Upon closer examination, however, it was clear that both 

elements - question and response - should themselves be 

viewed as entities since descriptive elements existed to 

identify each. 

The attributes "question text," "question type," and 

"question i.d," for example, were found to characterize both 

elements. The primary key "question i.d." was determined to 

be the unique identifier for each instance of the entity 

QUESTION. Upon analysis, the entity RESPONSE was found to 

have the unique non-key attributes "quantitative response" 

(or "quant. response") and "qualitative response" (or "qual. 

response"). Quantitative responses would clearly assume any 

numeric value. Qualitative responses, however, would take 

values between 1 and 5 as these numbers are defined by the 

Likert Scale. Since the questionnaire gives a respondent no 

choice other than 1 through 5, there is no need to further 

define this particular range of values. Should a range of 

values need to be defined in the future for any reason, it 

could be done using an advanced E/R modeling construct such 

as "domain. 1I Advanced constructs have not been pursued in 
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this research. 

6.7.2 Identification of Generalization Hierarchies 

In course of the modeling effort, it was eventually 

clear that for the two basic types of questions -

QUALITATIVE and QUANTITATIVE - a supertype could be defined. 

The supertype defined was QUESTION. The QUALITATIVE and 

QUANTITATIVE questions were therefore modeled as subtypes of 

the generalization entity QUESTION. These two types had 

three attributes in common: "question type," "question 

text," and "question i.d." These attributes migrated to the 

supertype entity (QUESTION). "Question i.d.," which was the 

primary key of the supertype entity, also migrated to the 

subtype entities. Non-key attributes specific to each 

subtype, such as "unit" (of ~ea~ure) for the QUANTITATIVE 

QUESTION subtype, and "weight" (or relative weight) for the 

QUALITATIVE QUESTION subtype, were assigned to their 

respective entity. 

6.7.3 Definition of Relationships 

A number of relationships were defined between entities 

when building the prototype model. In considering the 

relationship between VENDOR and CUSTOMER, it was apparent 

that many VENDORS might easily be associated with many 

CUSTOMERS, and vice versa. Both groups, however, were also 
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associated with a third entity, QUESTIONNAIRE: 1) VENDOR 

circulates QUESTIONNAIRE, and 2) CUSTOMER fills out 

QUESTIONNAIRE. 

Each parent entity, VENDOR and CUSTOMER, thus have 

identifying relationships with a child entity, 

QUESTIONNAIRE. The connectivity of these two sets of 

relationships is one-to-many. The cardinality of each 

parent-child relationship is·one-to-one-or-more. This means 

that in each relationship, one instance of the parent entity 

(VENDOR or CUSTOMER) is related to at least one or more 

instances of the child entity QUESTIONNAIRE. 

In analyzing associations between all entities, it was 

apparent that the entity QUESTIONNAIRE also had 

relationships of its own. The connectivity of the 

relationship between (the entities) QUESTIONNAIRE and 

QUESTION was initially seen to be many-to-many, i.e., for 

one questionnaire there could be many questions, and any 

single question might appear in a number of different 

questionnaires that were circulated. 

It was clear, however, that while the responses 

contained in a questionnaire could in fact be many, each 

response would be unique for a given questionnaire. A one­

to-many relationship could therefore be defined between 

these entities (QUESTIONNAIRE and RESPONSE) since the serial 

number identifies a unique questionnaire for which one would 
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have many responses unique to that questionnaire. 

Similarly, a question could have many responses in different 

questionnaires. Hence, between the entities QUESTION and 

RESPONSE, a second one-to-many relationship also was 

defined. 

6.8 PROTOTYPE LOGICAL E/R MODEL 

A "logical level" view of the prototype model is 

depicted in Figure 9. This view provides the broadest 

overview of the model's many components. It illustrates all 

entities (independent and weak), their interrelationships, 

the connectivity and cardinality of all relationships, and 

key and non-key attributes. 

6.9 CONCLUSION 

As previously mentioned, the third and final objective 

of this research project involved data modeling. A 

prototype logical model was created to demonstrate the 

applicability and utility of the E/R model in meeting the 

data requirements for a model of a Vendor/Contractor 

Relations Measurement Database. The model offers a simple 

and graphic tool for abstracting this measurement data. 
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As depicted in Figure 9, entities VENDOR and CUSTOMER 

are identified by i.d. numbers and specific attributes that 

permi t them to be distinguished uniquely. Every 

questionnaire is uniquely distinguished through its own 

serial number and the vendor i.d.-customer i.d. combination 

specific for it. Responses to questions - distingished as 

either qualitative or quantitative - are traced still 

further to given vendor-customer pairs, specific 

questionnaires, and to particular questions themselves. The 

model stores every question and "question text through a 

unique i.d. number corresponding to its number in a 

questionnaire. units of measure associated with 

quantitative responses are captured; the relative weight of 

qualitative questions is also reflected in the prototype 

model. 

Given the current model, all of the queries to be asked 

of a database as set forth in this Chapter are answerable 

with the exception of query "h." How a given individual in 

a customer organization rates his/her vendor/contractor 

relations, for example, query Ita", is determined by the 

total score for a particUlar questionnaire, which may be 

calculated and traced to the person who completed it (via 

questionnaire serial no., vendor i.d., and customer i.d.). 

The trend in the performance of a vendor over time (as 

assessed by an individual customer) is captured in the 
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changes in the individual's questionnaire scores over time 

for the vendor; to answer such a query, one would first 

identify the vendor-customer pair in question, locate 

respondent questionnaires using the appropriate vendor i.d­

customer i.d. combination, review the questionnaire scores, 

and sort all questionnaires by date to observe changes in 

scores over time, if any. 

How does a customer organization as a "whole" rate or 

review a particular vendor? The answer to this, query "c", 

is reflected in the average (questionnaire) scores of all 

customer respondents for a given vendor. Since the first 

three characters of a customer i.d. number denote a 

customer's organizational affiliation, all respondents from 

the same organization (regarding a certain vendor) could be 

identified, their questionnaire scores reviewed, and a total 

"picture" gleaned of their collective assessment of a 

vendor's performance. 

Since the prototype model also tracks individual 

responses for each measure, one can use question i.d. no. to 

look at the range of scores for a particular measure or the 

changes in particular scores over time as they are given, 

say, by a certain group of customers (defined by their 

customer i.d. no.) or received by a particular group of 

vendors (defined by their vendor i.d. no.). In short, a 

number of unique identifiers link the various entities in 
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this prototype model and allow one to answer all but one of 

the sample queries posed. 

Query "h" may effectively be answered only if an 

additional attribute ("management level") is added to the 

entity CUSTOMER. Data for this attribute is perhaps best 

added by the consultant user (rather than a respondent 

him/herself) based on the consultant's review of the various 

respondent's titles returned on questionnaires. 

The finished prototype model lays an important 

foundation for a future database that could effectively 

store and manipulate measurement data gathered via the 

questionnaire developed in Chapter 5 for the VCR measures -

measures themselves developed earlier in Chapter 4. Thus, 

in this Chapter, a significant step is taken to 

operationalize performance measures for a single module of a 

QMS. The entire process - creation of performance measures 

for a QMS module, data collection for the measures, and an 

initial conversion of such data to useable information for 

the purpose of feedback and QMS module development - is a 

unique contribution of this research. 



CHAPTER 6: QUALITY MANAGEMENT SYSTEM MEASUREMENT: 

PRESENT AND FUTURE 

7.1 OBSERVATIONS OF RESEARCH 

The research presented in this document meets the 

objectives set forth at its outset. Like all research, it 

is never complete. Hindsight leads to discovery of areas 

that might have been handled differently if research were 

begun anew, and one's work always raises many ideas for 

further investigation. In concluding this thesis, this 

final Chapter addresses the accomplishments, strengths, and 

weaknesses of the present research. It also introduces new 

ideas in the field of QMS development and measurement raised 

in the course of this study. 

The first objective of this research was to develop a 

methodology for identifying generic measures for the 

performance and evolution of a QMS using the operational 

definition of a QMS earlier identified by Triantis, et. al 

(1991b). The author achieves this goal. The methodology 

put forth offers an uncomplicated approach to QMS 

measurement that may be satisfactorily applied to all work 

environments. It addresses the comprehensive QMS activities 

and remains flexible enough to accommodate QMS activities 

not already identified or which may be identified in past or 
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future professional literature. 

A weakness of the methodology is its dependence on the 

user for high-quality results. The ultimate power and 

utility of any measures developed with the methodology will 

be determined (in large part) by the knowledge, experience, 

commitment, diligence, thoroughness, and insight of those 

(stakeholders) who participate in the process. However 

simple and straightforward, the methodology is not by itself 

a formula for success. 

To illustrate the methodology, the author creates a 

substantial number of unique measures able to capture 

changes in QMS_activity. The measures - developed for 10 of 

a QMS's 37 modules - are user-friendly and "generic," i.e., 

applicable to any work environment in the business or 

government sectors. All measures are presented with 

complete definitions and grouped according to the modules to 

which they apply. They reflect both qualitative and 

quantitative aspects of QMS measurement, vital components 

for any complete evaluation of a QMS. Both the measures and 

the methodology that gave rise to them may be viewed as the 

first contribution of this thesis. 

A limitation of the prototype measures is the need to 

further operat~onalize them before use in a particular 

environment. standing as they do, the generic measures lack 

specificity to adequately and accurately evaluate the 
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quality-related processes, services, and products of a given 

work place. They must first be tailored with well-conceived 

examples or "instances" before they can best fit the system 

measurement needs of an organization. Though developed as 

exhaustively as possible, room remains for still other 

measures that may add to the comprehensiveness of the list. 

A second objective of this research was to 

operationalize measures of quality within an organization. 

The author therefore puts forth a second methodology for 

developing a survey tool - specifi~ally a questionnaire - to 

collect the very measurement data called for by prototype 

measures. This second methodology is again simple and 

straightforward. More importantly, it calls for an active 

role by the customer (in whose organization a survey is to 

be taken) when developing the tool, a practice consistent 

with the philosophy of Total.Quality Management. A 

questionnaire developed using the approach suggested by the 

author will benefit from: 1) the knowledge and expertise of 

experts/consultants who have participated in its 

development, as well as 2) the intimate experiences of the 

stakeholders of a business. Such a cooperative effort 

increases the sense of ownership of a questionnaire by all 

surveyed. It also promotes greater understanding of OMS 

functioning within an organization. 

To illustrate the second methodology, the author goes 
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on to develop a prototype questionnaire. This questionnaire 

furthers the work accomplished in the first objective. The 

questionnaire collects data for measures specifically 

developed for the vendor/contractor relations module (of a 

QMS). Before the measures could be included in the 

questionnaire, all were tailored to the needs of a sample 

organization called Delta. with the questionnaire, both 

qualitative and quantitative data are collectable. The tool 

permits an exhaustive collection of information about each 

measure. It is quickly understood by respondents, and was 

developed with employee participation from organization 

Delta. Both the questionnaire anQ the measures contained 

within it build upon the author's initial work and serve to 

further operationalize the use of measures for a QMS. 

Four areas of investigation regarding the prototype 

questionnaire are left unaddressed in this thesis. The 

first is a need to evaluate the reliability and validity of 

all items in the questionnaire. A second need is for 

qualitative repponses to be weighted (in their relative 

importance) so that scoring can become most meaningful. The 

third item of importance is the application of a sound 

statistical evaluation technique for evaluating the final 

results of the questionnaire. (This, in fact, might be 

automated by incorporating the function into a (final) DBMS 

that could store such data.) Last, a methodology is needed 
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for relating quantitative and qUalitative scores so that 

scoring might be fully integrated. certain ranges of 

quantitative scores, for example, could be equated to values 

on a scale of 1-5, the same response scale utilized with 

qualitative responses. such "equating" or "relating" of 

scores would optimize the capacity of the questionnaire to 

yield maximum information about an organization's objective 

and subjective quality-related activities. 

To have utility, measurement data must ultimately be 

stored, retrieved, and analyzed. To complete the work of 

this thesis, and as a third and final objective, the author 

employs E/R modeling techniques-to create a logical model 

for organizing measurement data that is collected via the 

prototype questionnaire for a VCR module. The model offers 

a simple, complete, and graphic tool for organizing this 

data and appears to meet the requirements analysis set 

forth. It also represents a key step in designing a 

database for VCR measurement data. 

The modeling results achieved in this project could 

be furthered in a number of ways. First, the author has 

applied only basic E/R constructs. More advanced constructs 

could be employed to communicate additional information and 
-

to make the model more efficient. The construct "domain," 

for example, could be used to define a five-point scale in 

the database to correspond with the five-point agree-to-
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disagree continuum associated with qualitative responses 

allowed in a questionnaire. Equally valuable would be the 

planning of additional queries and update processing 

requirements. The remaining steps in the life cycle of a 

database also, obviously, stand to be addressed as the 

present logical model is but a prototype. 

In sum, the unique contribution of this research is an 

entire process: creation of measures for the performance and 

evolution of a QMS module, collection of data for these 

measures, and an initial organization of data into a model 

for ultimate development of a database. 

7.2 THE FUTURE QF QUALITY MANAGEMENT SYSTEM MEASUREMENT 

Strategic-Quality Management is here to stay. Its 

success in facilitating excellence in product/service 

quality, improved bottom lines, and increased motivation is 

real. In time, its implementation will expand and grow 

increasingly sophisticated requiring even more sophisticated 

tools in its control and development. Automated survey 

tools integrated with databases are sure to become popular. 

Highly refined, precise, and complete measures will 

necessarily form a critical base. 
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GLOSSARY OF TERMS 

QMS-, measurement-, questionnaire-, and E/R modeling­

related terms used in this research project are defined here 

to promote the reader's fullest understanding. For the most 

part, terms are listed in alphabetical order. Terms 

associated with one another are presented as a group and are 

not, therefore, necessarily in alphabetical order. 

1. Attribute 

An attribute is a unit of measurement or an 

identifiable characteristic of a variable [Sink (1985), 

p.25]. Size, color, age, personality, response time, 

quality, quantity, or weight are examples of different 

attributes. A_variable may be defined and described by one 

or more attributes. 

2. Attribute (As Defined In E/R Modeling) 

Attributes describe or characterize entities and 

relationships [Teorey (1990)]. (See item #6 for a 

definition of "entity" and item #22 for a definition of 

"relationship.") Attributes are one of three major building 

blocks in E/R modeling. In the E/R diagram depicted in 

Figure 9, the attributes of an entity are placed inside oval 

shapes and connected to the entity (to which they apply) via 
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straight lines. As shown, attributes of the entity VENDOR 

include the properties "(vendor) i.d.," "(vendor) name," 

"phone," IIfax," and "address." 

2.1 Key and Non-Key Attributes 

The set of attributes that identifies an entity is 

called the entity's key. A key attribute (also known as a 

primary key or identifier) is an attribute which, by itself 

or in combination with other key attributes, identifies a 

unique occurrence of an entity [Teorey (1990)]. 

In the case of the prototype logical model developed 

for this research project, the key attribute of the entity 

VENDOR is "vendor I.D." In Figure 9, key attributes are 

underlined. Non-k~y attribu~es.of this same entity are 

"(vendor) name," "phone," "fax" and "address;" they are not 

underlined. In relational databases, the different 

attributes of entities are stored in d-ifferent columns of a 

relational system. 

2.2 Foreign Key Attribute 

Foreign key attributes are defined as primary key 

attributes of a parent entity contributed to a child entity 

across a relationship. The contributed keys are said to 

I·migrate" from parent to child [Bruce (1989-1991), p. 21]. 

(Item 6.4 discusses "parent" and "child" entities.) 

In the prototype model for Vendor/Contractor 
. . 

measurement data, primary keys from two parent entities 
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(VENDOR and CUSTOMER) have been contributed to the child 

entity QUESTIONNAIRE. (See Figure 9) "Vendor 10" and 

customer 10," the primary keys, have migrated from parent to 

child. 

3. continuum 

A continuum refers to a series or spectrum; when used 

with a particular scale, it reflects a range of possible 

responses [Hayes (1992)]. 

4. customer 

Any party affected by an organization's product or 

service is a customer. customers may be individuals, groups 

or institutions. They may be both external or internal to 

an organization [Juran (1991), p.2.2]. 

4.1 customer Satisfaction 

"customer satisfaction,,'and-"perception of quality" are 

labels used to summarize a certain set of customers' 

observable actions related to a.product or service. 

customers may smile when they talk of a product or service 

or they may say good things about it. Both actions are 

manifestations or indicators of "customer satisfaction" 

[Hayes (1992)]. 

Other observable manifestations of satisfaction are the 

responses given by customers on a customer satisfaction 
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questionnaire. If persons indicate good things about a 

product on a questionnaire and demonstrate other indicators 

of positive behaviour, one can conclude that they are 

satisfied with a product [Hayes (1992), p.29-30). 

4.2 External customer 

External customers are parties affected by a product or 

service who/that are not members of the organization 

producing the product or service. External customers may be 

as diverse as lndividuals, groups or institutions that 

purchase a product or service, government agencies that 

regulate a product or. service, or the public that evaluates 

a product or service [Juran (1991), p.2.2]. 

4.3 Internal customer 

within any company or organization there are numerous 

situations in which departments and persons supply products 

to each other. The rec~pients of these products or services 

are called "internal customers" [Juran (1991), p.2.2]. 

5. Entity-Relationship Modeling 

Entity-relati<?nship (E/~) 1!l~deling is a modeling 

approach that uses the concept of abstraction to organize 

and analyze data elem~nts into a logica~ model that can be 

used for a database design. "Entities," "attributes" and 

"relationships·' are the primary building blocks of an E/R 

model. 
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6. Entity 

In E/R modeling, entities are the principle data 

objects about which information may be collected from an 

organization's (or user's) environment. They may be thought 

of as a set or collection of like individual objects -

usually persons, places, things, or events of informational 

interest [Teorey (1990), p.11-12]. Figure 9 depicts the 

entities identified in the prototype logical model for 

Vendor/Contractor measurement data. These include VENDOR, 

CUSTOMER, QUESTIONNAIRE, RESPONSE, and QUESTION. Each 

entity is denoted by a rectangular box with its name written 

within the box. 

6.1. (Entity) Instance or Occurrence 

A singular occurrence of an entity is called an 

instance or entity occurrence. -Each instance must have an 

identity distinct from all other instances. In the 

structure of a relational database, an entity corresponds to 

a table in the database whose rows consist of possible 

instances of the entities [Bruce (1989-1991), p.11-12]. 

6.2 Weak Entity 

In E/R modeling, entities are commonly designated as 

either weak or independent. Weak entities depend on an 

associated entity (or entities) for their existence and 

identification within a database. They derive their 

identities from the identifying attributes of one or more 
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"parent" entities. In the prototype model for this 

research, QUESTIONNAIRE is a weak entity. (See Figure 9) 

Its existence derives from its relationship with VENDORS 

(who circulate questionnaires) and CUSTOMERS (who complete 

questionnaires). Weak entities.are represented in the 

prototype model by double-lined rectangles. (See Figure 9) 

6.3 Independent Entity 

Independent entities do not depend on any other entity 

in a model for their existence or identification. VENDOR 

and CUSTOMER are independent entities in the prototype 

logical model. They are denoted in Figure 9 by a 

rectangular box. 

6.4 Parent and Child Entities 

A parent entity is the entity on the "one" end of a 

one-to-many relationship. The entity on the "many" end is 

referred to as-the.child entity,. (See item #22.2 for a 

discussion of connectivity in E/R modeling and the meaning 

of "one-to-many.'~) 

7. Employee Beliefs 

The beliefs of employees about quality include their 

convictions, certainties or accepted opinions regarding the 

principles of quality management and the importance of 

service/product/process quality for their organization 

[Triantis, et. ale (1991b)]. 



8. Employee Attitudes 

Attitudes of employees about quality (management) 

reflect their positions, dispositions, manners and 

acceptance of quality principles; attitudes toward quality 

are reflected in daily work habits [Triantis, et. al. 

(1991b)]. 

9. Employee Values 

Employee values (concerning quality) reflect the worth, 

excellence or usefulness of TQM principles in the eyes of 

employees [Triantis, et. al.(1991b)]. 

10. "Enterprise Level" Ouality Management Criteria 

Enterprise level management criteria concern the 

strategic functions of a quality management system 

[Triantis, et. al. (1991b)]. 

11. Generalization or Inheritance Hierarchy 

In E/R modeling, a set of entities that share common 

characteristics can be grouped irito a generalization or 

inheritance hierarchy. This is also known as a sub-type, or 

(sub)category hierarchy [Bruce (1989-1991), p.20]. In the 

prototype model of this thesis, QUANTITATIVE QUESTIONS and 

QUALITATIVE QUESTIONS are two (entity) subtypes that share 

common characteristics. The two are encompassed by the 
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generalization entity QUESTION and denoted by an encircled 

letter "G". 

A non-key attribute specific for QUANTITATIVE QUESTION 

is "unit" (of measure); this is therefore added only to the 

subtype entity QUANTITATIVE QUESTION. A non-key attribute 

specific for QUALITATIVE QUESTION is "weight;" this, 

similarly, has been added only to the second subtype entity 

QUALITATIVE QUESTION. (See Figure 9) 

11.1 Discriminator 

Distinguishing between the subtypes in a generalization 

hierarchy is a discriminator. [Bruce (1989-1991)]. In the 

case of the prototype data model, the attribute "question 

type" serves as a discriminator for the generalization 

hierarchy involving QUESTION. 

12. Measure 

Measure refers to the development and/or selection of a 

scale by which one assigns "signs" or values to an attribute 

according to some specified "rules." signs refer to 

numerals, letters, or symbols. Rules refer to some 

consistent logical and valid matching process between the 

attribute and some scale [Sit:lk (l:.985), p.25]. 

12.1 Hard Measure 

Hard measures are quantifiable, objective indicators of 
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an attribute. The size or weight of a part is a hard 

measure commonly used within the manufacturing industry. 

within a service industry, a hard measure might be the 

amount of time-elapsed between the date a complaint was 

lodged and the date corrective action was taken, i.e., the 

"response time" [Hayes (1992)]. 

12.2 Soft Measure 

Soft measures are subjective in nature. They focus on 

attitudes, perceptions, beliefs and feelings. They are 

used to capture stakeholders' perceptions, both external and 

internal, regarding products or services [Hayes (1992)]. 

13. Item or Instance of Measure 

An "item" or "instance" of a measure is a specific 

statement abou~ or example of the attributes of a 

product/service/process being evaluated [Hayes (1992)]. A 

measure of the quality of a supplier's service, for example, 

might be the availability of the supplier to a customer; an 

instance of this measure could be a statement such as: "The 

supplier was always available to schedule me as I needed." 

13.1 Satisfaction Item 

A satisfaction item is an instance that describes a 

positive or negative aspect of a service, product or process 

being measured. "The merchant- gave me an appointment at a 

convenient time," is an example of a satisfaction item that 
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might be used in a questionnaire to assess a customer's 

positive feeling concerning his/her service [Hayes (1992)]. 

13.2 Neutral Item 

A neutral item is an instance that describes an aspect 

of a service, product, or process without positive or 

negative connotation. liThe convenience of my appointment 

with the merchant," is a neutral instance concerning a 

customer's interaction with a merchant [Hayes (1992)]. 

14. organization· 

Any purposeful system or social group whose parts 

perform different functions that have a division of labor 

can be called an organization [Blanchard (1981), p.15]. 

15. "Process Level" Quality Management criteria 

"Process level" criteria concern the specific 

operational production and service processes of an 

organization. They represent a quality management system's 

activities in its most functional terms [Triantis, et. a1. 

(1991a)]. 

16. Production/Service Process 

A production or service process refers to the 

transformation of inputs (such as materials, supplies and 

components) into value-added goods or services through the 
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performance of a set of activities and the utilization of 

all available resources of an organization. A complete 

description of a production or service process includes all 

inputs that are used, the value-adding and cost activities 

involved, the specific sequencing of operations, and all 

intermediate and final products/services produced. A 

production or service process also includes feedback on the 

product or service received from users regarding the quality 

performance of the products or services [Triantis, et. al. 

(1991b), p.4]. 

17. Productivity 

Productivity can be defined in terms of partial 

measures, e.g_, labor productivity defined by output per 

employee or output per labor hours. Productivity can also 

be defined to track output according to the changes in a 

combination of inputs - typically labor, materials, capital 

and energy. This is known as "total factor productivity" 

[Triantis, et. al. (1993)]. 

18. Quality 

Quality is a complex construct. Scholars in many 

disciplines have explored its operational definitions, each 

bringing a unique perspective and particular analytical 

framework and terminology to the discussion. Five themes 
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that encompass most existing definitions of quality and 

offer a comprehensive framework for considering this 

construct were identified by David Garvin. These are 

presented below: 

18.1 Transcendent View of Quality 

This view equates quality with "innate excellence" and 

something timeless and enduring. The view speaks of quality 

as a simple, unanalyzable property, not precisely definable, 

and recognizable only through experience. The transcendent 

view of quality suggests that whatever quality consists of, 

managers will know it when they see it. Little further 

practical guidance is offered [Garvin (1988), p.41-42]. 

18.2 Product-Based View of Quality 

According to this view, quality is very precise and 
-

measurable: differences in quality reflect the presence or 

absence of some particular ingredient(s) or attribute(s). 

Quality is considered. an inherent characteristic of goods 

rather than something ascribed. It is determined 

objectively. The product-based view of quality fails to 

accommodate differences in taste or preferences [Garvin 

(1988), p.42-43]. 

18.3 User-Based View of Quality 

The user-based view is highly subjective: quality lies 

in the eyes of the beholder. This view maintains that 

quality is defined by the precise combination of 
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product/service attributes that provide the greatest 

satisfaction to a consumer. How one distinguishes product 

attributes that connote quality from those that simply 

maximize consumer satisfaction is not addressed. How to 

aggregate widely varying individual preferences so that they 

lead to meaningful operational definitions also is not 

addressed [Garvin (1988), p.43-44]. 

18.4 Manufacturing-Based View of Quality 

Virtually all manufacturing-based definitions identify 

quality as "conformance to requirements." "Making it right 

the first time" is the rule. Deviations from established 

specifications imply reductions in quality. In a service 

setting, conformance generally translates into accuracy or 

timeliness [Garvin (1988), p.44-45]. 

18.5 Value-Based View of Quality 

Quality is defined in terms of cost and price in a 

value-based view of quality. "Affordable excellence" 

reflects this highly subjective hybrid of excellence and 

worth [Garvin (1988), p.45-46]. 

19. Quality cost 

Quality costs are expenditures on manufacturing or 

service beyond those that would have been incurred had the 

product been built (or service performed) exactly right the 

first time. In its most comprehensive form, quality costs 
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include: a) the cost of forgone opportunities (e.g., sales 

lost), the cost of responding to customer complaints, and 

other hidden costs, as well as b) the cost of carrying 

excess raw material and work in process inventory to ensure 

that defectives do not stop production line. 

Quality costs may be categorized as: a) prevention, 

e.g., supplier education, on-the-job training, product 

redesign, and other efforts to, prevent defects; b) appraisal 

costs: expenditures on inspection, testing and other 

activities that detect defects/mistakes; c) internal failure 

costs, e.g., expenditures on'scrap, rework, and activities 

to correct defects/problems in-house; d) external failure 

costs, e.g., expenditures on warranty cl:aims, product 

liability suits, and other problems that arise after a 

product has reached the customer (Garvin (1988), p.78-79]. 

20. Quality Management System Assessment 

The assessment of a quality management system is an 

objective, independent review of an organization's quality 

management practices and capabilities for the purpose of 

recognizing excellence and/or identifying opportunities to 

further strengthen,the quality-based elements of operational 

management [Triantis, et. ale (1991b), p.4]. 

21. Quality Management System 
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The organizational structure, responsibility, 

procedures, processes, and resources for implementing 

quality management within an organization are known 

collectively as a quality management system [Juran (1991), 

Appendix IV]. 

22. Relationship 

Relationships, one of three building blocks in an E/R 

model, represent "real world" meaningful links or 

interactions between one or many entities in a user's 

enterprise. The function that an entity plays with another 

(in a relationship) defines the relationship between them; 

this function or "role name" is also the name of the 

relationship itself. 

Conventionally, E/R modelers work to ensure that 

relationship names act as verbs between (the nouns for) 

entity names. Although verb phrases do not always precisely 

describe the full relationship between two entities, they 

allow a person looking at an E/R model to get an initial 

sense of how the entities are connected. Convention also 

dictates that in an E/R diagram, entity and relationship 

names are "read" left to right or top to bottom when 

describing relationships. In Figure 9, the relationship 

between VENDOR and QUESTIONNAIRE is read: VENDOR circulates 

QUESTIONNAIRE. The relationship between the entities 
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CUSTOMER and QUESTIONNAIRE is read: CUSTOMER fills out 

QUESTIONNAIRE. 

As shown in Figure 9, relationships are displayed with 

a diamond-shaped figure that connects two (associated) 

entities; a verb phrase written near the diamond names the 

relationship. In general, relationships may be further 

described in terms'of three features: their a) degree, b) 

connectivity, and c) cardinality. 

22.1 Degree 

The number of entities associated in a relationship 

reflects the "degree" of the relationship. Degrees can be 

unary, binary, ternary, or "n"-ary. A unary relationship 

involves one entity type; this entity relates only to 
f 

itself. A binary relationship, the most common that occurs 

in the natural world, is an association between two 

entities, e.g., QUESTIONNAIRE has RESPONSE. Some modeling 

systems use only this type of relationship. A ternary 

relationship is an·association hetween three entities in 

such a way that the set of associations cannot not be 

decomposed into equivalent binary relationships. In the 

course of data modeling, if a set of associations between 

three entities is conceived as a ternary relationship and 

can, in fact, be decomposed into equivalent binary 

relationships, it should be broken down. This keeps the 

database as clean and simple as possible [Teorey (1990), 
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p.1S]. 

22.2 Connectivity 

The connectivity of a relationship describes the 

mapping of associated entity occurrences within a 

relationship. Connectivity takes on values of one or many 

[Bruce (1989-1991), p.16-17]. In the relationship 

illustrated in Figure 9, connectivity between the entities 

QUESTIONNAIRE and RESPONSE is said to be one-to-many. This 

means that one and only one instance of the first entity 

(QUESTIONNAIRE) is related or connected to many instances of 

the second entity (RESPONSE). 

A parent entity is the entity on the "one" end of a 

one-to-many relationship; the entity on the "many" end is 

referred to as the child entity. Other possible 

connectivities are many-to-one, one-to-one, and many-to-many 

[Bruce (1989-91), p.16-17]. 

22.3 Cardinality 

Cardinality is the actual numerical value associated 

with the the term "many" in a connectivity relationship. It 

describes the constraint on the number of entity occurrences 

that are related through a relationship [Teorey (1990), 

p.16]. 

22.4 Identifying/Nonidentifying Relationship 

Because the keys of a parent entity form part of the 

identity of a child entity, the child is dependent on the 
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parent for its identity. such a relationship is called an 

identifying relationship. 

Non-identifying relationships also connect a parent 

entity to a child entity. However, since some or all of the 

migrated keys in this type of relationship are not part of 

the primary key of the child, the child is not identified by 

the parent. No such relationships are defined for the 

prototype data model in Figure 9. 

23. Stage Development 

stage development is the systematic iterative process 

in which a quality management (system) module matures from a 

basic stage (level) to a more sophisticated stage (level). 

It is assumed that-a quality-management module that has 

achieved a stage above the base stage has satisfied all the 

requirements of the stages beneath its current stage during 

its (quality management) development. The "stage" of a 

quality management system depends upon the cumulative effect 

of its different modules, i.e., on their respective "stages" 

[Triantis, et. al. (1991b)]. 

Triantis et. a1. (1991b) defines three distinct 

"stages" through which the modules of an organization m.ay 

transition. These three stages are not the only stages in 

the life cycle of the quality management system, however. 
-

When an organization reaches-the-third stage of development, 
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one can define three additional stages through which the QMS 

may develop. This is consistent with the philosophy of 

Total Quality Management (TQM), which explicitly stresses 

continuous development at any given time [Triantis, et. al. 

(1991b)]. 

24. Stakeholder 

The stakeholders of an organizatio~ include its 

employees, managers, internal and external customers, 

shareholders, suppliers, vendors, and any additional parties 

who have interaction with the organization, e.g., banks, 

regulatory agencies, etc. [Triantis, et. al. (1991b)] 

25. System 

A system is an assemblage or combination of elements or 

parts forming a complex or unitary whole such as a river 

system or transportation system; any assemblage or set of 

correlated members such as a system of currency; an ordered 

and comprehensive assemblage of facts, principles, or 

doctrines in a particular field 'of knowledge or thought such 

as a system of philosophy; a coordinated body of methods or 

a complex scheme or plan of procedures, such as a system of 

organization and management; any regular or special method 

or plan of procedure, such as a system of marking, 

numbering, or measuring. 
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Not every set of items, facts, methods, or procedures 

is a system. A system must have 1) unity, 2) functional 

relationships and 3) useful purpose. A random set of items 

lying on a table, for example, would constitute a set with 

definite relationships between the items, but they would not 

qualify as a system because they lack the three essential 

criteria of a system - unity, functional relationships and a 

useful purpose [Blanchard (1981), p.2-3]. 

26. (system) Input' 

System inputs are primarily the resources required by 

activities to produce" a desired ,output; they represent any 

and all information, materials, expertise, manpower, and 

resources [Triantis, et. al. (1991b)]. 

27. (System) Activity 

Activities are equivalent to "processes" in a system. 

Activities convert system inputs into outputs that have 

utility [Triantis, et. ale (1991b)]. 

28. (System) output 

System outputs are the results obtained through a 

direct transformation- of inputs by the activities in a 

system [Triantis, et. ale (1991b»). 
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29. (system) Feedback 

Feedback is t~e process.bY.Which the performance of a 

system is evaluated and changes recommended so as to achieve 

desired goals and objectives [Triantis,et. al. (1991b»). 

30. Total Ouality Management (TOM) System Module 

A system module is a collection of TQM criteria that 

share common quality-related objectives and characteristics. 

Each module represents an important piece of an 

organization's TQM behaviour and can be analyzed as an 

input/output system [Triantis, et. al. (1991b)]. 



APPENDIX B 

PROTOTYPE PERFORMANCE MEASURES FOR SELECTED MODULES 

OF A 

QUALITY MANAGEMENT SYSTEM 
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NOTE: The measures that follow have been excerpted from 

the complete list of measures for (all) 37 modules of a QMS 

originally published in "Document E" by Triantis, et. al., 

1993. The selected measures were developed by the author of 

this thesis in the course of his graduate research. The 
. . 

numbering scheme is the original numbering scheme 

established for the entire set of measures, i.e., for all 37 

modules of a QMS, and should not be confused with any other 

numbering scheme within this document. 
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2 , § JllUJlI!.lllft/pocmcp1ATl:OJt/'NPPll'P'" • MALYSIS or oQ'ALI'fY pAtA • IBlOIRTIOII 

2.6.1 Quality .. a.ur..-nt 

Definition: Transformation of quality data and information into meaningful 
indicators that can give employees and managers the ability to control and 
improve the organization's processes and quality management system. 

2.6.1.1 OVeJ:"V'ie. of the .... ur •• aDd the ... ociat.d O •• cripti". Information for 
Xe •• u.r-.at l 

Listing of MIalure. 

1) Quality costs related to integrating 
quality into management activities 

2) Me.sures of employee involvement in 
the improvement of measurement procedur •• 

2a) # and " of PATS 

2b) Total # and " of employees participating 
in improvement projects. 

2c) Time allocated/production employee 
proce.. improvement 

2d) # of suggestions/employee 

2e) # and " of suggestions/employee 
implemented 

3) The cost of quality measurement 

4) Measure. that track the planning for 
quality measurement 

4a) # of short-term and long-term 
measurement objective. proposed 
per measurement cycle for each 
key proce •• and support activity 

4b) # of short-term and long-term 
measurement objective. met 

for 

Cross Reference 
Section- Measure # 

2.7.1.1 - #6 

2.2.1 - #1 
2.14.1.1 - #1 

2.7.5.1 - #11 

lIn fact, all the measures of c~pt.r 2 can be listed in this section 
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per assessment cycle for each 
key process and support activity 

4C) # ot executive level, middle 
management and operational 
staft involved in the measurement 
planning process tor each key process 
and support activity 

4d) Adequacy.of the representation of 
all stakeholder groups in the 
measurement planning process for 
each key process and support 
activity 

4e) # of person-hours spent in the 
measurement planning process for each 
key process and support activity 

4f) Consistency of the quality measurement 
objectives with the organizational 
vision of quality management 
development 

5) Effectiveness of the organizational 
measurement process in terms of: 

· enhancing employee ownership of the 
quality improvement process 

· enhancing the communication 
in the organization with respect 
to quality related issues 
subsequent quality improvements in: 

· production/management processes 
· quality practices 
· training 
· supplier requirements 
· production standards 
.- product quality 

· the qualifications of the 
quality measurement personnel 

· the procedures for reporting 
measurements 

· the measurement administrative 
and operational procedures 

· the statistical analysis of the 
measures 

• the frequent and timely management 
review of quality measures 

· the impact of quality measures on 
customer satisfaction 

• accuracy of the quality measures 
· simplicity of the quality measures 

2.14.2.1 - #4 



142 

· employee ownership of the 
quality measures 

· management support 
· prototyping a quality measurement aystem 
· incorporating all important measures 

and information into the QIS 

6) # and , of the employees committed to 
quality measurement 

7) The frequency of quality measurement 
for each key process and support activity 

8) The # of new measures defined per 
measurement cycle for each key process 
and support activity 

9) The accuracy o~ new measure~ de~;ned per 
measurement cycle for each key process 
and support activity 

10} The # of existing measures updated 
or deleted per measurement cycle for 
each key process and support activity 

Descriptive Information 

11) Procedures that describe structured group techniques that can be used 
to define quality measures; Such a procedure is described in chapter 
3 of Document D [33] 

12) Procedures that describe the quantitative evaluation approaches 

13) Procedures for defining measurement scales for qUalitative criterla 
such as: customer preference, customer satisfaction and employee 
satisfaction 

14) Procedures that facilitate the definition of organizational and 
industry standards 

15) procedures that describe scoring procedures for quality management 
assessments 

16) Procedures for identifying critical quality product characterise.:_ 

2.6.1.2 D.fiDi~iaa. of ~ .... ur •• aDd th.ir D.~. R.quir..aD~. 
. . 

All the data required for these measures can be obtained from the qua ~ • ':. . 
assurance department. 
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1) Quality costs related to integrating quality into management activities: These 
refer to the internal costs incurred by the organization to integrate quality 
into management level activities. This is a preventive quality cost. 

2) Measures of employee involvement in improvement of measurement procedures: 
The data for these measures can be obtained form the personnel. and/or quality 
assurance departments. 

2a) # and t of process action teams (PATS); The # of PATS involved in 
improvement of the quality measurement process and their t as compared to 
the total # of PATS operating in the organization give an indication of the 
importance of quality measurement. 

2b) Total • and t of employees participating in imp,pvement prpiects: 
Participation can be tracked either through the absolute # of employees 
participating or their relative t. 

2c) Time allpcated/emplpyee fpr imp;pvement; Improvement requires that 
adequate time is allocated per employee. 

2d) # Qf suggestions per employee; As part Qf the improvement Qf quality 
measurement employee suggestions can lead to progress. If the # of 
suggestions/employee increase with time, this is an indication that 
employees are more willing to be involved. 

2e) # and t Of suggestipns/employe! implemented: An indicator of the 
effectiveness of employee partiCipation is the total # of suggestions 
implemented per employee and its t as compared to the total # of 
suggestions made per employee. 

3) The cpst pf quality measurement; This is the cost of defining, maintaining, 
updating, analyzing quality measures for the whole organization. Additionally, 
it involves the cost of designing and maintaining a quality information system 

4) Measures that t;acls the planning for qual ity measurement; An acti vi ty that is 
as important to quality management development as quality measurement requires 
planning. Some of the meaaures that track the effectiveness of this planning 
activity are defined subsequently. 

4a) # pf sbort-term and lpng-term measurement objectives p;oppsed per 
measurement cycle for eagh key prpceSs and suppprt activity: During the 
planning stag., a number of short-term and long-term objectives/goals w~ll 
be propos.d. During an effective planning session, both the # and the 
quality of these objectives/goals will be high. 

4b) # of sbort-term and long-term measu;ement obiectives met per assessment 
cygle for each key progess and support agtivity; It is important to track 
the # of short-term and long-term objectives and goals actually achieved 
during each measurement cycle. 
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4C) # of executive level. middle management and operational staff involved 
in the measurement planning prgcess for each key process and support 
activity; This planning effort requires the participation of all levels of 
management. 

4d) Ad!quacy-of the representation of all stakeholder groups in the 
measurement planning process for each key process and support activity; In 
addition to the representation of all management levels, it is impo~tant 
to have the representation of all stakeholder groups such the employees, 
customer and vendor representatives. 

4e) # of person-hours spent in the measurement planning process for key 
processes and sypport actiyitie.; The effort required for this planning 
process can be tracked by the number of person- hours required to complete 
the planning. . 

. . 
4f) Consistency of the measurement objective, with the organizational 
vision of gyality management development; The results of~ this planning 
process need to be consistent with the organization's quality improvement 
objectives. In fact, the quality improvement objectives can serve as an 
input to the planning process for quality management measurement. 

5) Effectiveness of the organizational measurement process; There are a number 
of factors by which one can evaluate the effecttivene.s of the measurement 
process. Each of these factors can be formulated as a survey question with a 
common scale so as to be able to derive an aggregate score for effectiveness. 
Some of these are: 

· enhancing employee ownership of the quality improvement process 
· enhancing the communication in the organization with respect 

to quality related issues 
· subsequent quality improvements in: 

· production/management processes 
· quality practices 
· training 
· supplier requirements 

prodUction standards 
· product quality 

· the qualifications of the quality measurement personnel 
· the procedure. for reporting measurements 
· the measurement administrative and operational procedures 
· the statistical analysis of the measures 
· the frequent and timely management review of quality measures 
· the impact of quality measures on customer satisfaction 
· accuracy of the quality measures 
· simplicity of the quality measures 
· employee ownership of the quality measures 
· management support 
· proto typing a quality measurement system 
· incorporating all important measures L~d information into the OI5 

6) # and , of the employees committed to quality measurement; .In order . .., 
accomplish the ~ality measurement effectively, a large number of employees r.ee~ 
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to participate. This measure tracks the absolute number of employees and their 
relative percentage. 

7) The frequency of quality measurement fa; rach key process and support 
activity; For each key process and support act1v1ty, in order to facilitate and 
track ~~lity improvement. the quality measurement process needs to be repeated. 
This measure tracks the frequency of the quality measurement process for each key 
process and support activity. 

8) The # of new measures defined per measurement cycle for each key process 
and support activity; Each time the quality measurement process takes place for 
each key process and support activity, new measurea will be defined~ 

9) The aCCUraCY existing measures defined per measurement cycle for eash key 
process and support activity; The accuracy and the effectiveness of existing 
quality measure. needs to be evaluate$!. during the measurement. process. 
Effectiveness can be measured in terms of how well the measure has contributed 
to quality control, assurance and improvement. 

10) The # of existing measures updated or deleted per measurement cycle for each 
key process and support activ~ty; Each time the quality measurement process takes 
place for each key process and support .activity, existing measures will be 
updated or deleted if they have been proven not to be effective. 

2.6.1.3 Trenu of %mportaAt .... ur •• and Co.t CODtributiOll of Quality" ••• uremeDt 

1} Trends of; 

• # of short-term and long-term measurement objectives proposed 
per measurement cycle for each key process and support activity 

• # of short-term and long-term measurement objectives met per assessment 
cycle for each key process and support activity 

· # of executive level, middle management and operational 
staff involved in the measurement planning process for each key process 
and support activity 

· # and t of the employees committed to quality measurement 
· the frequency of quality measurement for each key process and support 

activity 
· the # of new measures defined per measurement cycle for each key process 

and support activity 
· the # of existing measures updated or deleted per measurement cycle for 

each key process and support activity 

2) Quality measuremont costs as a t of total quality gosts; This is an indicat:.:n 
of the level of commitment that the organi·zation bas with respect to qual 1 :. y 
measurement. 



2.6.3 .anagement .of Qu.lity Dat. and Information 

Definition: The classification, modeling, storage and retrieval of quality 
data and information so as to ensure effective communication and decision 
making with respect to quality. 

2.6.3.1 ov.rvi •• of the •••• ur •• and the A •• oci.ted De.criptiv. Information for 
KaD.g ... nt of Qu.lity D.ta and Information 

Listing of Measures 

1) Accuracy and regularity of the data/ 
information input for quality measurement 
and evaluation 

2} Maintenance cost of the Quality Information 
System (QIS) as a fraction of the total 
budget for computer support services 

3) # of departments responsible for the 
irregular input of data and information 
into the QIS 

4) Adequacy of the Data Base Management System 
(DBMS) technology 

5) Hours spent per department or function 
gathering data and information used 
as input into the QIS 

6) Adequacy of information with respect 
to the development/evaluation 
of plans and goals with respect to 
the following : 

· meeting customer requirements 
· improving process capability 
· selecting organizations to benchmark 
· determining competitive and benchmark 

data 
· enhancing employee skill level 
· improving supplier capability 

7) # of time. scheduled updates of data/ 
information i. mi.sed/omittedin terms of: 

· Extent and effectiveness of employee 
involvement 

Cross Reference 
Section .. Measure # 

2.8.2.1 .. #30 
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. Increase/decrease in levels of key 
indicators of employee well being and 
morale 

. CUstomer satisfaction with respect to 
products and services relative to 
complaints, claims 

8) Accessibility of the gIS 

9) Response time of quality related queries 

10) Time span from gathering new data to 
the access of this data 

11) Availability of quality control, quality 
assurance, quality improvement data per 
process (production/management) 

12} I of techniques used for the rapid 
access of quality data and information 

13) Frequency of timely and accurate update. 
of quality data and information 

.14) I of hardware facilities allocated to 
the management of quality data/information 

15) I/t of personnel allocated to the 
management of quality data/information 

16) 1/' quality data/information of departments 
networked to gIS 

17) Measures of employee involve~en~ in the 
improvement of management of quality data 
and information 

17a) I and t of PATS 

17b) Total' and , of employee. 
participating in improvement projects 

17c) Time allocated/production employee for 
the improvement of the management of 
quality data and information 

17d) # of suggestions/employee 

17e) # and , of suggestions/employee 
. implemented 

2.8.2.1 - #7 

2.3.3.1 - #2h 

2.S.3.1 - #1 
2.9.2.1 - #8 

2.7.1.1 - #6 
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18) The cost of designing and maintaining a 
quality information system 

19) Measures that track the planning for the 
management of quality data and information: 

· # of short-term and long term objectives 
proposed per planning cycle 

• # of short-term and long-term objectives 
met per planning cycle 

· # of executive level, middle management 
and operational staff involved in the 
planning for the management of quality 
data and information 

· Adequacy of the representation of all 
stakeholder groups in the planning for 
the management of quality data and 
information 

· # of person-hours dedicated to the 
planning for the management of quality 
data and information 

· Consistency of the objectives with the 
organizational vision of quality 
managem.nt development 

Descriptive InfOrmation 

20) Documentation of the data-modeling approach.s used 

2.2.1 - #1/#2/#3/#4 
2.14.1.1 - #1 

2.7.5.1 - #11 

21) Documentation of the database management system used and its data 
access and update capabilities 

2.6.3.2 D.fiDitioD. of the •••• ur •• aDd th.ir D.t ••• quiremaDt. 

The data for the.e measure. can be obtained from the management information 
system department. 

1} Accuracy and regularity of the data/infOrmation input required for quality 
measur.ment and .valuatign; In order to efficiently carry out quality related 
activities/operationa, it is important to have an accurate and regular flow of 
the required data and information. This measure will track whether or not the 
inflow of data to the QIB is accurate and suitable for measurement and evaluaclon 
purposes, and wh.th.r this input occurs at regular intervals. 

2} Maintenance cgst gf tho OIS as a fraction of the- total budget for computer 
support s'rvic.,; It i. important to keep track of this portion of the total 
expens.. in ord.r to a •••• s the magni cude of the QIS maintenance cost. as 
compar.d to other comput.r support service expenses. 
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3) # of departments responsible for the irregular input of data and information 
into the OIS; Since irregular data input ~psetD the QIS update procedures, it is 
important to keep track of the departments responsible for the irregular input. 

4) Adequacy of the DataBase Management Systems (PBMS) technology; This variable 
indicates the compatibility and suitability of the chosen DBMS technology 
relative to the existing data and computing environments. . 

5} Hours spent per depArtment/function on gathering data and information used as 
input into the OIS; This measure indicates the total number of hours spent for 
data collection that is input to QIS. 

6) Adequapy of information with respept to the development/evaluation of plans 
and goals for: meeting customer requirements, improviM procesl capability, 
selepting organization. to benphmark. determining pompetitive lAd benC_V data. 
enhanciM employee skill level, improving supplier capability: In order to 
efficiently manage the available data/information, it is important to asaess the 
adequacy of the available information for development/evaluation of goals with 
respect to the previously mentioned categories. This measure helps determine 
whether or not there is need for additional information for a particular 
category. 

7) # of time. ssheduled updates of data/infOrmation i. missed/omitted: Regular 
QIS update. are ex~remely important. Some of the moat important areas requiring 
frequent update are: employee involvement,. employee well-being and morale and 
customer relations/services. In order to ensure availability of up to date 
information, it is i.mportant to track omissions, and try to minimize their 
occurrence. 

8) Accessibility of the OISi This measure will indicate whether or not the data 
stored in the QIS is readily available. -In the long run, one could track the 
access speed of the DBMS. 

9) ReSPonse time of quality related queries; A measure of effectiveness of any 
management information system is the response time of its queries. Once the 
quality data have been accumulated, it is necessary to model the data, determine 
the data collection mechanisms and design the underlying database management 
system. The most frequently used queries need to be analyzed so that a strategy 
is determined that minimizes their response time. 

10) Time sPan from gathering new data to the access of this data; This is the 
total time span between gathering of new data and the point in time when thlS 
data is accessible to the users of the QIS. 

11) Availability of quality control, quality assurance. quality improvement data 
per propess (proguction/m'p'9Iment) i This variable takes into account tr .• 
availability of quality control, assurance, control data for each product lOr. 

management process. 

12} # of techniques used for rapid accese of quality data and infOrmation: It ~s 
important to be able to access the desired data efficiently in the least tl~e 
This measure tracks the various techniques which facilitate this process. 
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13) Frequency of timely and accurate updates of quality data and information: For 
an up to date QIS, it is very important to perform timely, accurate and frequent 
updates. This measure records the frequency of such updates with respect to the 
data. 

14) # of hardware facilities allocated to the management of quality datal 
information; It is important to track the # and the different categories/types 
of computer hardware devices allocated to the management of quality data and 
information. 

15) #/t of personoel allocated; It is the # or t of the work force allocated to 
the management of quality data and information. 

16) #/t of departments networked to the OIS: It is important to track the #/t of 
departments which have been networked to the quality information system. 

17) Measures of employee involvement in improvement of data and infOrmation 
management procedyr's: 

17a) # and t of process action teams (PAIS); The # of PATS involved in 
improvement of data and information management procedures and their t as 
compared to the total # of PATS operating in the organization give an 
indication of the importance of the management of quality data and 
information. 

17b) Total' and t of employees participating in improyement project.: 
Participation can b. tracked either through the absolute # of employees 
participating or their relative t. 

17c) Time allocatedlemployee for improvement; Improvement requires that 
adequate tim~ is allocated per employee. 

17d) , of syggestions per emplOyee·; As part of the improvement of the 
management of data and information, employee suggestions can lead to 
progress. If the # of suggestions/employee increase with time, this is an 
indication that employees are more willing to be involved. 

17e) , and , of sugg§stions/employee implemented; An indicator of the 
effectiveness of employee participation is the total # of suggestions 
implemented per employee and its , as compared to the total '* 0 f 
suggestions made per employee. 

18) The cost of designing and maintaining a OIS; This involves the design and 
maintenance cost of the quality informaCion system. This could be considered a 
preventive quality cost even though it facilitates the appraisal 
activities. 

19) Planning for the management of quality data and infOrmation: It is impor~a~t 
that the organization plan for the activities associated with the management :f 
quality data and information. The following measures track the effectiveness ~e 
this planning process: 
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· I of short·term and long term objectives proposed per planning cycle 
• # of short-term and long-term objectives met per planning cycle 
· # of executive level, middle management and operational staff'involved 

in the plaruling for the management of quality data and information 
· Adequacy of the representation of all stakeholder groups in the planning 

for the management of quality data and information 
· I of person .. hours dedicated to the planning for the management of quality 

data and information 
· Consistency of the objectives with the organizational vision of quality 

management development 

2.'.3.3 Trend.ll of Important .... ur •• aD4 Co.t CoatributiOD of llanag~t of Data 
aDel lDfoJ:'lliatioD 

1) Trend' of; 

· the response time of quality related queries 
· the"./t of departments linked to the QIS 
· increase/decrease in # hours for gathering -data for QIS input 
· I/t of personnel allocated to the-management of quality data/information 
· frequency of updates of quality data/information 

2) CIS design and maintenance costs AS a , of total quality gosts; This is an 
indication of the level of connitment that the organization has with respect to 
the,management of quality data and information. 
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2.6.4 ADaly.i. of Quality Data aDd Information 

Definition: The use of analytical techniques to detect unusual data and 
information and to provide accuracy fo: measurement of quality performance 
indicators. 

2.6.4.1 OVerview of the .ea.ure. aDd the Aa.ociated D •• criptiv. Information for 
the Ana1y.i. of Quality Data aod Information 

Listing of Measures 

1) Measurea to track the cost aasociated with 
"analysis of data and information: 

1a) Cost associated with the analysis of 
data and information aa a percentage 
of the total budget for support 
services 

1b) Total cost aasociated with the analyaia 
of data .and information . . 

2) Measures to track the impact of datal 
information analysia on quality 
improvement: 

2a) # of organizational and quality 
change. suggested as a result of 
quality data/information analysis 

2b) i/t of the auggested changea 
implemented 

3) Time span between the commencement of 
analysis and reporting the results 

4) Decreaae/increase of time spent between 
commencement of the data analysis and obtaining 
the evaluations and results per analysis 

5) i/t of employee. qualified to handle complex 
data analysis and evaluation 

6) # of changea/improvements implemented based 
on the analysis and evaluation of the 
relationship between quality costs and 
profitability 

Cross Reference" 
Section - Measure # 

2.2.1 ... #1 
2.14.1.1 ... #1 
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7) # of contracts with complete cost analysis 
that include: 

• actual versus standard- contract cost comparison 
· impact of customer initiated changes on 

contract costs 
· cost changes which are communicated to 

managers and customers 
· potential cost overruns 

8) # of methods used to analyze the data that 
represent the results of: 

• organizational planning 
• improvement of production 

processes and management activities 

9) Measure. to track the use of analytical 
techniques: 

9a) # of data/information analysis 
techniques used 

9b) frequency of use of each technique 

10) Measure. of employee involvement in improvement 
of data and information analysis procedures: 

lOa) # and , of PATS 

lOb) Total # and t of employees participating 
iil imp~ovement proj ~cts. _ 

10c) Time allocated/production employee for 
process improvement 

10d) # of suggestions/employee 

10e) # and , of suggestions/employee 
implemented 

Descriptiye InformatiOD 

2.7.1.1 - #6 

11) Procedures for identifying outliers, leverage points, collinearity, 
measurement errors of quality data. 

12) Relationships between quality costs, profitability, productivity, 
market share and price 

13) Documentation on various analytical tools and their application are •• 
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2.6.4.2 Definition. of the X.a.ur •• aDd th.ir Data •• quiremant. 

The data required for these measures can be obtained from the management 
information system department. 

1) Measures to track the cost associated with analysis of data and information: 

1a} cost associated with the analysis of data and infOrmation as a 
percentage of the total budget for support ?eryices; It is important to 
keep track of-the fraction of the total support services budget required 
for data and. information analysis.-· 

1b} Cost associated with the analysis of quality data and information; The 
quality cost incurr.d on behalf of all r.lat.d proc.dures employed for 
analysis of quality data and information. this is a preventive quality 
cost. -

2) # of organizational and quality changes a) suggested and b) implemented as a 
result of data/information analysis; The number of quality changes suggested and 
implemented as a result of data/information analysis is an indication of the 
impact and importance of this practic. on quality improvement .fforts. 

3) Time span between the commengement of the analYSis and the reportinq of the 
results of the .ftl1ysisj Th. analysis used to eva1uat. the quality data should 
be automated. This will allow more time for the development of action items based 
on this analysis. -

4) Degreas./ingreas. of time sPent between congn'ngement of the data analysis and 
obtaining the evaluatigns and results per analysis; This measure keeps track of 
the incr.as./ d.crea.e of m.asure 3 above, i ••. , that of the time span between the 
commencement of the analysis and obtaining the evaluations and results of the 
data analysis. 

5) #/t of employees qualified to handle complex data analysis and evaluation: 
It is important to enum.rate the • and t of employees qualified to tackle complex 
data analysis and. .valuation problems. This mea sur. acts as an indicator for 
future hiring needa of additional qualified staff. 

6) 'of cbanae./imprpvemcnt. implemented based on the 'n,ly.is and evaluation of 
the relationship between-quality cost. arid-profitability; This measure is an 
indication of data/information analy.is contribution towards improved quality and 
increased profitability. 

7) # of contracts with compllt. cost anA1ysi.; It i. important to bave a complete 
cost analysis for contracts. -This measure keeps track-of all contracts with the 
following .1.ments: 

· actual v. ataadard contract cost comparison 
• impact of cuatomer initiated changes on contract costs 
· cost chang.. which are communicated to manag.rs and customers 
• potential cost overruns 
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S) # of methods used to analyze the data that represent, organizational planning 
and quality improvement re,ult,; Quality planning and improvement are perhaps the 
two most important activities of quality management. Thus, it become. important 
to analyze the result. of the planning and improvement activities. 

9) Measures to track the use of analytical techniques; 

9a) # of data/information analysis techniques used; Is the total number 
of different types of analytical techniques used. 

9b) Frequtpev gf use gf each technique; The measurement of how often , 
particular technique i. used ,erves as an indicator of the importance of 
a specific technique. . 

10) Measures gf employee inyplvement in improvement of data and informatign 
apalysis procedures; 

lOa) # and 'pf prgsess astion teams (PATS); The i of PATS involved in 
improvement of analysis of data and information and their , a. compared to 
the total" of PATS operating in the organization give an indication of the 
importance of the analysis of quality data and information. 

lOb) Tgtal # and , of emploY'e, partisipating in imprpvemeDt projects: 
Participation can be tracked either through the absolute _ of employees 
participating or their relative t. 

lOS) Time allgsated/produqtign emplgyee for the improvement gf the data 
aDd infgrmation 'p,lysis; Improvement require. that adequate time i. 
allocated per employe •• 

10d) # of ,uqqestigns per employee; As part of the improvement of the 
analysis of data and information, employee suggestions can lead to 
progres8. If the # of suggestions/employee increase with time, this is an 
indication that employees are more willing to be involved. 

10e) # and , gf suggestions/employee implemented; An indicator of the 
effectiven.ss of employee participation is the total # of suggestions 
implemented per employee and its , ,s compared to the total .. of 
suggeationa made per employee. 
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2.6.4.3 Trand8 o!-%mpo~taat •••• ur •• aad the co.t CoDt~1butiOD o! ADalyai. of 
D.t. aad ID!O~tioD 

11 Trends of; 

· # of data/information analysis techniques used 
• # of organizational. and quality changes accomplished as a result of the 

analysis of quality data and information 
· , of employees qualified to handle complex data analysis and evaluation 
· # of contracts with complete cost analysis 
· time spent between the commencement of the analysis and reporting of the 

results 
· , of employees qualified to handle computer data analysis 

2) The cost associated with the 'p,lysis of quality data i information as a , of 
the total quality costs; This is an indication of the level of commitment that 
the organi~ation baa with respect to the analysis of quality data and 
information. 
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2.7 mLQUI Pm)LVJIP'1'/BBDnOML RlCOGIl:TIOl/lDlPLPm mt.-BIIIG/gtJAI,tn 
BDtlCATtOI NIP mnmrg 

2.7.1 8mployea Involv...ut 

Definition: The encouragement of all employees throughout- the organization 
to become involved both individually and in teams so as to solve quality 
related issues in a timely and effective manner. 

2.7.1.1 OV.rview of th.· •• a.ur •• and·th."A8.ociat.d D •• criptive Infor.matioD for 
Bllploy.. tAvolv...ut 

Listing of Mea,ur., 

1) # and t of managers that encourage work groupl 
individual employe. contributions to: . 

a) action te_ 
b) suggestion systems 

2) Measurel for the enhancement of team skills 

2a) # of programs/workshops that enhance 
the skill lev.l of employees/manag.rs in 
terms of employe. involvement 

2b) #1' of employees per department involved 
in such programs 

3) # of incentives offered to encourage employee 
involvement in quality improvement programa 

4) Total co~t associated with all employ •• 
invol v.ment prQg'rams (labor, mal:.rial and 
overhead cost) 

5) Cost associated with each improvement 
project for each process action team (PAT) 

6) Measure. of emploYee involvemen~ in PATS 

C;:oss Reference 
Section - Measure # 

2.14.1..1. - #2 

2.7.2.1 - #4 
2.7.3.1 - #2 

2.2.1. - Il.t 

2.3.1..1 - #8 
2.3.2.1 - #6 
2.3.3.1 - #3 
2.3.4.1 - #12 
2.3.5.1 - #5 
2.4.1 - #7 
2.S.1.1 - #12 
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6.) # of PATS 

6b) Total # and t of employee 
participating in improvement 
projects 

6c) Time allocated/employee 
for quality improvement projects 

~d) # of suggestions/employee 

6e) # and , of suggestions/employee 
implemented 

6f) The impact of each improvement project 
on product quality, profitability, 
productivity, product cost, project 
schedule 

7) Suggestion system measures 

7a) • of suggestion systems . . 
7b) # of suggestions/employee per suggestion 

system 

2.5.2.1 .. #6 
2.S.l.1 .. #9 
2.5.4.1 .. #9 
2.6.1.1 .. #2 
2" .6 .2. 1 .. #ll 
2.6.l.1 .. #17 
2.~.4.1 .. #10 
2.7.2.1 .. #6 
2.7.l.1 .. #3 
2.7.4.1 .. #4 
2.7.5.1 .. #5 
2.8.1.1 .. #16 
2.8.2.1 - #lO 
2.9.1.1 - #5 
2.9.2.1 - #5 
2.10.1 - #6 
2.11.1 #4 
2.12.1 .. #10 
2.13.1 - #5 
2.14.2.1 .. #9 
2.14.3.1 .. #14 
2.16.1 .. #12 
2.17.1 - #12 
2.18.1 .. #10 
2.19.1 .. #15 
2.20.1 .. #4 
2.21.1 - #6 

2.7.2.1 .. #2 
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7C) # and , of suggestions/employee 
implemented 

8) # and , of employees given more job 
responsibility/authority/innovation 
opportunities per employee category 

9) Effectiveness of the organization to foster: 
ownership of work 2.21.1 - #5 
willingness of managers to cooperate 
with employees 
empowerment of the work force to: 

· innovate 
· take risks and initiatives that 

can lead to quality improvement 
· ensure that proactive quality 

improvement is part of the work culture 

10) The success of the organization to involve 
employees in: 

· the public responsibility function 
· resource conservation efforts 
· planning (strategic and operational) process 
· policy development process 

11) The effectiveness of the organization to: 
· facilitate and encourage group decision 

making over individual decision making . . 
12) The adequacy of steps taken by the 

organization to: . 
· reinforce employee involvement as 

part of the company policy 

2.7.2.1 - #2 

2.7.2.1 - #2 
2.1).1 - #6 
2.~.).1 - #) 
2.17.1 - #) 

2.6.1.1 - #5 

2.7.2.1 - #7 
2.7.5.1 - #llc 
2.16.1 - #7/#8 
2.18.1 - #5/#8g 

2.18.1 - #2 

1) The effectiveness of the organization to 2.18.1 - #2 
achieve the following results in group 
activities: 

· replacing the adversarial mentality with 
trust and cooperation 

· developing the skills and leadership 
capability of individuals 

· increasing employee morale and commitment 
· fostering creativity 
· helping people understand quality prinCiples 
· instilling quality principles into the 

corporate culture 
· allowing employees to solve problems at the 2.17.1 - #) 

source immediately 
· improving product quality and process 

productivity 
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14) Measures linked to employee involvement results: 
. increased job satisfaction 
. increased group or unit effectiveness 

15) # of employees involved in the 
strategic and operational planning process 

DescriPtive Information 

2.3.1.1 - #2a/#6a 

16} Documentation of all the p~oce~~ improvement projects per PAT 

17) Training materials related to employee involvement 

2.7.1.2 nefinition of the Xe •• ure.2 aDd their n.t. aequir..ant. 

The data" required "for the measures in this section can be found in the 
personnel department. A number of these 'measures (if not all of them) require 
that a survey question will be formulated for each measure and each survey 
question will be part of a questionnaire. This questionnaire would subsequently 
be distributed for response to the appropriate personnel within the organization. 

1} # of managers encouraging work group/individual employee contributions to 
facilitate; 

1a) Action teams; Employees from different departments are grouped 
together to focus on quality related problems/issues and suggest 
improvement initiatives. The heterogenous group structure will broaden 
the problem perspectives. 

Refarancal For further details refer to Evans and Lindsay, The Management 
and Control. of Quality, Ch 11 (Appendix AA) . 

1b) Suggestion systemsi A system set up to promote employee involvemene. 
it encourages them to make a contribution through individual or group 
suggestions, the next step being their implementation (subsequent to a 
thorough analysis). 

2As indicated earlier in this chapter, only a few of these measures r~T~.:· 
the description of measurement techn1ques and/or additional concepts thae :1- '~ 
used to derive them. Most of the measures are straightforward and/or shc~.! 
part of the existing cost accounting/management information system. For :-, • 
measures that require the description of measurement techniques and/or add1t. -. 
concepts a reference will be made to a specific source that can be cons~.·- ~ 
Some sources are included in an Appendlx at the end of this document. 
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2) Measure~ that track the enlymcement of team skills 

2a) # of programs/workshops that enhance the skill level of employees/ 
managers in terms of employee involvement: Quality management can be 
practiced through team efforts. Therefore, it is important that each 
employee/manager have team skills. 

Reference: For further details refer to Evans and Lindsay, The Management 
and Control of Quality, Ch 11 (Appendix AA) . 

2b) lIt of employees per department involved in such p[oqrams: 
It is important to keep track of the #/t of employees in each 
department and also per employee category, who participate in the workshops 
and programs set up for their benefit. 

3) # of incentives offered to encourage employe. involvement in improvement 
programs: Incentive. offered to employees will impact them positively in terms 
of their involvement in quality improvement. 

4) The total costYassoci'ted with all employee involvement prog[!m8; There are 
administrative and direct labor costs associated with any organizational employee 
involvement program. This cost is a preventive quality cost. 

5) Cost associated with improvement projects for eash PAT: The cost in terms of 
labor, material and overhead for selecting and implel,l\enting improvement proj ects 
needs to be recorded. This cost is a p~eventive quality cost. 

6) Measures of !mcloyee involvement in PATS: The most common form of employee 
involvement is through the process action teams (PATS). The analyst can obtain 
these measures per major employee category. 

Reference. For further details refer to Evans and Lindsay, The Managem!nt and 
Control of Quality, Ch 11 (Appendix AA). 

6a) # of process action teams (PATS): The # of PATS involved in quality 
improvement need to tracked. 

6b) Total # and t of emploY!!s participating in quality improvement 
projects; Participation can be tracked either through the absolute # of 
employees participating or their relative t. 

6c) Time allocated/employee for QUality improvement projects: Improvement 
requires that adequate time is allocated per employe •. 

6d) # of suggestionS per employee: As part of the planning process for 
quality improvement or in the implementation of process improvements 
employee suggestions can lead to progress. If the # of suggestions/ 
employee increase with time, this is an indication that employees are mor~ 
willing to be involved. 
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6e) # and t of suggestions/employee implementeg: &~ indicator of the 
effectiveness of employee participation is the total # of suggestions 
implemented per employee and its t as compared to the total # of 
suggestions made per ~mployee. 

6f) The impact of each improvement project on product quality, cost. 
project schedule. productivity. profitability: The t change in product 
quality, quality cost, manufacturing cost, productivity, profitability in 
the short-run (l8 - 24 months) and the long-run (3 - 5 years) after an 
improvement project has achieved its results need to be tracked. This 
assumes that each of these organizational measures (product qualityl, 
quality cost·, manufacturing cost, productivity, profitability) are 
defined and. measured in the organization. This measure tracks the 
effectiveness of both the improvement process and employee involvement. 

7) suggestion sYStem measures: Another form of employee involvement is 
participation in suggestion systems. Thus, it is important to measure the # of 
suggestion systems, the # of suggestions/employee made for each suggestion system 
and employee category and the t of these suggestions that have actually been 
implemented. 

B) # and t of employees givep more reSPonsibility/authority/innovation 
opportunities per employee category: As employees are given more responsibility, 
authority, innovation opportunities then there is a higher probability that these 
employees will be motivated and will want to increase their participation in 
quality improvement. 

9) Effectivepess of the organization to foster employee involvement: In order to 
facilitate employee involvement, the organizationneed.a to foster the follow~ng: 

· ownership of work 
· willingness of managers to cooperate with employees 
· empowerment of the work force to: 

. innovate 

. take risks and initiatives-that can lead to quality improvement 
ensure that proactive quality improvement is part of the wcr~ 
culture 

10) The suCcess of the organization to involve employees in important aua:;,;.,. 
assurance and improvement functions such as: 

· the public responsibility function 
· resource conservation efforts 

'Aggregate product quality measure has been defined in section .... 
measure 4a and section 2.B.2 measure 2 of Document D. 

~Quality cost is defined in section:!. 2.2 measures 1, 2, 3 and 4 of ~c: 
D. 

'Productivity for the manufacturlng and design engineering proces:;­
def ined in section 2.3.1.2,· measure 1 c a::d. sect ion 2 ."4 .2, measure 1a respe:' 
of Document D. 
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. planning (strategic and operational) process 

. policy development process 

11) The effectiveness of the organization to promote the' following group 
activities; Group employee involvement will be encouraged if group decision 
making is encouraged over individual decision making. Research shows that group 
decision is superior to individual decision as per The Management and Control of 
Quality, by Evans and Lindsay, ch 11 .(Apgendix AA) . 

13) The adequacy of steps taken by the organization to reinforce employee 
involvement as part of the gompany policy; The company policy sets the guidelines 
and emphasizes the practice. important to the organization. Thus including 
employee involvement in the policy is an important step to making it an inherent 
mode of op.ration of the organization. 

14) Th' effectiveness of the organization to achieve the following results in 
group activitie.; 

· replacing the adversarial mentality with 
trust and cooperation 

· developing the skills and leadership 
capability of individuals 

· increaaing employe. morale and commitment 
· fostering creativity 
· helping people und.rstand quality principles 
· instilling quality principles into the 

corporate culture 
· allowing employees to solve problems at the 

source immediately 
· improving product quality and process 

productivity 

IS) Measures linked to employee involvement results; 
· increased job satisfaction 
· increased group or unit effectiveness 

The benefit of increased involvement and participation of employee. in a group 
increases the tota]; output of the group in terms of quality and quantity of work. 

16) # and , of employees involved in the strategiq and operational planning 
proces'i In order for quality improvement to be succes.ful, it is important to 
have repre.entation from all employee categories in the strategic and operational 
planning process. 

2.7 .1.3 'l'rezau of ImportaDt _ •• ur •• 

1) Trends of; 

· employ •• involvement 
· involvement .ffectiveness measure 
· cost a.sociat.d with improvement projects 

• labor cost 
· material cost 
· overhead cost 
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• # of PATS 
· Total # of employees participating in improvement projects 
· Time allocated/employee for process improvement 
· # of suggestions/employee 
· i of suggestiona/employee implemented 
· i of suggestion systems 
· # of suggestions/employee per suggestion system 
· # of suggestiona/employee implemented per suggestion system 
· # of employees given more job responsibility/authority/innovation 

opportunities . 
· # of employees involved in the operational planning process per 

employee category 

2) t of total quality costs attributed to; 

· cost-associated with improvement projects 
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2.1.4 Quality education and TraiD1ng 

Definitign: The establishment of educational and training programs 
throughout the organization so as to increase the workforce I s understanding 
and capability to deal with and improve quality. 

2.1.4.1 OV.rview of ehe .... ur •• and the Aa.oci.t.d D •• criptiv. %Dfor..atioD for 
Qu.lity .due.tion &ad Training 

Listing of Measure. 

1) Bffectivene •• of quality education and 
training in terms of facilitating proce •• 
improvement.' 

2) '# and , ot employees per employee category 
receiving education and training 
with respect to: 

· process improvement 
· team building 
• quality definition and measurement 
· quality management awareness training 
· statistical methodology 

. design of experiments 

. regression analysis 
. . data analysis 

· quality ass~ance 
· reliability engineering 
· quality assessment 
· planning for quality improvement 

3) Numerical effectiveness measures of 
quality education and training: 

3a) The average time spent on quality 
education and training per employee 
category 

3b) The average cost per employee for 
quality education and training per 
employee category 

Cross Reference 
Section - Measure' 

2.8.2.1 - ISh 

2.3.1.1 - #9 
2.3.2.1 - #7 
2.3.3.1 - .4 
2.3.4.1 - #13 
2.13.1 - #7 

2.2.1 - 11d/ale 

'This measure require ,that a survey question will be formulated as par: 
a questionnaire to be distributed for response to the appropriate personr.~. 
within the organization. 
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3c) The # of units of each organizational 
resource used for employee quality 
education and training 

3d) The cost of each organizational resource 
u~ed for employee quality education 
and tra~ning 

3e) Efficiency measures for quality education 
and training 

3f) The total cost of ongoing and new 
quality educational and training 
programs 

4) Measures of process action team (PAT) employee 
involvement in the improvement of quality 
education and training 

4a) # and t of PATS 

4b} Total # and , of employees participating 
in quality education and training 
improvement projects 

4c) Time allocated/employee per quality 
education and training improvement project 

4d) # of suggestions/employee per quality 
education and training improvement project 

4e) # and , of suggestions/employee 
implemented per quality education 
and training improvement project 

5) Time and money spent on the. following 
planning activities for quality 
education and training: 

· assessment of the organization­
wide quality educational level 
of the workforce 

· assessment of the organizaeion­
wide quality educational needs 
of the workforce 

· development of quality education 
methods 

· the allocation of personnel and 
resources to perform quality 
education and training 

· assessment of the number and types of 
quality education and training programs 

2.2.1 - #le 

2.7.1.1 - #6 

2.14.1.1 - #1 
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6) i/t of managers involved in the planning 
of quality education and craining programs 

7) Time and money spent to form organization­
wide process action teams for improvement of 
quality education and training 

8) Effectiveness of the organization to keep 
pace with the most recent quality related 
training and education methods and 
practices available' 

9) Effectivenes. of the organization to 
improve the cooperation and communication 
organiza~ion-wide in terms of quality 
so as to facilitate quality-awareness and 
education1'7 

10} Effectiveness of the organization to 
motivate, facilitate and encourage 
the workforce to .improve its quality 
education and training 

11) Results obtained from quality education 
and training efforts in terms of 
improving: 37 

employee quality awareness 
responsiveness to quality issues 
skill level 
employee-empowerment 

. average # of employee suggestions 
for quality related issues 

. employee authority/responsibility 
for quality related issues 

products and services 
customer satisfaction 
process efficiency/productivity 
employee decision making capability in terms 
quality issues 
the cooperation and communication between 
employees and management 

12) # of incentive/recognition awards given to 
employees and managers for enhancing their 
quality education and training· capabilities 

2.8.2.1 - #Sb 

7 This measure requires that a survey question will be formulated as _ . 
of a questionnaire to be distributed for response to the appropriate pers;~ ~ 
within the organization. 
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13) Adequacy of the orgL~izational resources 
used for quality-education and training' 

14) Appropriateness and adequacy of the level 
of quality education and training for 
each employee in terms of:-

· previous job experience 
· anticipated job rotation 
· previous formal educational background 
· previous self-instructional background 

15) # and t of the employees that are involved 
in supplementary educational and training 
activities such as: 

· visits to other organizations 
· membership in professional societies 
· attendance of professional meetings 
· attendance of university-based 

continuing education programs 
· subscription to professional and 

trade publications 

16) The # and , of quality education and 
trainin~ programs that have been offered 
in response to customer based quality 
concerns 

Descriptive Informatigg 

17) Course/training materials with respect to: 
· process improvement 
· team building 

quality definition and measurement 
· quality management awareness training 
• statistical methodology 

· design of experiments 
· regression analysis 
· data analysis 

• quality assurance 
· reliability engineering 
· quality asseasment 
• planning for quality improvement 

2.8.2.1 - Sb 

• This measure requires that a survey question will be formulated as par: 
of a questionnaire to be distributed for response to the appropriate personr.e: 
within the organization. 
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2.7.4.2 D.finition. of the .... ur •• and th.ir D.t. R.quir..-nt. 

The data required for the measures in this section can be obtained from the 
personnel department. A number of these measure (if not all of them) require 
that a survey question will be formulated for each measure and each survey 
question will be part of- a questionnaire.· This questionnaire would subsequently 
be distributed for response to the appropriate personnel within the organization. 

1) Effegtiveness of quality edugation and training in terms of facilitating 
progess improvements; One of the prerequisites of process quality assurance and 
improvement is that the organization's employees will be continuously educated 
and trained. The term process i. used in the context of this definition to 
represent both production and management value adding (transformation) 
activities. This measure tracks the effectiveness the organization to accomplish 
this task. 

2) # and , of employees regeiving edugation and training with respect to: 
For each employee ~ategory it is important 'to track the # and , of employees 
receiving education and training per time period with respect to; 

" process improvement 
· team building 
" quality definition and measurement 
· quality management awareness training 
· statistical methodology 

· design of experiments 
· regression analysis 
· data analysis 

· quality assurance 
· reliability engineering 
" quality assessment 
· planning for quality improvement 

3) Numerigal effegtiveness measures of employee training and edugation; There 
are a number of numerical effectiveness measures that one can define in terms of 
education and training.' The difficulty with these measures is in defining the 
output of the education and training process. One could define a number of 
surrogate output measures such as, the # of employee receiving training, the 
average time spent per employee, the exam scores per training sessions, etc. The 
output measures that should be used by the organization needs to be agreed upon 
by the important stakeholder groups. -

3a) The ayerage time spent on quality education and training per emeloyee 
gategory; Of course tracking this measure does not indicate how well each 
employee has been trained or educated in term of quality. 

3b) The aye rage gost per employee for quality education and training per 
employee category: This cost is a preventive quality cost. 

3c) The • of units of eagh organizational resourge used in edugation and 
training; The maiD organizational resources are labor and overhead. 

". 
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3d) The average cost of each resource used for employee training and 
education; If the average cost per resource used for retraining and 
education is known, then one could define an aggregate input index for 
education and training. This index would be the sum (over all the 
resource. used) of the quantity of each resource times its average cost. 

3e) Efficiency measure for education and training; Once the output 
measure(s) are agreed upon then the ratio of the output measure to the 
input index (defined in 3d) gives a measure of efficiency (productivity) 
of the quality education and training process. 

4) Mlasures of employ •• involvem.nt in tho improvement of employee quality 
edusation and traipipg; 

4a) • apd , of prOSe,s action team." (PATS); The # of PA%S involved in the 
improvement of quality education and training and their , .a compared to 
the total I: of PATS operating in the organization give an indication of the 
importance o~ improving employee quality education and e%ainLng. 

4b) Total I and , of employee. participatiDg in quality edusation and 
traipina improvement prpj ects; Employe. participation can be tracked either 
through tho absolute i of employee. participating or their r.lativ. t. 

4C) Time allocated/employee per quality education apd improvement pro1 ect ; 
Improvement require. that ad.quat. time is allocated p.r employee per 
project. 

4d) I of suggestions/employee per imprpvemtpt project; AI part of the 
planning for quality education and training improvement or in the 
implementation of th •• e improvements, employee suggestions can lead to 
progress .. If the # of suggestions/employee per project increase with time, 
this is an indication that employees are more willing to be involved. 

4e) # and , of suggestions/employee implemented per quality education 
training improvement project; An indicator of the effectiveness of 
employee participation is the total # of suggestions implemented per 
employee per improvement project and its , as compared to the total • of 
suggestions made per employee. 

5) Time and money spent on planning activities for quality edusatiop and 
training; As part of the planning for quality education and training a number of 
the following activities require both time and money: 

• as.essment of the organizat~on-¥1de quality educational level of the 
workforce 

· assessment of the organization-wide quality educational needs of the 
workforce 

· development of quality education methoda 
· tho allocatioD of personnel and resource. ~o perform quality edueatl0n 

and training· . 
• asses.ment of the number and" types of quality education and trainln9 

programa 
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6) I and t of managers involved in the plaooing- for quality education ansi 
training; organizational commitment to quality can be demonstrated by the 
participation of management throughout the organization in terms of planning for 
quality education and training. 

7) Time and money spent to fOrm organization-wide process action teams for the 
improvement of QUality education and training; . In order to have employee 
participation, the organization needs to spent money and time to place these 
teams in operation. 

8) Effectiveness of the organization to keep pace with the most recent quality 
related education and training methods and prastices available; The organization 
needs to continuously benchmark its in-house quality education and training 
capabilities. 

g) Effestiveness of the organization to improve (orq'pizatign-wide) the 
cooperation and the copnunication in tema of quality So as to facilitate quality 
awareness and edusation; The premise of this measure is that if the organization 
increases its info~tioD sharing capability in terms of quality, then more 
employees/managers will feel the necessity to improve their quality related 
problem solving skills. 

10) Effectiveness -of the orgapization to motivate, facilitate and ensourage the 
workforce to improVC its quality educa1;ion apd training; The management I s 
commitment and participation in quality improvement projects is a strong 
motivator for the remaining employee.. Another motivator is the design of , 
reward mechanism for participating in quality improvement projects. One could 
list a series of other mechanisms by which the organization can motivate its 
employees. Once the appropriate level of motivation has been achieved, then 
the quality education and training will become a necessity. 

11) Results obtained from quality edusatiOn and training efforts in terms of 
improving employee quality capabilities; One would want to track the results 
achieved from quality education and training in terms of improving the following: 

· employee quality awarene.s 
· responsiveness to quality issues 
· skill level 
· employee empowerment 

. average # of employee suggestions for quality related issues 
• employee authority/responsibility for quality related issues 

· products and service. 
· customer .atisfaction 
· proce •• efficiency/productivity 
· employee deci.ion making capability in terma quality issues 
· the cooperation and communication between employees and management 

12) The I of incentiye/recognition awards given to the emplgyees and managers for 
enhancing their quality education and training; In terms of strengthenlnq 
employee and management motivation, it is important to have awards that enhance 
the visibility of those who rnake an excellent effort tn terms of augmenting thelr 
quality problem solving and decision making skills. 



172 

13) Adequacy of the organizational resources used for quality education and 
training; In addition to tracking the efficiency of the organizational resources 
used for quality education and training (as is accomplished with measure #3) , 
it is important to track the ad~quacy of these organizational resources. . .. 
14) Appropriateness and adequacy of the level of quality education and training 
for each employee: For each employee/manager, it is necessary to plan the 
development of each employee based on each individual I s previous quality 
education history, i.e. one would have to consider: 

· previous job experience 
anticipated job rotation 

· previous formal educational background 
· previous self-instructional background 

15) # and t of the employees that are involved in supplementary educational and 
training activities: In addition to in-house quality education and training 
programs employees/managers can be involved in a number of other educational and 
training experiences such as: 

· visits to other organizations 
· membership in professional societies 
· attendance of professional meetings 
· attendance of university-based continuing education programs 
· subscription to professional and trade publicationa 

16) The # and t of quality education and training programs that have been offered 
in response to custgmer based quality concerns; If customer relations are mature, 
then it is possible to initiate quality education and training programs 1n 
response to specific customer quality issues and concerns. 

2.7 ••• 3 Tr.ada of %mportaat •••• ur •• aad Co.t Coatributioa of OU.lity Bdue.tioD 
aael Tr.iDiDg 

1) Trends of; 

· assessment scores on quality education and training 
· the average quality education cost per employee 
· the t of all employees receiving quality education and training 

2) , of total quality cost, attributed t9i 

. quality education and training cost 
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2.8 Drmpmm!Q CRS1'OIIII UQJlJRII!IJDITS/CPSTOJgR MUtXon 

2.8.1 Deter.mining au.tomer Requirement. 

Oefinition: The systematic identification of customer preferences, needs, 
expectations that facilitates the determination of customer satisfaction. 
This information helps the organization manage its customer relations more 
effectively and in so doing increases the potential for growth and 
competitiveness. 

2.8.1.1 Ov.rvi •• of the •••• ar •• aDd th. a..oci.ted D •• criptiv. Infor.mation for 
DeteZ'IDiAiq CWI.tOlMr aequir-.zat; •. 

Listing of Measures 

1) Time required from: 

. order-to-receipt (standard product) 

. product definition-to-market (new) 

2) Quality index of delivered product 
composed of: 

2a) accuracy of delivered shipment 
· t error in deliveries (shortages) 
· # of replaced/repaired items 

during installation 
· # of man-hours of service calls 

during installation 

2b) reliability 
• MTBP 
• MTTP 
· failure rate 

2c) maintainability 

2d) 

2e) 

2f) 

2g) 

2h) 

· man-hours of required technical 
assistance after installation 

• MTTR 

availability 

performance 

conformance 

durability 

safety 

Cross Reference 
Section .. Measure # 

2.5.3.1 .. #8 

. 2.4.1 - #lla 

2.4.1 - #llc 

2.4.1 - #llb 

2.4.1 - #12 

2.4.1 .. #13 
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2i) usage cost 

3) Customer satisfaction index composed 
of the following elements: 

· total # of complaints 
· #/t of complaints that led to refunds 
· #/t of complaints that led to 

returns/replacements 
· II' of complaints that led to 

on-site repairs 
· warranty costs 

4) #/t of customer complaints received with 
respect to: 

· service standards 
· cus~omer contact personnel 

5) Repair measures 

• MTTR 
frequency of repairs 

· # of r~pairs per product 
· man-hours per repair request 
· cost of repair to customer" 

6) Average response time relative to 
customer queries, complaints 
and suggestions 

7) The effectiveness of the complaint 
resolution process 

B) #/t of customers gained/lost 

9) Values of a customer satisfaction 
indicators (measures 1, 2, 3,4, 5 
6, 8 of this section) that can 
be used to compare to: 

· Principal competitors in market 
· Industry averages 
· Industry leaders 
· World leaders 

2.4.1 - #18 
2.8.2.1 - #11 

2.5.3.1 - #8 
2.5.1.1 - #6a/#6b 
2.B.2.1 - #15 
2.i2.1 - #5 

2 • 5 • 2 • 1 - #4e' 

2.2.1 - #4c 
2.4.1 - #10c 

2.5.3.1 - #8 
2.12.1 - #4 

2.5.3.1 - #8 
2.B.2.1 - #4a 

2.2.1 - #4b 

2.5.1.1 - #6e 
2.5.3.1 - #8 
2.8.2.1 - #1/#7 
2.9.1.1 - #3 
2.9.2.1 - #3 

2.2.1 - #4f 
2.5.3.1 - #8 
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10) # of new markets identified 

11) #/" of all employees and 6rgani'zational 
departments that are knowledgeable of 
the customer expectations/requirements 

12) The average time required to communicate 
customer complaints to the responsible 
functional areas 

13) # and " of managers involved in solving 
customer complaints 

14) # of customer visitation programs 

15) # and t of new product planning activities 
that both customer and producer participate 

16) Measures of employee involvement in the 
improvement of the determination of 
customer requirements/expectations 

16a) # and t of PATS 
• # and t of joint stakeholder PATS 

16b) Total # and t of employees participating 
in improvement projects per employee 

16c) Time allocated/production employee for 
the improvement of determining customer 
'requir.ements per employee 

16d) # of suggestions/employee 

16e) # and t of suggestions/employee 
implement~d per employee 

17) Cost of determining customer requirements/ 
expectations 

Descriptiye InfOrmation 

2.8.2.1 - #26 

2.9.1.1 - #4 

2.8.2.1 - #20 
2.9.1.1 - #3 

2.9.1..~ - I. 

2.8.2.1 - #14 

2.4.1 - #6d 
2.8.2.1. - #12 

2.7.1.1 - #1 

2.2.1 - #1 
2.14.1.1 - #1 

18) Procedures that describe the processes and methods that are used ~~ 
collect data and info~tion for the purpose of determining the 
requirements and expectations of customers and to identify the mar~e: 
segments and customer groups important to the organization, includl~9 

(a) The data collecting methods for example, surveys, interViews 
(b) The frequency with which data is to be collected 
(c) The data and information sources 
(d) The ways and means to assure data objectivity 
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19) Procedures to determine the different product and service 
characteristics and their relative importance to customers and customer 
groups 

20) Procedures on how to determine a product brief that translates 
customer requirements to a preliminary set of design specifications 

21) Procedures to determine the root cause of failures after analyzing the 
defective products returned by the customers and to take corrective 
actions that satisfy the customer 

22) Procedures that establish a design function that translates 
customer needs from the product brief into technical specifications for 
materials, processes and products such that the translation results in 
a product that is producible, verifiable, and controllable under the 
current production capabilities, and provides customer satisfaction at 
~ acceptable price. 

2.8.1.2 D.finition. of the .... ur •• ' and th.ir D.t. Requir..-nt. 

The data required for these measures can be obtained from the marketing 
department. 

1) Time [eguired f[Om; a) o[der-to-receipt (standa[d product) and b) product 
definition-to-market (new product): This measure tracks the time it takes for a 
standard product to be received by the customer from when its order was placed 
and/or the time it takes to introduce a new product concept until the product 
reaches the market. 

2) Quality index of delivered product: In order to understand customer 
requirements/expectations, it is important to track the quality of the product 
delivered to the customer. Each of the following components need to be weighted 
according to their relative importance~ The customer in conjunction with the 
producer decide on the definitionlO of these weights (Wj is the weight associated 
with each component that is described subsequently). Next a score Sj is assigned 
by the customer (by answering a questionnaire or by defining an aggregate score 
based on a structured group process) to each component. An aggregate product 
quality score can be defined as L (~Sj) • 

gAs indicated earlier in this chapter, only a few of these measures requ~=~ 
the description of measurement techniques and/or additional concepts that can =~ 
used to derive them. Most of the measures are straightforward and/or should ~~ 
part of the existing cost accounting/management information system. For t~:~~ 
measures that require the description of measurement techniques and/or additl=::.l. 
concepts a reference will be made to a specific source that can be consul~~j 
Some sources are included in an Appendix at the end of this document. 

I~hese weights can be defined by representatives of both organizations i' 

part of structured group approach or in an unstructured fashion. 
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2a) Accuracy of the deliye~ed shipment; The accuracy of the delivered 
shipment will be a function of the # of replaced/repaired items involved 
during installation, the shortages in a delivery, and the # of man-hours 
of service calls incurred during inst~llation. 

2b) Reliability; Is the probability will operate after t hours of use. 
For probability measure there is an equivalent failure rate measure (# of 
defects per unit of time). Additional reliability measures include the 
mean time between failures (MTBF) which is the mean between successive 
failures of a repairable product and the mean time to first failure (MTTF) 
which is the mean time to first failure of a repairable product. The 
computation of these measures depends on the assumption the analyst makes 
with respect to the product's life distribution. For a complex product, 
its reliability is a function of its subcomponents and parts. 

Referencea For a detailed description of reliability figures of merit 
refer to Juran and Gryna, Quality Planning and Analysis, chs~ 7,8 
(Appendix I) .. 

2c) Maintainability; Is the ease with which preventive and corrective 
maintenance can be achieved on a preduct. Its primary measures are the Mean 
Time to Repair (MTTR) and the # of man-hours of required technical 
assistance after installation. 

2d) Availability; Is the ability of a product to perform its designated 
function when required for use. The availability of a product depends on 
how often failures occur (reliability) and how long it takes to fix any 
failures (maintainability) and the amount of maintenance support provided. 
The total time in operative state (uptime) is the sum of the time spent in 
active state and the time spent in the stanby state. The total time in the 
non-operative (downtime) is the sum of time spent under active repair plus 
the time spent waiting for spare parts. Availability is calculated as the 
ratio of operating time to operating time plus downtime. However, downt:.~e 
can be viewed as total downtime (which includes the active repair t:.~e 
(diagnosis and repair), preventive maintenance time, and logistics t:.~e 
(time spent waiting for personnel, spare parts, etc.) When the toca: 
downtime is used, the resulting ratio is called operational availab1:.~1 
Ao. When active repair time is used to express downtime. the resultl~9 
ratio is called "intrinsic availability"~. Thus, Ao • (MTBF)/(MTBF • 
MDT) and ~ • (MTBP) I (MTBF + MTTR) where MDT is the mean downtime and M"':"':''R 
is the mean time to repair. These formulas can be used only under a m.:.:'!"J:er 
of assumptions 

Referencea Refer to, Juran, Quality Control Handbook, pp. 13.40 - l3 .~ 
(Appendix 0) • 

2e) Product multiattribute performance index; Based on the definitl=r. 
the new product performance characteristics, one could represent ': :-.'!' • :­
relative importance with weights. A relative multiattribute perfor-d~:. 
index CQuid be defined as EwJqJ 'where Wj the weight associated •. 
characteristic j and qj is the quantity of each characteristic per prc~_ . 
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2f) New product conformance measures; It is important to be able to 
determine the conformance measures of a delivered product. 

Statistical measures: If one takes a series of measurements for each 
quality characteristic for a number of products then: a) The mean of these 
measurements in rela~ion to some predetermined target value defines the 
expected location ratio; b) Six ~imes the standard deviation of these 
measurements compared to a predetermined tolerance width defines the 
capability ratio. 

Reference: For more detail on the process capability measurement refer to 
Juran, Quality Control Handbook, pp. 16.14 - 16.35 (Appendix M). 

# of defects/critical quality characteristic; For each delivery 
lot the # of defects/quality characteristic can be tracked. 

2g} Product durability measures: The durability of a product depends in 
part on its reliability, maintainability and on the economic factors that 
may impact its existence. Every time a product fails and it is repairable, 
then an economic decision must be made concerning whether the product 
should be replaced or not. This decision will depend on the future 
operating costs of the product if it is repaired, the projected lifetime 
of the product, the acquisition cost of a new product and the minimum 
acceptable return that the organization uses to make replacement 
decisions. Two measures can be tracked. The first is the mean time to 
first failure and the second is the projected economic lifetime of the 
product allowing for repairs. 

Reference: Por more detail with respect to the calculations concerning 
projected economic lifetime -refer to Canada & Sullivan, Economic 
Multiattribute Evaluation of advanced Manufacturing Systems, pp. 197 - 204 
(Appendix P) . 

2h) Product safety measures: It is important to indicate the # 0 f 
potential hazards a product can cause and the- projected risk/hazard (the 
probability that a hazard will occur). Hazard is any combination of parts, 
components, conditions, or changing set of circumstances which present an 
injury potential. MIL-STO-882A recognizes four levels of severity: 
catastrophic (may cause death or system loss); critical (may cause severe 
injury, severe occupational illness, or minor system damage); marginal (may 
cause minor injury, minor occupational illness or minor system damage); 
negligible (will not cause injury, occupational illness or system damage I _ 

Reference: For further detail on product hazards and risks refer to 
Juran's, Quality Control Handbook, pp. 13.48 - 13.55 (Appendix K). 

2i} Usage costs; one should record the product maintenance/usage costS 
These costs have labor, material and overhead components. 
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3) Customer satisfaction index: Another customer satisfaction index that is 
related to product defects can be tracked. Each of the following components need 
to be weighted according to their relative importance. The customer in 
conjunction with the producer decide on the definition of these weights (~ is 
the weight associated with each component that is listed subsequently). Next a 
score Sj is assigned by the customer to each component. An aggregate product 
quality score can be defined as r (WjSj)' The components that can be tracked are: 

· total # of complaints 
· #/t of co~laints that led to refunds 

t/t of complaints that led to returns/replacements 
· t/t of complaints that led to on-site repairs 
· warranty costs 

4) lIt of customer complaints received with respect to; service standards and 
customer contact persoooel; In addition to delivering a high quality product, the 
associated service should also be of hi~h quality .. 

5) Repair measures; One might want to focus on the following aspects of product 
quality related to repair: 

· MTTR (mean time to repair) 
· frequency of repairs 
· # of repairs per product 
· man-hours per repair request 
· cost of repair to customer 

6) Average response time relative to customer queries. complaints and 
suggestions; It is important to measure and track the responsiveness of the 
producer in terms of customer queries, complaints and suggestions. 

7) The effectiveness 'of the complaint resolution process: This is the ratio of 
the current average response time for complaint resolution to the base period 
average response time for complaint resolution. The base period is defined as the 
period when the organization responded well to customer complaints. 

e) lIt of customers gained/lost; Total number and t of customers gained/lost over 
a specified period of time. This directly relates to the future viability of the 
organization. 

-
9) Values of a customer satisfaction indicators (measures 1, 2, 3, 4. 5. 6 and 
8 of this section) that can be used to compare to; principal competitors ~n 
market. industry averages. industry leaders. and world leaders: These indicators 
could be used to benchmark customer satisfaction regarding product quall.t:y, 
service quality, complaint resolution, and repair effectiveness. 

10) I of new markets identified: One of t~e conditions of identifying new markets 
is to be able to determine customer needs, requirements and expectations. 

11) #/, of all employees and organizational departments that are knowledgeab:~ 
of the customer expectations/requirements i The more employees understand cust::-·er 
requirements/expectations then the higher the probability that the organizat~~n 
will be able to provide a high quality product and service. 
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12) The average time required to communicate customer complaints to the 
responsible functional areas: The quicker customer complaint informat.ion is 
communicated to the functional areas the higher the probability that current and 
future problems/defects will be solved effectively. 

13} # and t of the managers involved in solving customer complaints i The majority 
of the managers should be in contact with the customer and should be part of the 
customer complaint resolution process. 

14) • of customer visitation programs; The organization should establish customer 
visitation programs that involve the management and all other concerned employees 
so as to communicate and receive feedback from the customers on product/service 
quality. 

1S) • and t of pew product planning activities that both customer and producer 
participate; This measure in part evaluate the effectiveness of the customer/ 
producer planning activities for new products and of the joint dete~ination of 
significant new product characteristics. 

16) Measures of employ,e involvement in" improvement of the determination of 
customer requirements/expectations; 

16a) • and t of process action teams (PATS): The # of PATS involved in the 
improvement of determining customer requirements and their t as compared 
to the total # of PATS operating in the organization give an indication of 
the importance of improving the determination of customer requirements/ 
expectations. 

16b) Total # and t of employees participating in improvement projects: 
Participation can be tracked either through the absolute # of employees 
participating or their relative t. 

16c) Time allocated/employee for improvement; Improvement requires that 
adequate time is allocated per employee. 

16d) # of suggestions per employee; As part of the improvement of 
dete~ning customer requirements/expectations, employee suggestions can 
lead to progress. If the # of suggestions/employee increase with time. 
this is an indication that employees are more willing to be involved. 

16e) # and t of suggestions/employee implemented; An indicator of t~e 
effectiveness of employee participation is the total # of sugges'tlons 
implemented per employee and its· , as compared to the total It :t 
suggestions made per employee. 

17) Cost of determining customer requirements/expectations; It is the total c=st 
associated with determining customer requirements/expectations. This :.s ,I 

preventive quality~cost.. . 
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2.8.1.3 Trenda of Xmportant •••• ur •• and'th. coat Contribution of netermining 
CU.tomar .equir ... nt./axp.ct.tion. 

l) Trends in; 

· product quality index 
· customer satisfaction index 
· time required from order-to-receipt (standard product) 
· time requires from product definition-to-market (new product) 
· average response time to customer complaints 
· i/t of customers gained/lost 
· the average time required to communicate customer complaints to the 

responsible functional areas 
· # and t of managers involved in solving customer complaints 
• # of customer visitation programs 
· # and , of new product planning activities that both customer and 
pr~ducer participate 

2) , of total quality costs attributed to; 

· Cost of determining customer requirements/expectations 

3) CompariSon to industry and world benchmarks in terms of; 

· product quality index 
· customer satisfaction index 
· time required from order-to-receipt (standard product) 
· time requires from product definition-to-market (new product) 
· average response time to custom&r·complaints 
· i/' of customers gained/lost 
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2 ,10 'DADa;s: UP g:PIMUOQL amIn :Pl'.JUfJlIHQ 

Definition: A process that defines the organization t s strategic and 
operational goals and objectives and proposes a plan that will help 
achieve these goals and object~ves: 

2.10.1 overview of the Quantit.tiv ••••• ur •• and the Aa.oci.ted D •• criptiv. 
Information for Strat.gic and Operational Qu.lity :Planning 

Listing of OUantitative Measures 
Cross Reference 
Sec;tion - Measure # 

1) Strategicloperational planning 
cycle for each key process 

2.3.1.1 - #2d 
2.4.1 - #6b 

and support activity 
. I of days 

2) Strategic or operational objectives 
for each key process and support 
activity 

2.) I of short-term and 
long-term objectives 
proposed per planning cycle 

2b) I/~ of quantitative (and their 
resp.ctive values) of the 
long-term and short-term objective. 
proposed per planning cycle 

2c) lIt of long-term and short-term 
ob3ectives implemented per 
planning. cycl. 

2d) lIt of long-term and short-term 
objectives succe.sfully 
met per planning cycle 

2e) • of quality management system 
areas focua.d on by the strategic 
or operational planning process 

2f) I of doll.rs dedicated for the 
.improveaacmt of each area of 
the quality management system 
over a five year period 

2g) Time and dollars spent to gather and use 
me~ingful information on the status of 
each quality management system area 

2.14.2.1 - #3a 
2.3.1.1 - 12a 
2.4.1 - #6a 

2.3.1.1 - #6b 

2.3.1.1 - #2c 
2.14.2.1 - #3b 

2.3.1.1 - #6c 
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3) Quality improvement projects per planning 
cycle (for each key process and support 
activity) 

3a) # of quality improvement projects 
proposed and , implemented 
per planning cycle -

3b) For each quality improvement project 
proposed and implemented define: 

· Its economic lifetime 
· Its lifetime benefits 

Its resource requirements 
· Its -economic lifetime operational 

costs 
· Its economic evaluation criterion 

(NPW, IRR, B/C, etc.) 
· Its multiattribute evaluation 

criterion 

4) The strategic and operational quality 
planning commitment 

4a) frequency of the planning cycle 

4b) cost of planning 

4c) # of executive level, middle 
management and operational staff 
involved in the planning process 

4d) # of person-hours spent on the 
planning process 

5) # of audits/evaluations/assessments of 
the planning process completed per 
pl~ing cycle and their respective 
assessment score 

6) Meaaure. of employee involvement in the 
improvement of operational quality 

6a) # and , of PATS 

6b) Total # and , of employees participating 
in improvement projects of strategic 
and operational planning per employ~e 

6c) Time allocated/production employ.e for 
the improvement of strategic and 
operational planning per employee 

2.12.1 - #2/#7 

2.4.1 - #6a 

2.2.1 - #-le 
2.14.2.1 - #3c 

2.5.3.1 - #4a 

2.7.1.1 - #1 
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6d) I of suggestions/employee 

6e) I and t of suggestions/employee 
implemented per employee 

7) Consistency of the strategic and operational 
quality planning goals and objectives with 
the organizational vision of quality management 
system development 

8) Adequacy of the resources committed 
per improvement project (binary variable) 

. 9} Timeliness of the operational planning process 
so that it meets all scheduling requirements 
(binary variable) 

10) Consistency of the quality improvement 
objectives with the efficiency/productivity 
improvement objectives (binary variable) 

11) Adequacy of the representation of the 
all stakeholder groups in the . . 
strategic and operational planning process 
(binary variable) 

12) # of strategic and operational plans and 
goals met over a.three to five year cycle 

ll} Measures that track the adequacy of market 
and competitive information for the quality 
planning process 
· I of market surveys consulted 
· I of competitors' studies consulted 
· I of comparative evaluations used 

to establish the organization'S position 
with respect to national and world competition 

14) i/t of budget dollars allocated to innovation 

15) I/t of budget dollars allocated for the 
modernization of equipment, new 
techniques to support quality improvement 

16) i/t of budget dollars allocated for integrating 
all personnel to an easily accessible 
quality information system 

17) lIt of budget dollars allocated to research, 
to analyze and to evaluate the necessity 
and nature of existing controls in 
the organizational system . 

2.3.5.1 - #6b 

2.9.1.1 - #6 

2.14.2.1 - #3d 
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18) #/t of quality plans defined to change, 
abolish or develop new controls in the 
organizational system to support the 
total quality improvement process 

19) # and t of quality plans defined to 
ensure the transfer of responsibility and 
authority to the lower levels of the 
organization 

20) # and t of quality plans defined to support 
the public responsibility function of 
the organization 

21) #/t of budget dollars allocated for the 
public responsibility function of 
the organization 

22) #/t of quality plans defined for developing 
a reward system, merit and rating system 
consistent with the quality values 
of the organization 

23) #/t of budget dollars allocated to quality 
improvement in the strategic plan 

24) #/t of budget dollars allocated to 
reinforce the quality values, goals 
and objectives throughout the organization 

25) #/t of bu~get dollars and # of personnel 
dedicated to developing a ~ali~y 
measurement/information system that supports 
the quality improvement objectives 

26) #/t of budget dollars and time dedicated 
to identify roadblocks to quality 
Improvement' . 

27) i/t of quality plans defined to overcome 
the roadblocks to continuous quality 
improvement 

28) #/t of quality plans defined to involve all 
vendors in the quality improvement 
process and to develop strategies 
and policies for purchasing consistent 
with the continuous improvement proce9s 

29) #/t of quality plans defined to 
improve customer satisfaction and 
service quality 

2.13.5 - #15 
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Descriptive Information 

30) Procedures for the strategic and operational planning process 

31) Procedure for auditing the strategic and operational planning process 

32) Procedures for evaluating the consistency of the planning process with 
the corporate vision and with the mission of continuous improvement 

33) Procedures to determine the adequacy of the planning horizon to ensure 
the success of the planned goals and objectives 

34) Procedures to determine the ef~ectiveness of the strategic and 
operational planning process to focus on creating a value system, 
belief's, attitudes, culture and commitment supportive of a 
continuously improving quality management system . 

35) Pro~edure. to determine the adequacy of the strategic plan to fulfill 
the organization'S requirement .in terms of personnel skills, new 
technology, equipment so as to continuously improve quality 

36) Guidelines to evaluate the strategic and operational plan's 
adaptability to unforeseen changes in business conditions for example, 
in the marketplace, in the technology, etc. 

37) Procedure. to determine the strategic and operational plans 
effectiveness to increase the cooperation among all parts of the 
organization and to enhance the sharing of information throughout the 
organization 

38) Procedures to evaluate the adequacy and appropriateness of the 
budget allocations for the quality improvement process in the strategic 
plan 

39) Guidelines to evaluate the effectiveness of the strategic plan to 
include the measurement system so as to fully support the quality 
improvement process 

40) Procedures to determine the effectiveness of the planning process to 
develop goals, objectives, mission and strategies and to include thelr 
key performance indicators 
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2.10.2 Definition. of the Me.8ure.ll and their D.ta Requir~t. 

The data required for these measures can be found in the organization's 
management information, cost accounting, and quality assurance departments. 

Reference: For extensive details on the following measures refer to Sink and 
Tuttle, Planning and Measurement in your Qrganization of the Future, ch 1 
(Appendix T) and Evans and Lindsay, The Management and Control of Quality, ch 
6 . (Appendix V) • 

1) Strategic planning gycle for eagh progess; For each process, improvement will 
most likely take place after some strategic (implementation) planning 
for quality improvement has taken place. It is important to track the number of 
days required to complete the Strategic planning for each process that is being 
improved. 

2) Strategic objegtives; As a consequence of the strategic planning process, a 
number of long .. term (2-6 years) objectives will be defined. A number of measures 
can be tracked such as: 

· # of long~term objectives proposed per planning cycle 
· # and' of quant~tative long-~erm.Qbjectives proposed per planning cycle 

Also, it would be useful to record the specific values of the long-term 
quantitative objectives. 

· # and , {of the total proposed} of long-term objectives implemented per 
planning cycle 

· # and , (of the total implemented) of long-term objectives successfully 
met per planning cycle. This is aq. indication of the effectiveness of the 
actual quality improvement implementation 

3) Quality improvement proiects per planning cygle; As a direct outcome of the 
strategic planning process is the definition and assignment of improvement 
projects. Each project can address one or more strategic quality improvement 
objectives. 

3a) The # of quality improvement projects and the , implemented per 
planning cycle; If the organization is beginning to do quality improvement. 
and bas completed a thorough operational quality improvement exercise, then 
it probably can define quite a few number of quality improvement projects 
per process. However, given budget and resource constraints only a few vf 
these projects are implemented per planning cycle. 

liAs indicated earlier in this chapter. only a few of these measures re::r_.:'" 
the description of measurement techniques and concepts that can be used to de r ~ .. 
them. Most of the measures are str~ightforward and/or should be part of .. ~ 
existing cost accounting/management information system. For those measures : - ,. 
require the description of measurement techniques and concepts a reference - ... 
be made to a specific sou:ce that can be consulted and is included in an Ap~~~~ 
at the end of this document. 
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~ Measures for quality improvement projects; For each quality 
improvement project proposed, a ·number of measures need to be defined. Its 
projected lifetime, start-up costs, projected lifetime operational costs 
and projected lifetime benefits provide enough information for the 
organization to compute its net present worth11 (at the cost of capital 
for the organization), internal rate of. return l) and benefit/cost ratio'· 
(at the cost of capital for the organization). "Once the economic criteria 
are computed, then the organization can determine a multiattribute measure 
where other criteria are defined per project (for example, customer 
satisfaction, implementation time, implementation difficulty, etc). The 
relative importance of each criterion needs to be decided by the organi­
zat.ion as well as the contribution of each project to each criterion." 
Thus, the multiattribute score of each project is computed as t~~ where 
Wj is the weight associated with criterion j (the indicator of its relative 
importance) and ~ is the contribution of each project to criterion j 
normalized to a common scale. 

aef.rUlce: To review the methodology of weighing different characteristics 
or attributes and then normalize them to a common scale refer to Canada & 
Sullivan, Economic Multiattribute EyalUltiop of AdVanced Manufacturing 
Systems, ch. 8 (Appendix B). This methodology could be used to rank 
projects. Refer also to section 3.S of Document C [34]. 

4} The strategic planning costs per planning cycle; The cost of S'Tii'J!g:ic 
quality improvement planning is a preventive quality cost. 

5) # of audits/evaluations/assessments of the planning process and the 
respective score for each assessment; The effectiveness of the strateg1c 
quality improvement process needs to be evaluated. Either separately or in 
conjunction with the a quality management assessment, the strategic 

improvement planning process can be evaluated. The outcome of this assessment 
would be an assessment score and suggestions for process improvements. 

6) Measures of emcloyee involvement in improvement of strategic gual;t'( 
improvement planning; 

6a) # and t of process action teams (PATS); The # of. PATS invol ved ~ n 
improvement and their t as compared to the total # of PATS operating ~~ 

12Net present worth - Present worth' (Benefits - Costs) over the lifetl:'!"e 
the project.. 

13Internal rate of return is computed when the net present worth e T - ... , 
zero. 

I"Present wortn of the benefits over ~t:-e present worth of the costs 1 S •.• 

benefit cost ratio. 

"The contribution of each project to each criterion is translated 1:'".· 

normalized common scale for all criterla. Usually this is a 0-100 scale 
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the organization gi ve an indication of the importance of improving 
strategic quality improvement planning. 

6b) Total # and t of employees participating in improvement projects: 
Participation can be gauged either through the absolute # of employees 
participating or their relative t. 

6c) Time allocated/employee for improvement: Improvement requires that 
adequate time is allocated per employee. 

6d} # of suggestions per employee; .As part of the planning process or in 
the implementation of process improvement employee suggestions can lead to 
progress. If the # of suggestions/employee increase with time, this is an 
indication that employees are more willing to be involved. 

6e) # and t of suggestions/employee implemented; An indicator of the 
effectiveness of employee pareic~pation is the total # of suggestions 
implemented per employee and its , as compared to the total # of 
suggestions made per employee. 

7) ConsistenCY of strategic quality improvement objectives with strategic 
planning quality improvement goals and objectives and quality management 
system development; In order to ensure consistency between the operational 
quality improvement goals and the strategic quality improvement goals for 
quality management system development, it is probably necessary to have 
someone who participated in the strategic planning process to also 
participate in the operational planning process. This is a 0-1 variable, 
1 indicating consistency and 0 non-consistency. 

Reference: See pocument C [34], chapter 2 for strategic quality planning. 

a} Adequacy of the resources committed per improvement project: It is 
important to ensure that adequate resources are committed to each project. 
This is a 0-1 variable, 1 indicating adequacy and 0 inadequacy. 

9) Consistency of QUality improvement objectives with efficiency! 
productivity improvement obiectives; In the short-term quality improvement:. 
objectives may have an effect of decreasing productivity of the process. 
In the long-run, quality and productivity gains should be move in the same 
direction. Thus,- it is important ~o analyze the ramifications of quallty 
improvement objectives in terms of productivity improvement. This is a 0-1 
variable, 1 indicating consistency and 0 non-consistency. 

10) Consistency of the quality improvement obiectives with the efficiency I 
productivity improvement objectives (binary variable) « the binary variable 
takes a value of 0 or 1. 0 ind.icates inconsistency and 1 indicat.es 
consistency. 

11) Adequacy of the representation of the important stakeholder groups ,n 
the strategic quality improvement process: In the PAT formulated :::::It' 

process improvements (per project) it is important to have representatl~n 
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from all the stakeholder groups. This is a 0-1 variable, 1 indicating 
adequacy and 0 inadequacy. 

12) # of strategic and operational plans and goals met over a three to £i ve 
year cycle; This measure gives an indication of the effectiveness of the 
planning process quality management implementation process. 

13) Measures that track the adequacy of market and competitive information 
for the planning process: Market and competitive information is an 
essential input to the quality planning process. Measures that track the 
adequacy of the market an d competitive information are: 

· # of market surveys consulted 
· # of competitors' studies consulted 
· # of comparative evaluations used to establish the organization's 

position with respect to national and world competition. 

14) #1' of budget dollars allocated to innQvatiop: In order to accomplish 
quality impr9vement, innovation needs to be encouraged and funded. 

15) #1' of budget dollars allocated·fOr the modernization of equipment and 
new techniques to support quality improvement; Quality improvement cannot 
be accomplished without investment in new equipment and facilities. These 
investment decisions need to be evaluated economically using multiattribute 
decision making techn~ques. 

Reference. See Canada and Sullivan, Economic Multiattribute Evaluation of 
Advanced Manufacturing Systems, cbs. 8 (Appendix E) and 10 (Appendix EE) 
for an extensive discussion on multiattribute decision making techniques. 

16) #1' of budget golla.s allocated fox integratipg all pe.sonnel to an 
easily accessible quality infOrmation system: An accessible information 
system facilitates employee discretion, authority and responsibility for 
quality improvement at all levels of the organization. It facilitates the 
decision making ability of those making critical choices about quality 
improvement. 

17} iI' of budget dolla.s allocated to research. to analyze and to evaluate 
the necessity and natu.e of existing controls ip the organizational 
system; This measure assumes the following: 

· That controlling a process is important 
· That unnecessary controls need to be removed 
· That it is important to ensure that the right process parameters 

are being controlled 
· That controls have a significant impact on the process and product 

quality 

18) #/t of. quality plans defineg t.o change. abolish o. develop new 
controls in the organizational .system to support the total quality 
imprOVement process: Controls may need to change for a number of reasons 
For example, the increase in education and training of the workforce 
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coupled with a deeper understanding.of the quality principles can make a 
lot of process controls unnecessary. 

19) # and , of quality plans defined to ensure the transfer of 
responsibility and authority to the lower levels of the organization: It 
is important to be able to transfer quality improvement responsibility and 
authority to the lower levels of the organization. _ 

20) # and , of quality plans defined to support the public responsibility 
function of the organization; Public responsibility is an important element 
of the quality improvement process. A part of the planning should be 
dedicated to the public responsibility of the organization. 

21) II' of budget dollars allocated for the public responsibility function 
.of the organization: Public responsibility is an important element of the 
quality improvement process. A part of the planning should be dDanrl 
to the public responsibility of the organization. 

22) II' of quality planS defined for developing a reward system, merit and 
rating system consistent with the quality values of the orqanization:A 
reward system that is inconsistent with the quality values of the 
organization can become a major roadblock to all quality improvement 
efforts. 

23) II' of budget dollars allocated to quality improvement in the strategic 
~ It is important to keep track of all monetary resources that are 
allocated to quality improvement as part of the strategic planning process. 

24) II' of bUdget dollars allocated to reinforce the quality values. goals 
and objectives throughout the organization; Quality culture needs to be 
continuously reinforced. 

25) II' of budget dollars and # of pergonnel dedicated to developing a 
quality measurement/information system that supportg the quality 
improvement objective,: One of the premises of-quality development is that 
quality improvement cannot be accomplished without the support of a 
sophisticated quality measurement/information system. 

26) II' of budget dgllars and time dedicated to identify roadblocks to 
auality improvement: A portion of the quality improvement budget needs to 
be allocated to the identification of quality improvement roadblocks 
These are usually organizational or process in nature. 

27) ./, of quality planS defined to overcome the roadblOcks to contin~;.1 
auality improvement; Once the roadblocks to quality improvement 1 ra 
identified, the organization needs to remove them in a timely manner 

28) II' of auality planS defined to involve all vendors in the aua:;;-.. 
improvement process and to develop strategies and policies for purchas;~i 
consistent with the continuous lmprovement process; A major part of .. -~ 
quality planning process needs to be dedicated to improving ·.'e:-.':: r 
relations. 
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29) lIt of quality plans defined to improve customer satisfaction and 
service quality: A major part of .the quality planning process needs to be 
dedicated to improving customer relations. 

2.10.3 Trend. of XmportaDt Xea.ure. and Coat Contrihution of Strategic and 
Operational Planning aDd Other Analytical Approache. 

1) Benchmarking; AlJ,alyze the organization I s projected quality levels for the next 
two to five years and c~mpare them w~th ~~ose of competitors. 

2) Trends of; 

• # of employees represented in the planning process per employee category 
· # of years per planning cycle 
· # of long-term goals and short-term objectives proposed per planning 

cycle 
· # of data types proposed per planning cycle 
· # of quant~tative long-term goals and short-term objectives proposed per 

planning cycle 
· # of long and short-term objectives implemented per planning. cycle 
· # of long and short-term objectives successfully met per planning cycle 
· # of quality improvement projects proposed and implemented per planning 

cycle 
· the strategic/operational planning costs per planning cycle 
· # of audits/evaluations/assessments of the planning process completed per 

planning cycle 
· I/t of budget dollars allocated to innovation 
· #/t of budget dollars allocated for the modernization of equipment, new 

techniques to support quality improvement 
· lit of budget dollars allocated for integrating all personnel to an 

easily accessible quality information system 
· lit of budget dollars allocated to research, to analyze and to evaluate 

the necessity and nature of existing controls in the organizational 
system . 

· lit of quality plans defined to change, abolish or develop new controls 
in the organizational system to support the total quality improvement 
process 

· # and t of quality plans defined to.ensure the transfer of responsibi11ty 
and authority to the lower levels of the organization 

• # and t of quality plans defined to support the public responsibillty 
function of the organization 

· #/t of budget dollars allocated for the public responsibility functlon 
of the organization 

· #/t of quality plans defined for developing a reward system, merit and 
rating system consistent with the quality values of the organizat10n 

· I/t of budget dollars allocated to quality improvement in the strateg1c 
plan 

· #/t of budget dollars allocated to reinforce the quality values, goa~s 
and objectives throughout the organization 

· #/t of budget dollars and # of personnel dedicated to developing a 
quality measurement/information system that supports the quality 
improvement objectives 
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· lIt of budget dollars and time dedicated to identify roadblocks to 
quality improvement 

· lIt of quality plans defined to overcome the roadblocks to continuous 
quality improvement 

· lIt of quality plans defined to involve all vendors in the quality 
improvement process and to develop strategies and policies for purchasing 
consistent with the continuous 'improvement process . 

· lIt of quality plans defined to improve customer satisfaction and 
service quality 

3) t of total quality costs attributed to: 

· the strategic planning costs per planning cycle 
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2 .11 LPPBRsq, 

Definition: Leadership is defined as the activity of guiding, directing, 
facilitating, encouraging and motivating given the organizational 
responsibility and authority. 

2.11.1 OVervie. of the Xe •• ure. and the ".oei.ted De.eriptive Information for 
Le.derahip 

Listing of Measures 

1) Senior executive leadership 

la) lit of strategic quality 
improvement objectives initiated 
in terms of: 

· process improvements 
· quality management development 
· resource allocation 
· education and training 
· customer relations 
· vendor relations 
· human resource management 
· public responsibility 
· quality assurance 

quality measurement 
· benchmarking 
· documentation 
· management of quality data 

2) Leadership with respect to development of 
next generation products: 

· # of hours spent in product planning 
efforts 

· # of dollars and resources allocated 
by the leadership for next generation 
products 

· involvement of leadership (hours per 
month) to enable the organization 
to benchmark product features and 
quality so as to maintain leadership 
in the marketplace 

3) Organizational leadership in terms of: 

3a) # of quality awareness meetings and 
seminars attended and organized 

Cross Reference 
Section - Measure # 

2.21.1 - 12 

2.8.2.1 - #13 

2.21.1 - #2 



195 

3b} # of improvement actions initiated 

3c) # of PAT teams in which leadership 
participated 

3d) # of organizational checks and 
controls removed 

3e) I-of surveys initiated and conducted 

3f) # of working sessions initiated to 
improve customer relations 

3g) # of initiatives to determine 
customer needs 

3h) # of hours spent to alter 
organizational policies so as to 
achieve customer satisfaction 

3i) # of successful quality improvement 
projects leadership participated in 

3j) # of hours spent and # of programs 
initiated for human resource management 

3k) # of reviews initiated to evaluate the 
quality improvement process 

31) # of evaluations with respect to quality 
functions for the organizational 
leadership . 

4) Measures of employee involvement in the 
improvement of leadership 

4a) # and t of PATS 

4b) Total W and t of employees 
participating in improvement 
projects per employee 

4c) Time allocated/production employee 
for the improvement of leadership 
per employee 

4d) # of suggestions/employee 

4e) # and , of suggestions/employee 
implemented per employee 

2.8.2.1 - #13 

2.7.1.1 - #6 
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Descriptive Information 

S) Description of how senior executive leadership champions quality 
management in terms of: 

· communication with others 
· increasing the quality knowledge base 
· personal involvement 

6) Guidelines to determine the adequacy of surveys undertaken by the 
leadership to gather information on the difficulties, roadblocks and 
factors that hinder process and product quality improvement 

7) Procedures to evaluate the effectiveness of the leadership to initiate 
and sustain quality attitudes, beliefs and values in the organization 

8) Guidelines to determine the effectiveness of the leadership to 
encourage, motivate, reward and recognize team spirit, innovation, 
work ownership, initiative, -high quality workmanship, sincerity and 
honesty at work, leadership and 'adoption of quality culture in the 
organization 

9) Guidelines to evaluate the effectiveness of the leadership to: 

a) Open communication channels among all levels and departments of 
the organization 

b) Ensure easy access to all relevant information to all employees 

c) Create an atmosphere of trust and teamwork among the different 
levels of employees and departments by replacing organizational 
divisions 

d) Set an example of embracing principles of the quality philosophy 
and championing its cause visibly and sincerely 

e) Effectively communicate to the whole organization the continuous 
quality improvement paradigm and ensure that projects ar~ 
accomplished to educate and train all employees 

f} Develop objectives, goals and a corporate mission and communl~a~e 
it in a clear, understandable and purposeful manner to the en:. ~:-e 
organization 

g) Ensure that employee morale is high, that a sense of aut=~=""Iy 
exists within the workforce, that there is a sense of pride. :~£: 
self esteem is present and that all situations are dealt .~~~ 
fairly . 

h) Delegate authority and responsibility to the lower levels c! -~~ 
organization 
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i) Effectively integrate'venttors and suppliers into the continuous 
quality improvement process 

j} Ensure that customer feedback channels are established and 
appropriate responsiveness to complaints and customer needs is 
achieved . 

k) Ensure that the all tasks are totally integrated and coordinated 
among departments and employees 

l} Form action teams and task forces and ensure their proper 
facilitation and success 

m) Document and establish procedures and methods concerning all jobs 
and ensure that this information is provided to the person doing 
that job 

n) Ensure that appropriate performance measures are developed to 
monitor quality improvement 

0) Maintain up-to-date technology and equipment and benchmark 
performance of product and services against all competitors 

p) Focus on public responsibility issues and ensure that 
organization'S leadership in the community 

2.11.2 n.fiDi tiOD. of th. X ••• ur •• l , and. th.ir Data a.quir~t. 

The data required for these measures can be obtained from the quality information 
system. . 

1) Senior executive leadership with respect to strategic quality improvements 
initiatives (#/, of strategic quality objectives initiated) i It is important to 
gauge the level, strength ~d influence of leadership at the senior executive 
level with respect to strategic goals setting in terms of: 

· process improvements 
quality management development 

· resource allocation 
· education and training 
· customer relations 
· vendor relations 
· human resource management 
· public responsibility 

"As indicated .. earlier in this chapter, only a few of these measures req-... ~ r;"!' 

the description of measurement techniques.and/or additional concepts that can ="!' 

used to derive them. Most of the measures are straightforward and/or should =e 
part of the existing cost accounting/management information system. For th=, .. 
measures that require the description of measurement techniques and/or addit;.:::", . .): 
concepts a reference will be made to a specific source that can be consu:':.~: 
Some sources are included in an App~ndix at the end of this document. 
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· quality assurance 
· quality measurement 
· benchmarking 
· documentation 
· management of quality data 

Reference: An example of a survey that· tracks employee responses to leadership 
is the DOp Productivity and Ouality Self-Assessment Guide (Appendix F). 

2) Development of next generation products; One of the important activities of 
senior executive leadership is to promote new products/services. The extent of 
their commitment can be tracked by how many resources are dedicated to such an 
effort and how well new products have been planned. This involves measuring: 

· # of hours spent in product planning efforts 
· # of dollars and resources allocated by the leadership for next 

generation products ' 
· involvement of leadership (hours per month) to enable the organization 

to benchmark product features and quality so as to maintain leadership 
in the marketplace 

l) Organizational leadership in terms of; 

3a) # of quality awareness meetings and seminars attended and organized: 
This measure tracks the # of meetings and seminars attended and organized 
to create quality awareness and to communicate the quality culture within 
the organization and to actively guide the quality improvement effort. 

3b) # of improvement actions initiated: The total # of improvement actions 
initiated and dollars allocated on suggestions and ideas contributed by the 
organizational staff. 

le) # of PAT teams in which leadership participated; # of action teams the 
leadership actively and effectively participated in. 

3d) # of organizational checks and controls removed; # of controls and 
checks remoyed that overregulat.e the quality management system. 

3e) # of surveys initiated' ana' conducted: # of surveys conducted 
organization wide by the leadership to determine roadblocks to succea.f~~ 
job completion, safety hazards at the workplace, security problema. :~c~ 
of facilities and other grievances of the employees. 

3f) # of working sessions initiated to imprOve customer relations; a :t 
working sessions, meetings, seminars and effective actions initiated .~ 
focus on the priority of customer service and satisfaction. 

19} # of initiatives to determine customer needs; # of eff.co:. ~ ... 
initiatives and actions taken to solicit customer feedback on qu .. ~:. ':. f 

related issues and to determine customer needs. 
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2,ll VJIRO'/CQlTRAkfOI ilLATIONS 

p.fiDiS::lgn: Th. t.chnological. .conomlc. quality man.g .... nt r.lationa 
b.tw •• n the buy.r and contracting org.nizations that have • co_on 
obj.ctiv. of providing quality products/s.rvic.s to the buy.r orlaniz.tlon 

2.13.1 o..rYi •• of the Measur.s .nd the Associat.d D.scriptiv. Information for 
V.ndor/CoDtractor a.l.tions 

Ll.sipi gf MI •• url. 

1) Contr.ct.d product/ •• rvic. sp.cific.tiona 

1.) Value of .ach quality charact.ristic 
(sp.cific.tion) p.r product .nd/or 
•• rvic. .. defined by the buY.r .nd 
a,r •• d upon by th. contractor such •• : 

• quantity of final product 
• ability (r.li.billey, 
.. intainabiliey, .v.il.billey) 

• durability 
• confo~. to quality r.quir ••• nts 

of the product/ •• rvic. defined 
by the buy.r (delr.. of conforaanc • 
• uch .. I def.ctiv.. for .x..,l.) 

• co.t/pric. 

• Ib) Multi.ttribute quality indic.tors 
per product uaina th. information in 
it •• ,1a 

2) Other p.rfor.aDC. charact.riitici 

2a) P.rfo~. char.ct.riltics th.t n •• d 
to be .. t by •• ch contr.ctor, such •• : 

• tiMll .... of deliv.ry" 
• fi.ld •• rvic. . " 
• a .cor. of the quality .. nag ••• nt 

capabillti.. (thi. r.quir ••• 
ca.pl.t ......... nt of the quality 
.aD&1 ... nc. cap.b11iti.1 of •• ch 
contractor) 

2b) A .ulti.ttribut •••• Iur. of each 
contr.ctor uainl the information 
in it •• ,2a. 

Crg.. 'If.r,ncI 
SlsJ;1pD • MI"ur' , 

2.5.1.1 • ,7 
2.17.1 • ,10 

2.2.1 - ,3. 

2.5.1.1 • ,7 
2.17.1 • III 
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3) Quality rel.ted issues 

3a) I of quality issues that have 
.ri •• n between contractor and 
buyer p.r ti •• period 

3b) % of quality issues that h.v. b •• n 
resolv.d b.twe.n contractor 
.nd buy.r p.r ti.e p.riod 

3c) Ti .. lin... in terms of r •• olving 
•• ch quality i.sue 

4) Co.t •••• ur •• 

4a) COlt of contr.ctor monitorinl 
( ........ nt) ov.r the life of 
the contract 

4b) Co.t of pl.nning for impro~ ... nt of 
contr.ctor relation. 

4C) COlt of improving contr.ctor rel.tions 

4d) Co.t of .warding contr.cts 
• CID writeup 
• Source •• l.ction plan 
• UP writeup 
• Propo.al evaluation 

48) COlt (over a period of tim.) to both 
the buyer ancl contractor of .ach 
quality i •• ua that ha. ari •• n 
between contractor .nd buyer 

4f) Actual verlWi bu.d,.ced contract CO.tl 

5) Measure. of buyer/contractor involve •• nt 
in the t.pr~Dt of buy.r/contractor 
relationa 8UCb .. : 

5a) , and I of PATS 
• I and I of joint stakeholder PATS 

5b} :Total , and I of e.ploye •• partlclpat1nl 
in i.,rove .. nt projects 'per e.ploy •• . . 

5c) Tt.. allocated/production e.ploy •• for 
proc ••• t.,rov •• ent per e.ploy •• 

5d) I of .u" •• ~ions/e.ployee 

2.2.1 - ,lc 

2.2.1 • 'lc 

2.7.1.1 • 11 
2.17.1 • ,3 
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5.) I and I of IUlle,tions/employ •• 
-t.pl ... nt.d ~.r •• ~loy •• 

6) I and I of .mploy ••• for each or,anlzatlon 
that hav. b •• n ,1v.n the authorlty to 4.fln. 
and .olv. quality i,.u., that involve both 
oraanlzatlonl p.r. ti.e period 

. 7) I and I of e8Ploye.. 1n contractor r.lationl 
per oraanizatlon that have be.n c.rtifi.d 
and/or trained in proc ••• i~rov.a.nt. 
quality 1IoIfta, •• nt, quality ... urane., 
te. buJ.ldlna ....... Mnt and .trat.,ic 
and operational plannin, 

8) , and I of co..unlcatlon channel. b.ew •• n 
the cwo orlan~.atlons us.d p.r tiM 
perlod to co..un1cat. quality i •• ue. 

9) Fr.quency of .udlt./ ........ nt. us.d to 
.valuat. the buy.r/contractor rel.tionshlp 

10) Par ... t.r. of inccalnl .. t.rial 
acc.ptanc. ...,llna plan. 

lOa) For .ach attribute lampl1nl plan 
inelude: 
• Lot .• i •••• ..,1 •• 1 •• " maxiaua 

allowable numb.r of d.f.ctlv.l. 
produc.r'. and consu.er'. rl.k, 
acc.ptabl. quallty l.v.l and 
lot to1.rant p.rc.nt def.ctlve. 

lOb) '01' .ach varlab1 •• uplini plan 
!ac1ude: 
• Lot .1 •• , • ..,1 •• 1ze. aaxlaua 

allowable number of d.f.ctlv •• , 
upper and/or lov.r quality li.lt •• 
produc.r'. and con_um.r ' • rl.k, 
acceptab1. qualIty lev.l and lot 
tolerant percent d.f.ctiv •. 

10e) For each • ..,llnl plan id.ntlfy 
the • ..,lina frequency ~ver ti.. and 
the locatlon of the c •• cin, 
(contractor or buy.r or,anizacion) 

11) ........ nt .cor •• of all .ajorsubcontractinl 
orlanlzatloftl ln tera. of thelr quality 
.. nale .. nt capabilitl •• 

2.1.1.1 • '3 
2.17.1 • '] 

2.7.4.1 • 12 

2.17.1 • '1 

2.5.3.1 • '2 
2.5.1.1 • ,4. 
2.17.1 • ,4 
2.5.1.1 • ,7 
2.~.2.1 • ,2./13 

2.5.3.1 • 14d 
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12) Frequency of contractor certification 

13) , of rewards/acknowledgements per contractor 
for quality i.provements per time period 

14) , of joint vendor qua11ty related meeting., 
.e.inars, and vorking se.sion. 

15) Ke .. ure. that track the planning for 
ven4or/contrac tor re1a t ion.-: 

• , of .hort-tera and long tera objectlves 
proposed per planning cycle 

• I of shor~·tera and long·~era objec~ive. 
Mt per p1ann1nl cycle 

• I of .xecutlve level. .1c:l4~e unale .. nt 
and operational staff involved ln the 
plann1na for v.ndor/contractor relatlon. 

• Adequacy of the representatlon of all 
stakeholder Iroups in the planning for 
vendor/con~ractor relations 

• I of per.on-hour. dedicated to the 
planninl for vendor/contractor relatlon. 

• Consl.tency of the objectlve. wlth the 
orlan1zatloaal vlslon of quallty 
aanal_nt davelopaent 

Q •• sripcty. IpfpIIISipp 

2.5.1.1 • ,7c 

2.10.1 • '21 

16> Procedur •• for contractor .election and certlficat10n 

17) "Procedure. and criteria for contractor ........ nt ln te~ of their 
qua11ty a&D&1_nt cap.bilitie. (.ee Docuaent A [35]) 

11) Procedures for including quality unage .. nt require .. nta ln the 
procur~nt proce •• 

19) Procedure. for 1dent1fy1ng and co..un1catlnl buyer requlr ... nt. to 
the CODtractor 

20) Procedure. for ldentlfylng and re.olving quallty ls.ue. b.eween the 
bu)1.aa aDIl cODttaot1q organization (.uch a.,'nonconfora1nluterlal •. 
etc.) 

21) Inatructlona for the interpretation of: 
• lnspect10n plana 
• controls 
• quallty recorda 

22) Inspect1on. te.t1na and inspection procedures of lnco.lnl product. 

23) Procedure. for the de.lgn of experi.ent. 
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24) Guidelin •• to det.rmin. the .ff.ctiv.n ••• of vendor/contr.ctor 
........ nt. that .v.lu.te quality .ttitude •• v.lu •• , b.li.f., and 
cultur. 

25) Guidelin •• to det.rain. the .ff.ctiv.n •••• r.sul.rity.nd conaist.ncy 
of the orsaniz.tion to evaluate .11 contr.ctor. in t.ras of proce •• 
quality, product quality .nd the quality manas ••• nt'.y.t •• 

26) Guideline. to determine the eff.ctiv.ne •• of the or,.nia.tion to 
iavolve .11 .ff.ct.d dep.reaent. and p.r.onnel in both or,.nia.tiona 
in the procur ... nt proc •••• for .xampl.: 

.) accountinl 
b) op.rationa un&, ... nt 
c) purcbuina 
d) plumina 
e) .naiM.rina 
f) productlon/aanuf.cturina 
&) quality ... uranc. 

27) Guideline. to det.rmine the .ffectiven ••• of the orlanlaation to 
.. int.in open coa.unication ch.nnel. with the contractor'. 
or&&ftization .uch that all e.,loy... iavolved in the procure .. nt 
proc ••• can co..unicate directly and quickly,with their counterp.rts 
to r •• olve any qua. tiona .nd pro~le .. 

28) Guidell •• to det.rai. the eff.ctive ••• of the orlaniaatioll to a •• i.t 
the contractor in r •• olvinl technic.l probl .... quality i •• ua •• nd 
produc'tivlty i •• ua.: Thi ... y b. in t.ra of livina f •• dback, offerin, 
.""es'tiona, .harlna t.chnical know-how, pal:'ticip.tina in probl •• 
• olvina t .... at the contractor' •• It •• tc. 

29) Cuidell •• to det.rai. the effectiveM •• of the ol:lanization to follow 
a .tructured contl:ac'tina proc •••• for • ...,1.: 

a) The bu7er 11ve. detal1. of hi. require.nu (laclwUna product .nd 
.ervic •• peclficatlona and oth.1: I:.levaft't par'tlcular. to invite 
quote. fl:Ga poteD'tlal suppliel:s) 

b) The poteDclal .uppli.r •• ub.l't quote. 

c) ~ buJ1aa orlaa!aation revi.w. all the quote.; All v.lid quote. 
u. c0ll81der.d and sit. vi.i't. to contractor.' plant. are 
orlanis.d; Thi. r.quir •• ate .. r.vi.w; . Th. r.view t •• 
conal.ta of r.pr ••• ntative. of all deparc.ents aff.ct.d by the 
pr~"'Dt proce •• 

d) Thi •• 'te; iavolv •• a c'e •• It. vi.it: Th. te. revi.w. and 
.urvey. the quality .. na,e •• nt .y.t •• of the potenti.l .uppliers 

.) In this .t.p the te. order. and rec.iv.. .n,ineerinl .ample. 
Th •••• A8pl ••.• r. completely evaluat.d and tast.d by the quality 
and .nain •• l:i", function of c-he buyinl oraanization: Suple. are 
fully document.d and technical report i. ,.n.rat.d; Alon, with the 



204 

24) Guldellne. to determlne the effectiven ••• of vendor/contractor 
........ nt. that ev.luate quality-attitude., value., beli.f., .nd 
culture 

25) Cuidelin •• to deteraine the effectiven ••• , recul.rity .nd conal.ten 
of the orlaniz.tion to evaluate .11 contr.ctor. ln t.r.. of proc 
qualley, product quality andth.- quality .. nal ••• nt .y.t •• 

26) Guidelin •• to deteralne the effectivena •• of the organiz.tion to 
involve .11 .ff.cted dep.rt.ent. .nd per.onn.l In bodb orl.niz.cl. 
in db. proeur ... nc proc •• s, for ex.mpl.: 

.) .ecoUfttina 
b) op.r.tioDa aan&le .. nt 
c) purchuina 
d) plamina 
e) 'naine.rina 
f) produccioft/aanuf.ceurlng 
,) quali'Cy ••• uane. 

27) Guideline. to deteraina the effeetlv.ne •• of the orlaniz.tlon to 
.. incaln op.n co..unic.tlon ch.nnel. wldb the contractor'. 
orl&ft1zation .ucb that all e~loyee. involved ln tb. procure .. nt 
proce •• can eo..unic.te dlreccly and quickly wldb tbelr counterpa 
co r •• olv. any qua.tloDa and probl ... 

28) Guidellna. to det.mln. the .ffectiven ••• of the orlanlz.tlon to ••• 
the contractor in r •• olving c.cbnic.l probl .... quall'Cy i •• ue. an 
productivi'Cy i •• ua.; Thi ... y be in cel'lU of ,ivinl fe.dback. off.r 
.ulI •• tiona •• b&rina tecbnical know-bow, partieipacina in problem 

,.olvina t .... at Cbe concraccor' •• 1t •• tc. 

29) Guideli •• to det.mine the .ff.ctlven ••• of the orl.nization to fol 
a .tructured cODcractinl proc •••• for .x..,l.: 

a) The buyer 'i ..... detail. of hi. require.nt. (inclu.din& proclu.cc -
.ervice ."ciflcatlona and oth.r r.l.vant particular. to Inv 
quota. fro. poe.ntial .up,lier.) 

b) the potential .upplier. sub.it quot •• 

c) the buJtna oraanizatlon review. all the quoce.; All valid quote: 
are conaldered and .lte visit. to contractor.' ,lanes ar­
or&&D1Ze4; Thi. r.quires • te .. review; The review t ... 
CODai.c:a of repre.enc.cive. of all deparc.enc •• ff.cced by t~ 
procu ... nt proce •• 

d) Thi •• tep involve •• ce ... ic. vS..lt; The te .. r.vl."s 
.urvey. the quality .. nal •• ent .y.c •• of the potential ~u,pll 

e) In thi •• tep tbe t ... ord.r •• nd r.eelv •• enlin.erinl • ..,1 
The ••• ..,1 •• are completely ev.luated .nd te.ted by the qual 
.nd enlinaerinl function of che buyinl orlaniz.tion; 5..,le. 
fully docuaented .nd t.chnic.l report i. lener.c.d; Along wlth 
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.. int.nanc. of such lncUcators and trlg,.r. muat b. 40n. in conjunction 
with the contr.ctors 

33) Guidelin.s to d.t.raine the effectlvene.s of the organization to 
.stabli.h and .. intain formal and informal norms, proc.dur ••• nd 
.. thods to r •• olv. quality dispute. with the contr.ctor. 

34) Proc.dur.. to ev.luate the effectivene •• of the or,.niz.tion to 
•• t.blish .nd .. int.in .n .ccur.te .n4 e •• ily .cc ••• ibl. information 
.y.t •• for the contr.ctors; Thi. information .y.t •• .uat c.rry .11 
r.l.v.nt information to h.lp the contr.ctor fulfill it'. obli,.tion of 

.provldinl qualiey products .nd servic •• to the or,.niz.tion, for 
.x..,le: 

.) Inforaaeion on tool., techniqu •• , product •• nd .ervice. known to 
the orlaniz.tion th.t .. y .nhanc. contr.ctor op.r.tions 

b) Information on the procedure., policl ••• nd recul.tiona of the 
orlani~.tion th.t .. y concern the contr.ctor. 

c) Inforaation on lonl and short tera 10.1. of the orlanilation 
r.l.vant to the contractor. to h.lp th •• ke.p p.ce with the buyer 

35) Guideline. to det.rata. the .ffectlv.ne •• of the or,anil.tion to 
aotlv.te and eacour.ce contr.ctor. to provide .uperior product. and 
•• rvic •• and to continuou.aly 1IIprov. quality: So .. of the •• y. the 
oraan1z.tlon .. , do thi. i. by: 

.) Glv1na quality .v.rds 

b) Inc.ntive. and r,cocnltion 

c) Givinl larc.r and lonl t.ra contr.ct. 

2.13.2 DaftnlclODa#of cb. Meaaur •• u .nd ,th.ir D.c. I.quir ••• nt. 

The data r.quir.d to define th ..... a.ure. can be found in the quality 
a •• uranc. depar-=-nt. 

I.f.r.ac.: For .ore detail OD .11 of the •••••• ur •• pl •••• to Juran, Jur,n', 
Quality CPDFnl HanAppk;. ch·. 15 (Appendix Z). 

52~ indic.t.d •• rll.r in thi. chapter. only. fe. of th ....... ur •• require 
the de.criptlon of .... ur ... ftt technique. and/or .ddltional concept. that can be 
u.ed to d.rive th... Holt of the •••• urel .re .tr.i&htforvard and/or Ihould be 
part of the .xi.tinl COIC .cccuntin,/manase.ent information sYlte.. For tho.e 
.... ur •• that r.quir. the de.cription of measurem.nt t.chnique •• nd/or .dcUtlonal 
concept •• r.f.rence will b ... d. to a specific .ource th.t c.n be con.ulted 
So ••• ourc •• ar. included in an Appendix at the end of this docua.nt. 



1) Contracted product/service specifications: For each contract there a number 
of product specifications/requirements that the contractor needs to satisfy. 

la) Value of each quality characteristic: The value of each quality 
characteristic defines t,he product specification. For each product, there 
are a number of performance requirements that can be also translated into 
conformance, ability and durability requirements. 

Product quality performance characteristics; Based on the needs of the 
buying organization, a number of quality performance characteristics can 
be defined per product type ordered from the contracting organization. 
Quality product characteristics can be measured either as continuous 
variables (measured on an interval scale) or as discrete variables (0-1 
scale). These characteristics can be classified as critical, major and 
minor. The determination of how a characteristic can be classified depends 

'on the characteristic and its relationship to user requirements. The' of 
criti.cal, major and minor characteristics can give some indication as to 
the amount of effort that will be required to accomplish incoming quality 
assurance. For those characteristics that are non-testable and critical 
the design of the quality assurance procedures is more difficult. 

Reliability: Is the probability will operate after t hours of use. 
For probability measure there is an equivalent failure rate measure (# of 
defects per ~unit of time). Additional reliability measures include the 
mean time between' failures (MTBF) . which is the mean between successive 
failures of a repairable product and the mean time to first failure (MTTF) 
which is the mean time to first failure of a repairable product. The 
computation of these measures depends on the assumption the analyst makes 
with respect to the product's life distribution. For a complex product, 
its reliability is a 'function of i~s subcomponents and parts. 

Reference: For a detailed description of reliability figures of merit 
refer to Juran and Gryna, Quality Planning and Analysis, chs. 7,8 
(Appendix I) . 

Availability; Is the ability of a product to perform its designated 
function when required for use. The availability of a product depends en 
how often failures occur (reliability) and how long it takes to fix 3r.y 
failures (maintainability) and the amount of maintenance support provlded 
The total time in operative state (uptime) is the sum of the time spent ~~ 
active state and the time spent in the stanby state. The total time ln ~~e 
non-operative (downtime) is the sum of time spent under active repair p: · ... 5 
the time spent waiting for spare parts. Availability is calculated as : ~e 
ratio of operating time to operating time plus downtime. However, downt ~-. 
can be viewed as total downtime (which includes the active repair :~-e 
(diagnosis and repair), preventive maintenance time, and logistics :~-~ 
(time spent waiting for personnel, spare parts, etc.) When the t:~J. 
downtime is used, the resulting ratio is called operational availabl:~~. 
Au. When active repair time is used to express downtime, the reSU::~-1 
ratio is called "intrinsic availability" At. Thus, Au • (MTBF) / (M73F' • 
MDT) and At • (MTBF) / (MTBF + M'M'R) where MDT is the mean downtime and v-:--= 
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is the mean time to repair. These formulas can be used only under a number 
of assumptions (see, Juran's Quality Control Handbook, p. 13.42 
(Appendix Q» . 

Reference: Refer to, Juran, QualitY'Control Handbook, pp. 13.40 - 13.45 
(Appendix O) • 

MaintainabilitYi Is the ease with which preventive and corrective 
maintenance can be achieved on a product. Its primary measure is Mean time 
to Repair (MTTR). . 

Product durability measures; The durability of a product depends in part 
on its reliability, maintainability and on the economic factors that'may 
impact its existence. Every time a product fails and it is repairable, 
then an economic decision must be made concerning whether the product 
should be replaced or not. This decision will depend on the future 
operating costs of the product if it is repaired, the projected lifetime 
of the product, the acquisition cost of a new product and the minimum 
acceptable return that the organization uses to make replacement 
decisions. Two measures can be tracked. The first is the mean time to 
first failure and the second is the projected economic lifetime of the 
product allowing for repairs. 

Product confOrmance measures: It is important to be able to define the 
conformance measures necessary to assure the quality of the incoming 
products. 

Statistical measures: If one takes a series of measurements for each 
quality characteristic for a number of products then: a) The mean of 
these measurements in relation to some predetermined target value 
defines the expected location ratio; b) Six times the standard 
deviat_ion of these measurements compared to a predetermined tolerance 
width defin~s the capabi~ity.~atio. The location and capability 
ratios can be defined for each quality characteristic. 

Reference: For more detail on the process capability measurement 
refer to Juran, Quality Control Handbook, pp. 16.14 - 16.35 
(Appendix M) . 

# of defects/ quality characteristic; Given the incoming lot, the 
acceptable # of defects/characteristic can be defined. 

Quantity, Cost, Price of each incoming product; Along with the quallty 
characteristics per product it is important to define the quantity, cost. 
price requirements per contractor. 

1b) Multiattribute quality indicator per product; Based on all ': !"'.~ 
characteristics defined in 1a per product ,one could represent t:-:~ :. !' 
relative importance with weights. A relative multiattribute quality l!"'.:ex 
could be defined as I:wjqJ where Wj the weight associated ..... :, ':~ 
characteristic j and ~ is the quantity of each characteristic per prod~:': 
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2} Other performance indicators: Outside the definition of 
requirements, there could be a series of other contractor 
requirements specified in the contract. 

the product 
performance 

2a) Performance requirements that need to be met by each contractor: 
These may include measures of: 

timeliness of delivery 
field service (such as courtesy of repair personnel, 

logistics support, etc. This information can be obtained 
through a survey issued during the contract and a score of 
field service can be obtained.) 
a score of the quality management capabilities (this requires 
a complete assessment of the quality management capabilities 
of each contractO'r) .-

Reference I See, Document A [35]. 

2b) A multiattribute measure of each contractor using the information in 
item '2a: Based on all the performance requirements defined in 2a per 
contractor, one could represent their relative importance with weights. 
A relative multiattribute quality index could be defined as t~Sj where ~ 
the weight associated with performance requirement j and Sj is the score 
of each contractor per performance requirement. 

3) Quality related issues: There are a number of quality issues that arise on any 
given contract. Some important measures that need to be tracked per contract 
include: 

· # of quality issues that have arisen between contractor and 
buyer per time period 

· , of quality issues that have been resolved between contractor 
and buyer per time period 

· Timeliness in terms of resolving each quality issue 

4) Cost measures: The cost of contractor relations needs to-be measured over :~e 
life of each contract. Relevant cost measures include: 

Cost of contractor monitoring (assessment) over the life of c~e 
contract; This involves the cost of performing assessment (s) :; ':If! r­
the life of the contract. These audits or assessments can be ;,,{1,::'1 

respect to process capability, product performance, qual;.':,. 
management capabilities. This cost can be classified as :I~ 
appraisal cost. 
Cost of pla.nning for imp:rovetnent of contractor relations; This -:::5': 
can be classified as a preventive cost. 
Cost of improving contractor relations; This cost can be class 1 ! ;. ~ j 
as a preventive cost. 
Cost of awarding contracts; This cost is not a direct qua:~~, 
cost. However, it is a good indicato~ of the cost of the ef!:r· 
necessary for'awarding a contract. 
Cost (for the duration of ' the contract) to both the buyer ,-! 
contractor of each quality issue that has arisen between contra:-= :­
and buyer; This cost can relate to product related quality :'3.3.- i 
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and procedural quality issues. This cost is an external failure 
cost for the contractor . 

. Actual versus budgeted contract costs; 

51 Measures of buyer/contractor involvement in the improvement of buyer/ 
contractor relations such as: 

Sa) # and t of process action teams (PATS): The # of PATS involved in 
improvement of vendor relations and their t as compared to the total # of 
PATS operating in the organization give an indication of the importance of 
improving buyer/contractor relations. Also, it is important to track the 
# and t of the joint buyer/contractor PATS. 

Sb) Total # and , of employees participating in improvement projects: 
Participation can be tracked either through the absolute # of employees 
participating or their relative ,. 

Sc) Time allocated/employee for improvement: Improvement requires that 
adequate time is allocated per employee. 

5d) I of suggestions per employee: As part of the improvement vendor/ 
contractor relations, employee suggestions can lead to progress. If the 
# of suggestions/employee increase'with time, this is an indication that 
employees are more willing to be involved. 

5e) # and t of suggestions/employee implemented: An indicator of the 
effectiveness of employee partiCipation is the total # of suggestions 
implemented per employee and its , as compared to the total # of 
suggestions made per employee. 

6} I and t of employees for each organization (buying and producing) that have 
been given the authority to define and solve quality issues that involve both 
organizations per time period: This is a measure of empowerment for the 
employees in both the buying and contracting organizations to define and solve 
quality related issues. 

7) I and t of employees in contractor relations receiving education and training 
with respect to; 
For the employees involved in contractor relations (including contract ing 
officers) it is important to track the # and , of employees receiving education 
and training per time period with respect to: 

· process improvement 
· team building 
· quality definition and measurement 
· quality management awareness training 
· statistical methodology 
· quality assurance 
· reliability engineering 
· quality assessment 
· planning fpr quality improveme,nt 
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8) The # of communication channels open to both organizations that can be used 
to communicate quality issues: The comm!J11ication channels can be formal (planning 
meetings, PATS for proc~ss improveme~ts,. ~udit teams, # of participants hooked 
up to a common computer network, formal organizational channels, etc. ) and 
informal. In order to get a rough estimate of the informal communication 
channels one could issue a survey requesting this type of information from both 
organizations. 

9) Frequency of audits/aSsessments used to evaluate the contractor/buyer 
relationship: Over the life of the contract, a series of assessments/audits can 
take place. The frequency of these audits will vary from contract to contract. 

10) Parameters of incoming product acceptance sampling planS: 

lOa) Attribute sampling plans: For each attribute sampling plan one needs 
to know the lot size, sample size, maximum allowable number of defectives 
per sample (if the number of defectives found per sample exceeds this 
number, then.che lot is rejected), producer·s risk (the probability that 
the lot produced at some stage of the manufacturing process gets rejected 
by the sampling plan even though its is of adequate quality), consumerfs 
risk (the probability that a production stage accepts an in-process lot 
even though it is not of adequate quality), acceptable quality level (the 
t defective that represents adequate quality over the long run or the t 
defective incoming quality that corresponds to the producer's risk), lot 
percent tolerant defective (the , defective incoming quality that 
corresponds to 'the consumer's risk). 

RefereDoe, For a discussion of acceptance sampling plans refer to Hansen 
and Ghare, Quality Control and Application, cha. 9, 14 (Appendix H) . 

lab) Variabl~ sampling planS; For each variable sampling one needs to know 
the lot size, sample size, maxim~ allowable number of defectives per 
sample (if the number of defectives found per sample exceeds this number, 
then the lot is rejected), the upper and lower quality limits, producer'S 
risk (the probability that the lot produced at some stage of t.he 
manufacturing process gets rejected by the sampling plan even though it.s 
is of adequate quality) I consumer's risk (the probability that a productlon 
stage accepts an in-process lot even though it is not of adequate qualit.y) . 
acceptable quality level (the t defective that represents adequate quallc'l 
over the long run or the' defective incoming quality that corresponds to 
the producer's risk), lot percent tolerant defective (the t defectlve 
incoming quality that corresponds to the consumer's risk). 

Referenoe: For a discussion of acceptance sampling plans refer to Hansen 
and Ghare, Quality Control and Application, chs. 9, 14 (Appendix H) . 

lac) Sampling frequengy for each sampling plan: For each sampling plan ~: 
is important to track the sampling frequency and where the sampling p~an 
will be executed (buyer or contractor organizations) . 
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11) Assessment scores of all subcontracting organizations; For major/critical 
components subsystems that are purchased by the contractor from other 
subcontractors, the contractor needs to perform product, process and quality 
management system assessments. The scores of these assessments can be reported 
to the buying organization. 

Reference: Document A [35] for quality management system assessmenti Juran 
& Gryna, Quality Planning and Analysis. ch 22 for product/process audits 
(Appendix s) • 

12) Frequency of- contractor certification; It may be necessary to some 
contractors to be certified (in terms-of process capability, quality management, 
etc.). The frequency of certification and certification requirements need to be 
defined. 

13) # of rewards/acknowledgments per contractor for quality improvements per time 
period; Beyond the formal contract monitoring, it is-important to track the # of 
rewards ana informal acknowledgements per contractor over the life of the 
contract. This allows for improving contracting relations beyond the legal 
contracting requirements. 

14) # of joint vendor quality meetings, seminars and working sessions: These 
meetings are organized by the organization with its vendors/contractors to ensure 
exchange of ideas, promote quality understanding and solve quality or related 
problems. 

15) Planning for vendor/contractor relations; It is important that the 
organization plan for the activities associated with vendor/contractor relations. 
The following measures track the effectiveness of this planning process: 

· # of short-term and long term objectives proposed per planning cycle 
· # of short-term and long-term objectives met per planning cycle 
· # of executive level, middle management and operational staff involved 

in the planning 
· Adequacy of the representation of all stakeholder groups in the plannlng 

for vendor/contractor relations 
· # of person-hours dedicated to the planning for vendor/contractor 

relations 
· Consistency of the objectives with the organizational vision of quall:Y 

managemene development 

2.13.3 Trell4a of Important .... ur •• and Co.t Contributioa of Vendor Relationa 

1) Trends of; 

· test results per product for each contractor 
· multiattribute quality indicators per product purchased 
· timeliness of delivery 
· field service 
· a score of the contractor's quality management capabilities 
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· , of quality issues that have been resolved between contractor and buyer 
per time period 

· timeliness in terms of resolving each quality issue 
· cost of contractor monitoring over the life of the contract 
· cost of planning for improvement of contractor relations 
· cost of improving contractor relations 
· cost of awarding contracts 
· # and t of employees for each organization that have been given the 

authority to define and solve quality issues that involve both 
organizations per time period 
assessment scores of all major subcontracting organizations in terms of 
their quality management capabilities 

· frequency of contractor certification 

2) t of total quality costs attributed to; 

· cost of contractor monitoring over the life of the contract'· 
· cost of planning for improvement of contractor relations 
· cost of improving contractor relations 
· cost of awarding contracts 
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2 • 21 QUALITY ctJLTtJR.I 

Definition; The creation of attitudes and behavior patterns in the 
organization according to quality management values, so as to increase team 
spirit, stakeholder satisfaction, and the facilitation of continuous 
improvement. 

2.21.1 OV.rvi •• of the •••• ur •• and Aaaoci.t.d D.acriptiv. Information for 
Quality CUlt.ur. 

Listing of Measures 

1) Measures that track the effectiveness of the 
organization to instill quality values 
throughout the organization 

· # of audits, evaluations and surveys 
designed and implemented to determine 
the existing quality values of the 
organization 
$'s and person hours allocated to 
educate, train and create awareness 
among employees as to the quality 
values 

· Consistency of the quality plans, 
actions and projects undertaken 
with the organization's quality 
values 

2) Measures that track the effectiYeness of 
the organization in communicating and 
monitoring the quality culture 

# of meetings, seminars and 
training sessions per month 
to communicate the quality culture 

· $'s and person hours allocated 
for the above mentioned effort 

· # and t of upper management 
representatives participating 
in the above mentioned activities 

· The effectiveness of the organization 
to choose and implement appropriate 
means of communication for different 
organizational levels, divisions so 
as to ensure that the quality culture 
can be effectively communicated 
and monitored at all levels of the 
o.rganization 

Cross Reference 
Section - Measure It 

2.11.1 - #3 

2.11.1 - #1 
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3) Measures that track the effectiveness of the 
organization to develop methods, techniques 
and specific programs to increase ownership of 
quality values and culture 

• # of rewards and incentives for 
ownership of quality values and culture 

• SIS allocated for the above effort 
· # and , of employees given recognition 

for their adopting and adhering to the 
quality values 

• # of meetings and semi~ar~ organized that 
focus on the benefits of the quality 
culture 

• # and , of top management involved 
in the above effort 

· # and , of employees trained and educated 
in the quality management principles 

4) Effectiveness to define the quality 
dimensions and standardize the terminologies 
used regarding quality 

5) Effectiveness to create a quality culture by 
stressing the following activities: 

· spreading awareness of quality 
throughout the organization 

· ensuring evidence of upper management 
leadership 

· self-development of the workforce 
· empowerment of the workforce 
· participation of employees in the 

management and decision making process 
for quality improvement 

· recognition, rewards and incentives 
for quality performance, acceptance and 
practice of quality culture 

6) Measures of employee involvement in the 
enhancement of quality culture 

6a) # and , of PATS 

6b) Total # and , of employees participating 
in improvement of research projects 

6c) Time allocated/employee for the 
improvement of quality culture 

6d) # of suggestions/employee 

6e) # and , of suggestionslemployee 
implemented 

2.7.1 - #li 

2.7.1.1 - #9 

2.7.1.1 - #6 
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D,scriptive Information 

7) Procedures to: 
Determine quality values 
Communicate the different aspects of the quality culture 
throughout the organization 
Design ways and means to reinforce the adoption of the quality 
culture throughout the organization, such as frequent seminars and 
talks convincing the employees that quality is important and the 
new paradigm does work 
Ensure ownership of quality values for all employees 
Determine the actions that demonstrate the importance of the 
quality culture to the organization and ensure the visibili~y of 
those actions 
Define product quality and its dimensions 

2.21.2 Definition. of Mea.ure. aDd their Data Requirement. 

The data for these 1fteasures can be obtained from the quality assurance department 
or from the quality information system •.. 

Reference. For more details on these measures please refer to Juran and Gryna, 
Quality Planning and Analysis, ch. a (Appendix U) . 

1) Measures that track the effectiveness of the organization to instill quality 
values throughput the organization: These are: 

• # (and their respective assessment scores) of the audits, evaluations and 
surveys designed and implemented to determine the existing quality values 
of the organization 

• SIS and person hours allocated to educate, train and create awareness 
among employees as to the quality values of the organization 

· Consistency of quality plans, actions and projects undertaken with the 
quality values; The quality actions that the organization undertakes 
should be consistent with its quality values. 

2) Measures that track the effectiveness of the organization in communicating and 
monitoring the quality culture: These are: 

· # of meetings, seminars and training sessions per month to communicate 
the quality culture 

· $'s and person hours allocated for the above mentioned effort 
· # of upper management representatives participating in the above 

mentioned activities 
· The effectiveness of the organization to choose and implement approprl.ac.e 

means of communication for different organizational levels, divisions so 
as to ensure that the quality culture can be effectively communicated 
and monitored at all levels of the organization 
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3) Measures that track the effectiveness of the organization to develop methods. 
techniques and specific p;ograms to increase owne;ship of quality values and 
culture: These are: 

· # of rewards and incentives given to teams, work groups and/or 
individuals that d~monstrate ownership of quality values and culture 

· $'s allocated for the above effort 
· # and t of employees given recognition for their adopting and adhering 

to the quality values. 
· # of meetings and seminars organized that focus on the benefits of the 

quality culture to the organization, customers and workers etc.,i.e, to 
all stakeholders. These meetings, and seminars should also promote 
understanding of the underlying principles and philosophies and help the 
employees feel secure with them. 

· # and , of top management involved in the above effort 
• # and , of employees trained and educated in the quality management 

principles 

4) Effectiveness of the organization to define the quality dimensions and 
standardize the terminologies used ;egarding quality: In order to facilitate the 
adaptation of quality culture throughout the organization it is necessary for the 
employees to understand the quality dimensions and the standardized terminologies 
used to describe all quality concepts. 

5) Effectiyeness to create a quality cultu;e by st;essing the followlnq 
activities; 

· spreading awareness of quality throughout the organization 
· ensuring evidence of upper management leadership 
· self-development of the workforce' 
· empowerment of the workforce 
· participation of employees in the management and decision making process 

for quality improvement 
· recognition, rewards and incentives for quality performance, acceptance 

and practice of quality culture 
These six activities coupled with the methodologies and structure for quality 
development bring about a change to quality culture in such areas such as: 

Awa;enessj One could track the following measures: 
· Effectiveness of the organization to communicate quality awareness in the 

appropriate language to a particular organizational level. For example. 
for all management levels, the awareness of quality is best achie"ed 
by the use of monetary concerns. By highlighting threats to sal~s ~r.: 
opportunities of cost reduction are effective ways to create awarenes. 
of quality management. 

• # of meetings and seminars held per year on a company wide basis to 
promote quality awareness 

• # of PATS formed to spread quality awareness 
· # of newsletters on quality, quality items on meeting agendas, 

announcements on quality by top management, conferences and "interest 
arousers" (for example, letters from customers on performance issuesl a:: 
help spread awareness and interest in quality management. 

· Effectiveness of the organizatlon to maintain and reinforce quallty 
awareness., Measurement of quality related activities at all levels :! 
the organization is an extremely important reinforcement tool. Cr.. 
could track: 

. $' s and person hours allocated each year for the purpose of qua:.· .. 
measurement' ' 

. # of measurement criteri"a 'an·d 'techniques developed and implemer.o:· ': 
organization wide 

Management leadership; One could track the following measures: 
· # of top level management servlng on quality.councils, quality meet~-:' 
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and conferences 
# of the above mentioned councils, quality meetings and seminars 
organized by top management per year 

· # of quality policies Established by top management 
· $ I S and person hours allocated ( as a percentage of total management work 

hours) to formulate quality policies and develop plans 
· Effectiveness of the top management to establish and deploy quality goals 

and objectives 
· # of person hours allocated to establish goals and objectives 
· $ts and person hours spent to assess present quality baseline and the 

given resources, roadblocks and required tasks to fulfill the quality 
goals and objectives 

· Effectiveness of the organization (leadership) to ensure the availability 
of the resources and their proper utilization 

· Effectiveness of the leadership to provide quality training 
· $'s allocated for quality training 
· Person hours spent to evaluate and choose appropriate training 

methods for a given training program 
· # of PATS formed to help the training effort 

Effectiveness of the upper management to visibly participate and support 
all quality related efforts 

., of top management time spent to fulfill quality related tasks 

Additionally, the areas of partiCipation, recognition and reward, 
empowerment, and training are dealt with in section 2.7.1, 2.7.2, 2.7.3, 
and 2.7.4. respectively. 

6) Measures of employee involvement in the enhancement of quality culture: 

6a) # and' of process action teams (PATS): The # of PATS involved in 
enhancement proj ects and their " as compared to the total # of PATS 
operating in the organization give an indication of the importance of 
enhancing quality culture. 

6b) Total 
quality 
absolute # of 

#/, of employees participating in the enhancement of 
culture: Participation can be tracked either through the 

employees participating or their relative ,. 

6c) Time allocated per employee for the enhancement of quality culture 
Improvement requires that adequate time is allocated per employee. 
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6d) # of suggestions per employee: As part of the enhancement of quality 
culture, employee suggestions can lead to progress. If the # of 
suggestions/employee increase with time, this is an indication that 
employees are more willing to be involved. 

6e) # and , of suggestions per employee implemented: An indicator of the 
effectiveness of employee participation is the total # of suggestions 
implemented per employee and its t as compared to the total # of 
suggestions made per employee. 

2.21.3 Trend. of _e •• ure. 

1) Measures of; 
· # of audits, evaluations and surveys designed and implemented to 

determine the existing quality values of the organization 
• SIS and person hours allocated to educate, train and create awareness 

among employees as to the quality values 
· # of meetings, s~minars and t+~in~ng sessions per month to communicate 

the quality pulture 
· # and , of employees given recognition for their adopting and adhering 

to the quality values 
· # of meetings and seminars organized that focus on the benefits of the 

quality culture _ 
· # and t of top' management invo~ve~ in communicating quality values 

# and t of employees trained and educated in the quality management 
principles 
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U.f1D1D1 of Approprl.t. Quallty Me.sur.. for Vendor a.latlon. 

a ••• d on the li.tinl ana the definitions of the quality m •• sur •• of AppendLxB 
the fol1owina •••• ur •• were combined into a comprehensive •• t d.fin.d by the 
eustom.r. 

1;111 , 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

MI.,Utl' pf Exampl.,/Additignal Infgr;a;ign 
App.ndix!) 

25/11 

1/19/18 

28/14 

3 

3 

7 

1/19/11 

2 

9/14/24 

14/2. 

11 

3 

4 

2 

u •• el to det.mine delre. of control over vendors: 
Knowl.d,. of relationship wlth vendor. and u.ed to rat. 
ven~r. 

Fir.t article te.t r •• "lt; Inco.lnliMpection result and 
eUlto_r cost 

U •• d to det.min. orlanlzatlonal eo .. ie.ent 
to vendor.; Can b. Uled ln Navy prolr .. revl.w 

Th. tl .. lln ••• of the ldentlflcatlon of a quallty issue 
and It. correction: the , of r.currenc •• of a quality 
i •• u.; th. , of waiv.r. and davlacioftl r.que.ced: thl ~ 
of v.lue enlin •• rlne chana. propo.al. (VECP); 
aelatioMhip and co .. lc.ent to vendor • 

• _ .. ite.,4 

The , and varle ty of certlflcatlon prolr_; for examp 1 e . 
Raytheon'. different prosr- at ellff.rent orpnizational 
level. 

._ .. it •• '2 
U •• d for .ward i •• declslona; Input to vendor ratinl 
.y.t .. and Uled to trill.r vendor contractor meetings. 
vorklq •••• 10M and PATs 

Quallty co.c. a •• oclated wlth vendor quallty aue1tl. 
U •• d to i8pact award declslon and plannlnl for jOt": 
vendor vorlelnl •••• lona 

._ .. ite.,9 

.... as ite.,l 

._ AI it •• 1#4 

Co.c of .odlf1cat1on. charled to contractor 

...... it •• ,8 
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16 

17 

18 
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D.ftft1Da of Appropriate Quallty M.alur.. for Vendor aelatlon. 

M •• lur., of EXamples/Additional InformatioD 
App.ndix B 

23/17 

10 

13/35 

D •• lgn of .xp.rl~.nt. to lmprov. low yi.ld proc •• I •• 

Inc1ualon of benchaarklna to .erve a. b .. el1ne 
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nef1n1n1 of App~op~late Quallty Kealu~ea fo~ V.ndo~ lelationa 

The follovinl itell f/s with their associated mlasurl' ·"Ire valid. aftlr the 
di.cussion: 

Itll it tilIIY1:11 g, 
APPlnd!x 8 

1 11/25 

2 1/18/19 

3 14/28 

4 . 3 

6 7 

8 2 

9 9/14/24 

13 4 

15 5 

16 17/23 

17 10 

18 13/35 
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Deftn1D1 of Appropriate Quality K.asur.a for V.ndor aelationa 

The following table provid.s the voting results: 

1;111 I. MIIIU;.. gf ~ Rin~inl 
App,ndil § J/B/Io;.l 

1 11/25 2/4/6 2 

2 1/18/19 S/5/10 1 

3 14/21 0/3/3 4 

4 3 1/0/1 6 

6 7 0/0/0 

8 2 0/0/0 

9 9/14/24 0/2/2 5 

13 4 3/0/3 4 

15 5 0/0/0 

16 17/23 4/1/5 3 

17 10 0/0/0 

18 l3/35 0/0/0 



APPENDIX D 

PROTOTYPE QUESTIONNAIRE 

FOR 

VENDOR/CONTRACTOR RELATIONS MODULE 

OF A 

QUALITY MANAGEMENT SYSTEM 

224 



PART t. OUESTIONNAIRE INFORMATION 

A. QUESTIONNAIRE SERIAL NO.: 

B. QUESTIONNAIRE RESPONSE DATE: 

PART II. VENDOR INFORMATION 

IDENTIFYING INFORMATION 
FOR 

OUESTIONNAIRE 

A. NAME OF VENDOR CIRCULATING QUESTIONNAIRE: 

B. VENDOR ADDRESS: 

C. VENDOR TELEPHONE NO.: 

. D. VENDOR FAX NO.: 

PART III. RESPONDENT INFORMATION 

A. NAME OF RESPONDENT: 

B. NAME OF RESPONDENT'S ORGANIZATION: 

C. DEPARTMENT WITHIN RESPONDENT'S ORGANIZATION: 

D. RESPONDENT'S ADDRESS: 

E. RESPONDENT'S TITLE: 

F. RESPONDENT'S TELEPHONE NO.: 

G. RESPONDENT'S FAX NO.: 
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PART I 
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1. Contracted product/service specifications 
18. Quality management requirements in the procurement process 
19. Identifying and communicating buyer requirements to the contractor 

SO 0 N A 

a. The contractor 1s flexible 1n negotiating 1 2 3 4 
product specifications with the buyer. 

b. The contractor supp~1es the requested 1 2 3 4 
quantities of product on schedule. 

SO 0 N A 

c. The contractor adheres to the required 2 3 4 
product speCifications. 

d. The contractor is prompt in meeting 1 2 3 4 
customer service needs. 

e. The contractor takes customer service 1 2 3 4 
needs seriously. 

't. The contractor is willing to solve quality 1 2 3 4 
issues. 

g. The contractor is available when needed to 1 2 3 4 
solve quality-related problems. 

h. The supplier's price structure is lower 1 2 3 4 
than industry norms. 

L The percentage of products that fails to 2 3 4 
meet specifications is less than the industry 
average. 

--------------------
j. There is a clear definition of quality in 2 3 4 

SA 

5 

5 

NA 

5 

5 

5 

5 

5 

5 

5 

5 

10 The measures in this questionnaire are organized in 
three ways. Measures judged by Del ta ' s development team to be 
similar or alike are first grouped into different "Parts." 
Part I measures were determined by the pilot organization to 
be the most meaningful; measures in Parts II, III, IV, etc. 
follow in order of their relative importance for the 
organization. 

within each "Part, II numbers of the measures correspond to 
the numbers originally assigned to them when they were first 
developed (in Chapter 4). "Instances" or specific examples of 
each measure follow the measures themselves and are denoted by 
consecutive lowercase alphabetical letters. 



SO 0 N A NA 

c. The contractor adheres to the required 2 3 4 5 
product specifications. 

d. The contractor 1s prompt in meeting 2 3 4 5 
customer service needs. 

e. The contractor takes customer service 2 3 4 5 
needs seriously. 

f. The contractor is willing to solve quality 2 3 4 5 
issues. 

g. The contractor is available when needed to 2 3 4 5 
solve quality-related problems. 

h. The supplier's price structure is lower 2 3 4 5 
than industry norms. 

i- The percentage of produ~ts that fails to. 2 3 4 5 
meet specifications is less than the industry 
average. 

--------------------
j. There is a clear definition 'of quality in 2 3 4 5 

the procurement process. 

k. Both buyer and seller agree to the 2 3 4 5 
same definitions of quality. 

l. The procurement process is continually 2 3 4 5 
improving. 

m. PATs exist to analyze and improve quality 2 3 4 5 
in the procurement process. 

n. PATs include representation from the 2 3 4 5 
supplier and all affected departments wlthln 
the buyer's organization. 

o. Meetings are frequent between buyer 2 3 4 5 
and seller for the purpose of establishIng 
clear communication channels and fosterIng 
understanding. 

p. There is adp.quate participation from all 2 3 4 5 
affected departments and levels withln t~e' 
organization in the procurement process' 

q. The procurement process includes feedtJ;- 2 3 4 5 
from the end user on product qualIty d~; 
service. 

r. Product/service quality benchmarks are 2 3 4 5 
used to monitor vendors. 

s. SuffiCient cost data are avaIlable to 2 3 4 5 
award contracts. 
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so D N- A NA 

t. The number of end users providing feedback 
about product qua}ity is 

u. The percent of end users satisfied 
with procured products/services is 

~-------------------

v. The number of surveys conducted within 
the last calendar year to solicit 
suggestions regarding procured products 
and services is 

w. The tO,tal number of end user complaints 
wh1ch has led to on-Site repairs is 

x. The procurement process solictts end 2 3 4 5 
user requirements to detenmine different 
product characteristics. 

y. The complaint resolution process is timely. 2 3 4 5 
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PART II 

11. Assessment scores of subcontractors' quality management capabIlities 
25. Regularity and consistency in evaluating contractors' process quality. 

product quality. and quality management capabilities 

SO 0 N A SA 

I. The organization frequently evaluates 2 3 4 5 
its contractors. 

b. The procedures for assessing contractors Z 3 4 5 
are validated. 

c. The organization assesses its contractors 2 3 4 5 
according to standards that are communt-
cated to the contractors. 

d. Assessment of contractors on quality Issues Z 3 4 5 
is consistent with the objectives of the 
procurement process. 

e. The budget allocation for assessment and 2 3 4 5 
audits are adequate to meet objectlves. 

f. The number of audits/evaluations/assessments 
of vendors per six-mOnth period averages ____ 

g. Assessment scores are used to initiate 1m- 2 3 4 5 
provements in the quality management system 
of the contractors. 

h. The contractors assessment scores are 2 3 4 5 
improving over time. 

i. The percent improvement in contractors assessment 
scores per six-month period averages 
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PART III 
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17. Criteria employed to assess contractor's quality management capabilities 
23. Experimental design for measurement of Guality indices 

so 0 N A SA 

a. Criteria employed to assess quality 2 3 4 5 
management capabilities are compre-
hensive, covering all aspects of the quality 
management system. 

~. Criteria are well understood by the assessor. 2 3 4 5 

c. Criteria are well understood by the assessee. 2 3 4 5 

d. Contractors are involved in the validation of 2 3 4 5 
assessment criteria. 

e. The criteria used strictly confirm with the 1 2 3 4 5 
quality management paradigm. 

f. Contractors are involved in the validatlon of 2 3 4 5 
assessment criteria. 

g. The number of references consulted in developing 
assessment criteria is approximately 

h. The average cost associated with the assessment 
of quality management capabilities of each 
contractror is $ 
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PART IV 
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14/28. Effectiveness in assisting contractor in resolving technical problems. 
quality issues, and productivity issues 

a. The average number of joint contractor-buyer 
quality-related meetings, seminars and 
working sessions held per year 1$ __ _ 

b. At joint meetings between contractor and 
buyer regarding issues of quality, all 
affected departments and organizational 
levels within both institutions are included, 

c. The number of PATs at contractor sites that 
include buyer participation when solving quality 
and productivity issues ;5 ___ _ 

d. The number of solutions to problems of 
quality and productivity that originate with 

so 

the contractor and are offered by the buyer ;5 __ _ 

e. To matntain acceptable performance the 
contractor needs little monitoring. 

f. The customer gives contractor timely feed­
back on quality issues. 

g. The customer gives accuratJ feedback 
on quality issues. 

h. The average dollar amount spent (per 
contraci~r) in aSSisting vendors in solving 
quality-related problems is $ ___ , 

t. The customer is willing to share its 
know-how with contractor. 

• 1, 

2 

2 

2 

2 

o N A SA 

2 3 4 5 

3 4 5 

3 4 5 

3 4 5 

3 4 5 
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M~A~UR~S QF JNT~REST 

PART V 

4. Cost measures 
SO 0 N A SA 

a. The cost to measure contractor performance 2 3 4 5 
is low. 

b. The cost to monitor contra~tor performance 2 3 4 5 
Is reducing over time. 

c. The number of dollars spent per year to 
monitor .contractor performance is $ ___ . 

d. The number of dollars spent annually by 
buyer to improve contractor relations is 
$-_. 

e. The percent of total contract value spent 
on contractor relations (i.e., communica-
tion, problem-solving, sharing of know-how. 
etc.) Is ___ X. 

f. The total number of dollars allocated for CaD 
preparation, source selection plan, RFP 
preparation, and proposal evaluation fs $ ___ 

g. The costs totaled in tlf" (above) are low. l 3 4 5 

h. The total dollars spent by contractor to 
solve quality-related issues is $ 

1. The total dollars spent by buyer to solve 
quality-related issues originating with the 
contractor is $ ___ 

j. Actual total contract costs are less than . 1 2 3 4 5 
total budgeted costs. 

k. The percent of actual costs versus budgeted 
costs is + ___ X 
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Measur!! gf tnt!rest 

PART VI 

9) The frequency of audits/assessments used to evaluate the buyer/contractor 
relationship. 
24) Guidelines to determine the effectiveness of vendor/contractor assessments that evaluate 
quality attitudes. values. beliefs. and culture. 
30) Evaluations to determine contractor capability in terms of product quality and supply 
timeliness. 

SD D N A SA 

a} The assessment results of the contractor buyer 2 3 4 5 
relationship shaw an improvement over time. 

1) In the last one years 2 3 4 5 

ii) In the last five year 1 2 3 4 5 
b) Contractor and buyer share same quality 1 2 3 4 5 

i) beltefs. 2 3 4 5 

11) values Z 3 4 5 

c) Contractor buyer relationship is one of 2 3 4 5 
mutual trust. 

d) Assessments show that a friendly Z 3 4 5 
relationship exists between buyer and 
contractor 

e) The frequency of audits of the contractors 2 3 4 5 
quality management system are adequate. 

i) The frequency is ______ per year. 
2 3 4 5 

f) The assessment scores of the contractors 2 3 4 5 
quality management system are used to 
initiate improvements 1n the system. 

g) The contractors completely cooperates 1 Z 3 4 5 
with the assessment. 

h) The assessment covers all aspects of the 1 2 3 4 5 
quality management system. 

1} The buyer evaluates the capabilities of 2 3 4 5 
the contractor to .nsure quality of: 

1) equipment and machinery 2 3 4 5 

i1) process capability and control 2 3 4 5 

; i i) production Materials 2 3. 4 5 

iv) training and education of relevant 2 3 4 5 
workers in the contractors organizatIon 

v) procurement 2 3 4 5 

vi) support activit;es 2 3 4 5 

vii) management system 2 3 4 5 
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MEASUR,~ QF INT~RE~T 

PART VII 

3) Quality related issues 
20/33) Procedures/methods for identifying and resolving quality issues. 

SO 0 N A SA 

a) The no of quality issues that arise between the 
buyer and the contractor per month regarding: 

i) Product quality 

it) Maintenance 

i i1) CustOmer service 

iv) Quality management system 

v) Manufacturing process quality 

b) The no. of quality issues arising between the 2 3 4 5 
buyer and the contractor is lower than a 
predefined limit in: 

1) Product qual1ty 2 3 4 5 

ii) Maintenance 2 3 4 5 

111) Customer service 2 3 4 5 

tv) Quality management system 2 3 4 5 

v) Manufacturing process quality 2 3 4 5 

c) The frequency of quality issues arising 2 3 4 5 
1s reducing over time. 

d) The l of all quality issues that arise 
more than once 

e) Quality issues do not repeat themselves. 2 3 4 5 

f) Contractor is prompt to resolve quality 2 3 4 5 
issues. 

9) Contractor resolves all quality issues 2 3 4 5 
to the satisfaction of the customer. 

h) Contractor is pr~pt to resolve all 2 3 4 5 
quality issues. 

i) Contractor resolves quality issues on hlS 2 3 4 S 
own initiatives. 

j) Contractor is proactive to uncover any 2 3 4 5 
quality related issues. 

k) Contractor is available on a short 
notice to: 

i) dtscuss quality issues Z 3- 4 5 
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ii) solve quality issues. 2 3 4 5 

1 ) There are specific procedures to: 
i) report quality issues within the 2 3 4- 5 

organization. 

i i ) report quality issues to the contractors 2 3 4 5 

it 1) resolve quality issiles with the 2 3 4 5 
contractor. 
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MEASURES OF INTEREST 

Part vii 

5) Measures of buyer/contractor involvement in the improvement of buye~/contractor 
relations. 
26) Effectiveness of the organization to involve all affected departments and personnel in both 
organizations in the procurement process, for example: 
accounting, operations management, purchasing, planning • engineering. production/ 
manufacturing. quality assurance. 

SO 0 N A SA 

a) The no. of initiatives that the organization 
takes per year to: 

1) determine weaknesses/problems in its working 
relationship with the contractor 

ii) solve problems in the- working relation-
ship with the contractor 

b) There is encouragement for the employees to 
participate in improving buyer contractor 
relations in: 

i ) the buying organization 2 3 4 5 

il) the sellers organization 2 3 4 5 

c) The no. of joint stakeholder PATS 
existing to improve buyer/contractor 
relations 

d) The no: gf joint stakeholder PATS existing 2 3 4 5 
are adequate to solve the upcomming problems 
in buyerl contractor relations. 

e) Total dollar amount allocated in programms 
by the two organizations to improve working 
relations (This includes communication, 
understanding of each others requirement etc) 

1) This amount is adequate to accomplish the 2 3 4 5 
objectives 

f) The no. of employees p~rttcipat;ng in p~ograms 
and/or PATS to improve buyer/contractor 
relations in: 
;) contractors organ; zat ion . 

i i) buyers organizatio.l ------

g) The employees particfpating 1n programs to 2 3 4 5 
improve buyer/contractor relations are frcm 
all levels of the organization. 

h) The no. of suggestions per employee rece' '.e::l 
per year to tmprove customer/contractor 
relations 

1) The no. of suggestions received per year f ~:'I~ 
employees to improve contractor/buyer 
organization that were implemented 
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MEASURES OF INTEREST 

Part viii 

6} Authority and responsibility ~o solve quality issues. 
SO 0 N A SA 

a) The no. of employees given the authority to 
define and solve quality issues between 
contractor and buyer in: 

t) The buyer organfzat1on 

t1) The contractors organization 

b) The communications channels between the 
contractor and buyer are accessible for solving 
quality issues by all affected employees from: 

i) all levels 2 3 4 5 

t1) all departments 2 3 4 5 
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Part ix 

7) The relevant training of the employees that take part in improving buyer/co~tractor 
relations. 
a) The S of the employees in the buyer organization participating in improving 
buyer/contractor relations that are trained in 

i) process i mprovement ____ _ 

t t) qual i ty management ____ _ 

it 1) qual i ty assurance. _____ _ 

tv) team building, ______ _ 

v ) qual tty assessment ____ _ 

vi) strategic planning, ____ _ 

vii) operational planning, ___ _ 

b) The S of the employees in the contractors organization participating in improving 
buyer/contractor relations that are trained in : 

1) process improvement ____ _ 

i i) qual i ty management ____ _ 

iii) qual i ty assurance _____ _ 

tv) team building ______ _ 

v) qual i ty assessment ____ _ 

vi) strategic plannfng ____ _ 

vii) operational planning ___ _ 
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MEASURES OF INTEREST 

Part x 

8/27) Communication channels between the buyer ar.d contractor organization. 

SO 0 N A SA 

a) The communication channels are well defined. 2 3 4 5 

b) The no. of communication channels 2 3 4 5 
between the organizations to communicate 
quality issues is adequate. 

c) The communication channels are accessible to 
employees at all levels to solve quality issues 
tn: 

i) The contractor's organization • 1" 2 3 4 5 

11) The buyer's organization 2 3 4 5 
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Part xi 

10) Parameters of incoming material acceptance sampling plans. -

SO 0 N A SA 

a) All incoming material that need sampling 1 2 3 4 S 
have a sampling plan. 

b) The sampling plan for incoming material 2 3 4 5 'S adhered to . 

c) Guidelines to prepare contract specific 2 3 4 5 
sampling plans exist. 

d) Employees doing sampling are well trained. 2 3 4 5 
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Part xii 

12) Contractor certification 
16) Procedures for contractor selection and certification 
29) Procedures for contracting. 

'SO 0 N A SA 

a) The contractors are certified for all aspects 2 3 4 5 
of the quality management system. 

b) Inspectors qualified ;nquality management 1 2 3 - 4 5 
practices do the certification. 

c) The contractor is knowledgable of the 
different aspects of the certification 
program: 

i) Certification criteria 2 3 4 5 

il) Certification procedure 2 3 4 5 

n i) All other requi rements 2 3 4 5 

d) Contractor certification is standardized 
for all contractors in tenns of: 

1) Certification criteria 2 3 4 5 

it) Certification procedure 2 3 4 5 

i it) All other requirements 2 3 4 5 

e) The frequency of cO'!tractor certification 
is 

f) The frequency of contractor certification 2 3 4 5 
is reducing. 
This is due to the following: 

1 ) The contractor 1s increasingly 2 3 4 5 
reliable in provding quality 
products. 

11) The contractor is highly evolved in 2 3 4 5 
the practices of quality management 

iii) The contractor has an self-assessment 2 3 4 5 
program equivalent to the certification 
program. 

h) The contractor self- assesses his/her 2 3 4 5 
quality management system frequently. 

v) The contractor is proactive in initiatlr.g 2 3 4 5 
improvements. 

g) The maturity of the quality management syste~ 2 3 4 5 
in the contrator organization is a factor lr 

the contractor selection process. 
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h) There are precise procedures in the contracting 2 3 4 5 
process. 

i) The potential contractors are briefed of 2 3 4 5 
the contracting procedures. 
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'art xi i1 

13) Quality improvement rewards for contractors given by the buyer. 
35) Mottvation and encourgement for the contractor to imrove quality 

SO 0 N A SA 

a) Contractors are promptly rewarded for 2 3 4 5 
quality improvement. 

b) Contractors are adequatly awarded. 2 3 4 5 

c) Contractors are awarded as per a defined 2 3 4 5 
rating syst •• 

d) Contractor understand the rating system 2 3 4 5 

e) The contractor is agreeable to the rating 1 2 3 4 5 
systen 

f) Suggestions from the contractors regarding 1 2 3 4 5 
improving the rating system are considered. 

g) The rewards reinforce the objecthe of 
improving: 

1) quality management system. 2 3 4 5 

11) product quality 1 2 3 4 5 

l1t) service quality 2 3 4 .5 

h) To 1mprove quality the contractor 
receives adequate: 

i) incentives 2 3 4 5 

ttl recognition 2 3 4 5 

j) A incentive for the contractor to 
improve quality is: 

1) awarding long tenn contracts 2 3 4 5 

1t) awarding larger contracts 2 3 4 5 
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MEASURE Of INTEREST 

Part xiv 

15) Planning for vendor\contractor relations 

. S~ . D N A SA 

a) The no. of short-term and lang-term 
objectives proposed per 
planning cycle 

b) The no. of short-term and lang-term 
objectives met per 
planntng cycle 

c) The no. 'of employees of the fallowing levels 
involved in the planning prOClS: 

1) Executive level 

it) operattonal staff 

iii) middle management 

d) The no. of person hours spent to plan 
contractor buyer relations 

e) The plans are conststent with the 2 3 4 5 
organizational vision of quality 

management development. 
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Part xv 

34) Information system for the contractors. 

SO 0 N A SA 

a) An information system exists in the buying 
organlzatton for the contractors exists to provide 
information on: 

t) procesles, tools and techniques that 2 3 4 5 
are useful to the contractor to 
fulfill. given coutract. 

11) procedures, policies and regulations i 2 3 .. 5 
relevant to doing'business with the buyer 

1tl) any other tnformation that helps 2 3 .. 5 
the contractor to provi.de qual -' ty 
products and sevices. 

b) The information system is: 

1) easily accessible 2 3 4 5 

11) accurate 2 3 4 5 

111) extenshe 2 3 4 5 

tv) camprehens t b 1e 2 3 4 5 
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MEASURES OF INTEREST 

Part xvi 

31/32) Controls and benchmarks of contractor performance 

SO 0 H A SA 

a) The buyer benchmarks supplier perforfmance 
against: 

t) its other supplters 2 3 4 5 

11) national Industry leaders 1 2 3 4 5 

111) international industry leaders. 2 3. 4 5 

b) The buyer and contractor jOintly 
establish indicators to: 

i) deten.tne quality problems 2 3 4 5 

11) track quality oyer time 1 2 3 4 5 

111) control quality 1 2 3 • 5 
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Part xvii 

21/22) Inspection and testing of incoming products! 

SD D N A SA 

.) The buyer has defined procedures for: 

1) inspection incoming products 1 2 J 4 5 

ii) testing of incoming products 2 3 4 5 

b) The buyer documents the results of 

i) testing incoming materials 1 2 3 4 5 

11) tnspect1n9 'ncomfng materials 1 2 3 4 5 
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