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Quality Capability Self-diagnosis is a convenient and

economical way to assess the performance of an operating

quality system, as well as a basis for initiating necessary

corrective actions essential to quality improvement and

preparation for certification. This paper describes the

research leading to the development of a cost-effective and

systematic methodology for performing quality capability

self-diagnosis. ISO 9000 series standards and the methods

used to implement multicriteria system evaluation are

employed to provide a sound basis for the development of

this quality capability self-diagnosis scheme (QCSDS).

The QCSDS has been developed to assist manufacturers in

the conduct of quality assurance audits using internal

personnel. The methodological structure of QCSDS is present-

ed in two major parts: a regular model and a refined model.

The regular model includes: (1) development of quality
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system auditing criteria, (2) selection of a suitable
 

checklist developed from ISO 9000 series requirements, (3)
 

development of importance weights for applicable criteria,
 

(4) performance measurement, (5) quality system rating, (6)
 

analysis of quality auditing results, and (7) suggestions
 

for improvement. The refined model is developed to strengt

hen capability of the model and its reliability for con

firming the effectiveness of an operating quality system
 

using quality cost analysis, utility theory and regression
 

analysis.
 

A decision support system (QCSDDSS) based on the
 

Quattro Pro spreadsheet is incorporated to facilitate the
 

application of QCSDS. The QCSDDSS development is based on
 

the regular model using ISO 9002 to provide both tabular and
 

graphical displays for performance demonstration and
 

improvement analysis.
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QUALITY CAPABILITY SELF-DIAGNOSIS:
 

A MULTICRITERIA EVALUATION APPROACH
 

CHAPTER 1
 

INTRODUCTION
 

1.1 Problem and Research Objectives
 

The provision of quality products and services lead
 

companies to better reputations, stronger competitive posi

tions, additional profits, and fewer liabilities. From the
 

perspective of maintaining a total quality control program,
 

markets, money, management, men, motivation, materials, ma

chines and mechanization, modern information methods, and
 

mounting product requirements are the nine fundamental fac

tors that affect quality (Feigenbaum, 1991); from the pro

cess perspective, materials, procedures, methods, informa

tion, people, skills, knowledge, training, and plant/
 

equipment are the input factors that determine the quality
 

of output products (Oakland, 1989).
 

To produce quality products, individual control of
 

these appropriate factors is an essential requirement. It
 

is also evident that a quality system approach and coordi

nated effort that integrate these relevant factors will be
 

required to achieve the economic and effective improvement
 

of quality (Caplan, 1990). Thus, it may be stated that
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good quality arises principally from the implementation of
 

an effective quality system in which appropriate quality
 

factors are both well-planned and controlled.
 

Several different levels of quality system standards
 

have been established for system implementations. These
 

include MIL 9858A, the CAN/CSA 299 series, and a standard
 

series developed by the International Organization for
 

Standardization (ISO), the ISO 9000 series. The ISO 9000
 

quality system standards provide a systematic framework
 

upon which companies may build to establish, document, and
 

maintain effective quality systems that will strengthen
 

their competitive positions while achieving needed product
 

quality in a cost-effective manner (ISO 9000, 1987).
 

Accordingly, demand for quality system certification (oth

erwise referred to as "registration") for the ISO 9000 ser

ies has been growing stronger. This increased demand has
 

been spurred by regulatory organizations, purchasers, and
 

customers, as well as by product liability actions. There

fore, the establishment of a quality system and certifi

cation based on ISO 9000 series standards have become two
 

important issues for companies engaged in domestic as well
 

as international business.
 

For quality system implementations, repeated quality
 

system audits are as equally necessary as system design and
 

development. Audits are used to report actual performance
 

and to identify non-conformities such that necessary cor

rective actions can be initiated. A report from Sawin and
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Hutchens (1991) noted that 70% of the companies that failed
 

the certification had not engaged a preassessment or ad

vance preparation service. This fact points out the key
 

importance of preparatory efforts when implementing a
 

quality system. External preassessment or consultant ser

vices can be a help in this regard, but to adopt these ap

proaches is often time consuming as well as costly. Thus,
 

development of a systematic and competent methodology for
 

self-diagnoses of quality capabilities within individual
 

companies will provide a convenient and less expensive
 

choice to assist in the implementation of an effective
 

quality system.
 

The objective of the present study is to develop a
 

quality capability self-diagnosis scheme (hereinafter iden

tified as QCSDS), based on ISO 9000 series standards,that
 

could be used economically and effectively by individual
 

manufacturers to self-diagnose quality system performance
 

for the purpose of (1) effecting internal improvements or
 

(2) performing relevant analyses prior to seeking external
 

certification by authorized agencies. This research objec

tive is based upon the assumption that the measurement of
 

quality capability provides an indication of a manufactur

er's capability for producing quality products. It is also
 

assumed that improved quality capability will result from
 

the improvement of quality system performance, that imple

mented quality system performance measures are valid indi

cators of manufacturer quality capabilities, and that
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quality system effectiveness exists in relation to the
 

capability of producing quality products. That is, im

provements to system effectiveness signify improved quality
 

capability.
 

The term "quality capability diagnosis," as used in
 

the present study, exceeds the requirements for regular
 

"quality audits" as defined in ISO 8402 (1986). In addi

tion to system performance measurement, the method of
 

quality capability diagnosis developed for the current
 

study has been designed with performance comparison and
 

relevant analysis capabilities, as well as the ability to
 

identify those areas which require further improvement.
 

Several types of parties and/or agencies are involved
 

in the worldwide business of implementing the ISO 9000
 

series standards. Figure 101 provides a graphic represen

tation of the ISO 9000 environment, in which manufacturers,
 

suppliers, purchasers, training organizations, consulting
 

companies, certification bodies, accreditation agencies,
 

accessors (auditors), and end-user clients are the parties
 

involved in or related to the implementation procedure.
 

The proposed QCSDS is initially positioned in the consulta

ncy sector. However, following adoption by a manufacturer,
 

it should be appropriately placed in the area of company
 

internal activities. Though the original purpose of the
 

QCSDS is to provide external quality assurance, in the
 

development process it has been directed primarily at
 

internal self-diagnosis rather than external assessment.
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Figure 101. QCSDS in the Environment of Quality Sys
tem Implementation, Based on ISO 9000 Series Standards.
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The QCSDS is not an industry-specific scheme, rather it can
 

easily be adapted for use by a wide range of manufacturing
 

and service organizations. It is applicable to quality
 

system design and implementation stages prior to certifica

tion application, or to situations in which an organization
 

wishes to know the degree to which its quality system is in
 

conformance with ISO 9000 series standards.
 

1.2 Research Methods and Organization
 

Research for the development of the QCSDS was based
 

upon a review of the literature, the conducting of a field
 

survey, the analysis and decomposition of appropriate stan

dards, the development of a methodology, and the devel

opment of a decision support system, as discussed below.
 

1) Literature Reviews:
 

The literature survey and review covered a wide range
 

of topics related to quality management and quality audits,
 

ISO 9000 series, certification and registration, quality
 

awards, statistical applications used for audits, quanti

tative system evaluation methodologies, multicriteria deci

sion making, supplier selection, and computer programming
 

for decision support systems. Sources containing previous
 

work in both theoretical and applied areas were reviewed.
 

2) Conduct of Survey:
 

A survey was designed, tested, and mailed to 34 repre

sentative quality system registrars for the purpose of
 



7 

seeking information about external quality system audits
 

based on ISO 9000 series standards.
 

3) Analysis and Decomposition of ISO 9000 Series:
 

ISO 9001, 9002 and 9003 were selected as the basis for
 

development of the QCSDS. These standards were analyzed,
 

and then decomposed into organized and question-formatted
 

checklists to facilitate performance measures.
 

4) Development of the Methodology:
 

A quality capability self-diagnosis methodology was
 

developed, based upon ISO 9000 series standards. Multicri

teria evaluation methods, quality auditing methods, statis

tical theorems, utility theories, quality costing methods,
 

and regression analysis were employed in the model develop

ment. A regular model and a refined model are the two
 

primary components developed for the QCSDS. The regular
 

model provides performance rating and analysis, while the
 

refined model is provided to strengthen the model capabil

ities and reliability.
 

5) Development of Decision Support System:
 

Software selection and system development were the two
 

major tasks. The Quattro Pro spreadsheet program was se

lected for programming, based upon concepts of dynamic
 

linking and tableau presentation. The decision support
 

system is designed to facilitate and empower quality capa

bility self-diagnosis.
 

The organization of the research, as outlined above,
 

is graphically represented in Figure 102.
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Figure 102. Research Organization.
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CHAPTER 2
 

QUALITY SYSTEM AUDITS
 

2.1 Introduction to the Quality System Audit
 

2.1.1 Definition of the Quality System Audit
 

The quality system audit examines the status of an
 

operating quality system and identifies the problems in the
 

system. In this role, the quality system audit plays an
 

important role in the processes of quality capability
 

diagnosis.
 

The quality system audit is defined in the American
 

National Standards (ANSI) as (ANSI/ASQC Qi, 1986)
 

a documented activity performed to verify, by
 
examination and evaluations of objective eviden
ce, that applicable elements of the quality sys
tem are appropriate and have been developed,
 
documented and effectively implemented in accor
dance and in conjunction with specified require
ments.
 

This definition is synonymous with that provided by the Na

tional Standard of Canada (CAN/CSA Q395, 1981). These
 

documents also define "quality system" as
 

the documented plans, organizational structure
 
and activities that are implemented to control
 
the conformance of a product or service to speci
fied requirements and to provide evidence of such
 
conformance.
 

Another point of view regards quality system audits as
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a particular category of broader quality audits which are
 

focused upon quality systems. In ISO 8402 (1986), the
 

quality audit is defined as
 

a systematic and independent examination to de
termine whether quality activities and related
 
results comply with planned arrangements and
 
whether these arrangements are implemented effec
tively and are suitable to achieve objectives.
 

The same standard also provides a more compact definition
 

of quality system: "The organizational structure, respon

sibilities, procedures, processes and resources for imple

menting quality management".
 

Elsewhere in the literature, quality system evalua

tion, assessment, or survey are used in place of quality
 

system audit. However, these terms are synonymous in mean

ing.
 

2.1.2 Content of a Quality System Audit
 

From close examination of the definitions given in
 

section 2.1.1, the content of quality system audits can be
 

described as given in the following paragraphs.
 

1) Documentation Audits:
 

A documentation audit involves the conformance of a
 

documented quality program to specified requirements. The
 

documented quality program is generally constructed from
 

reference to a quality manual, quality procedures, instruc

tions, charts, tables, and lists. Specific requirements
 

may be derived from customer contracts, industrial stan
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dards (i.e., association standards, or MIL, ASQC etc.), na

tional standards (e.g., ANSI, BS), or even international
 

standards (e.g., ISO, IEC). The documentation audit is
 

also regarded as a system audit (Sayle, 1985), a suitabil

ity audit (Mills, 1989), an adequacy audit (Robinson,
 

1990), or a policy audit (Reynolds, 1990).
 

2) Implementation Audits:
 

The implementation audit determines if current quality
 

activities are in compliance with the documented quality
 

program. A manufacturer may have established a documented
 

quality program, but the full system will not work if those
 

planned arrangements are not being correctly implemented.
 

Implementation audits are generally accomplished by col

lecting sufficient objective evidence from production
 

areas, based upon application of sampling methods. The
 

implementation audit is also called a compliance audit
 

(Robinson, 1990; Sayle, 1985), a conformity audit (Mills,
 

1989), or a practice audit (Reynolds, 1990).
 

3) Effectiveness Audits:
 

The effectiveness audit verifies the ability of a
 

system to achieve defined quality objectives (ISO 10011-1,
 

1990). Documentation and implementation audits can be per

formed using point-by-point checks or sampling checks in
 

accordance with predesigned auditing procedures. However,
 

in effectiveness audits, experienced and knowledgeable
 

auditors and longer observation time frames are required to
 

justify the effectiveness of the documented or implemented
 



12 

quality activities. Thus, the effectiveness audit is the
 

most difficult part of a quality system audit. As a re

sult, it is often performed separately from routine quality
 

system audits.
 

2.1.3 Classification of the Quality System Audit
 

Quality system audits can be classified as qualitative
 

or quantitative methods. The qualitative method evaluates
 

system performance using non-quantitative methodologies.
 

The demerit method is an example of this category. A
 

second classification is based on the originating location
 

of the personnel conducting an audit. The external quality
 

system audit is performed by auditor(s) representing a
 

company's purchasers, regulatory agencies, or a third
 

party. Internal audits are carried out by management
 

representatives working for the company or hired from out

side to act on behalf of the company (Sayle, 1985).
 

In the quality auditing environment, regulatory bod

ies, purchasers (customers), manufacturers, and suppliers
 

are those who will be involved in the activities. Based on
 

relationships between the auditor and auditee, the follow

ing types of classifications can also be used:
 

a) "third party" audits are performed by organiza

tions independent of the purchaser, manufacturer,
 

or supplier; auditors may be from regulatory
 

agencies, independent certification organiza
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tions, or from registration bodies;
 

b) "second party" audits are performed by purchasers
 

to manufacturers, or by manufacturers to their
 

suppliers; and
 

c) "self-audits" are conducted by an organization to
 

monitor its own quality system.
 

Third party and second party audits belong to the ex

ternal audit classification, while self-audits are classi

fied as internal audits. However, no matter the type of
 

audit used, the quality system audits always play the role
 

of quality assurance and should be objectively performed.
 

2.2 Purpose of Quality System Audits
 

The concept of the PDCA (Plan-Do-Check-Action) man

agement cycle can be used to interpret the implementation
 

of a quality system. In this approach, "plan" indicates
 

the documentation of a quality system, "do" indicates the
 

implementation, "check" indicates the quality system audit,
 

and "action" indicates corrective actions. The basic
 

function of a quality system audit resides in the use of
 

"plan" and "do" to confirm if appropriate documents have
 

been set up in accordance with the specified requirements,
 

and if they have been effectively implemented.
 

In addition to these basic functions, the major pur

poses of quality system audits can be summarized as follows
 

(Arter, 1989; Burr, 1987; Farrow, 1984; Ishikawa, 1987; ISO
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10011-1, 1990; Mills, 1989; Robinson, 1990; Sayle, 1985):
 

1) Quality Improvement: 

a) Monitoring operating quality system performance 

both from the perspective of individual and over

all system activity; 

b) Revealing substandard or anomalous performance or 

precursors of potential problems to identify the 

weakness; 

c) Reporting findings to management and relevant 

departments for correction and improvement; 

d) Determining the effectiveness of the imposed 

quality program; and 

e) Reducing costs of poor quality. 

2) Quality Capability Demonstration: 

a) Demonstrating that the operating quality system 

is in compliance with specified requirements 

established by purchasers or regulatory bodies 

for contract or legislation purpose; 

b) Providing a level of confidence in quality capa

bilities to customers or consumers; 

c) Complying with ISO 9001, 9002 and 9003; and 

d) Meeting requirements for certification/ registra

tion applications or vendor selection. 

In addition, other benefits such as pinpointing the
 

company strengths to improve market position (Farrow,
 

1990), gaining experience from knowledgeable auditors or
 

consultants (Ishikawa, 1987), spreading technologies within
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a company, or reducing product liability (Farrow, 1987);
 

will also be derived through application of a well-planned
 

quality system audit.
 

2.3 Bases for Quality System Audits
 

As noted above, a quality system must be audited
 

against a set of specified criteria. These criteria may be
 

purchasing order requirements, buyer specifications, or
 

applicable regulations, rules, and standards. For example,
 

the international standards ISO 9001-9003 (i.e., identical
 

to American National Standards ANSI/ASQC Q91-Q93) are com

monly used for external audits, and even for self-audits.
 

While the U.S. Department of Defense (DOD) uses MIL 9858A
 

for audits, the U.S. Food and Drug Administration's (FDA)
 

"Good Manufacturing Practices" (GMP) regulations are used
 

for manufacturers of medical devices or pharmaceutical
 

products (Burr, 1987). The Japanese Industrial Standards
 

(JIS) certification scheme uses government rules for quali

ty system audits (JSA, 1991).
 

These rules and standards are usually established
 

following knowledge gained from consultation with relevant
 

professionals through a consensus process. They are con

sidered to be reliable and valid bases for quality system
 

audits. However, these rules and standards are not suffi

ciently detailed to provide checklists for information
 

collection. Thus, the decomposition of these standards
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into question format checklists (also called working papers
 

or sheets) is necessary to facilitate auditing, and to
 

produce a result with thoroughness, consistency and credi

bility (Robinson, 1990).
 

Checklists can be classified as either criteria or de

partmental checklists. The criteria checklist is struc

tured in accordance with the management criteria for quali

ty system standards applicable to specific contracts. The
 

departmental checklist is structured according to discrete
 

departments and reflects the management criteria applicable
 

to those departments (Sayle, 1985). At the least, these
 

checklists should include developed questions and corre

sponding columns for answering the questions. Some de

tailed checklists may also include auditing organization
 

identity, administrative data, measurement of the results,
 

number of observations made (i.e., sample size), or other
 

more detailed information (Mills, 1989; Robinson, 1990).
 

2.4 Auditing Methods
 

Quality system audits are performed by means of col

lecting evidence. Data should be collected through inter

views, examination of documents, and observation of activi

ties and conditions in areas of concern (ISO 10011-1,
 

1990). Various methods are employed to facilitate data
 

collection in documentation and implementation audits, as
 

well as for the effectiveness audits of a quality system.
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Some representative methods for the conduct of quality
 

system audits include:
 

1) Location-oriented vs. Function-oriented Audits:
 

The location-oriented audit surveys all of the ele

ments of a quality program at a particular location or
 

operation within an organization. This audit is intended
 

to encompass actions resulting from each applicable element
 

of the quality program, and from the interaction of various
 

program elements at the location in question. Conversely,
 

a function-oriented audit reviews a particular element or
 

function within a quality program at all locations where
 

applicable. By successive visits to each location, this
 

technique can be used to evaluate a complete program
 

(Mills, 1989).
 

2) Tracing:
 

Tracing audits are a commonly used means of collecting
 

evidence during an audit, following the progress of activi

ties as they are processed. The item traced may be a
 

tangible product or intangible information. In manufactur

ing companies, the "traveller" can be used as road maps for
 

tracing activities (Arter, 1989).
 

Sayle (1985) classified tracing into the trace for

ward, trace backward, and random department methods. In
 

the trace forward, the auditor selects the order(s) of
 

interest, initiates an audit from the sales department and
 

then follows it (or them) through the various departments
 

associated with the current contract phase to the depart
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ment from which the product is handed over to the customer.
 

In trace backward, the working process is the precise oppo

site of the trace forward. For the random department
 

trace, the auditor visits all the departments that are of
 

interest, in whatever order the auditor finds appropriate.
 

Regardless of the method used, choosing one or more
 

relevant transactions for the audit is essential. It is
 

also important to select those transactions which are mean

ingful to the quality of the product or service being pro

duced (Arter, 1989).
 

3) Function Tree Methods:
 

Function-tree audit methods were introduced by Mills
 

(1989) as an analytical tool for examining major functions
 

within an organization. Using this method, a major func

tion is selected and subdivided into the second-level
 

functions contributing to the major activity. This se

quence is then repeated until all contributing activities
 

have been identified. The number of levels will depend
 

upon the complexity of the function analyzed. Once the
 

tree has been developed, detailed analysis starts with
 

functions from the lowest level proceeding to the level of
 

the major function.
 

The function tree method can be used for planning a
 

quality system audit by subdividing the prime audit func

tion into the second-level subfunctions. Each of the sec

ond-level functions can in turn be subdivided into their
 

respective subsidiary functions. Using this method, vari
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ous activities or functions leading to a successful quality
 

system audit can be visibly identified and addressed.
 

Figure 201 shows an example of a function tree for a quali

ty system model based on ISO 9001.
 

First Level	 Second Level Third Level Fourth Level
 

Quality System	 Management ( Omitted ) ( Omitted )
 
Marketing ( Omitted ) ( Omitted )
 
Design ( Omitted ) ( Omitted )
 
Purchasing Supplier Selection
 

Purchase data
 
Verification Incoming Inspection
 
Metrology
 
Nonconforming Segregation
 

Review
 
Disposition
 
Corrective Action
 

Production ( Omitted ) ( Omitted )
 
Quality ( Omitted ) ( Omitted )
 

Source: Mills, 1989, pp. 103-104 (Simplified)
 

Figure 201. Partial Function Tree of A Quality System
 
Model Based on ISO 9001.
 

The function tree method may also be used to identify
 

situations in which identical subfunctions may exist in dif

ferent organizational areas under audit. From this analy

sis, it can be determined where location-oriented audits
 

should be used.
 

4) Matrix or Tableau Methods:
 

In addition to using the function-tree method as a
 

tool for identification of elements to audit, a matrix
 

method, as illustrated by Stephenson (1990), can also be
 

used to locate departments for audit. In this method,
 

quality system standards (or appropriate rules, regula

tions) are classified into two broad categories. One
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includes the clauses or elements which prescribe depart

mental activities and controls (e.g., design, purchasing,
 

manufacturing). The other category includes those clauses
 

or elements which prescribe a number of controls that are
 

relevant to more than one departmental activity.
 

The matrix is structured using first category depart

mental functions as columns and second category control
 

functions as rows. Other department functions, which
 

should be audited but do not receive specific mention in
 

the referred standards, should also be included to con

struct the columns for the matrix. After the frame of a
 

matrix is structured, each section of a particular column
 

should be reviewed against the relevant control clauses.
 

Different notations will be provided based on the results
 

of the review. For example, a tick may be used to signify
 

"applicable," while N/A is used to indicate "not applica

ble." The same analysis can be conducted for each depart

mental column. The completed matrix provides a valuable
 

checklist for areas which require audit.
 

This method produces a compact matrix, but the pre-


classification of column and row elements must be completed
 

in advance. Alternative methods which use all relevant ele

ments as row elements and existing departments as column
 

elements may work equally as well.
 

5) Questioning Techniques:
 

Questioning techniques or interviewing are important
 

means for the collection of audit evidence. Open, closed,
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and clarifying questions constitute the major interview
 

types. Open questions are designed to seek opinions,
 

explanations of how activities are done, the reasoning
 

underlying actions, or attitudes and feelings. This ap

proach requires careful preparation and presentation if
 

confusion is to be avoided. Closed or direct questions can
 

be used when the respondent has the specific information
 

available, has used inferences that are not clear, or has a
 

difficult time participating in a discussion. Clarifying
 

or reflective questions are open questions specifically
 

aimed at obtaining additional information about a subject.
 

The auditee is encouraged to talk, to elaborate, and to
 

provide needed details (Carden & Stephenson, 1990)
 

The traditional "6W" questioning method (i.e., how,
 

what, why, when, where, and who) can be used to force a
 

response, and the proper use of "show me" enables the
 

auditor to verify the auditee's response (Sayle, 1985). To
 

gather required and quality information, the interview pro

cess should be systematically planned to put those audited
 

at ease. In addition, suggesting answers, using terminology
 

containing emotive words or implications, or tricking and
 

trapping questions should be avoided (Van Nest, 1988).
 

6) Task Assessment:
 

An operating quality system consists of a number of
 

tasks. Task assessment is essential to ensure that the
 

quality system will be operable and maintainable in an
 

effective and efficient manner. Sayle (1985) considers that
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every task unit comprises a set of up to four elements,
 

including: a person, or someone who performs the task; an
 

item, or something to work on; equipment, or the tools
 

required to perform the task; and documentation, the admin

istrative records that are either received or generated by
 

a particular task unit.
 

When auditing a person, competence, training, identi

fication, motivation, and correct attributes are the crite

ria for consideration; when auditing an item, correct type
 

and condition, all present, and identification are the
 

criteria for consideration; when auditing equipment, cor

rect type, correct condition, correct capability, identifi

cation, and correct location and environment are the crite

ria for consideration; and when auditing documentation,
 

correct generation, correct content, correct edition,
 

correct condition, correct distribution and identification
 

are the criteria for consideration (Sayle, 1985).
 

In addition to these four elements, Carden and Steph

enson (1990) have provided two additional elements: methods
 

and environment. To audit a method, the definition and the
 

appropriateness of the method, and compliance with the
 

method described, are the audit features. For environ

mental assessment, working conditions and morale are empha

sized.
 

7) Sampling Audit Methods:
 

As discussed in section 2.1, documentation and imple

mentation audits are two major components of quality system
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audits. Documentation audits require point-by-point com

parisons between specified requirements and the documenta

tion which forms the quality system. Thus, no sampling is
 

required. In contrast, the evidence, located in most of
 

the relevant areas, to be collected for implementation
 

audits is usually considerable in extent. Thus, appropri

ate sampling techniques are useful to produce cost-effec

tive but significant results. The terms "spot checks" and
 

"decision sampling" are discussed by Sayle (1985) and Mills
 

(1989), respectively, for this purpose.
 

For implementation audits, the assumption of sampling
 

based upon either an infinite or a finite population is
 

selected. In addition, it can also be classified as "sam

pling by attributes" or "sampling by variables," depending
 

upon the audit means. Binomial, hypogeometric, and normal
 

distribution algorithms are usually used for appropriate
 

interpretation.
 

a) MIL STD 105D Sampling Plan:
 

MIL STD 105D is a sampling plan commonly used in
 

acceptance sampling for attributes. Its procedures can
 

also be used for implementation audits. When using this
 

plan, each component activity is subject to sampling by
 

first selecting a sampling level and AQL; the sample size,
 

acceptance number, and rejection number can then be deter

mined easily by checking a predesigned table. For this
 

application, required sample evidence is drawn from each
 

component activity by observation, checking, or interviews.
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After appropriate samples have been collected and judged
 

with "yes" or "no" (or other binary judgement, such as good
 

or bad, pass or fail), an acceptability decision may be
 

made for a particular quality activity being audited.
 

b) Binomial Sampling Audit:
 

This method is used for attribute sampling based upon
 

the assumption of an infinite population. The sample size
 

used for evidence collection can be dependent upon economic
 

considerations within a company, but should be large enough
 

to permit useful statistical analysis. A binary response,
 

representing "yes" or "no" (or pass or fail) should be
 

given to each auditing question. Using this method, the
 

degree of conformity (DOC) or quality performance level
 

(QPL) and the corresponding standard deviation can be esti

mated using a formula developed from the binomial distribu

tion. If n denotes the sample size and g denotes the num

ber of positive responses, then the estimated degree of
 

conformity E(DOC), and the standard deviation S(DOC) can be
 

estimated using following formulas:
 

E(DOC) =1 , (2.1)

n 

E (DOC) [1-E (DOC) ] (2.2) 
I
S (DOC) 

Several statistical inferences can be drawn from use
 

of E(DOC) and S(DOC). The most useful and understandable
 

inference is confidence interval. There are several appro
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aches to constructing the confidence interval for E(DOC). 

If nE(DOC) and n[(1 E(DOC)] are both greater than 5, then 

the normal approximation to the binomial can be used (Mill

er et. al, 1990), resulting in the 100(1 ot)% confidence 

interval:
 

E(DOC) Za/2S (DOC) (DOC) (DOC) + Zai2S (DOC) , (2.3)
 

where M(DOC) is the mean value of DOC. If n is small, then 

the table of binomial distribution should be used to estab

lish the confidence interval for DOC; if n is large but 

E(DOC) is small, then the Poisson approximation to the bi

nomial is useful for construction of the confidence inter

val (Duncan 1974; Montgomery, 1991). 

The discussion above can also be applied to finite
 

population situations as long as the sample size n is less 

than 10% of the size of population N (Montgomery, 1991). A
 

more accurate formula can be used to estimate the standard
 

deviation:
 

E(DOC) [1-E (DOC)] (2.4)S (DOC) = x (1-12) . 

Moreover, a significant sample size can also be calculated
 

based on the desired precision, e, in which
 

E (DOC) [1-E (DOC) ]n (2.5)
[e/ f] 2 4-{E (DOC) [1-E (DOC)] N} 

where f = 1.64 for the 90% confidence level, 1.96 for the
 

95% confidence level, and 2.58 for the 99% confidence level
 

(McRae, 1974).
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c) Normal Sampling Audit:
 

This method is used for sampling by variables. The
 

characteristic to be audited is a normal random variable
 

denoted by X, with unknown mean value and standard devia

tion. Suppose a random sample of n observations is taken
 

(audited), then the mean E(X) and standard deviation S(X)
 

of the population can be estimated using the following
 

formulas:
 

E(X) = ( Xi) /n (2.6)
 

2[XiE(X) (2.7)
s(x) = i=1 

n-1
 

Using the estimated mean and the standard deviation,
 

both two-sided and one-sided confidence intervals can be
 

constructed, as given in the following cases:
 

Case 1: When the sample size n < 30, the t distribu

tion is applied for
 

(a) 100(1 ce)% two-sided confidence interval:
 

S(X) )
E(X) /2,n-1 S(X) SE(X) +ta /2,n -1 (2.8) 
VT2
 

(b) 100(1 ol)% one-sided confidence interval:
 

S (Al
M(X)E(X) (upper) (2.9)
+ox,72-1.
 

S (X)
M(X) (X) -ta (lower) , (2.10)
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where M(X) denotes the mean value of the characteristic 1C,
 

tc,,,,4 denotes the percentage point of the t distribution with
 

n-1 degree of freedom such that Pitt, = ce (Montgom

ery, 1991)
 

Case 2: When the sample size n a 30, the normal dis

tribution is applied, as follows:
 

(a) 100(1 ot)% two-sided confidence interval:
 

S (X) S (X)


E (X) -Za/2 M(X) E'(X) +Za/2 (2.11)
 
-12
 

(b) 100(1 a)% one-sided confidence interval:
 

(21
M(X)E(X)+Za S (upper) (2.12) 

PI(X)E(A)-Z, Ste) (lower) , (2.13) 

where za is the percentage point of the N(0,1) distribution
 

such that P(Z a Za) = ce (Miller, et. al, 1990; Montgomery,
 

1991) .
 

This method is concerned with problems with variable
 

characteristics. Thus, when the audit results for each
 

sample evidence are expressed using a DOC scaled between 01
 

and 1001, then the expected DOC, standard deviation and
 

confidence interval for each component quality activity can
 

be calculated using the formulas (2.6) to (2.13)
 

d) Hypergeometric Sampling Audit:
 

Bailie (1985) introduced a sampling method for quality
 

performance measures based on a hypergeometric distribution
 

algorithm. This method is also used in attribute sampling
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audits for finite populations. A binary response in terms 

of "yes" or "no" should be given for each sample evalua

tion. Suppose n samples are taken from a lot of size N, of 

which D are nonconforming, then the probability of obtain

ing C nonconforming items or fewer, that is, the proba

bility P(0 s X s C), can be calculated using the hyper-

geometric formula as follows: 

P(OXC)-f (2.14) 
d=0 

To use this formula, Bailie (1985) defined the confi

dence level as 1 P(0 s X s C). The higher confidence 

level indicates the strictness of the sampling plan, thus 

greater confidence will be the result. If N is known and 

the values of C, n and 1 P(0 s X s C) are preset, then 

the value of D and the quality level of a particular quali

ty activity under audit can be determined. 

Bailie (1985) used a microcomputer to generate a
 

table, as shown in Appendix 2A, with a 90% confidence level
 

for different combinations of N, C, n, and quality level.
 

Using the 90% confidence level, the sample population of a
 

quality activity N can be known, and n is chosen; the qual

ity level can then be determined easily by using C (denoted
 

as x on the table) as found in the audit. Interpolation
 

between sample sizes can also be used for those selected
 

sample sizes n which are not listed on the table. Using
 

the same algorithm, other tables with different confidence
 

http:P(OXC)-f(2.14


29 

levels can be developed and applied.
 

e) Zero-Acceptance Sampling:
 

Using an approach similar to that of Bailie, Mills
 

(1989) introduced a zero-acceptance sampling method for
 

attribute auditing of quality activity for an infinite
 

population. Rather than hypergeometric algorithm, a bino

mial algorithm was applied. The confidence level (CL), an
 

essential concept, is defined as the level expressing the
 

degree of certainty that the selected sample contains at
 

least one example of any errors that are present. Mathe

matically, this is expressed as
 

CL=1-P =1- (n)P° (i-P)n=i-qn (2.15) 
0
 

and hence
 

(2.16)
Po = qn 

where
 

n is sample size,
 

CL is the confidence level,
 

Po is the risk of not detecting at least one example
 

of any errors present, when using a sample size
 

n;
 

P is the decimal nonconformity level of the
 

population, that is, the acceptable error rate and
 

q is the decimal quality level of the population,
 

that is, the acceptable performance level.
 

The definition of confidence level is different from
 

that defined by Bailie (1985), but the similarity is that
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the greater the CL, the stricter the sampling plan will be
 

and thus greater confidence will be the result.
 

The sample size n can be solved by taking the loga

rithm for both sides of equation (2.16),
 

log Pc, = log qfl , and
 

logPo logPo 
n (2.17)


logq log (1-P)
 

Choosing a desired confidence level (1 Pd and ac

ceptable performance level (P), the formula (2.17) will 

prompt a sample size base for the sampling audit. If, 

after evaluating the sample evidence, nonconformities are 

not found, then it may be said that the audit is 100CL% 

confidence that the quality performance level will be at 

least 100P% (Mills, 1989). 

2.5 Performance Rating and Reporting Methods
 

Conceptually, performance rating and reporting methods
 

are complementary; that is, the rating results provide
 

information for performance reporting. When scores are
 

used to report performance, rating is also referred to as
 

scoring in some of the literature. The purpose of rating
 

is to reflect the performance status of an operating quali

ty system. It can also be used to determine if performance
 

has improved since the last audit. In addition, the rating
 

results will form a basis for further analysis to identify
 

weaknesses and initiate necessary improvement activities.
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In the following paragraphs, some methods used for
 

performance rating/reporting of quality system audits,
 

including both qualitative and quantitative, are presented.
 

1) 100-Point Scoring:
 

This method is one of the more commonly used methods
 

applied to quantitative performance reports for quality
 

systems and/or particular quality activities. The 100
 

point scale may be used to directly reflect the status of
 

performance being measured, or it may be transformed from
 

other discrete performance levels. However, in terms of
 

the quality performance measured, the magnitude of the
 

score is always used to proportionally represent the degree
 

of conformity or satisfaction. Robinson (1990) illustrated
 

a similar scoring method, 0%-100%, to report performance
 

both for individual requirements and overall systems in
 

defense industries. In addition to the percentage scale,
 

four auxiliary performance levels (excellent, 90%-100%;
 

satisfactory, 65%-89%; poor, 50%-64%; and unacceptable,
 

below 50%) are also used to report the degree of goodness
 

in this method.
 

El-Marsy (1981) illustrated a scoring method using
 

weighted averaging to derive a 100 point based overall
 

system score, in which
 

R = + r2u2 +...+ rflurn)/(144 + w2 +...+ 147,0 ,
 

where R is the overall system rating, ri and wi are the
 

score and weight of element j respectively
 .
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2) Other Fixed-Point Scoring:
 

Rather than use a 0 to 100 point scale to report the
 

performance, the Malcolm Baldrige National Quality Award
 

has adopted 1,000 points to report quality performance.
 

These 1,000 points are unevenly spread over seven catego

ries, based on preassigned importance, including leader

ship, information and analysis, strategic quality planning,
 

human resource utilization, quality assurance of products
 

and services, quality results, and customer satisfaction.
 

The allocation of the points differ slightly for each year.
 

Table 201 shows the point allocation for years 1988-1992
 

(Case & Bigelow, 1992; Decarlo & Sterett, 1990; Desatnick,
 

1992; Heaphy, 1992; Leifeld, 1992; Marquardt, 1992; Omdahl,
 

1992; Stundza, 1992).
 

In addition to the seven first-level categories,
 

second-level subcategories are also built within each cate

gory to share unallocated points. The importance weights
 

for each category and subcategory are thus constructed ac

cordingly. Finally, a system performance score is derived
 

in accordance with this point allocation structure.
 

A similar scoring method is used for awarding the
 

Shingo Prize for Excellence in American Manufacturing. The
 

achievement criteria consist of three categories and 10
 

subcategories. Each category and subcategory is assigned
 

different point values, contributing to a total of 1,000
 

points (Shingo, 1993).
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Table 201. Scoring Allocation Among Each Category of the
 
Malcolm Baldrige National Quality Award.
 

Year
 
Points 1988 1989 1990 1991 1992
 

(scores)
 

Categories
 

1.Leadership	 150 120 100 100 90
 

2.Information and Analysis 75 60 60 70 80
 

3.Strategic Quality Planning 75 80 90 60 60
 

4.Human Resource Utilization 150 150 150 150 150
 
(Human Resource Development and
 
Management)
 

5.Quality Assurance of Product 150 140 150 140 140
 
and Service (Management of Pro
cess Quality)
 

6.Quality Results (Quality and 100 150 150 180 180
 

Operational Results)
 

7.Customer Satisfaction (Cus- 300 300 300 300 300
 
tomer Focus and Satisfaction)
 

Total	 1000 1000 1000 1000 1000
 

3) Seriousness Classification:
 

Because the results of a quality system audit appear
 

in the form of the presence or absence of deficiencies and
 

failures, the seriousness classification method can be used
 

to report system performance. Terms such as critical,
 

major, minor or incidental deficiency are commonly used for
 

leveling the seriousness classification:
 

a)	 Critical deficiency will almost certainly result
 

in failure of the quality system.
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b) Major deficiency will materially reduce effec

tiveness, or could result in failure of the qual

ity system.
 

c)	 Minor deficiency will not materially reduce the
 

effectiveness of the quality system, but will
 

reduce its effectiveness to some small degree.
 

d)	 Incidental deficiency probably will not reduce
 

the effectiveness of the quality system, but is
 

not good quality management practice (BCIQ, 1977)
 

Warner Lambert company used a similar concept for
 

quality assurance auditing (Buccella, 1988). However, in
 

place of using the deficiency terminology, the company
 

developed three levels of risk factors to represent the
 

severity of observations in relation to risk to the compa

ny: 

a) Minor risk: aesthetics and/or minimal business 

impact; 

b) Major risk: significant effect upon product qual

ity and/or business objectives; and 

c) Critical risk: severe effect upon product quali

ty, safety and/or business objectives. 

System performance is usually reported by giving the
 

number and classification of the deficiency assessed from
 

the audited system. This method is sometimes also called
 

the demerit method, and can also be used for classifying
 

product defects (Montgomery, 1991).
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4) Quantified Seriousness Classification:
 

In addition to use of the concept of seriousness, some
 

quality system rating schemes also incorporate demerit
 

values for each kind of deficiency to quantify the classi

fication method. This method considers the importance of
 

the deficiencies by assigning different numerical values to
 

different classified deficiencies. BCIQ (1977) uses desir

ability scoring to quantify the classified deficiencies,
 

based on the theory of the desirability function as pre

sented by Harrington (1965).
 

Quantified values are assigned to each kind of defi

ciency as follows: 

Deficiency Desirability Scores 

Critical 0.006 

Major 0.20 

Minor 0.60 

Incidental 0.85 

None 0.95 

Geometric averaging is then used to rate the overall sys

tem. For example, if the number of applicable requirements
 

for a quality system to be audited is 34, and the number of
 

each type of deficiency is 0, 1, 15, 10 and 8, respective

ly, then the overall rating representing the quality system
 

performance is:
 

[(0.006)°(0.20)1(0.60)15(0.85)10 (0.95)91/34 = 0.72
 .
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The rating value will be located within the interval of
 

[0.006, 0.95], in which 0.006 represents the worst system
 

performance and 0.95 represents perfect system performance.
 

A grading system has also been developed, based upon the
 

resulting rating values required to level performance for a
 

quality system.
 

5) Scaled Rating:
 

The International Electrotechnical Commission Quality
 

Assessment Scheme uses the scale 1, 2, 3, 4 to determine
 

the actual facility implementation of a quality system
 

process (IECQ, 1984). Using the manufacturer survey form
 

as a checklist to audit the documentation and implementa

tion status of a particular quality activity, a digit
 

selected from the scale 1, 2, 3 or 4 will be assigned as a
 

value to each corresponding question. The assignment of
 

the digit number is based on following matrix:
 

Documentation
 

Yes No 

Implementation Yes 1 2 

No 3 4 

The number 1 demonstrates the most efficient quality activ

ity, whereas the number 4 demonstrates the least efficient
 

activity. This rating method provides a numerical approach
 

for the quantification of the performance measure.
 

A similar scoring criteria was also used by the Thermo
 

King Corporation. In this scoring guideline, each quality
 

program requirement could fall into one or more of four
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categories: required procedures exist, procedures and
 

practice agree, procedures meet requirements, and results
 

are effective. Meeting any one of these categories earns
 

25% for the total score. After incorporating the quality
 

performance indicator, the internal and external feedback
 

data, a 100-point rating score is generated to report the
 

performance of an operating quality program (Kane, 1984).
 

6) Quality Indicators:
 

Another approach to report and monitor the performance
 

of an individual quality activity and overall quality
 

system is the quality indicator method proposed by Puri and
 

McWhinnie (1979, 1983). This method provides the same
 

functions as the quality system audit, thus it is included
 

for illustration.
 

A quality indicator is a valid and reliable measure
 

that can be used to identify and monitor levels of change
 

over time for a quality system or activity. The indicator
 

development process involves division of the system into
 

components or activities and establishing goals for each
 

component. To develop indicators for total quality manage

ment, the activities involved in the whole program and for
 

each activity are first identified, and a goal or set of
 

goals is then established. Next, for each goal area, the
 

outputs and the relevant inputs are determined. Once a
 

series of precise, valid, and reliable indicators have been
 

established and are available for reporting individual
 

activity, a global index integrating some or all of the
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individual indicators is established. In addition, compo

nent indicators can be weighted according to their relative
 

importance in the total quality management function, such
 

that a monthly or quarterly index may be used to report on
 

the status of the total quality program to management.
 

7) Quality Cost Analysis:
 

Quality cost analysis provides a means to evaluate the
 

adequacy and effectiveness of a quality management system.
 

In addition, an overview of quality status can be obtained
 

by collecting information on costs incurred by poor quality
 

(ISO 9004, 1987; Gryna, 1988a). Thus, the quality costing
 

method provides functions similar to those of quality
 

system audits. Both methods can be used to report and
 

monitor operating quality system performance.
 

Quality costs are those incurred for reason of poor
 

quality functions or activities. A number of companies
 

place these costs within four broad categories: internal
 

failure costs, external failure costs, appraisal costs and
 

prevention costs. The content of each of these cost cate

gories is shown in Table 202.
 

The usual method of reporting costs is in terms of the
 

ratio of quality costs to an appropriate base, the costs of
 

a measurable activity. The bases most often used, and
 

their advantages and disadvantages are listed in Table 203.
 

The normal quality cost model shows that as the quality of
 

conformance (or effectiveness) improves and approaches
 

100%., failure costs are reduced until such time as they
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Table 202. Content of the Quality Cost Categories.
 

INTERNAL FAILURE COSTS
 
. Scrap
 
. Rework, reprocessing
 
. Failure analysis
 

Downtime
 
Yield Losses
 

. Downgrading
 
One hundred percent sorting inspection
 

. Reinspection, retest
 
Avoidable process losses
 

EXTERNAL FAILURE COSTS
 
. Complaint adjustment
 
. Product service
 
. Returned product/material
 
. Warranty charges
 
. Product recall costs
 
. Liability costs
 
. Indirect costs
 
. Allowances
 

APPRAISAL COSTS
 
. Inspection and test of incoming material
 
. Maintaining accuracy of test equipment
 
. In-process inspection and test
 
. Final inspection and test
 
. Product quality audits
 
. Inspection and test materials and services
 
. Evaluation of stocks
 

PREVENTION COSTS
 
Quality planning and engineering
 

. New products review
 

. Product/process design
 

. Process control
 

. Burn-in
 

. Training
 

Quality data acquisition and analysis
 
Quality audits
 

. Supplier quality evaluation
 

Source: ISO 9004, 1987; Gryna, 1988a; Montgomery, 1991.
 

approach zero. That is, if the product or service is per

fect, there are no failure costs (Besterfied, 1990). Based
 

on this phenomenon, a useful indicator to interpret effec

tiveness can be developed. Thus, quality costing can be a
 

valid tool to report on quality system effectiveness, es

pecially for purposes of internal self-evaluation. Addi

tional discussion on the application of this method will be
 

presented in section 4.8.
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Table 203 Measurement Bases for Quality Costs.
 

BASE	 ADVANTAGES DISADVANTAGES
 

Direct labor Readily available and Can be drastically
 

hour understood influenced by
 
automation
 

Direct labor	 Available and Can be drastically
 

dollars	 understood; tends to influenced by
 
balance any infla- automation
 
tion effect
 

Standard manu- More stability than Includes overhead costs
 

facturing above both fixed and variable
 

cost dollars
 

Value-added Useful when processing Not useful for comparing
 

costs dollars costs are important different type of
 
manufacturing departments
 

Sales dollars Appeals to higher Sales dollars can be
 
management influenced by changes in price,
 

marketing costs, demand, etc.
 

Product units Simplicity	 Not appropriate when
 
different products are
 
made unless "equivalent" item
 
can be defined
 

Source: Gryna, 1988a
 

2.6 Procedures for Conducting a Quality System Audit
 

As noted previously, there are two principal types of
 

quality system audits: external and internal audits. Pro

cedures for external audits are described in detail, using
 

a flow chart format, in ANSI/ASQC Q1 (1986). As described
 

in ISO 10011-1 (1990), external audit procedures may be
 

summarized as follows:
 

Step 1, Initiating the Audit:
 

Key activities include determination of the audit
 

scope and audit frequency, and preliminary review
 

of the auditee's quality system description.
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Step 2, Preparing the Audit:
 

Key activities include making the audit plan, assign

ing an audit team, and preparing the working documents.
 

Step 3, Executing the Audit:
 

Key activities include holding an open meeting, exami

nation, and holding a closing meeting with the auditee.
 

Step 4, Audit Documents:
 

Audit documentation includes report preparation,
 

report content determination, report distribution, and
 

record retention.
 

Procedures for the internal quality system audit are
 

basically similar to those for external audits. The prin

cipal differences include who conducts the audits, com

pleteness, and frequency. Mills (1989) has summarized the
 

steps for conducting an internal quality audit as follows:
 

Step 1, Initiation of the Audit:
 

A general policy and operating rules defining respon

sibilities and reporting lines for an internal quality
 

system audit program are established.
 

Step 2, Preparation of the Audit Documents:
 

Documents may include audit instructions, conformity
 

audit papers, corrective action request format, and report

ing format.
 

Step 3, Opening Management Meeting:
 

Participants include all members of the management
 

team, who must reach a consensus or mutual agreement on how
 

the audit will be conducted.
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Step 4, Operational Meeting:
 

This meeting is held with line supervisors to review
 

how the audits will operate. Relevant staff and auditors
 

should attend to become aware of any concerns expressed by
 

supervisors.
 

Step 5, Initial Visit to Plant Areas:
 

The initial visits will be conducted through the
 

supervisor concerned, serving to introduce the auditor and
 

explain the purpose of the audit to those performing the
 

various tasks to be audited.
 

Step 6, Subsequent Visits to Plant Areas:
 

Tasks at this stage may involve questioning employees,
 

or monitoring the activities of operators or others carry

ing out their regular duties.
 

Step 7, Quality Auditor Reviews:
 

Are used for auditing larger facilities when several
 

auditors are working in different areas simultaneously.
 

Meetings of the auditors allow comparison of findings de

rived from individual audits. This type of information and
 

experience exchange allows the most rapid detection of
 

possible problem patterns. Reviews may be conducted daily
 

or less frequently.
 

Step 8, Reviews with Supervisors:
 

Reviews should be conducted prior to the distribution
 

of the status report to higher management, allowing con

cerned supervisors the opportunity to prepare for any
 

questions or comments that may result.
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Step 9, Managerial Reviews:
 

The content of these reviews includes status reports,
 

quality audit activities, and audit results. The reviews
 

are held periodically with the management team.
 

In addition to consideration of customer requests, and
 

specified or regulatory requirements, the frequency of the
 

external audit is typically dependent upon significant
 

changes in management, organization, policy, techniques, or
 

technologies that could affect the quality system or chang

es to the system itself, as well as the results of the most
 

recent previous audits. Performance of internal audits may
 

be organized on a regular basis for management or business
 

purposes (ISO 9004, 1987; ISO 10011-1, 1990). An internal
 

audit can be followed by an external audit to form a two-


tier audit system, as described by Goldstein (1983).
 

The time spent on a quality system review is dependent
 

upon the content to be audited and the standards or crite

ria in use. For a two- to three-day audit, it is expected
 

that personnel interviews will require four to eight hours,
 

documentation checks will require a half-day, and tours of
 

plant facilities and talking with operators will require
 

five to eight hours, with additional time as necessary
 

allotted for team and management meetings (Lamprecht,1992).
 

2.7 Criteria for Quality System Auditors
 

To produce satisfactory and useful results, the quali
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ty system audit must be conducted by independent and compe

tent auditors. A number of standards, including ISO 9004
 

(1987), ISO 9000-2 (1993), CAN/CSA 2299 series (1985), and
 

BS 5750 part 4 (1990), require that the audit of a quality
 

system should be objectively conducted by competent per

sonnel who are independent of the specific activities or
 

areas being audited. For internal audits, the auditors may
 

be drawn from various levels and functions within the com

pany. Jackson (1992) suggested that as many as 10 percent
 

of the employees should be trained as internal auditors.
 

ISO 10011-2 (1991) provides guidance on qualification
 

criteria for auditors with the object of conducting compe

tent internal audits. The criteria consist of education
 

and training levels, experience, personal attributes,
 

management capabilities, maintenance of competence, and
 

language ability. These criteria are summarized as fol

lows:
 

1) Education:
 

Requires secondary equivalent or higher education,
 

with demonstrated competence in the clear and fluent ex

pression of concepts and ideas orally and in writing in an
 

appropriate language.
 

2) Training:
 

Appropriate training is required to ensure auditor
 

competence in skills necessary to the conduct of audits.
 

Relevant training includes knowledge and understanding of
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the applicable quality system standards, assessment skills,
 

and other required additional skills.
 

3) Experience:
 

Experience required includes four years of full-time
 

appropriate practical workplace experience, at least two
 

years of which should have been in quality assurance activ

ities.
 

4) Personal Attributes:
 

Auditor candidates should be open-minded and mature;
 

possess sound judgement, analytical skills and tenacity;
 

have the ability to perceive situations realistically, to
 

understand complex operations from a broad perspective, and
 

to understand the role of individual units within the
 

overall organization.
 

5) Management Capability:
 

Auditor candidates should have the capability to use
 

necessary management skills required for audits.
 

6) Maintenance of Competence:
 

Candidates are required to track current knowledge of
 

quality system standards, auditing procedures and methods,
 

and to participate in appropriate training as necessary to
 

maintain competence.
 

7) Language:
 

Fluency and necessary technical language skills are
 

essential language criterion.
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2.8 ISO 9000 Series Standards and Ouality System Audits
 

2.8.1 ISO 9000 Series Standards
 

The ISO 9000 International series standards compose a
 

set of quality system standards developed by international
 

quality experts through a consensus process (ISO, 1989).
 

This series consists of 12 related standards developed for
 

internal quality management and external quality assurance
 

purposes, as shown in Table 204. Suppliers can use these
 

standards for quality system implementation; customers may
 

specify that the quality of goods and services purchased
 

shall be controlled by a quality system compliant with ISO
 

9000 standards; and purchasers, regulatory agencies, or
 

third party organizations may use them as a basis for
 

quality system audits or certification.
 

For manufacturing companies, quality activities are
 

for the greater part referenced in ISO 9000, 9000-2, 9001,
 

9002, 9003 and 9004, while an additional six can be regard

ed as supporting standards. ISO 9001-9003 are three alter

native quality assurance models which represent three dis

tinct forms of "functional or organizational capability"
 

suitable for two-party contractual purpose. The require

ments specified in ISO 9001 (1987) are aimed primarily at
 

the prevention of nonconformity at all stages from design
 

through to servicing. The requirements specified in ISO
 

9002 (1987) are aimed primarily at preventing and at de

tecting any nonconformity during production and installa
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Table 204 List of ISO 9000 Standard Series.
 

ISO 8402 Quality Vocabulary
 
(1986)
 

ISO 9000 Quality management and quality assurance
 
(1987) standards--Guidelines for selection and use
 

ISO 9000-2 Quality management and quality assurance
 
(1992) standards--Part 2: Generic guidelines for the
 

application of ISO 9001, ISO 9002 and ISO 9003
 

ISO 9000-3 Quality management and quality assurance
 
(1993)	 standards--Part 3: Guidelines for the application
 

of ISO 9001 to the development, supply and
 
maintenance of software
 

ISO 9001 Quality System--Model for quality assurance
 
(1987) in design/development, production, installation
 

and servicing
 

ISO 9002 Quality System--Model for quality assurance
 
(1987) in production and installation
 

ISO 9003 Quality System--Model for quality assurance in
 
(1987) final inspection and test
 

ISO 9004 Quality management and quality system elements- 
(1987) Guidelines
 

ISO 9004-2 Quality management and quality system elements
(1991) Part 2: Guidelines for services
 

ISO 10011-1 Guidelines for auditing quality systems
(1990) Part 1: Auditing
 

ISO 10011-2 Guidelines for auditing quality systems
(1991) Part 2: Qualification criteria for quality
 

quality systems auditors.
 

ISO 10011-3 Guidelines for auditing quality systems- 
(1991) Part 3: Management of audit, programs
 

tion, and implementing the means to prevent its recurrence.
 

ISO 9003 (1987) specifies the quality system requirements
 

used for demonstration of the supplier's capability to
 

detect and control the disposition of any product noncon

formity during final inspection and test. These three
 

standards are complementary (i.e., not alternatives) to the
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technical (product/service) specified requirements. In
 

addition, it is intended that these three standards will
 

normally be adopted in their present form. However, on
 

occasion they may need to be tailored for specific con

tractual situations (ISO 9000, 1987). A content comparison
 

of ISO 9001, 9002 and 9003 is given in Figure 202.
 

ISO 9004 (1987) describes a basic set of elements
 

through which quality management systems can be developed
 

and implemented. Guidance is provided for the technical,
 

administrative and human factors which affect the quality
 

of products or services at all stages of the quality loop,
 

from detection of need to customer satisfaction.
 

ISO 9000 (1987) provides guidelines for the selection
 

and use of ISO 9001, 9002 and 9003, whereas ISO 9000-2
 

(1993) provides generic guidelines for the application of
 

these three standards. The functional relationships be

tween these seven standards are shown in Figure 203.
 

2.8.2 ISO 9000 Series as a Basis for Ouality System
 
Audits
 

Like other quality system standards, such as MIL 9858A
 

(1985), or CAN/CSA 2299 series (1985), ISO 9001-9003 stan

dards are for use as external quality assurance. Quality
 

system audits provide effective tools for quality assurance
 

whether external auditors are used or internal personnel
 

are required to play an independent role. ISO 9001-9003
 

define those activities needed to achieve quality objec
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20 Requirements
 

18 Requirements Irrytng 

Internal Quality Audits 
Contract Review 
Purchasing 
Process Control

12 Requirements Corrective Action 
Purchaser Supplied Product 

Management Responsibility
 
Quality System

Document Control
 
Product Identification
 
inspection & Testing
 
Inspection,Measuring & Test
 
Equipment


Inspection & Test Status
 
Control of Nonconforming Product

Handling, Storage, Packaging &
 

Delivery
 
Quality Records
 
Training
 
Statistical Techniques
 

ISO 9003 ISO 9002 ISO 9001 

Figure 202. Generic Comparison of ISO 9001, 9002, and 9003
 

ISO 8402 
Quality Vocabulary
 

ISO 9000 / 9000-2
 
Selection, Use/Application 

ISO 9004 
Internal Quality
Management 

. ISO 9004 : Guidelines 
for Quality Management and 
Quality System Elements 

ISO 9001,9002,9003 
3 Models for External 
Quality Assurance

(Functional & Organizational
Capability) 

. ISO 9001 : QA Model In
Design /Development ,
Production, Installation and
Servicing 

. ISO 9002 : QA Model in
Production and Installation 

. ISO 9003 : QA Model In
Final Inspection & Test 

. Can be Tailored for Specific
Purpose 

Figure 203. Structure of ISO 9000 Series
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tives, provide criteria for evaluation, and thereby in

crease the objectivity of audits, and are useful for pro

viding common understanding of the activities required of
 

all bidders (Gryna, 1988b). Thus, these standards are
 

suitable in nature for use as the basis for quality system
 

audits.
 

In addition, the adoption of ISO 9001, 9002 and 9003
 

as criteria for quality system audits has also been derived
 

from the following factors of influence:
 

1) World-wide Recognition:
 

Over the past few years, there has been a strong
 

undercurrent toward acceptance of the ISO 9000 series
 

standards as universal quality system standards (Sawin &
 

Hutchens, 1991). More than 50 countries have adopted this
 

standards series as national standards (Internal Auditor,
 

1993, Jakson, 1992; Sprow, 1992). In addition, many buyers
 

and sellers have actively participated in the use of these
 

unified standards, in the expectation of mutual recognition
 

from which the benefits of fewer second party audits will
 

result.
 

2) Regulatory Requirements:
 

The European Community (EC) product liability direc

tive (1985) was amended in 1989 to include a product safety
 

directive which requires companies to have a documented and
 

implemented quality system at least as good as the ISO 9000
 

(EN 29000) series (Lamprecht, 1992; Wadsworth, 1991). This
 

act urged those companies doing business with EC to use
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this standard series. Similarly, the intent to adopt the
 

ISO 9000 series by the U.S. DOD has had much the same
 

effect in the United States (Peach, 1991).
 

3) Purchaser/customer Expectations:
 

The factors described in 1 and 2 above has served to
 

urge purchasers or customers to select suppliers who are
 

compliant with the ISO 9000 series. The expectation of
 

quality products will also drive purchasers seeking sup

plies toward those companies operating a good quality
 

system based on the ISO 9000 series (Yates, 1993).
 

4) Quality Improvement and Cost Reduction:
 

Benefits from application of the ISO 9000 series can
 

be expected as follows: (a) cost savings, for reason of
 

more efficient procedures and a decrease in scrap and
 

reworking; (b) assurance of satisfied customers since
 

quality will be built into products at every stage of
 

development. A survey conducted by the LRQ Review (1993),
 

among companies who have gained ISO 9000 approval, indi

cated that all of them have indicated overall satisfaction
 

with the benefits of obtaining ISO 9000 approval. The
 

survey also revealed that 90% of QA managers and 93% of
 

decision makers felt that the ISO 9000 quality system
 

brought improvements in management control. Consistency
 

across sites and improved productivity were also cited as
 

major advantages. Other supporting data were provided by
 

Intecolor Corporation, Atlanta. The company's ISO 9000
 

implementation program increased productivity and manufac
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turing yields by 15%, while reducing product discrepancies
 

and defects by 10% (Sprow, 1992).
 

5) Reputation and Increased Morale:
 

Successful implementation of ISO 9000 series has
 

provided companies with more positive quality image and
 

favorable publicity. In addition, there have been indica

tions that staff level motivation, morale, performance, and
 

the sense of quality of workmanship have been raised (Will

born, 1988).
 

2.9 Survey of Third Party ISO 9000 Registrars
 

2.9.1 Structure of the Survey
 

Although quality capability self-diagnoses will con

tinue to be performed by internal personnel within compa

nies, they do function similarly to external audits. In
 

addition, one of the important purposes in the implementa

tion of self-diagnosis activities is to assure third-party
 

certification (i.e., registration). Thus, the methods and
 

practices currently used by external certification bodies
 

(i.e., "registrars") are of useful reference when develop

ing a methodology for a quality capability self-diagnosis
 

scheme. Therefore, a survey of third-party ISO 9000 regis

trars is included for purposes of review.
 

Numerous organizations, including regulatory agencies,
 

independent professional organizations, and trade associa

tions, have been involved in ISO 9000 certification, both
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domestically and internationally. To assure competence and
 

reliability, accreditation programs have also been estab

lished on a voluntary basis to accredit existing third-


party registrars. In the U.S., the Registrar Accreditation
 

Board (RAB), which is also a joint ANSI-RAB program, has
 

taken charge of this process. The criteria used for ac

creditation by the RAB are based on European Standard EN
 

45012, as applied in the European Community (Lofgren,
 

1990) .
 

According to lists provided by the RAB (1993) and by
 

Lamprecht (1992), 31 registrars are based in the United
 

States; and three others based in Taiwan have been selected
 

to seek information about ISO 9000 registration. The 34
 

registrars selected for this survey are listed in Appendix
 

2B. The principal points of inquiry include following:
 

1) Rating Methods Used for Quality System Evaluation. 

2) Methods Used for Weighting the Importance of Appli

cable Requirement and Sub-requirements of a Quality 

System. 

3) Methods Used in Performance Measures. 

4) Determination of a Suitable Quality System Model. 

5) Benefits Resulting from a ISO 9000 Certification. 

6) Difficulties of Applying the ISO 9000 Series. 

7) Strongest Points and Weakest Points of ISO 9000 

Series. 

8) Costs for a Company Seeking a Quality System Cer

tification. 
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9) The Frequency of Quality System Audits. 

10) Applicability of ISO 9001, 9002, and 9003 for 

Certification. 

The survey was conducted by mailing a questionnaire
 

accompanied by a cover letter to voluntary participants
 

from among the 34 selected registrars in early June, 1993,
 

with a requested return date of July 10, 1993. The ques

tionnaire consists of three closed questions with multiple
 

choice responses and 12 open questions. The questionnaire
 

and cover letter are attached as Appendix 2C.
 

2.9.2 Results of the Survey
 

From the survey entities, 16 responses, including
 

those from most of the principal registrars, were returned.
 

Among the 16 responding registrars (hereinafter, referred
 

to as participating registrars or participants), 12 re

sponded by answering the questionnaire with or without
 

providing relevant materials, while the other four respond

ed by including letters with relevant materials.
 

The following 11 major findings were derived from the
 

survey. Since not all of the survey questions were com

pletely answered by some of the participants, some conclu

sions are based only on partial contributions, as derived
 

from the attached materials.
 

1) Rating Methods Used for External Quality System
 

Evaluation Based on ISO 9001-9003 by Registrars.
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The responses sought from this question fall into
 

three categories: quantitative methods, qualitative meth

ods and others. Of responding participants, 63% regarded
 

their methods as qualitative, 6% indicated use of quantita

tive methods, and 13% indicated use of a combination of
 

both. However, responses for the latter two did not de

scribe how rating processes were quantified, and 19% of the
 

participants did not respond to the question.
 

2) Methods Used for Weighting the Importance of Appli

cable Requirements/ Sub-requirements Specified in
 

Section 4 of ISO 9001-9003 (Requirement 4.1-4.20
 

for 9001, 4.1-4.18 for 9002, and 4.1-4.12 for
 

9003)
 .
 

The analysis of responses to this point of inquiry is
 

based upon answers sought from questions 2, 3 and 4. As
 

far as the equal weight vs. unequal weight for each re

quirement/ sub-requirement, 38% of the participants stated
 

that they used "equal weights for each requirement and
 

equal weights for sub-requirements within requirements";
 

19% of the participants used "unequal weights for each re

quirement and unequal weights for sub-requirements within
 

requirements"; 31% of the participants replied N/A (not
 

applicable); and 12% did not respond.
 

Experience, type of business, and the product and/or
 

service produced were the major factors used to determine
 

importance weights by those participants who used an un

equal scheme. However, the use of systematic approaches or
 

http:4.1-4.12
http:4.1-4.18
http:4.1-4.20
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quantitative methods was not found among responses to the
 

problem of importance weighting for the requirements and
 

sub-requirements of the ISO 9000 series.
 

One concept raised as a means to handle the weighting
 

problem was the use of seriousness classifications for sys

tem deficiencies. It was proposed that the importance
 

weight of a quality system element could be reflected by
 

the use of different levels of deficiency classifications.
 

3) Methods Used for Performance Measures for Applica

ble Requirements, Sub-requirements, and the Overall
 

Quality System.
 

Analysis of responses for this point of inquiry is
 

based on answers sought from questions 5 and 6. Since open
 

questions were used, feedback answers were diverse. Howev

er, the common factor in these responses was that some
 

essential methods were selected for use as performance mea

sures by most of the registrars. The following methods are
 

listed in descending order, based on the number of times
 

each appeared in the feedback materials.
 

a) Seriousness Classification Method:
 

This was the most commonly used method used by partic

ipants in the survey, and 69% (85% of all respondents)
 

noted the use of this method. Most used a two-level
 

classification, including major and minor deficien

cies. Major deficiencies were defined as those defi

ciencies that would certainly result in failure of the ISO
 

quality system, or that would materially reduce the effec
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tiveness or that could result in failure of the quality
 

system (BCIQ, 1993). The other definitions also used to
 

define deficiencies included system failure, missing ele

ment(s), or breaking the chain of system requirements. In
 

turn, minor deficiencies were defined as those that would
 

reduce the effectiveness of the ISO quality system to some
 

small degree, or could reduce the effectiveness of the
 

quality system, or deficiencies that were caused inciden

tally (BCIQ, 1993). Some of the other definitions also used
 

to define minor deficiencies were failure to address
 

requirement(s), isolated incident, and implementation
 

weakness or human error.
 

All of the participants using this method qualified
 

only those auditing systems that reflected no major
 

deficiencies. At the same time, a few minor deficiencies
 

could be permitted as long as verified corrective actions
 

were taken within a specific time frame. None of the
 

participants responded to the issue of the number of defi

ciencies allowed. A similar seriousness classification
 

method based upon levels was also included in the respons

es. Using this method, the existence of first-level defi

ciencies was not allowed.
 

b) Documentation Audit and Implementation Audit:
 

Audits of documentation and implementation were two of
 

the major points emphasized in quality system audits
 

among responses by most of the participants. Participants
 

indicated that documentation audits were performed either
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in auditors' offices, from examination of the quality
 

manual and other relevant materials submitted in advance by
 

the company being audited, or at the auditee's premises
 

when making documentation reviews prior to an implementa

tion audit. The effectiveness audits were not individually
 

identified, but some participants included this part in
 

implementation audits.
 

c) Checklists:
 

Checklists based on ISO 9001, 9002 and 9003 were used
 

to facilitate audits by some of the participants. They
 

were used to assure that audits were conducted as consis

tently and completely as possible among auditors and from
 

company to company.
 

d) Qualified Auditors:
 

Another common performance measure issue among the
 

participants was the use of qualified auditors (or
 

assessors). Participants indicated that these auditors
 

should be trained and qualified before conducting
 

formal audits. Multiple auditors or audit teams were also
 

advised for purposes of exercising discretionary judgement
 

through a consensus process. It was also preferred that a
 

lead assessor take charge of audit proceedings so that
 

discrepancies which may occur would be resolved.
 

e) Sampling:
 

The sampling was another method used by some partici

pants for implementation audits. As a performance measure,
 

it was used to sample relevant areas or activities within
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businesses. However, participants did not respond to the
 

issue of appropriate sampling procedures with detailed
 

information.
 

4) Determining the Suitability of Using ISO 9001, 9002
 

or 9003.
 

In addition to the section 8.2 guidelines of ISO 9000,
 

the model (ISO 9001, 9002 or 9003) used for audits by most
 

participants was based on the determination of those compa

nies seeking registration. While some participants would
 

suggest appropriate models based on the guidelines after
 

review of the auditee's materials. In addition, 19 par

ticipants responded that they did not consider ISO 9003 as
 

a suitable model for registration.
 

5) Primary Benefits Resulting from a ISO 9000 Certifi

cation.
 

The responses to this questions were well focused, in
 

concept, on following benefits derived:
 

a) Using the certification as a marketing tool; 

b) Meeting customers' (clients') requirements and 

providing customer satisfaction; 

c) Improving quality; and 

d) Resulting in cost savings. 

Other benefits indicated by respondents included: smooth

ing the process flow, building a sound basis for manage

ment, and enhancing employee pride.
 

6) Difficulties of Applying ISO 9000 Series.
 

Because of the use of an open question, the responses
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to this question were diverse. The following are difficul

ties raised by two or more participants, as combined in
 

terms of conceptual similarity:
 

a)	 Should adjustments to all system be made, the
 

corporate culture will be changed, requiring
 

a team-oriented and company-wide involvement.
 

b)	 The ISO 9000 series is new material to most em

ployees, thus additional training should be con

ducted to review the standards and the purpose
 

and responsibilities of implementing a quality
 

system.
 

c)	 Some requirements in the ISO 9000 series are
 

easily misunderstood, and require adequate inter

pretation.
 

d) Management commitment and support are insuffi

cient.
 

e) A sound implementation of ISO 9000 standards re

quires time.
 

f) The system is defined in terms of standards, and
 

some people do not like to be standardized.
 

g) The benefits in terms of costs invested is not
 

convincing over short time periods.
 

7) Strongest Points of ISO 9000 Series.
 

After grouping the responses based on conceptual simi

larities, the strongest points for ISO 9000 series among
 

the participants are listed as follows:
 

a)	 Universal acceptance.
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b)	 Emphasis on management involvement.
 

c)	 Wide applicability: the ISO 9000 series can be
 

used for various industries regardless of product
 

categories and company size.
 

d)	 A systematic approach to quality management: the
 

ISO 9000 series concentrates on key issues, con

siders quality-related activities throughout the
 

organization, and pays attention to detail.
 

e) Quality assurance by prevention through sound
 

planning and effective implementation.
 

8) Weakest Points of the ISO 9000 Standard Series.
 

The weakest points raised by two or more participants,
 

based on conceptual similarities, are listed as follows:
 

a) Some clauses are vague and may be easily misin

terpreted.
 

b)	 The standard series (ISO 9000, 9001, 9002, 9003,
 

9004) is manufacturing oriented and a poor lan

guage for service industries.
 

9)	 Costs for a Company Seeking a Quality System Cer

tification.
 

There are several categories of costs when seeking
 

third-party certification. From this survey, costs were
 

classified as corporate preparation (internal) and audit
 

direct costs. The latter consideration may include appli

cation fees, preassessment, assessment, and surveillance
 

costs.
 

The cost of corporate preparation is dependent upon
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the type, size of business, the maturity of the existing
 

quality system, and which standard is chosen as the basis
 

for audit. Only four registrars provided numerical re

sponses to this subquestion, with a range from $1,300 to
 

$100,000. The mean lower and upper bounds were calculated
 

as $11,000 and $47,000 respectively.
 

The direct costs of audit are also dependent upon such
 

factors as the size and location of facilities, product/
 

service category, and the standard chosen as the basis for
 

audit. These factors determine the duration and number of
 

auditors required. Most registrars charged based on the
 

working days used for audits. There were 10 entries for
 

this subquestion, but the responses were spread over a wide
 

range, from $1,300 to $45,500. The mean lower and upper
 

bounds were calculated as $9,800 and $27,000, respectively.
 

10) Required Frequency of Audits in Order to Maintain
 

a Valid Certification.
 

Among participants, two types of follow-up audits were
 

applied to companies after granting a quality system cer

tification. One was the internal audit for continuous im

provement, and the other was the external surveillance
 

audit carried out by registrars. Most participants leave
 

the decision to companies for determination of the frequen

cy of internal audits, though some participants suggested
 

intervals of once or twice each year. The responses to
 

external audit frequency of follow-up by participating reg

istrars were nearly unanimous: 64% of the participants
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indicated six-month intervals, while 21% conducted annual
 

follow-up audits.
 

11) Usage of ISO 9001, 9002 and 9003 for Certification.
 

According to the responses, both the numbers and per

centage of companies certified for either ISO 9001, 9002 or
 

9003 standards provided significant results. Only seven
 

participants provided numerical responses to this question,
 

while some participants provided only percentage values.
 

When "percentage" values were used for purposes of estima

tion, 39.2% of the total number of companies were regis

tered under ISO 9001, 58.8% used ISO 9002, and only 2% used
 

ISO 9003. On the other hand, when "numbers" were the
 

basis, 36.7% of the companies were registered under ISO
 

9001, 59.8% used ISO 9002, and 3.5% used ISO 9003. The two
 

numerical sets are similar, and each constitutes an indica

tion that ISO 9002 is the most popular standard used for
 

quality system registration.
 

In addition, none of the participants responded to the
 

use of "other" standards for quality system certification.
 

2.10 Conclusion
 

Previous literature reviews and surveys indicate that
 

the use of the ISO 9000 series as criteria for quality sys

tem audits should result in numerous benefits. The generic
 

feature of these standards allows them to be applicable to
 

all suppliers, regardless of industry base, company size or
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product complexity (Burr, 1990; DTI). However, this feature
 

also complicates quality system audits when these standards
 

are directly used as auditing criteria. The generic fea

ture and essential weak points, such as vague clauses and
 

the easily misinterpreted characteristics of the ISO 9000
 

series, must be taken into account for the development of a
 

competent quality system auditing methodology.
 

The major/minor seriousness classification method
 

(referred to as the major/minor method) is the most common

ly used method for the construction of a methodology for
 

external quality system audits. When qualified auditors
 

are used, it can provide systematic and competent results.
 

However, the following shortcomings should not be ignored:
 

1) The major/minor method is qualitative in nature:
 

The process of leveling deficiency classifications is
 

qualitative, subjective, and knowledge intensive. Thus,
 

performance reporting based upon this method may vary among
 

different auditors, at different facilities, and for audits
 

conducted at different time, unless experienced and quali

fied auditors are used.
 

2) The major/minor method lacks a systematic impor

tance weighting mechanism for applicable quality
 

system elements:
 

Though the major/minor method can represent the impor

tance of system weakness using different levels of defi

ciency, it cannot assess the importance of a particular
 

element prior to actual audit.
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3) The major/minor method cannot provide cost figures
 

to measure the system in terms of money invested:
 

Without cost interpretation for quality levels, the
 

deficiency and nonconformity statements are the principal
 

information reported using this method. This form of
 

report will be less convincing to management.
 

4) The major/minor method provides no objective infor

mation on system effectiveness:
 

The adequacy of documentation and compliance with
 

documented programs are the major outputs of the major/
 

minor method, while the effectiveness of the implemented
 

system must be interpreted qualitatively by auditors.
 

To resolve these weak points, a number of industry-


specific interpretations have been developed to augment the
 

ISO 9000 series and to focus the scope of quality system
 

audits upon different industries. The Quality Assessment
 

Schedule of the British Standards Institute (BSI, 1991;
 

Hall, 1992) is one example; the Quality System Specifica

tions and Interpretive Documents developed by other regis

trars are others (Stephenson, 1990). In addition, appro

priate auditing techniques, systematic procedures, quali

fied and competent auditors, and/or soundly developed check

lists are used by most external registrars to overcome the
 

weak points noted for the purpose of assuring auditing con

sistency and reliability.
 

To develop a capable quality capability self-diag

nosis methodology compatible with existing external schemes
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for the internal quality system auditing environment, key
 

points drawn from external auditing methodologies should be
 

considered to facilitate certification. On the other hand,
 

to constitute a competent self-diagnosis scheme, reliabili

ty and consistency are certainly required for performance
 

reporting purpose. Broader and deeper informative capabil

ities should be constructed for quality improvement purpos

es as well. However, economic considerations and the
 

limitations of human resources (i.e., the availability of
 

experienced and knowledgeable internal auditors) dictate
 

that the candidate methodology should be more systematic
 

and quantitatively oriented, that the methods used for
 

performance measuring and reporting should be refined more
 

closely, and that the available tools such as checklists
 

and analytical instruments should be consistently applied.
 

The development of a self-audit instrument is described in
 

Chapter 4.
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CHAPTER 3
 

MULTICRITERIA SYSTEM EVALUATION
 

3.1 Introduction to Multicriteria Decision Making
 

Most engineering problems or alternatives are general

ly characterized by multiple attributes, including objec

tives, operational variables, and the various interactions
 

among them. To select the best alternative or to design a
 

satisfactory system, these criteria should be considered
 

simultaneously. Multicriteria decision making (MCDM)
 

is the process and techniques whereby multiple criterion
 

are simultaneously considered by the decision-making pro

cess. Using MCDM techniques, decision makers are able to
 

select from among a number of alternatives by maximizing
 

utility or value functions on the basis of multiple crite

rion.
 

Though such terms as "multiple criteria," "multiple
 

attributes," or "multiple objectives" are often used inter

changeably, it is generally accepted that MCDM problems can
 

be broadly classified into the two areas of Multiple-At

tribute Decision Making (MADM) and Multiple-Objective
 

Decision Making (MODM) (MacCrimmon, 1973; Cohon, 1978;
 

Hwang & Masud, 1979). MADM permits alternative selection
 

or evaluation concerning problems with a relatively small
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number of alternatives, and is often applied to environ

ments distinguished by their uncertainties. In contrast,
 

MODM is most frequently associated with design problems, or
 

with deterministic problem situations involving a large
 

number of feasible alternatives (Hwang & Yoon, 1981; Reeves
 

& Lawrence, 1992).
 

Zionts (1992) stated that MCDM should be presented in
 

four basic subareas: Multiple-Criteria Mathematical Pro

gramming (MCMP), Multiple-Criteria Discrete Alternatives
 

(MCDA), Multiattribute Utility Theory (MAUT), and Negotia

tion Theory (NT). In this classification, MCMP refers to
 

the solution of mathematical programming problems with mul

tiple objectives. MCDA consists of problems with sets of
 

discrete alternatives, whereas MAUT consists of the assess

ment and fitting of utility functions and probabilities,
 

which are then used to rank alternatives. Finally, NT may
 

be regarded as a multiple criterion decision process in
 

which there are two or more decision makers or disputants,
 

who then reach agreement employing some type of voting
 

mechanism.
 

According to Dyer et al. (1992), many MCDM problems
 

are formulated as multiple-objective linear, integer, or
 

non-linear mathematical programming problems, for which
 

solution procedures are most often interactive in struc

ture. MAUT is frequently subsumed under the larger MCDM
 

classification. Generally, if the value function is ex

plicit, then method is considered in the MAUT category; if
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the value function is implicit, or no such function can be
 

assumed to exist, then the solution method is usually
 

classified as an MCDM approach.
 

Specific to a MADM-oriented MCDM, strategies are clas

sified into two categories, dependent upon the level of
 

cognitive processing demanded of the decision maker: com

pensatory strategies (high processing levels) and noncom

pensatory strategies (reduced processing requirements).
 

Examples of compensatory strategies are the additive model
 

and the additive-difference model, whereas noncompensatory
 

strategies include descriptive, nonlinear models, such as
 

the dominance, conjunctive, disjunctive, lexicographic-


ordering, and elimination-by-aspects models (Klayman, 1982;
 

Minch & Sanders 1986; Hong & Vogel, 1991).
 

Another MCDM classification is formulated in accor

dance with assumptions about the variable values and the
 

nature of their relationships, in which these situations
 

are referred to as certainty, risk, and uncertainty (Rand

hawa & West, 1992a). In certainty decisions, the system
 

variables are completely determinate, hence the decision
 

maker can evaluate outcomes based on known input estimates.
 

In decisions characterized by risk, the system variables
 

are understood imperfectly, but the probabilities for dif

ferent variable values may be estimated and an analysis may
 

be made based on expected values. For uncertainty situa

tions, the system variables are completely random, hence
 

decisions are generally based upon management judgements.
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In addition, Ko and Lin (1988) illustrated two general
 

approaches to all MCDM problems: model-based and heuris

tic-based approaches. By using the model-based approach,
 

the decision maker explicitly structures the decision
 

problem according to formal models to evaluate the decision
 

alternatives. The models were classified into observer-de

rived weighting, direct-elicitation, mathematical program

ming, and geometric models. On the other hand, by using
 

the heuristic-based approach, the decision maker applies
 

heuristics to generate and evaluate decision alternatives.
 

A review of Easton (1973), Satty (1977, 1980), Hwang
 

and Yoon (1981), Zeleny (1982), Karpak and Zionts (1987),
 

Canada and Sullivan (1989), Randhawa and West (1992a,
 

1992b) and Reeves and Lawrence (1992) reveals some of the
 

major methods commonly applied to MCDM problems
 :
 

1) importance weighting,
 

2) mathematical programming,
 

3) economic analysis,
 

4) utility theory,
 

5) additive weighting,
 

6) analytic hierarchical process,
 

7) stochastic decision modeling,
 

8) simulation,
 

9) artificial intelligence and expert systems,
 

10) strategic approaches,
 

11) sensitivity and risk analysis, and
 

12) graphical and statistical analysis.
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Utilizing methods from this list, MCDM is widely used
 

either in the design area to generate optimal solutions
 

from an infinite set of alternatives, or in the selection
 

and evaluation area to determine the best alternative from
 

among several candidate alternatives. Examples of applica

tions include engineering design choices, commodity selec

tion, facility location (site) selection, personnel selec

tion, medical diagnosis judgements, project selection, pub

lic policy choices, and public facility selection.
 

3.2 Multicriteria System Evaluation
 

Among the methods listed in section 3.1, some are used
 

to estimate a certain criterion, while others can provide a
 

complete solution for multicriteria system evaluation
 

problems. Some of the latter methods include goal program

ming, analytic hierarchical process, expert systems, and
 

additive weighting models.
 

The term "system," as used here, simply refers to an
 

entity that exists to carry out some purpose (Bailey,
 

1982). It may be a single product, a set of manufacturing
 

facilities, or an operating quality system. However, to
 

qualify as an MCDM methodology, the evaluated system should
 

be characterized by multiple criterion. In the following
 

discussion, "alternative" is used as a synonym for "sys

tem", when several systems are being evaluated or selected.
 

In this context, four complete MCDM methodologies are
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reviewed briefly in the following numbered sections.
 

1) Goal Programming:
 

Goal programming (GP) is a decision-analysis technique
 

capable of handling multiple conflicting objectives by
 

taking priorities into account. Using the GP method, all
 

objectives (criteria) are assigned target levels for achie

vement and relative priorities for achievement of the
 

target levels. The objective is to determine an optimal
 

solution that approaches the target levels to the closest
 

possible degree in the order of the specified priorities.
 

There are two ways to solve GP problems. The first
 

is to assign penalty-per-unit deviations from each goal,
 

and then use linear programming to minimize the total pen

alties incurred because of unmet goals. The second is to
 

prioritize goals from highest to lowest rank in importance,
 

and then to apply pre-emptive goal programming and the goal
 

programming simplex (Winston, 1991). Rather than arriving
 

at an optimal decision, this GP approach may be used to
 

obtain a satisfactory solution when the applicable criteria
 

are in conflict.
 

The GP method is an extension of linear programming.
 

Its formulation and solution methods can be found in Lee
 

(1972), Ignizio (1976), and Zeleny (1982).
 

2) Analytic Hierarchical Process:
 

Analytic hierarchical process (AHP) is a method for
 

prioritizing candidate alternatives characterized by the
 

existence of multiple criterion. Using this methodology,
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candidate alternatives can be ranked based upon decision
 

makers' judgements concerning the importance of the crite

ria as well as the extent to which they are met by each
 

criterion.
 

AHP requires the decision maker to construct a multi-


criteria problem in the form of a hierarchy. The top level
 

consists of the overall goal or focus, whereas the bottom
 

level consists of the alternatives being evaluated. Be

tween top and bottom levels are those for applicable crite

ria and subcriteria (if any). To be analyzed using AHP,
 

problems should be composed of a minimum of three levels.
 

The AHP was developed and documented primarily by Satty
 

(1977, 1980, 1982). The methodology has been widely ap

plied to a variety of decision-making problems, including
 

regional energy planning (Blair, 1980), R&D project selec

tion (Liberatore, 1987), and supplier selection (Nydick &
 

Hill, 1992). One of the most important AHP features is that
 

it provides a method to check for consistency during the
 

importance weighting process.
 

Upon the construction of a hierarchy, the solution
 

process consists of the following steps (Zahedi, 1986;
 

Canada & Sullivan, 1989):
 

Step 1: Development of the importance weights for ap

plicable criteria or subcriteria with respect to
 

their next highest levels, using a pairwise com

parison method (discussed in detail in section
 

3.3.2(5-c)).
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Step 2: Measuring the extent to which the alterna

tives achieve each of the subcriteria, if appli

cable, and then successively with respect to each
 

criterion. The process can be performed by deter

mining importance weights for each alternative
 

with respect to applicable subcriteria and then
 

criteria, using the method described in Step 1.
 

Step 3: Determination of aggregate priority weights
 

for each alternative from synthesis of the re

sults from Steps 1 and 2.
 

Step 4: Selection of the preferred alternative based
 

on aggregate priority weights as developed from
 

Step 3.
 

3) Expert Systems:
 

In place of the use of the GP or AHP model-based ap

proaches for a multicriteria evaluation problem, a heuris

tic-based approach can also be used for appropriately
 

characterized problems (Ko & Lin, 1988). Expert systems
 

use specific expertise and heuristic to search for specific
 

problem solutions for highly structured domains in which
 

rigid policies are to be followed.
 

An expert system is an intelligent computer program
 

with the ability to perform at the level of an expert, deal
 

with uncertain data, and handle problems for which knowl

edge may be presented symbolically. The expert system con

sists of three basic elements: a knowledge base, an infer

ence engine, and a user interface. The more sophisticated
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systems may also include knowledge acquisition or explana

tion subsystems, or other special interfaces. The knowledge
 

base is that part of an expert system consisting of the
 

facts and the procedural and heuristic rules which charac

terize a domain. The inference engine is then used to
 

develop strategies to control the selection and application
 

of knowledge base facts and rules, encompassing the reason

ing methods used to search the knowledge base and to arrive
 

at decisions. Finally, the user interface is the mechanism
 

through which users and the expert system communicate.
 

Among its functions, a competent expert system may be used
 

to perform human expert tasks for specific-domain decision
 

making with respect to reasoning, problem solving, explana

tion, and learning (Mockler, 1989; Harmon & Sawyer 1990;
 

Biondo, 1990; Olson & Courtney, 1992).
 

The development of an expert system takes place in
 

several stages, including elicitation, modeling, coding,
 

and internal and field testing (Graham & Jones, 1988).
 

Several of the advantages of the use of expert systems
 

include solving complex problems quickly and consistently,
 

and then producing answers rather than data. However,
 

expert systems are still focused on very specific problem
 

areas, while requiring considerate cost and time in devel

oping process.
 

4) Additive Weighting Models:
 

An additive weighting method considers the outcome of
 

each applicable criterion, based on differentiated impor
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tance weights, and is used to systematically convert multi

ple criterion problems into single dimension problems. The
 

scores generated from application of this method provide an
 

easily understood basis for reporting aggregate system
 

performance and for comparison of candidate alternatives.
 

Additive weighting methods can be classified as either
 

linear or nonlinear additive weighting methods (respective

ly, LAWM or NLAWM). Linear additive methods generate ag

gregate scores by simply multiplying the scale rating for
 

each criterion value by the importance weight assigned to
 

the criterion, then summing these products over all crite

ria. In the NLAWM, the overall score or performance can be
 

presented in a quasi-additive or multilineal form. The
 

LAWM is probably the best-known and very widely used method
 

of multicriteria decision making and evaluation (Hwang &
 

Yoon, 1981).
 

Additivity and the determination of individual crite

rion scores and importance weights in LAWM problems require
 

independence of criteria (Zeleny, 1982). However, theory
 

as well as simulations and experience have suggested that
 

the LAWM yields extremely close approximations of more
 

highly complicated nonlinear forms, while remaining easier
 

to use and to understand (Edwards, 1977; Einhorn & Gonedes,
 

1971). The front-end results from the LAWM model can also
 

provide a basis for the extended analysis of NLAWM models.
 

For these reasons, the LAWM and relevant methods are given
 

further consideration in Section 3.3.
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3.3 Multicriteria System Evaluation Using Linear Additive
 
Weighting Models
 

Procedures for the use of LAWM models for multicriter

ia system evaluation can be summarized in the following six
 

steps: 

Step 1: criteria selection, 

Step 2: development of importance weights, 

Step 3: measurement and assessment of applicable 

criteria, 

Step 4: scaling and development of utility functions 

for applicable criteria, 

Step 5: rating the system, and 

Step 6: analysis and comparison. 

3.3.1 Criteria Selection
 

Criteria are the basis for system evaluation, and must
 

hence be clearly identified and selected for measurement.
 

Keeney and Raiffa (1976) indicated that characteristics of
 

the selected criteria should be:
 

1) Complete, covering all aspects of the problem;
 

2) Operational, or ability to be used meaningfully in
 

the analysis;
 

3) Decomposable, into parts for process simplifica

tion;
 

4) Non-redundant, avoiding double-count problems; and
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5) Minimal, with respect to the total number of crite

ria.
 

In addition, selected criteria should also be quantif

iably measurable. As far as the number of selected crite

ria is concerned; minimal, concise, and manageable are the
 

basic rules. Ziont (1987) recommended confinement to a
 

maximum of seven criteria to keep a problem within the
 

realm of operationality, while Satty (1977) suggested 7 ± 2
 

for purposes of using an analytic hierarchy process.
 

However, the number used is also dependent on the charac

teristics of the system evaluated. Independence among
 

criterion is another important issue at this developmental
 

stage. Factor analysis may be used to minimize correlations
 

among attributes (Randhawa & Bedworth, 1985).
 

Criteria can be developed through a literature search
 

or through administration of a questionnaire. In addition,
 

area experts can provide valuable consultative advice. A
 

multiple-step interactive procedure is usually used for the
 

development of criteria (West, 1977; Randhawa & West,
 

1992b). During this process, professional articles, hand

books, and standards are useful sources for development of
 

the list of initial criteria and establishment of their
 

operational definitions. Opinions obtained from responses
 

to questionnaires and expert advice can then be used to
 

refine the initial list.
 

In addition to making clear operational definitions,
 

the decomposition of the criteria into several subcriteria,
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forming a hierarchical criterion structure, is sometimes
 

convenient for factor measurement. The checklist, a result
 

of decomposition, is a useful tool used to assure the thor

oughness, consistency, and credibility of criterion mea

surement procedures for evaluating complex systems.
 

3.3.2 Development of Importance Weights
 

The purpose of importance weighting is to determine
 

the degree of importance of each criterion relative to
 

other criteria. A number of importance weighting methods
 

are based on judgements effected by decision makers or pro

fessionals (hereafter referred to as "judges"). In addi

tion to equal weighting, ranking, rating, and ratio and
 

pairwise comparison are some of the alternative weighting
 

methods in common use for multicriteria evaluation.
 

1) Equal Weighting:
 

If a multicriteria problem, and if all criteria are
 

treated as equally important, the equal weighting or uni

form weighting scheme is applied. For example, in a five-


criterion problem, the weight for each criterion is 1/5 =
 

0.2 or 20%.
 

2) Ranking Methods:
 

For ranking, the user is asked to consider each crite

rion in accordance with descending order of importance, and
 

then a rank is assigned to each. In case of ties, two or
 

more equal ranks may be assigned an averaged value. Rank
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sum weighting and rank reciprocal weighting are the two
 

methods used to calculate importance weights using assigned
 

ranks (Eckenrode, 1965; Canada & Sullivan 1989).
 

a) Rank Sum Weighting:
 

If Ri is the rank of criterion i and n is the number of
 

criteria considered, the importance weight for criterion i
 

(wd can be calculated as
 

n-R1+1
 
Wa 

(3.1)
E (n-Ri+1) 

b) Rank Reciprocal Weighting:
 

Using the same notation, the weight for criterion i
 

(m) can be calculated as:
 

1 1
 

1 Ri n (3.2)
E (i/Ri) 

3) Rating Methods:
 

In the rating method, each criterion is assigned a
 

numerical value, V, within a continuous scale (e.g., 0 to
 

100) to represent the degree of importance. The importance
 

weight for each criterion can be calculated as:
 

Vi
 
Wa 

(3.3)
E Vi 

4) Ratio Method:
 

Using the ratio method, a weight set can be derived
 

from combination of the ranking and rating processes. This
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modified method provides increased accuracy and may be used
 

logically and with ease to determine importance weights for
 

each criterion. The method is initiated with ranking the
 

applicable criteria, with a numerical value, is assigned
171,
 

to the least important criterion. Using Vi as a basis, the
 

next least important criterion is assigned a proportionate

ly larger value, V3, according to its importance relative
 

to V/. Then the third least important criterion is assigned
 

a value based on ITS, applying the same principle used for
 

the second step, and so forth. Formula (3.3) is used to
 

develop the weight set after all of the criteria have been
 

assigned appropriate values (Mills, 1988).
 

5) Pairwise Comparison Methods:
 

The importance weight for each criterion may also be
 

derived using pairwise comparison. Each criterion is
 

paired with each of the other criteria, respectively, for
 

purposes of comparison. The preference response, or ratio
 

of preference (i.e., the importance ratio for any two cri

teria), are justified and recorded following each compari

son. The importance weight for each criterion is then
 

derived accordingly.
 

Partial and complete are two commonly used methods of
 

pairwise comparison. The complete method considers the
 

pairing order for each two criteria, while the partial
 

method does not. The total comparison times for the former
 

is n(n - 1), but only one-half that sum for the latter.
 

Though the partial comparison is simpler, the trade-off is
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that this method does not encompass consistency checks to
 

eliminate possible position bias (Eckenrode, 1965).
 

Pairwise comparison methods can also be classified
 

with respect to the manner of recording responses:
 

a) Dominant Recording:
 

This method may be used for either complete or partial
 

comparisons. Hay (1958) proposed a complete comparison by
 

identifying the dominant criterion with the digit "1"
 

following each comparison. Summing horizontally, the total
 

points for each row (i.e., for each criterion) were calcu

lated. After normalizing the total row point scores, the
 

importance weights for each criterion were derived. Table
 

301 provides an example of weight development using this
 

method.
 

Table 301. Importance Weighting Using Hay's Method, An
 
Example of Complete Pairwise Comparison.
 

criteria IA IB C D E F G I Points Weight
 

A X 1 1 1/21
 

B X 0 0 

C 1 1 X 1 1 1 5 5/21
 

D 1 1 X 2 2/21
 

E 1 1 1 X 1 4 4/21
 

F 1 1 1 X 3 3/21
 

G 1 1 1 1 1 1 X 6 6/21
 

Sum 21 1
 

In 1960, Buel presented a similar, but simplified
 

method. Preference responses were recorded using different
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notation for different criterion. Notation representing
 

preference was placed in corresponding rows and columns
 

following each comparison. Only the cells above the matrix
 

diagonal were filled. After recording all of the prefer

ence responses, the total score for each criterion was
 

ascertained by counting representative notation down the
 

chart to the diagonal for a given criterion column, and
 

then repeating the process across the chart for correspond

ing criterion row.
 

Since this method involves only a partial comparison,
 

n(n 1)/2, only one-half the usual number of comparisons
 

were necessitated. Table 302 provides an example of deter

mination of importance weights using this method.
 

Table 302. Importance Weighting Using Buel's Method, An
 
Example of Partial Pairwise Comparison.
 

Criteria A B C D E F G I points weights
 

A X a c d e f g 1 1/21
 

8 X c d e f g 0 0
 

C X c c c g 5 5/21
 

D X e f g 2 3/21
 

E X e g 4 4/21
 

F X g 3 3/21
 

G X 6 6/21
 

1
Sum 21
 

b) Discrete Scaling Methods:
 

In place of the use of the digit "1" or other repre

sentative notation, discrete importance scales are used to
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represent degrees of importance. For example, in a three-


importance scale scheme, the digit "0" indicates least
 

importance, "1" indicates equal importance, and "2" indi

cates more importance. This method was used by West and
 

Randhawa (1989) to assess attribute weights for manufac

turing systems. As shown in Table 303, comparison values
 

illustrate the importance of row criteria relative to
 

column criteria. The values below the principal diagonal
 

are complementary to values above the diagonal (i.e., 0 is
 

the complement of 2, whereas 1 is its own complement).
 

Because only the area above the diagonal requires assess

ment, the method is basically a partial pairwise compari

son.
 

Table 303. Importance Weighting for Partial Pairwise
 
Comparison Using a Three-Importance Scale [0,1,2].
 

I
Criteria I A B C D I E F I Sun I Weight
 

A 0 1 0 0 0 0 1 1/30
 

B 1 0 0 0 0 0 1 1/30
 

C 2 2 0 2 2 2 10 1/3
 

D 2 2 0 0 0 0 4 2/15
 

E 2 2 0 2 0 2 8 4/15
 

F 2 2 0 2 0 0 6 1/5
 

Sun 30 1
 

Total scores for each criterion can be calculated
 

across the matrix in corresponding rows, and the weight can
 

also be derived accordingly. A similar scheme with a
 

greater number of importance scales (e.g., [1,2,3,4,5]) can
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also be used to generate more refined results. However,
 

the weighting process then becomes more complex.
 

c) Eigenvector Prioritization Method:
 

This method is a major component of the AHP for wei

ghting attributes or alternatives, and was first introduced
 

by Saaty (1977). The first step is to establish a matrix
 

using a partial pairwise comparison. The numbers of matrix
 

columns and rows are both equal to the number of criteria
 

considered. Judgements are denoted based upon the relative
 

importance of any two criteria being compared. Importance
 

is quantified on a scale from 1 to 9, in which 1 represents
 

the equal importance of both criteria and 9 represents the
 

absolute importance of one criterion with respect to anoth

er. Only the elements in the area above (or below) the
 

diagonal require judgment and completion. The reciprocal
 

values of response entries become the values of their "mir

ror-image" counterparts, and the diagonal entries are all
 

denoted as 1. The formation of the matrix is illustrated
 

as follows:
 

Criteria IA IB IC ID
 

A 1 3 3 1/2
 

B 1/3 1 2 1/4
 

C 1/3 1/2 1 1/3
 

D 2 4 3 1
 

The next step is to derive the weights by setting them
 

equal to the eigenvector of the developed matrix with the
 

largest eigenvalue. Thus, if A represents a n x n matrix,
 

developed as described above, W is the column matrix repre
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senting the weights of n criteria, X is the largest
 

eigenvalue for matrix A, which may be derived by solving
 

det(A X)/ = 0. Then, after solving W from equation (A 

X./)W = 0, the importance weight set can be obtained.
 

In addition to weighting estimates, the Saaty (1977)
 

method also enables a consistency test, for which the
 

formulas CI = (X n)/(n 1) and CR = Cl/RI, where CI
 

represents the consistency Index, CR represents the consis

tency ratio, and RI is the random index for a particular
 

matrix size, are defined. The RI values for different
 

matrix sizes have been approximated as follows:
 

n I 1 2 13 14 1 5 I8 I9I6 I7 -

RI 0 0 0.58 1 0.90 I 1.12 1.24 1 1.32 1.41 1.45 ...
 

It has been suggested that CR 5 0.1 is an acceptable
 

level for the consistency test.
 

An easier approximation method was also introduced to
 

simplify the Saaty (1977) weighting process. The first
 

step of the approximated method is to normalize each column
 

in the developed matrix, and then sum the normalized ele

ments across each row. The weight for each criterion can
 

then be obtained by normalizing the sum for each row. The
 

consistency test for importance weights can also be calcu

lated, using the method discussed above, in which X. is
 

estimated by
 

(3.4)
 
max n i =1 Wi
 



87 

where Ci is the element of matrix [A x W1 and W1 is the
-nx:
 

element of matrix W (Saaty 1977; Hobbs, 1980; Hwang & Yoon,
 

1981; Canada & Sullivan, 1989; Kang, 1989). Table 304
 

shows the weighting process using the approximated method.
 

Table 304. Weighting Process Using Saaty Approximation
 
Methods.
 

Original Table Normalized Table 

Criteria A B C D A B c D Sum Weight 

A 1 3 3 1/2 0.273 0.353 0.333 0.240 1.199 0.300
 

B 1/3 1 2 1/4 0.091 0.118 0.222 0.120 0.551 0.138
 

C 1/3 1/2 1 1/3 0.091 0.059 0.111 0.160 0.421 0.105
 

D 2 4 3 1 0.545 0.470 0.333 0.480 1.828 0.457
 

Sum 3.667 8.5 9 2.083 1 1 1 1 3.999 1 

d) Simplified Saaty Method:
 

When the number of criteria is large, the Saaty (1977)
 

procedure becomes cumbersome to obtain data on elements in
 

the reciprocal matrix using a nine-digit preference scale.
 

Uppuluri (1987) proposed a simplified way for representing
 

the judgement for each pairwise comparison. Rather than
 

use an importance scale of 1 to 9, the simplified method
 

suggests the use three scales to represent relative impor

tance: e, 1, and 1/e. When criterion i is better than
 

criterion j, au = e (and at = 1/e) is assigned, or when
 

criterion i is as good as criterion j, au = 1 is assigned
 

to the matrix. The remaining procedure for importance
 

weighting and consistency testing for each criterion is
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identical to previously discussed methods. Table 305
 

illustrates the weighting process using the simplified
 

method.
 

Table 305. Weighting Process Using the Simplified Saaty
 
Method.
 

Original matrix Normalized matrix
 

Criteria A B C A B C A B C Sum Weight 

A 1 1/e 1/e 1 0.388 0.388 0.158 0.212 1090 0.458 0.153 

B e 1 e 2.718 1 2.718 0.422 0.578 0.885 1.663 0.554 

C e 1/e 1 2.718 0.388 1 0.422 0.212 0.245 0.879 0.293 

8.438 1.738 4.088s um 3 1
 

6) Weighting by Multiple Judges:
 

In real decision-making environments, it is common to
 

develop importance weights by integrating judgements from
 

multiple judges. The judgements may be obtained from man

agement personnel or from internal or external profession

als. The methods discussed in the following paragraphs can
 

be used for weighting by multiple judges:
 

a) Expected Values and Standard Deviations:
 

The weight sets developed by different judges using
 

any of the previously discussed methods can be represented
 

by expected values and standard deviations, as follows. If
 

the importance weight developed by judge k for criterion i
 

is denoted by w7k(k then the expected value ENO
 

and standard deviation SNO for criterion i can be cal

culated as:
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1 nE(wi) =- E wik (3.5) 
n 

(3.6)
S (Wi) =,\IE [wik-E(wi) 12 .

k. 

Moreover, if the importance of each judge is also
 

considered, then the expected values and standard devia

tions for integrated weights can be calculated as follows:
 

n
 

(3.7)
E(w.i) =E gkWik
k=1 

n 
(3.8)


S (Wi) = gk[Wik-E(Wi) 2 
k=1 

where gk represents the degree of importance for judge k.
 

b) Geometric Mean:
 

This method may be used to harmonize preference re

sponses by multiple judges. However, it can be applied
 

only to ratio-type pairwise comparison procedures, such as
 

the Saaty method or the simplified Saaty method, and is
 

calculated as follows. If n judges are used and aa denotes
 

the preference response resulting from the pairwise com

parison of criteria i and j by judge k, then the harmonized
 

matrix B can be defined by
 

n 1/n 
( TC aijk) (3.9) 
k=1 

Based on harmonized matrix B, the integrated impor

tance weights can then be derived using the methods de
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scribed in 5)c-d of this section (Saaty, 1982; Uppuluri,
 

1987) .
 

c) Dunn-Rankin and King Procedure (1969):
 

This procedure compares favorably with the accuracy of
 

other techniques, not only allowing significance tests
 

among attributes, but also enabling the calculation of sam

ple size requirements for various levels of confidence.
 

The procedure starts with inviting judgments based on
 

partial pairwise comparisons by multiple judges. The
 

simplified rank scaling method is used to record preference
 

responses. The total dominant responses for each criterion
 

from multiple judges can be recorded and used to reorder
 

the criteria. In addition, such important values as rank
 

sums (Rd, rank totals (Rd, minimum value of rank sums
 

(Rmm), maximum value of rank sums (Rmm), and range of rank
 

sums (Rd can be calculated. For a problem with n judges
 

and m criteria, the following formulas are used to calcu

late relevant values:
 

Rt=E Ri= [mxnx (m+1) ] +2 , 

where Ri is the total number of preference responses for
 

criterion i, plus the number of judges (n),
 

Rmin= n ,
 

R,== m x n , and
 

Rg = Rmm Rmm .
 

The values Vi = 100 (Ri R,ii,) /Rg can also be calculated for
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each criterion as an index for weighting purpose. After
 

normalizing Vi (i = the importance weight set for
 

the criteria considered can be derived.
 

Analyses based on these data suggest the required
 

number of judges and provide a basis to conduct significant
 

tests. Further discussion is available in Dunn-Rankin and
 

King (1969) and West (1977). Though use of this method can
 

effectively integrate multiple judgment decisions while
 

producing valid important weights, weighting using this
 

method is time consuming and also requires a large number
 

of judges.
 

3.3.3 Measurement and Assessment of Applicable
 
Criteria
 

In an MCDM evaluation problem, alternatives are usual

ly described by two kinds of criteria: quantitative and
 

qualitative. Hence, measurement and assessment of appli

cable criteria may include activities resulting from direct
 

measurement, numerical value estimation, available data
 

collection, and impact assessments. The quantitative cri

teria may refer to costs, profits, time or other comparable
 

values presented in a numerical format, including cardinal
 

values, ratios, statistical estimates (e.g., expected val

ues and standard deviations), numerical intervals, and pro

babilities.
 

Data collection, optimization, economic analysis, and
 

simulation are some of the major methods used for the mea
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surement and estimation of quantitative criteria.
 

1) Data Collection:
 

Direct measurement is a commonly used method for col

lection of desired data. Measuring the mileage for a car
 

is an example. Objective data may also be obtained from a
 

search of relevant literature, reference material, experi

mental data, or from actual experience (West, 1977). Ques

tionnaires and consulting experts constitute alternative
 

tools.
 

2) Optimization:
 

Optimization methods may be used to estimate appropri

ate criteria for certain kinds of MCDM evaluation problems.
 

Linear or nonlinear programming (respectively, LP or NLP)
 

and integer programming (IP) can be used to optimize costs,
 

profits, time, or other desired variables under several
 

constraints. The optimal values estimated from any of
 

these models can be treated as a single criterion for the
 

alternative under evaluation.
 

Linear programming is the formulation and solution of
 

problems that have a linear objective function and set of
 

constraints. Instead of including fractional solutions in
 

an LP problem, integer programming may have either pure or
 

mixed integer solutions, whereas NLP may contain nonlinear
 

objective function and/or constraints. Of these choices,
 

IP and NLP can provide better formulations for real world
 

problems than LP. However, the use of these three analyti

cal models may restricted by many simplifying assumptions.
 



93 

The techniques of formulation and solving LP, IP and
 

LP problems have been discussed in numerous texts. Several
 

computer programs, including GAMS, LINDO, and GINO (Winst

on, 1990), can be used to effectively solve LP, IP and NLP
 

problems.
 

3) Economic Analysis:
 

Economic analysis is used to evaluate system economic
 

criteria. Profit and cost considerations are often set as
 

first priorities when making decisions or evaluating a sys

tem. Net present value (NPV), the benefit-cost ratio
 

(B/C), the internal rate of return (IRR), and payback are
 

several of the analytic modes that can be used to estimate
 

economic criteria (Riggs & West, 1986; Canada & Sullivan,
 

1989; Fleischer, 1992; Randhawa & West, 1992a, 1992b).
 

a) Net Present Value:
 

Net present value consists of the equivalent terms for
 

the present worth (PW) of cash flows generated by evaluated
 

alternatives over a planned time interval (N), with dis

counts set at the specific interest rate i. This formula
 

is expressed algebraically as follows:
 

NPV = , (3.10)
 
j=0
 

where Aj denotes the end-of-period cash flows and n is
 

planning horizon. Cash flows may include receipts and dis

bursements, hence NPV can also be expressed as:
 



NPV = PW(Benefit) PW(Cost) . 

The NPV provides an overall economic figure for a
 

selected alternative. Alternatives yielding a higher NPV,
 

which are also positive in value, represent the best eco

nomic choices. For the comparison of multiple alternatives
 

with unequal lives, common multiple and study period meth

ods are means of analysis that can be used. Other methods
 

similar to NPV are calculations of annual worth (AW) and
 

future worth (FW).
 

b) Benefit-cost Ratio:
 

The benefit-cost ratio is defined as the ratio of the
 

equivalent worth of benefits to the equivalent worth of
 

costs. Mathematically, the B/C can be expressed as
 

B/C = PW(Benefit) AW(Benefit) 
(3.12)


PW(Cost) AW(Cost)
 

To generate a valid ratio, benefits and costs need to
 

be measured for the same times. The B/C provides decision
 

makers with numerical figures for comparison of monetary
 

returns and inputs. For preferred alternatives, the B/C
 

ratio should not be less than 1. Though higher B/C values
 

are to be preferred, mutually exclusive alternatives should
 

not be rank-ordered on the basis of B/C ratios. Appropri

ate use of this method requires incremental analysis to
 

test whether cost increments are justified by benefit
 

increments.
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c) Internal Rate of Return:
 

The internal rate of return yields a present worth (or
 

NPV) of zero based upon the assumption that all cash flows
 

are reinvested at the IRR. That is, when all cash flows
 

are discounted at interest rate IRR, then the equivalent
 

value of all benefits is exactly equal to the equivalent
 

present value of all costs. Mathematically, the IRR can be
 

obtained by solving
 

PW(Receipts) = PW(Disbursements) (3.13) 

or
 

t Ai (1 +/RR) = 0 (3.14)
 
j=c) 

. 

The IRR provides an understandable percentage figure
 

for relative yield on different uses of capital, and can be
 

compared directly to other alternatives. If the IRR is
 

greater than the minimum acceptable rate of return (MARR),
 

then the alternative evaluated is considered to be attrac

tive. However, similar to the B/C ratio, calculation of
 

the IRR may mislead less experienced decision makers in
 

that mutually exclusive alternatives may not be chosen
 

based simply upon the rank order of their respective IRRs.
 

Rather, an incremental analysis must be performed to deter

mine the most favorable alternative.
 

d) Payback:
 

Payback is used to determine the time number of peri

ods over which an investment produces sufficient net reve
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nues to recover the initial investment. Mathematically,
 

payback is the solution of the number of periods, n,
 

P = tA , (3.15)
 
j=1.
 

where P is the initial investment and AI is the cash flow
 

for period j. Whereas non-discounted cash flow is general

ly used for this calculation, payback period can also be
 

obtained from the ratio of "first costs" to "net annual
 

savings." An alternative with a shorter payback period is
 

less risky and thus can be regarded as a better choice.
 

The payback method provides a quick and intuitively
 

logical indication of the period required to recover the
 

costs of an initial investment. However, this method is
 

generally based upon non-discounted cash flows, and thus
 

ignores salvage value, inflation, and/or risk effects. For
 

these reasons, the payback method should never be used as a
 

sole measure of quality.
 

The B/C and IRR methods both provide informative
 

values for the relative yields of invested capital. How

ever, these two methods used for comparing mutually exclu

sive alternatives often confuse users, because of their
 

reliance upon incremental principles. The NPV method is
 

normally the easiest to use and provides exactly the same
 

choices regarding which alternative is best. This feature
 

results in the integration of the NPV method with other
 

methods of evaluation, providing the means for further
 

analysis of economic judgements.
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4) Simulation:
 

Because of the stochastic nature, complexity, and
 

internal interactions of systems under evaluation, not all
 

real-world problems can be represented adequately using the
 

previously discussed analytical and economic models. At

tempts to use these models for criterion estimations usual

ly require a number of simplifying assumptions. Thus, sim

ulation may be used to provide an experimental tool for the
 

imitation of the operation of a real-world system, gener

ating sample data and desired statistical estimates for the
 

system in question. For many situations which defy mathe

matical formulation, simulation becomes the only tool that
 

can be used to obtain relevant answers.
 

Simulation starts with modeling a system, based upon
 

assumptions regarding the operational, mathematical, or
 

logical relations between the objects of interest. Because
 

simulation is a sampling experiment conducted on a real
 

system, outputs provide only statistical estimates and can

not be considered optimal solutions. The unit operation
 

time to assemble a product is an example of such an esti

mate.
 

The power of simulations are largely dependent upon
 

the adequacy of computer hardware and software. In addi

tion to the use of high level programming languages, some
 

commonly used simulation languages include SIMSCRIPT,
 

SLAM-II, GPSS, SIMAN and SIMNET. Further discussions of
 

simulation can be found in Banks and Carson (1984), Fishman
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(1978), Law and Kelton (1982), and Pritsker (1984).
 

In addition to the quantitative measures discussed in
 

paragraphs 1-4 of this section, the assessment of qualita

tive criteria is also important for this stage of evalua

tion. However, qualitative criteria are inherently fuzzy
 

in nature, hence subjective judgements must be incorporated
 

in the decision process. Several levels of qualitative
 

terms are commonly used to reflect different degrees of
 

impact, satisfaction, agreement, or goodness. A five-level
 

example consists of very low, low, average, high, and very
 

high, whereas a seven-level example may include very bad,
 

bad, poor, fair, good, very good, and excellent. Data
 

collections to support the decision are usually necessary
 

to make assessments objective to the greatest degree possi

ble. If the collected data can be reduced to percentages
 

or numerical indices, then it may be made easier to arrive
 

at assessments. For example, if a qualitative criterion,
 

"design maturity," is to be assessed and data about "the
 

extent to which the total design is known and proven" is
 

collected, then percentage-based information can be esti

mated to assist in the criterion assessment.
 

The decomposition of qualitative statements into sev

eral components to highlight key statement concepts can
 

also facilitate the assessment while encompassing a desired
 

numerical transformation. For example, if the qualitative
 

statement, "technical documents shall be approved by autho

rized personnel prior to issue," is to be assessed with
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respect to the degree of conformity based upon actual
 

manufacturer status, the statement can be decomposed into
 

three equally important components:
 

a) Technical documents shall be approved 

b) by authorized personnel 

c) prior to issue. 

Thus, these substatements are transformed into three
 

simple true-false questions which can be confirmed by the
 

assessor without difficulty. A binary response (true or
 

false, true representing 100% and false representing 0 %) or
 

a percentage value (between 0% and 100 %) can then be as

signed to each of the substatements following assessment.
 

If the answer for sub-requirement a) is 80%, b) is false
 

(0 %), and c) is true (100 %), then the degree of conformity
 

can be assessed as (80 + 0 + 100)/3 = 60( %). This method
 

provides a reliable and consistent way to assess and quan

tify qualitative criteria.
 

In addition to the methods previously discussed, a
 

number of other quantitative models may also be useful for
 

measurement of quantitative criteria as long as the problem
 

can be fitted within a model following consideration of ap

propriate assumptions. Selecting a suitable model for cri

terion measurement is also a multiple criterion decision
 

issue. The characteristics of the criteria are essential
 

factors for appropriate model selection (Hong & Vogel,
 

1991). The justification methodologies classified by Rand

hawa and West (1992a) provide a clear guide to the use of
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several evaluation techniques.
 

The measurement of criteria combine objective measure

ment with subjective judgments. The cost is usually the
 

factor that determines measurement accuracy. For heavily
 

weighted criteria, additional effort must be expended; for
 

less important factors, it makes little sense to spend
 

resources upon data collection (Mills, 1988).
 

3.3.4 Scaling and Utility Function Development
 

The outcomes of measurements can be numerical values
 

or qualitative terms expressed in different units, depend

ent upon the nature of the criteria. Criterion-wise com

parisons among candidate alternatives can be made using
 

dominance, satisficing, or other methods based on individu

al outcomes for applicable criteria. However, to apply
 

linear additive weighting methods, the scales used by dif

ferent criteria must be unified. Scaling is a process for
 

transforming different criteria into comparable units.
 

Ordinal, interval, and ratio are three types of mea

surements that can be employed for the measurement of quan

tities (Torgerson, 1958; Stevens, 1959). Interval scales,
 

such as [0,1], [0,10], or [0, 100] in which the lower
,
 

bound represents minimum criterion value and the upper
 

bound denotes maximum value, are intuitively logical to
 

most people (West, 1977). A common method for the trans

formation of qualitative attributes into an interval scale
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is to utilize a bipolar scale. A conversion chart, as
 

shown in Figure 301 (Hwang & Yoon, 1981), can be used to
 

scale cost and benefit criteria. In this chart, the scale
 

within interval (0,10] may be varied, dependent upon the
 

decision maker's utility assessments.
 

Benefit-oriented Criteria
 

very tow low average high very high
 

0 1 3 5 7 9 10 

1 1 1 1 i 1 

0 1 3 5 7 9 10 

very high high average Low very low
 

Cost-oriented Criteria
 

Source: Hwang & Yoon, 1981
 

Figure 301. Conversion of Qualitative Terms to an In
terval Scale.
 

Quantitative criteria may also require different units
 

of measure, such as dollars, days, or lbs. These nonhomo

geneous units should be unified or normalized for further
 

rating using an additive weighting model. Either the maxi

mum value, or the difference between maximum and minimum
 

values, for a certain criterion can be used as the basis
 

for linear scale transformation (Hwang & Yoon, 1981). If X
 

is a variable representing the value of a certain crite

rion, Xj is the criterion value of alternative j, and Max(X)
 

and Min(X) denote, respectively, the maximum and minimum
 

values of the criterion, then the unified scale T(Xd is
 

developed as follows:
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1) Using base Max(X):
 

Case 1: Benefit-oriented criteria (the larger X,
 

the greater preference),
 

X.
 
T(Xj) (3.16)


Max(X) 
.
 

Case 2: Cost-oriented criteria (the smaller X
 

the greater preference),
 

T(Xj) = 1- 4 . (3.17)

Max( 2)
 

2) Using base Max(X) Min(X):
 

Case 1: Benefit-oriented criteria (the larger
 

the greater preference),
 

2 -Min(2)

T(X.)- (3.18)
 

Max(X)-Min(2)
 

Case 2: Cost-oriented criteria (the smaller Xj,
 

the greater preference),
 

Xj-Min(X)

T(Xj) -1- (3.19)
 

Max(X)-Min(X)
 

The formula (3.16)-(3.19) not only normalize the scale,
 

they also establish the interval scale [0,1]. Results can
 

easily be transformed into the interval scales [0,10] or
 

[0,100] by multiplying by 10 or 100, respectively.
 

Application of the scale from Figure 301 and equations
 

(3.16)-(3.19) provide several systematic methods for the
 

transformation of nonhomogeneous units into desirable
 

scales. However, these methods do not consider decision
 

maker preferences. Utility analysis provides a mechanism
 

http:3.16)-(3.19
http:3.16)-(3.19
http:T(X.)-(3.18
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for quantification the decision maker's preference struc

tures with respect to each criterion. In addition, the
 

utility tool can also be used to perform scale transfor

mations, as discussed above. A number of utility models
 

(e.g., additive, weighted additive, multiplicative or log
 

additive, quasi-additive, bilateral, hybrid, quasi-pyrami

dal, semicube, interdependent variable, and multilinear)
 

are available for application (Zeleny, 1982). The weighted
 

additive method is the most frequently used model.
 

The use of utility scales starts with development of a
 

utility function for each applicable criterion. A series
 

of lottery-type questions can be used to obtain answers
 

from decision makers to develop the utility function (Keen

ey & Raiffa, 1976). Using the notations developed for for

mulas (3.16)-(3.19), the utility of the lowest outcome
 

U[Min(A)] = 0 and the utility of the highest outcome U[Max
 

(A)] = 1 can be defined and used to formulate questions for
 

development of utility functions. For example, the deci

sion maker may be asked, "what certain outcome, Xj, would
 

you consider to be equally as desirable as a P% chance for
 

the highest outcome Max(X) and a (1 P)% chance for the
 

lowest outcome, Min(X)?" This question can be expressed in
 

utility term as
 

U(Xj) = P U[Max(X) ] + (1-P) U[Min(A) ] (3.20)
.
 

Changing the value P, a series of utility values can be de

rived for the development of a utility function.
 

http:3.16)-(3.19
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The development of utility functions can be concep

tually difficult and time consuming. Some predefined
 

curves, as shown in Figure 302, can be used as utility
 

functions to represent decision maker attitudes toward risk
 

(Jones et al., 1985). The curves in Figure 302(a) are used
 

for benefit-oriented criteria, while those in 302(b) repre

sent cost-oriented criteria. In which curves a, b, c, d, e
 

and f are derived, respectively, using formulas [1-(X

(1-x) 2, X112,

1) 2] 1/2, 1- X, X2, 1-(1-X)1/2, and 1-(1-X2)112, where
 

X = [Xj-Min(X) ] /[Max(X) -Min(X)] , representing the magnitude
 

of criterion outcome. The use of predefined utility curves
 

resolves the issue of effort required to develop utility
 

functions.
 

3.3.5 System Rating
 

The additive weighting method considers outcomes for
 

each applicable criterion, based on differentiated weights.
 

It thus systematically converts a multiple-criterion prob

lem into a single-dimension problem. The aggregate score
 

can be derived using following formula:
 

ASi = W , (3.22)
 
i=1. -7 3
 

where AS is the aggregate score of system i,
 

n is the number of applicable criteria,
 

W is the importance weight for criterion j in
 

system i, and
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(a) Benefit-Oriented Criteria 

criterion outcome more benifit --> 

(b) Cost-Oriented Criteria 

curve a 

curve b 

curve c 

curve d 

curve e 
-A
curve f -.
curve g 

-.
curve g 

curve f 

curve e 
G 

curve d 

curve c 
-A
curve b 
--E

curve a 

criterion outcome <-- less cost 

Figure 302. Curves Used for Utility Transformations.
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Sit is the score of criterion j in system i. 

In formula (3.21), SI, can represent original scores mea

sured directly from applicable criteria, or transformed 

scores based upon scaling functions or utility functions. 

If the concept of value functions is applied, the method 

can also be regarded as a multiobjective value function 

method in which the scores used will be valuation scores. 

(Troutt, 1988). However, no matter the type of score used,
 

the scale used for each quantitative and qualitative crite

rion must be comparable such that the aggregate score
 

computed from the formula will also be comparable within
 

the selected interval scale. Generally, higher scores
 

signify better system performance.
 

3.3.6 Analysis and Comparison
 

The aggregate scores generated from application of a
 

linear additive weighting method provide understandable
 

figures for reports on system performance evaluation.
 

Taken at face value, a higher aggregate score signifies a
 

more desirable system performance. However, aggregate
 

scores are a function of the applicable criteria, whereas
 

criterion performance, in turn, is a function of utility
 

value as well as importance weights assigned to specific
 

criterion. For a standard evaluation, the data collected
 

from each criterion represents importance weights and
 

performance scores can be assumed as independent and nor
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mally distributed random variables. Therefore, if multiple
 

judges are used to assess importance weights, and/or multi

ple sample values are used to represent criterion perfor

mance, variabilities may arise at the criterion and aggre

gate levels. In this situation, a statistical estimate
 

expressed as expected values and standard deviations can be
 

used to represent system performance. Additional informa

tion can also be derived through application of statistical
 

analysis.
 

The first statistical tool used is the construct of
 

confidence intervals for aggregate scores, based on the
 

mean values and standard deviations for the aggregate
 

scores. Second, a hypothesis test and probability values
 

may be used. The results obtained from these statistical
 

analyses provide a useful basis for comparisons among
 

several alternatives under evaluation.
 

In addition, the concept of the coefficient of varia

tion, a normalized value defined as the magnitude of the
 

standard deviation divided by the mean value, can also be
 

used to identify outcome variability. This value allows
 

decision makers to choose an alternative based upon lower
 

relative variability (Riggs & West, 1986).
 

Importance weights and criterion values are the basic
 

elements for determination of aggregate scores, and means
 

to estimate these elements are sometimes performed subjec

tively. Sensitivity analysis provides a useful tool for
 

identification of the sensitive element(s) which may affect
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decision making. The result of this form of analysis ena

bles decision makers to expend greater effort in the as

sessment of important weights and criterion measurement on
 

those sensitive elements that will likely affect the deci

sion.
 

In place of using aggregate score as a basis for
 

decision, several extended analyses based on the score or
 

the weighted value of each criterion can be conducted. The
 

information derived from criterion-wise comparisons is also
 

helpful to decision making. According to the survey of
 

Hwang and Yoon (1981), alternative selection methods based
 

on criterion values include dominance, maximin, minmax,
 

conjunctive methods (i.e., the statisficing method), dis

junctive methods, lexicographic methods, elimination by as

pects, permutation methods, the linear assignment methods,
 

ELECTRE methods, and hierarchical trade-offs. The selec

tion of a suitable decision model is largely based upon the
 

nature of the problem. The need for defense, credibility
 

of the choice rule, urgency of decision, time horizon, who

will-be-discriminated-against, units and scales of measure

ment, optimizing or satisficing, and costs of a less-then

the-best-choice are the eight considerations listed by
 

Easton (1973) for the choice of decision model.
 

Graphic display techniques consist of another powerful
 

tool for the facilitation of criterion-wise analyses. In
 

addition to line and bar charts, Canada and Sullivan (1989)
 

have used shaded circles to represent attribute values and
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polar graphs to show the ratings for alternatives being
 

evaluated.
 

3.4 Multicriteria System Evaluation for Quality System
 
Audits
 

A quality system consists of the organizational struc

ture, responsibilities, procedures, and resources for the
 

implementation of quality management (ISO 8402, 1986). It
 

is a system characterized by several requirements, based
 

upon individual company functional or organizational capa

bilities. For example, the 18 predetermined requirements
 

in the ISO 9002 standard can be regarded as major criteria
 

for evaluation when this standard is used for quality
 

management. These criteria are generally importance weigh

ted since different companies may differ in the emphasis
 

attributed to selected requirements when implementing a
 

quality system.
 

Quality system audits are knowledge- and experience-


intensive tasks. To produce reliable results for perfor

mance reporting, a systematic and quantitative method
 

should be used, especially when less experienced internal
 

auditors are used. In addition, the purpose of quality
 

system audits is not only to measure performance, analyses
 

based on audit findings are required to initiate improve

ment activities. Therefore, candidate methodologies for
 

quality system audits should also be equipped with appro

priate analytical tools.
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The quality system evaluation can be classified as a
 

multicriteria decision-making problem, but some of its
 

characteristics require close attention. Rather than sim

ultaneous selection among multiple alternatives, the inter

nal quality system audit allows the company to evaluate a
 

single system over time. If predefined requirements (as
 

specified in ISO 9001-9003) are used, the effort of crite

rion development can be eliminated. Moreover, quality
 

system audits are based only upon qualitative criteria,
 

which can be measured directly using a common interval
 

scale without need for scale transformations.
 

The linear additive-weighting model is a multicriteria
 

evaluation methodology. Incorporating relevant methods, it
 

can be used to assess importance weights for applicable re

quirements. It also provides a systematic and quantitative
 

approach to the measurement of individual criteria, inte

grating results into a comparable scale for performance
 

reports on an operating quality system. In addition,
 

measured scores and their variabilities provide a sound
 

basis for further analysis and comparison. Therefore, the
 

model is suitable to be used for the development of a
 

quality capability diagnosis scheme.
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CHAPTER 4
 

DEVELOPMENT OF A METHODOLOGY FOR QUALITY
 

CAPABILITY SELF-DIAGNOSIS
 

4.1 Introduction
 

From the literature review and field surveys, as dis

cussed in Chapter 2, it has been determined that most qual

ity system audit schemes currently in use are performed in
 

a largely subjective or qualitative manner. Thus, to
 

produce significant results, professional and experienced
 

auditors should be employed. Development of a cost-effec

tive quality diagnosis methodology, to be used by internal
 

quality management personnel as a tool to effect internal
 

improvement as well as to facilitate external certifica

tion, would be a useful addition in the field under discus

sion.
 

The proposed methodology is intended for use as an
 

external quality auditor, assisting manufacturers in the
 

measurement of operating quality system performance with
 

respect to the degree with which they conform to globally
 

recognized quality system standards; that is, the ISO 9000
 

series. A multicriteria evaluation method will be used to
 

deal with the issue of relative importance and the quantif

ication of auditing processes and results. In the develop
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ment process, primary emphasis was placed on strengthening
 

the objectivity of the proposed methodology in comparison
 

to other auditing schemes, and the establishment of analyt

ical, interpretative, and confirmative capabilities.
 

The methodological structure is presented in two major
 

parts: a regular model and a refined model. The regular
 

model includes the development of auditing criteria, selec

tion of a suitable checklist, development of importance
 

weights, performance measurement, quality system rating,
 

and analysis of quality auditing results. The refined
 

model was developed to strengthen the model capability and
 

reliability for confirming the goodness of an operating
 

quality system based on quality cost analysis, utility
 

theory and regression methods.
 

Figure 401 presents a flow chart of the methodology of
 

the proposed Quality Capability Self-Diagnosis Scheme
 

(QCSDS). Input materials and output results are summarized
 

for each stage. Detailed explanations are included in the
 

following sections.
 

4.2 Development of Ouality System Auditing Criteria
 

As discussed in Chapter 1, ISO 9001, 9002 and 9003
 

were adopted as the basis for development of QCSDS. Since
 

the ISO 9000 series was not established solely for auditing
 

purposes, the decomposition of these standards into audit

ing criteria was necessary. Moreover, it was intended
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Figure 401. Methodology of the Quality Capability
 
Self-Diagnosis Scheme.
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that the multicriteria evaluation methodology would be used
 

as a quantitative tool. To meet this goal, hierarchical
 

checklists were constructed to reduce the number of factors
 

at each comparative level and to simplify the task of rank
 

assignment during importance weighting.
 

ISO 9001, 9002 and 9003 are three alternative quality
 

assurance models, representing three distinct forms of
 

"functional or organizational capability" (ISO 9000, 1987).
 

There are 20 predefined requirements in ISO 9001, 18 in ISO
 

9002, and 12 in ISO 9003. In addition, some of the require

ments have been divided into several sub-requirements.
 

From this inherently advantageous structure, hierarchical
 

auditing checklists were developed.
 

All developed checklists consist of three levels: re

quirement, sub-requirement, and statement levels. To avoid
 

the destruction of the inherent structure, the titles of
 

the first level are identical to those for requirements
 

listed in Section 4 of the corresponding ISO standard. In
 

addition, some sections of the standards were analyzed and
 

then grouped, applying to each group a summarized title
 

which then also became a part of the second level titles
 

for each group. The third level consists of several state

ments, as decomposed from the original texts of ISO 9001,
 

9002 and 9003.
 

As previously noted, documentation and implementation
 

are two major components of a quality systems audit. Docu

mentation audits include checks of the conformance of a
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quality program to the requirements specified in ISO 9001,
 

9002 or 9003. Implementation audits seek to determine if
 

the quality activities are then in compliance with the
 

planned arrangement (i.e., the documentation).
 

To facilitate performance measures, two sets of ques

tions under the categories "documentation" and "implementa

tion" were developed. These were based on the corresponding
 

third level statements. These questions were used to
 

construct a sensing mechanism for detection of standards of
 

documentation and implementation performance. For assess

ment purposes, each question was attributed a value between
 

0% to 100%, based upon actual status. To further simplify
 

the audit procedure, each question was also decomposed into
 

several key concepts intended to highlight the question,
 

facilitate decision making, and to improve quality audit
 

consistency over different periods. A binary response
 

(true or false: true = 100%, false = 0%) or a percentage
 

scale between 0% and 100% was attributed to each concept.
 

The degree of conformity with standards can thus be deter

mined based upon scores from a series of responses.
 

Most of the questions included in the documentation
 

category require point-by-point comparisons between the
 

questions and the documentation forming the quality pro

gram. Objective evidence or answers representing the
 

implementation category questions are frequently too
 

lengthy to encompass individual evaluation. Thus, in this
 

respect, decisions are based on a sampling of the popula
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tion affected by the audit issued (Mills, 1989).
 

Based upon the considerations given above, three check

lists corresponding to ISO 9001, 9002 and 9003, were devel

oped and are listed in Appendices 4A, 4B, and 4C. Table
 

401, Table 402, and Table 403 are summarized forms of
 

Checklists 1, 2, and 3, respectively. For the convenience
 

of subsequent identification and discussion, a numbering
 

system was applied to these checklists.
 

4.3	 Selection of Suitable Criteria for Quality System
 
Audits
 

The implementation of a company quality system is
 

dependent upon its quality policy/objectives, organiza

tional structure, product or services, manufacturing pro

cesses, available facilities and resources, and other prac

tices specific to the organization. Therefore, the basis
 

used for quality audits varies from one company to another.
 

In section 4.2, three checklists were developed for use
 

with quality system audits. Basically, the selection of a
 

suitable checklist is dependent upon which standard (ISO
 

9001, 9002 or 9003) is used for quality assurance and qual

ity system implementation. Thus, the selection manner of a
 

quality assurance (QA) model is the same as that for se

lecting a checklist used in quality system audits. A
 

straightforward selection of a suitable QA model can be
 

made based on differences in the functional or organiza

tional capabilities of the company to be audited:
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Table 401. Summarized Checklist for ISO 9001.
 

1 Management Responsibility 
101 Quality Policy
 

10101
 
10102
 

102 Organization
 
10203
 
10204
 
10205
 
10206
 

103 Management Review
 
10307
 
10308
 

2 Quality System 
201 Quality System
 

20101
 
20102
 

3 Contract Review 
301 Contract Review
 

30101
 
30102
 
30103
 

4 Design Control
 
401 General Provisions
 

40101
 
402 Design and Development Planning
 

40202
 
40203
 
40204
 
40205
 

403 Design Input
 
40306
 
40307
 

404 Design Output
 
40408
 
40409
 

405 Design Verification
 
40510
 
40511
 

406 Design Changes
 
40612
 

5 Document Control
 
501 Document Approval and Issue
 

50101
 
50102
 
50103
 

502 Document Changes/ Modifications
 
50204
 
50205
 
50206
 
50207
 

6 Purchasing
 
601 General Provisions
 

60101
 
602 Assessment of Sub-contractors
 

60202
 
60203
 
60204
 
60205
 

603 Purchasing Data
 
60306
 
60307
 

604 Verification of Purchased Products
 
60408
 

60409
 
60410
 

7 Purchaser Supplied Product
 
701 Purchaser Supplied Product
 

70101
 
70102
 

8 Product Identification and Traceability 
801 Product Identification and 

Traceability
 
80101
 
80102
 
80103
 

9 Process Control 
901 General Provisions
 

90101
 
90102
 
90103
 
90104
 
90105
 

902 Special Process
 
90206
 
90207
 
90208
 

10 Inspection and Testing 
1001 Receiving Inspection and Testing
 

100101
 
100102
 
100103
 
100104
 

1002 In-Process Inspection and Testing
 
100205
 
100206
 
100207
 
100208
 
100209
 

1003 Final Inspection and Testing
 
100310
 
100311
 
100312
 

1004 Inspection and Test Records
 
100413
 

11 Inspection, Measurement and Test 
Equipment 
1101 Inspection Planning 

110101
 
110102
 
110103
 

1102 Traceability and Calibration
 
110204
 
110205
 
110206
 
110207
 
110208
 

1103 Management of Inspection 
Equipment
 

110309
 
110310
 
110311
 

1104 Auxiliary Test Hardware/Software 
Control
 

110412
 
110413
 
110414
 

12 Inspection and Test Status 
1201 Inspection and Test Status
 

120101
 
120102
 
120103
 

13 Control of Nonconforming Product 
1301 General Provisions
 

130101
 
130102
 

1302 Nonconformity Review and 
Disposition
 

130203
 
130204
 
130205
 
130206
 

14 Corrective Action 
1401 Corrective Action
 

140101
 
140102
 
140103
 
140104
 
140105
 

15 Handling, Storage, Packaging and 
Delivery 
1501 Handling 

150101
 
1502 Storage
 

150202
 
150203
 
150204
 

1503 Packaging
 
150305
 

1504 Delivery
 
150406
 

16 Quality Records
 
1601 Quality Records
 

160101
 
160102
 
160103
 
160104
 
160105
 
160106
 

17 Internal Quality Audits 
1701 Internal Quality Audits
 

170101
 
170102
 
170103
 
170104
 
170105
 

18 Training 
1801 Training
 

180101
 
180102
 
180103
 

19 Servicing
 
1901 Servicing
 

190101
 
20 Statistical Techniques
 

2001 Statistical Techniques
 
200101
 

Note: Summarized from Appendix 4A 
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Table 402. Summarized Checklist for ISO 9002.
 

1 Management Responsibility 8 Process Control 12 Control of Nonconforming
 
101 Quality Policy 801 General Provisions Product
 

10101 80101 1201 General Provisions
 
10102 80102 120101
 

10203 80104 1202 Nonconformity Review and
 
10204 80105 Disposition
 

10308 9 Inspection and Testing 13 Corrective Action
 
2 Quality System 901 Receiving Inspection &Testing 1301 Corrective Action
 

30101 90205 14 Handling, Storage, Packaging
 
30102 90206 and Delivery
 
30103 90207 1401 Handling
 

401 Document Approval and Issue 90209 1402 Storage
 

402 Document Changes/Modifications 90312 1403 Packaging
 

40205 90413 1404 Delivery
 

40207 Equipment 15 Quality Records
 
5 Purchasing 1001 Inspection Planning 1501 Quality Records
 

50205 100206 16 Internal Quality Audits
 
503 Purchasing Data 100207 1601 Internal Quality Audits
 

50409 100311 17 Training
 
50410 1004 Auxiliary Test Hardware/ 1701 Training
 

60102 100414 18 Statistical Techniques
 
7 Product Identification and Traceability 11 Inspection and Test Status 1801 Statistical Techniques
 

102 Organization 80103 120102
 

10205 802 Special Process 120203
 
10206 80206 120204
 

103 Management Review 80207 120205
 
10307 80208 120206
 

201 Quality System 90101 130101
 
20101 90102 130102
 
20102 90103 130103
 

3 Contract Review 90104 130104
 
301 Contract Review 902 In-Process Inspection &Testing 130105
 

4 Document Control 90208 140101
 

40101 903 Final Inspection &Testing 140202
 
40102 90310 140203
 
40103 90311 140204
 

40204 904 Inspection &Test Records 140305
 

40206 10 Inspection, Measurement and Test 140406
 

501 General Provisions 100101 150101
 
50101 100102 150102
 

502 Assessment of Sub-contractors 100103 150103
 
50202 1002 Traceability and Calibration 150104
 
50203 100204 150105
 
50204 100205 150106
 

50306 100208 160101
 
50307 1003 Management of Inspection 160102
 

504 Verification of Purchased Equipment 160103
 
Products 100309 160104
 

50408 100310 160105
 

6 Purchaser Supplied Product Software Control 170101
 
601 Purchaser Supplied Product 100412 170102
 

60101 100413 170103
 

701 Product Identification and Traceability 1101 Inspection and Test Status 180101
 
70101 110101
 
70102 110102
 
70103 110103
 

.. - . 
ore: un na rorn ppen 
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Table 403. Summarized Checklist for ISO 9003.
 

1 Management Responsibility
 
101 Quality Policy
 

10101
 

102 Organization
 
10202
 
10203
 

10204
 
103 Management Review
 

10305
 
10306
 

2 Quality System
 
201 Quality System
 
20101
 

3 Document Control
 
301 Document Control
 
30101
 

30102
 

4 Product Identification
 
401 Product Identification
 
40101
 
40102
 

5 Inspection and Testing
 
501 Inspection and Testing
 

50101
 
50102
 

6 Inspection, Measuring and Test Equipment
 
601 Inspection, Measuring and Test equipment
 

60101
 

60102
 
60103
 

7 Inspection and Test Status
 
701 Inspection and Test Status
 
70101
 

70102
 

8 Control of Nonconforming Product
 
801 General Provisions
 

80101
 
80102
 
80103
 

9 Handling, Storage, Packaging and Delivery
 
901 Handling, Storage, Packaging and Delivery
 

90101
 

10 Quality Records
 
1001 Quality Records
 

100101
 

100102
 
100103
 

11 Training
 
1101 Training
 
110101
 

12 Statistical Techniques
 
1201 Statistical Techniques
 

120101
 

Note: Summarized from Appendix 4C
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1) ISO 9001: For use when conformance to specified 

requirements is to be assured by the supplier 

during several stages. These may include design, 

development, production, installation and 

servicing. 

2) ISO 9002: For use when conformance to specified 

requirements is to be assured by the supplier 

during production and installation. 

3) ISO 9003: For use when conformance to specified 

requirements is to be assured by the supplier 

solely at final inspection and test (ISO 9000, 

1987) . 

Moreover, the "field of application" specified in
 

these three standards also provides assistance in the
 

selection of an appropriate QA model. ISO 9001 is applica

ble when a design effort is required, and the product re

quirements are stated principally in performance terms or
 

need to be established. Confidence in product conformance
 

can be attained by adequate demonstration of certain sup

plier capabilities in design, development, production,
 

installation and servicing (ISO 9001, 1987).
 

ISO 9002 is applicable when the specified requirements
 

for product are stated in terms of an established design or
 

specification. Confidence in product conformance can be
 

attained by adequate demonstration of supplier capabilities
 

in production and installation (ISO 9002, 1987). In turn,
 

ISO 9003 is applicable when conformance of a product to
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specified requirements can be shown with adequate confi

dence, providing that supplier's capabilities for product
 

inspection and tests can be satisfactorily demonstrated on
 

completion (ISO 9003, 1987).
 

With respect to the degree of system complexity, ISO
 

9001 is stricter than 9002, while 9002 is stricter than ISO
 

9003. ISO 9003 users have only to demonstrate, among other
 

requirements, the capability to inspect and test the prod

uct. ISO 9002 users are expected to be able to demonstrate
 

that the relevant manufacturing processes are capable of
 

maintaining requirements per design specifications, while
 

ISO 9001 suppliers must also demonstrate capability/mastery
 

of all phases of design development and servicing (Lam

precht, 1992).
 

From a review of specified requirements, ISO 9001 and
 

9002 differ mainly in that the latter does not cover the
 

"design control" and "servicing" requirements. In addition
 

to these two requirements, "contract review," "purchasing,"
 

"purchaser supplied product," "process control," "correc

tive action," and "internal quality audits" are not re

quired by ISO 9003.
 

Basically, the selection of a QA model is determined
 

by each company, based on the above factors, and the nature
 

of the contractual agreements with customers. In addition
 

to its utility for selecting a QA, this principle can also
 

be used for selection of an appropriate checklist for self-


audit purposes, and even for the determination of a sound
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basis for external certification.
 

In addition, ISO 9000 (section 8.2.3) also provides
 

six factors considered to be fundamental to the selection
 

of a QA model:
 

1) design-process complexity, 

2) design maturity, 

3) production-process complexity, 

4) product or service characteristics, 

5) product or service safety, and 

6) economics. 

It is proposed that selection of a QA model should be
 

based on a company's inherent "organizational or functional
 

capability." However, for some critical situations, sys

tematic consideration of these six factors may be required
 

to assist with precise selection. Basically, the following
 

considerations apply: the higher the design-process com

plexity, the lower the design maturity, the higher the pro-


duction-process complexity, the more complex the product or
 

service characteristics, the higher the product or service
 

safety requirements, and the higher the cost due to noncon

formities in product or service, the necessity to apply ISO
 

9001 is increasing; otherwise ISO 9002 or even 9003 is
 

likely to be used.
 

The six factors indicated above are qualitative in na

ture, thus a quantitative transformation is useful for the
 

generation of a numerical index as a reference for QA model
 

selection. The Canadian National Standard CAN/CSA 299.0
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(1979) provides a quantitative transformation method,
 

rating the above factors on a scale from 0 to 4 and summing
 

all values to select a quality program standard. The quan

tified process and criteria are included as Appendix 4D. A
 

simple multicriteria decision making methodology (here

inafter identified as SMCDM), as modified from the CSA
 

method, can be used for this purpose. The modeling proce

dures are illustrated as follows:
 

Step 1, Weighting for Each Factor:
 

The importance weights for these six factors are
 

developed, using methods discussed in Chapter 3.
 

Step 2, Scaling for Each Factor:
 

The purpose of scaling is to develop a numerical
 

relationship between factor outcomes and evaluation rat

ings. An interval scale bounded by [0, 1] can be used for
 

convenience.
 

According to ISO 9000 (1987), the factor "design
 

process complexity" deals with the difficulty of designing
 

the product or service if such product or service has yet
 

to be designed. The factor "design maturity" deals with
 

the extent to which the total design is known and proven
 

either by performance testing or field experience. The
 

factor "production-process complexity" deals with the
 

availability of proven production processes, the need for
 

development of new processes, the number and variety of
 

processes required, and the impact of the process(es) on
 

the performance of the product or service. The factor
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"product or service characteristics" deals with the com

plexity of the product or service, the number of interre

lated characteristics, and the criticality of each charac

teristic for performance. The factor "product or service
 

safety" deals with the risk of the occurrence of failure
 

and the consequences of such failure. While, the factor
 

"economics" deals with the economic costs to both supplier
 

and purchaser of the preceding factors, weighted against
 

costs due to nonconformities in the product or service. For
 

application, a ratio of latter costs to former costs can be
 

used to assess the outcome of this factor.
 

The outcome of the first factor, indicating the degree
 

of complexity, can be classified into five discrete catego

ries: very low, low, medium, high, and very high. The
 

corresponding evaluation ratings are assigned values of 0,
 

0.25, 0.5, 0.75, and 1, respectively. Using the same algo

rithm, the relationship between factor outcomes and evalua

tion ratings of other factors can be determined as illus

trated in Table 404, in which the outcomes of some factors
 

are determined by integrating the outcomes of relevant
 

subfactors.
 

Step 3, Measurement of Each Factor:
 

Factor measuring may be conducted by the quality
 

manager or other relevant personnel. Based upon the scal

ing scheme described in Table 404, each factor can be mea

sured and assigned an appropriate scale value.
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Table 404. Relationship Between Factor Outcomes and
 
Evaluation Ratings for QA Model Selection.
 

Factors Design- Production Product or Product or
 
Evaluation Process Design Process Service Service Economics
 
Rating Complexity Maturity Complexity Character- Safety (Ratio)
 

Outcomes istic
 

Very Low 0.0 1.0 0.0 0.0 0.0
 0
 

(very small)
 

Low 0.25 0.75 0.25 0.25 0.25 0.25
 
(small)
 

Medium 0.5 0.5 0.5 0.5 0.5 0.5
 
(equal)
 

High 0.75 0.25 0.75 0.75 0.75 0.75
 
(large)
 

Very High 1.0 0.0 1.0 1.0 1.0 1.0
 
(very large)
 

In this step, data are collected and calculated in
 

support of the outcome assignment. As an example, in "de

sign maturity," the "extent to which the total design is
 

known and proven" could be represented by a percentage for
 

the purpose of arriving at an objective outcome assignment
 

decision. The factor "production-process complexity"
 

consists of four subfactors, in which the subfactors "av

ailability of proven production processes" and "need for
 

development of new processes" are complementary. These two
 

subfactors and the subfactor "number and variety of pro

cesses required" could be represented in terms of percent

age. For the subfactor "impact of the process(es) on the
 

performance of the product or service," the degree of
 

impact could be transformed into a percentage scale bound
 

by [0%, 100%]. After integrating the numerical values
 

derived from all of the subfactors, a composite value can
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be produced and an objective outcome assignment decision
 

formulated.
 

The same technique could be applied to the other fac

tors. Sometimes the objective data are difficult to col

lect and subjective judgements must be made. However, the
 

goal should be to make the outcome assignment decision
 

objective to the greatest degree possible.
 

The number of factor outcome categories in the SMCDM
 

is identical to that for the factor rating scale described
 

in CAN/CSA 299.0 (1979). Thus, the criteria used to deter

mine the rating scale for each factor in the standard is
 

also appropriate for use for outcome assignment decisions
 

in the SMCDM. In some cases, the adoption of this method
 

will simplify the scaling process when using the SMCDM.
 

The scaling relationship between these two methods is as
 

follows:
 

CAN/CSA 299.0 SMCDM
 

0 0.0
 

1 0.25
 

2 0.5
 

3 0.75
 

4 1.0
 

Pereira (1987) has suggested that scaling can be performed
 

in a brainstorming meeting attended by the auditor(s) and
 

relevant company management personnel.
 

Step 4, Numerical Index Generation:
 

From the importance weights determined in Step 1, the
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results of factor measuring as described in Step 3, and
 

from Table 404, a numerical index can be generated using an
 

additive weighting method. Table 405 provides an example
 

of numerical index (NI) generation using equal weights,
 

that is, a ratio of 1/6 for each factor.
 

The value 0.458, as generated from the process given
 

in Step 4, can be used as an index to determine which QA
 

model should be used for quality system implementation or
 

self-audits. This index converts the actual status of con

sidered factors for an individual company into a value
 

bound by 0 and 1 to reflect desirability for QA Model sel

ection. Using the same proportional scaling relationship
 

as given in CSA 299.0, when NI > 0.66, ISO 9001 is select

ed; when 0.34 s NI s 0.66, ISO 9002 is selected; and when
 

NI < 0.34, ISO 9003 is selected. Since the degree of
 

optimism differs among companies and/or decision makers,
 

more optimistic decision makers may use a higher critical
 

point, while more conservative decision makers may use a
 

lower value for model selection. Though this index is not
 

sufficiently accurate to dictate which model should be
 

chosen, it does provide an auxiliary tool for an appropri

ate QA model selection process. Therefore, the SMCDM can be
 

regarded as a refined method based upon that introduced in
 

CAN/CSA 299.0. Using this modified method, importance
 

weighting is permitted, a logical and intuitive scale is
 

used, and the precision of factor measurement is increased.
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Table 405. Numerical Index Generation for QA Model
 
Selection.
 

(3) Evaluation (4) = (2) Numerical Index
 
(1) Factors (2) Weights Ratings x (3) (NI)
 

Design-process 1/6 0.25 0.042
 
Complexity
 

Design Maturity 1/6 0.5 0.083
 

Production-process 1/6 0.5 0.083
 
Complexity
 0.458
 

Product or Service 1/6 0.25 0.042
 
Characteristics
 

Product or Service 1/6 0.75 0.125
 
Safety
 

Economics 1/6 0.5 0.083
 

Selection of an appropriate QA model (or checklist) is
 

important to the implementation of a quality system. In
 

summary, individual companies select a QA model or check

list based upon their specific functional and/or organiza

tional capabilities in the context of an overall consider

ation of risks, costs and benefits. If such a decision
 

remains unclear, then the methodology presented above can
 

be used as an auxiliary decision making tool.
 

ISO 9000 (1987) indicates that, according to the
 

experience, the three models encompassed in the standards
 

will adequately meet the needs of most situations. Howev

er, certain quality system elements called for in the
 

selected model may be deleted or added according to specif

ic necessity. Thus, the ability to tailor model selection
 

to produce a revised checklist, by the deletion or addition
 

of relevant requirements, sub-requirements, or statements
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from or to the originally chosen checklist, is a desirable
 

addition to the quality system audit process.
 

4.4 Development of Importance Weights for Quality System
 
Requirements and Sub-requirements
 

ISO 9004 (1987) states that each element (or require

ment) of a quality management system will vary in impor

tance from one type of activity to the next, and from one
 

product or service to the next. As discussed in Section
 

4.2, companies may differ in the emphasis attributed to
 

selected elements when implementing quality systems. This
 

may be caused by differences in quality policy/objectives,
 

organizational structures, available resources, manufactur

ing processes, or other factors. The macro-effect of these
 

differences is reflected in QA model selection, whereas the
 

micro-effect can result from differing importance attribut

ed to specific requirements and sub-requirements. For
 

development of a multicriteria evaluation model, weighting
 

is a powerful tool which can be used to solve the issue of
 

importance. In the quality system auditing environment,
 

weighting is regarded not only as an index of importance
 

for specific requirements, but also as an index of the
 

occurrence or application frequencies of specific activi

ties.
 

In Section 4.2, three checklists were developed.
 

Checklists 1, 2 and 3 consist of, respectively, 20, 18 and
 

12 first hierarchical level criteria (requirements), 42, 35
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and 14 second hierarchical level criteria (sub-requirement

s), and 118, 105 and 27 third hierarchical level criteria
 

(statements). Following comparison of the strong and weak
 

points of each weighting scheme discussed in Chapter 3, a
 

partial pairwise comparison method with three importance
 

scales [0,1,2] was selected for weighting the first level
 

criteria. The approach was selected principally because of
 

the ease with which methodology may be applied, not only
 

conceptually, but also for applications encompassing multi

ple-judges and/or computer implementations.
 

This method of comparison provides to be adequate for
 

checklists with 12 or more criteria, but is not as suitable
 

for those checklists with fewer criteria. For the latter,
 

the results too frequently ended with weight sets which
 

differed considerably from the perceptions of the judges.
 

This produced either unexpected equalities or schemes which
 

lacked harmonization. Therefore, a more sophisticated
 

scheme, utilizing a partial pairwise comparison method with
 

five importance scales [1,2,3,4,5] was proposed to develop
 

the weights for second-level criteria. Third-level state

ments are sufficiently detailed to be attributed equal
 

importance, thus no additional weighting treatments were
 

performed for this level.
 

For explanatory purposes, Checklist 2 (ISO 9002) is
 

used as an example to illustrate the application of impor

tance weighting. The weighting process is initiated with
 

the determination of applicable criteria (including re
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quirements, sub-requirements and statements). At this
 

stage, all non-applicable criteria are eliminated from
 

weighting and subsequent performance measures. For the
 

purposes of the present study, it is assumed that none of
 

the Checklist 2 criterion are eliminated.
 

For the 18 first-level requirements, a partial pair-


wise comparison method with three importance scales, 0, 1
 

and 2, is used in which each requirement should be paired
 

with other requirements for purposes of comparison. If
 

requirement v is more important than requirement u, then
 

the scale response is "2," whereas "1" indicates equal
 

importance, and "0" indicates that the former is less
 

important than the latter requirement. A matrix can be
 

used to count and record the results of comparisons. Since
 

a partial pairwise comparison is applied, only those upper
 

elements above the principal diagonal of the matrix should
 

be filled. For this example, n(n-1)/2 = 153 pairwise com

parisons are to be made. Values below the principal diago

nal are complementary to the values above the diagonal,
 

that is, 0 is the complement of 2, 1 is complementary to
 

itself, etc. (West & Randhawa, 1989). To facilitate the
 

comparisons, rapid browsing of the extent and meaning of
 

the requirements, to allow the judges to gain clear impres

sions of each requirement, is suggested as an addition to
 

this comparison process. Table 406 is the result of com

parisons using Checklist 2 as an example of the development
 

of first-level importance weights.
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Table 406. Example of Weighting 18 Requirements for ISO
 
9002. 

Requirement 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 Sum Wfi 

1 X 2 2 1 1 2 2 1 1 1 2 2 1 2 2 1 1 1 25 0.082 

2 0 X 1 0 0 2 1 0 1 0 2 1 1 1 1 1 1 1 14 0.046 

3 0 1 X 0 1 2 1 1 1 1 1 2 1 1 1 1 1 1 17 0.058 

4 1 2 2 X 1 2 2 1 1 1 2 2 2 2 2 2 2 1 28 0.092 

5 1 2 1 1 X 2 2 1 1 1 2 2 1 2 2 1 1 1 24 0.078 

6 0 0 0 0 0 X 0 0 0 0 0 0 0 0 0 0 1 0 1 0.003 

7 0 1 1 0 0 2 X 0 0 1 1 1 0 1 1 0 0 1 10 0.033 

8 1 2 1 1 1 2 2 X 1 1 2 2 2 2 2 2 2 2 28 0.092 

9 1 1 1 1 1 2 2 1 X 1 2 2 1 2 2 1 1 1 23 0.075 

10 1 2 1 1 1 2 1 1 1 X 2 2 1 2 2 1 1 1 23 0.075 

11 0 0 1 0 0 2 1 0 0 0 X 1 0 0 1 0 0 0 6 0.020 

12 0 1 0 0 0 2 1 0 0 0 1 X 0 1 1 0 0 0 7 0.023 

13 1 1 1 0 1 2 2 0 1 1 2 2 X 2 2 1 1 1 21 0.069 

14 0 1 1 0 0 2 1 0 0 0 2 1 0 X 1 0 0 1 10 0.033 

15 0 1 1 0 0 2 1 0 0 0 1 1 0 1 X 0 0 0 8 0.026 

16 1 1 1 0 1 2 2 0 1 1 2 2 1 2 2 X 1 2 22 0.072 

17 1 1 1 0 1 1 2 0 1 1 2 2 1 2 2 1 X 1 20 0.065 

18 1 1 1 1 1 2 1 0 1 1 2 2 1 1 2 0 1 X 19 0.062 

Reference 306 1.002 

Note:1. 1 represents Management Responsibility; 

2 represents Quality System; 

3 represents Contract Review; 

4 represents Document Control; 

5 represents Purchasing; 

6 represents Purchaser Supplied Product; 

7 represents Product Identification and Traceability; 

8 represents Process Control; 

9 represents Inspection and Testing; 

10 represents Inspection, Measurement and Test Equipment; 

11 represents Inspection and Test Status; 

12 represents Control of Nonconforming Product; 

13 represents Corrective Action; 

14 represents Handling, Storage, Packaging and Delivery; 

15 represents Quality Records; 

16 represents Internal Quality Audits; 

17 represents Training; 

18 represents Statistical Techniques. 

2. Entry "0" in row v column u means requirement v is less important than requirement u, 

or activity v happens less frequently than activity u. 

3. Entry "1" in row v column u means requirement v is equally important than requirement u, 

or activity v happens equally frequently than activity u. 

4. Entry "2" in row v column u means requirement v is more important than requirement u, 

or activity v happens more frequently than activity u. 

5. The result is just for example, the entries of the matrix would be different, 

depending on individual company's situation or judge's decision. 
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Weighting for second-level sub-requirements should be
 

conducted for each group with respect to their next higher
 

level requirements. In Checklist 2, only requirements 1,
 

4, 5, 8, 9, 10, 12, and 14 have next lower-level sub-requ

irements and need further weighting processing. The pairw

ise comparison method with five importance scales [1,2,3,4

,5] is used for weighting at this level. During the com

parison process, judges arrive at decisions by responding
 

to the question, for example, "I feel sub-requirement v is
 

more important than sub-requirement u," selecting scale
 

values based on the following decision options:
 

Judge's Strongly Strongly
 
Decision Disagree Disagree Equal Agree Agree
 

Importance 2 3 4 5
1
 

Scale
 

The importance scale 1 is the complement of 5; 2 is the
 

complement of 4; and 3 is complementary to itself. The
 

weighting process for the sub-requirements within require

ments 1, 4, 5, 8, 9, 10, 12, and 14 are shown in Table 407
 

(407(a) through 407(h), respectively). Results derived from
 

Tables 406 and 407 are provided only for purposes of illus

tration, and in real cases would differ dependent upon
 

individual company situations or decisions.
 

As previously noted, the applicability of the prede

fined requirements and sub-requirements should be assessed
 

prior to pairwise comparisons. However, if specific re

quirements (or sub-requirements) are reassessed as non-


applicable during the weighting process, then all elements
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Table 407. Examples of Weighting Sub-requirements for ISO
 
9002.
 

(a) Example of Weighting Sub-requirements WRT 

Re uirement 'Management Responsibility' of ISO 9002 

Sub-requirement 101 102 103 Sum Wsi 

101 3 4 7 0.389 

102 3 X 4 7 0.389 

103 2 2 X 4 0.222 

Reference 18 1.000 

(b) Example of Weighting Sub-requirements WRT 

R uirement 'Document Control' of ISO 9002 

Sub-requirement 401 402 Sum Wsi 

401 3 0.500 

402 3 X 3 0.500 

Reference 6 1.000 

(c) Example of Weighting Sub-requirements WRT 

R uirement 'Purchasin of ISO 9002 

Sub-requirement 501 502 503 504 Sum Wsi 

501 X 2 2 2 6 0.167 

502 4 X 3 3 10 0.278 

503 4 3 X 3 10 0.278 

504 4 3 3 X 10 0.278 

Reference 36 1.001 

(d) Example of Weighting Sub-requirements WRT
 

R uirement 'Process Control of ISO 9002
 

Sub-requirement 801 802 Sum Wsi 

801 X 3 3 0.500 

802 3 X 3 0.500 

Reference 6 1.000 

(e) Example of Weighting Sub-requirements WRT
 

Requirement 'Inspection and Testing' of ISO 9002
 

Subrequirement 901 902 903 904 Sum Wsi 

901 X 3 4 5 12 0.333 

902 3 X 4 5 12 0.333 

903 2 2 X 4 8 0.222 

904 1 1 2 X 4 0.111 

Reference 36 0.999 

(f) Example of Weighting Sub-requirements WRT Requirement 

'Inspection, Measurement and Test Equipment of ISO 9002 

Sub-requirement 1001 1002 1003 1004 Sum Wsi 

1001 X 2 3 4 9 0.250 

1002 4 X 4 12 0.333 

1003 3 2 X 3 8 0.222 

1004 2 2 3 X 7 0.194 

Reference 36 0.999 

(g) Example of Weighting Sub-requirements WRT Requirement
 

'Control of Nonconforming Product of ISO 9002
 

Sub-requirement 1201 1202 Sum Wsi
 

1201 X 2 2 0.333
 

1202 4 X 4 0.667
 

Reference 6 1.000 

(h) Example of Weighting Sub-requirements WRT Requirement 

'Handling. Storage. Packaging and Delivery' of ISO 9002 

Sub-requirement 1401 1402 1403 1404 Sum Wsi 

1401 X 3 3 3 9 0.250 

1402 3 X 3 3 9 0.250 

1403 3 3 X 3 9 0.250 

1404 3 3 3 X 9 0.250 

Reference 36 1.000 

Note 1: 

101 represents Quality Policy; 

102 represents Organization; 

103 represents Management Review. 

Note 2: 

401 represents Document Approval and Issue; 

402 represents Document Changes/Modifications. 

Note 3: 

501 represents General Provisions; 

502 represents Assessment of Sub-Contractors; 

503 represents Purchasing Data; 

504 represents Verification of Purchased Products. 

Note 4: 

801 represents General Provisions; 

802 represents Special Process. 

Note 5: 

901 represents Receiving Inspection and Testing; 

902 represents In-Process Inspection and Testing; 

903 represents Final Inspection and Testing; 

904 represents Inspection and Test Records. 

Note 6: 

1001 represents Inspection Planning; 

1002 represents Traceability and Calibration; 

1003 represents Management of Inspection Equipment 

1004 represents Auxiliary Test Hardware/Software Con 

Note 7: 

1201 represents General Provisions; 

1202 represents Nonconformity Review and Dispositior 

Note 8: 

1401 represents Handling; 

1402 represents Storage; 

1403 represents Packaging; 

1404 represents Delivery. 
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Table 408. Integration Weighting of Requirements/ Sub-

requirements for ISO 9002 (Using example data in Table
 
406 and 407).
 

Importance Weights 
Requirement Sub-requirement 1st Level 2nd Level 
No. No. Wfj Wsi Wri 
1	 0.082 

101 0.389 0.032 
102 0.389 0.032 
103 0.222 0.018 

2	 0.046 
201 1.000 0.046 

3	 0.056 
301 1.000 0.056 

4	 0.092 
401 0.500 0.046 
402 0.500 0.046 

5	 0.078 
501 0.167 0.013 
502 0.278 0.022 
503 0.278 0.022 
504 0.278 0.022 

6	 0.003 
601 1.000 0.003 

7	 0.033 
701 1.000 0.033 

8	 0.092 
801 0.500 0.046 
802 0.500 0.046 

9	 0.075 
901 0.333 0.025 
902 0.333 0.025 
903 0.222 0.017 
904 0.111 0.008 

10	 0.075 
1001 0.250 0.019 
1002 0.333 0.025 
1003 0.222 0.017 
1004 0.194 0.015 

11	 0.020 
1101 1.000 0.020 

12	 0.023 
1201 0.333 0.008 
1202 0.667 0.015 

13	 0.069 
1301 1.000 0.069 

14	 0.033 
1401 0.250 0.008 
1402 0.250 0.008 
1403 0.250 0.008 
1404 0.250 0.008 

15	 0.026 
1501 1.000 0.026 

16	 0.072 
1601 1.000 0.072 

17	 0.065 
1701 1.000 0.065 

18	 0.062 
1801 1.000 0.062 

Reference 1.0021 17.9991 1.002 
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located in corresponding rows and columns should be as

signed the scale value "0" to eliminate the specific re

quirement/sub-requirement from the weighting process.
 

Once the weighting processes for first- and second-


level requirements/sub-requirements have been completed,
 

the weights for each sub-requirement with respect to the
 

full system can be obtained from the product of the weight
 

of the second-level sub-requirement with respect to its
 

next higher level requirement. Table 408 illustrates this
 

process of integrating the results.
 

If multiple judges are used to develop weights for
 

first- and second-level requirements/sub-requirements, the
 

same procedures can be applied to each judge to produce
 

results similar to those provided in Table 408. Composite
 

weighting can then be calculated using equations (4.1) to
 

(4.6):
 

E(wfi) =E gkWfjk , (4.1) 
k=1 

n 

v(w.fi) =E gk[w fik-E(wfi)] 2 (4.2) 
k=1 

S(wfi)=VV(wfi) , (4.3)
 

(4.4)
E (Wsi) =E gkWsik
k=1 
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n 

v(wsi) =E gk[wsik-E(wsi) ] 2
k=1 

(4.5) 

S(wsi) =VV(wsi) , (4.6) 

where 

E (w0 is the expected weight of the first-level re

quirement j for n judges, 

wo, is the weight of the first-level requirement j 

assessed by judge k, 

V(w0 is the variance of the weight of requirement j 

for n judges , 

S OGO is the standard deviation of the weight of 

requirement j for n judges, 

E (ws,) is the expected weight of the second-level sub-

requirement i with respect to its next higher 

level requirement for n judges, 

ws,I, is the weight of the second-level sub-require

ment i with respect to its next higher level 

requirement assessed by judge k, 

V(wsi) is the variance of the weight of the second-

level sub-requirement i with respect to its 

next higher level requirement for n judges, 

S (ws,) is the standard deviation of the weight of the 

second-level sub-requirement i with respect to 

its next higher level requirement for n judges, 

and 
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n is the number of judges used to develop the
 

composite weight set,
 

and where gk represents the degree of importance of judge
 

k. The value of gk is between 0 and 1, and
 

n
 

E gk=1
k=1 

If all judges are considered equally important to the
 

development of weighting, then gk is equal to 1/n.
 

Because wh and wsi can be considered as two independent
 

random variables, the expected value, variance, and stan

dard deviation of the weights for second-level sub-require

ments can also be calculated, with respect to the full
 

system, by using the following equations:
 

E(wri)=E(wfj)xE(wsi)	 (4.7)
 

V(wri) = [E(w.fj)] 2xV(wsi) +[E(wsi)]2xV(wfi) 
(4.8)
 

+V(wri)xV(wsi) , 

S(wri)=s/V(wii) ,	 (4.9)
 

where
 

E(wd	 is the expected value of weight for the second-


level sub-requirement i with respect to the
 

full system,
 

V(wd	 is the variance of weight for the second-level
 

sub-requirement i with respect to the full sys
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tem, and
 

S(w,) is the standard deviation of weight for the
 

second-level sub-requirement i with respect to
 

the full system.
 

The values calculated from equations (4.1)-(4.9) are impor

tant for the derivation of overall system performance, and
 

are used for purposes of statistical interpretation in the
 

following discussions.
 

A common problem when using multiple judges are dis

crepancies in weighting results among the different judges.
 

This phenomenon can be identified by checking the coeffi

cient of variation (CV) for the importance weight, defined
 

by the ratio of the standard deviation to the expected
 

value for corresponding weight (Riggs & West, 1986): The
 

higher the CV value, the more uncertain the weight. Thus,
 

following review of the CV values, non-harmonized judges
 

can be identified. If the differences are significant, the
 

comparison process should be reworked with greater care by
 

the judge(s) in question until a satisfactory result is
 

produced.
 

4.5 Performance Measures for An Operating Quality System
 

Following identification of applicable requirements/
 

sub-requirements and completion of necessary importance
 

weighting, performance measures based upon appropriate
 

checklists are developed. The principal function of per
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formance measures is to determine degrees of conformity
 

(hereinafter identified as DOC) with specified requirements
 

and sub-requirements, and their corresponding statements.
 

Documentation and implementation are the two primary
 

focus areas when auditing a quality system. The DOC for
 

these areas are measured by comparison of the actual status
 

of an existing quality system to the predefined require

ments. Third-level questions from the checklist act as an
 

interface for this auditing activity, and objective evi

dence collection is one of the more important tasks. The
 

objective evidence is defined as qualitative or quantita

tive information, records, or statements of fact pertaining
 

to the quality of an item or service, or to the existence
 

and implementation of a quality system element, which is
 

based on observation, measurement or test which can be
 

verified (ISO 10011-1, 1990).
 

Since objective evidence may exist anywhere in rele

vant departments within the organization to be audited, the
 

locations from which appropriate documents or objective
 

evidence may be derived must be identified to facilitate
 

the process. A cross-reference table, indicating which
 

elements to audit, is a helpful tool for evidence collec

tion, and an appropriate format is shown in Table 409. To
 

audit evenly throughout the organization, sample size can
 

be spread across relevant departments on a random basis.
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Table 409. Cross-Reference Table for Auditing Elements.
 

Documentation Audits Implementation Audits 

Requirement Relevant Departments Relevant Departments 

Number A B C D E F A B C D E F 

1
 101
 

10101
 

10102
 

102
 

10203
 

10204
 

10205
 

10206
 

103
 

10307
 

10308
 

2 201
 

20101
 

20102
 

3 301
 

30101
 

30102
 

30103
 

4 401
 

40101
 

40102
 

40103
 

402
 

40204
 

40205
 

40206
 

40207
 

5 501
 

50101
 

502
 

50202
 

50203
 

50204
 

50205
 

503
 

50306
 

50307
 

504
 

50408
 

50409
 

50410_
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Documentation audits require point-by-point comparison
 

between questions and the documentation forming the quality
 

program. Hence, appropriate documentation should be pre

sented for audit by responsible departments. While the
 

sampling audit is needed for implementation audits, cost
 

and time are two major factors to be considered when deter

mining the sample size for decision sampling. For example,
 

there are 106 third-level questions in ISO 9002. If 5
 

samples were taken for each question, and 20 minutes were
 

required to draw and evaluate each sample, then 177 hours
 

would be required for a full audit of the implementation
 

category. This time, coupled with that necessary to com

plete the documentation audit, would certainly represent a
 

considerable effort for some companies. Given such circum

stances, achievement of statistically significant results
 

for the entire audit process would seem to be an unrealis

tic objective. According to field experience, a relatively
 

small number of spot checks is sufficient to reveal major
 

problems within audited systems (Sayle, 1985). Thus a
 

systematic sampling plan is required for use in determining
 

the DOC for purposes of self-audit.
 

To perform implementation audits using Checklists 1, 2
 

and 3, the sample sizes for each first-level requirement,
 

second-level sub-requirement and third-level question
 

should be determined in advance. For the purpose of con

ducting audits of all material derived from predesigned
 

questions, while maintaining a compact sampling plan for a
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desirable sampling base, Nb, the following formulas and
 

heuristic rules are developed to determine the values of nl
 

,n2 and n3 for sub-requirement i and its corresponding
 

first-level requirement and third-level questions:
 

n3=Nbxwra 

n2=n3 xniq 

n n 
. 2 2

2=1 

subject to 1 s n3 s 2Nb/m3, and
 

n2 s 2Nb/m2,
 

where
 

n3	 is the sample size for the branched questions
 

of sub-requirement i to be used for implementa

tion audits (n3 should be rounded to the near

est integer following calculation),
 

n2 is the sample size for the second level sub-re

quirement i,
 

ni is the sample size for the parent requirement
 

of sub-requirement i,
 

Nb	 is a desirable sampling base (reference base
 

for total sample size) determined by the deci

sion maker based on the synthetic consideration
 

of risk and cost,
 

wri	 is the importance weight for sub-requirement i
 

with respect to the full system,
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n;q is the number of applicable questions within
 

sub-requirement i,
 

n2i has the same meaning as n2, where "i" is used
 

for summation purposes,
 

h is the number of applicable sub-requirements
 

within a particular requirement,
 

m3 is the total number of the third level ques

tions to be used for implementation audits, and
 

m2	 is the total number of the second-level sub-re

quirements to be used for implementation au

dits.
 

For example, if Nb = 300, m3 = 106 and m2 = 35 are selected 

for implementation audits, then the above rules result in: 

1 s n3 s 6, n2 5 17. 

Subject to the restrictions of these two heuristic
 

rules, the values of n1, n2 and n3, based on the desirable
 

sampling base (Nb) and the importance weights of the sec

ond-level sub-requirements (wd), can be derived. Using the
 

example as illustrated in Table 408 (m3 = 106, m2 = 35), if
 

Nb = 300 is used, then n3 for sub-requirement 101 is 300 x
 

0.032/1 = 10 > 6. Thus, the sample size for question 10102
 

is taken as 6 (question 10101 is not applicable). Similar

ly, for sub-requirement 102, n3 = 300 x 0.032/4 = 2, and
 

sample sizes for questions 10203-10206 are all 2, hence n2
 

= 4 x 2 = 8; and similarly, for sub-requirement 103, n3= 3,
 

n2= 6, and the sample size for requirement 1 is thus n1= 6
 



145 

+ 8 + 6 = 20. The same procedures can be used to calculate
 

sample sizes for other first-level requirements, second-


level sub-requirements and third-level questions. These
 

values are listed in the final three columns of Table 410.
 

Other sample sets can also be developed based on Nb = 400,
 

500 etc., and will provide decision makers with different
 

degrees of confidence for implementation audits.
 

The third-level questions in Checklists 1, 2 and 3 are
 

the basic elements used to measure the DOC of an operating
 

quality system. Each question can be assessed and given a
 

value between 0% and 100%, based on actual status, to
 

represent the DOC for that question. As shown in the
 

checklists (Appendix 4A-C), each question is highlighted by
 

several key "concepts" which provide convenient and
 

consistent options for derivation of the DOC for each ques

tion. Those concepts are intended to be answered based on
 

the actual status of the quality system under audit. A
 

binary response (true or false, where 100% = true and 0% =
 

false) or a percentage value between 0% and 100% (repre

senting the degree of goodness or fitness) should be as

signed to each component concept of the sensing question.
 

The DOC for each third-level question can then be deter

mined based on responses to each concept.
 

In the documentation category (Appendix 4A-C), the
 

concept "goodness of the appropriate documents (or proce

dures)" is included in each question to determine that the
 

documents (or procedures) under audit are presented in a
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Table 410. Sample Size Determination for the Sampling
 
Base 300.
 

Requirement Importance Weights Number of Sampling Size for Each Level 

Question With Sampling Base 

Sub-requirement 1st Level 2nd Level for the Nb = 300 

E(W1) E(VVri) 3rd Level n3 n2 n1 

1	 0.082 20 

101 0.032 6 61 

102 0.032 4 2 8 

103 0.018 2 3 6 

2	 0.046 12 

201 0.046 6 2 12 

3	 0.056 15 

301 0.056 3 5 15 

4	 0.092 27 

401 0.046 3 5 15 

402 0.046 4 12 

5 0.078 24 

501 0.013 1 4 4 

502 0.022 4 2 8 

503 0.022 2 3 6 

504 0.022 3 2 6 

6	 0.003 2 

601 0.003 2 1 2 

7	 0.033 9 

701 0.033 3 3 9 

8	 0.092 30 

801 0.046 5 3 15 

802 0.046 3 5 15 

9	 0.075 21 

901 0.025 4 2 8 

902 0.025 5 1 5 

903 0.017 3 2 6 

904 0.008 1 2 2 

10	 0.075 20 

1001 0.019 3 2 6 

1002 0.025 5 1 5 

1003 0.017 3 2 6 

1004 0.015 3 1 3 

11	 0.020 6 

1101 0.020 3 2 6 

12	 0.023 8 

1201 0.008 2 1 2 

1202 0.015 3 2 6 

13	 0.069 15 

1301 0.069 5 3 15 

14	 0.033 9 

1401 0.008 1 2 2 

1402 0.008 3 1 3 

1403 0.008 1 2 2 

1404 0.008 1 2 2 

15	 0.026 10 

1501 0.026 5 2 10 

16	 0.072 15 

1601 0.072 5 3 15 

17	 0.065 15 

1701 0.065 3 5 15 

18 0.062	 6 

1801 0.062 1 6 6 

Reference 35 1.002 1.002 106 264 264 
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good format, and are clear and sufficiently organized to
 

specify an accurate means to perform specific activities.
 

This concept is justified by assigning a score between OPs
 

and 1005:1, based on the degree of goodness. On the other
 

hand, referring to the definition of "quality audit" speci

fied in ISO 8402, the concept "in accordance with the
 

appropriate documents (or procedures)" is included in all
 

implementation category questions. This insures procedural
 

compliance and reflects a common situation where particular
 

activities are carried out, but fail to adhere to planned
 

arrangements.
 

These concepts are to be used as reminders to facili

tate the performance measure. By tailoring the concepts,
 

they may be made to fit specific situations. However, to
 

insure a valid justification for each concept, maintenance
 

of complete understanding and a fresh image of parent
 

statements and questions is necessary. This can be accom

plished by requiring that each question be thoroughly
 

considered before arriving at a justification.
 

The DOC for each first- and second-level requirement/
 

sub-requirement is an aggregate of the weights and DOCs
 

from branched second level sub-requirements and the DOCs
 

from branched third-level questions. Finally, the overall
 

DOC for the full system, in terms of either documentation
 

or implementation, can then be determined from the DOCs of
 

all relevant requirements and their importance weights.
 

Because sampling should be used for implementation audits,
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the DOC for each second-level sub-requirement is a compos

ite result of the DOCs for all samples representing the
 

third-level questions. In normal situations, the sample
 

size for each question is determined as previously dis

cussed. However, if adequate samples cannot be taken due
 

to the nature of the questions or the availability of
 

materials, a smaller sample size may be used.
 

For example, consider requirement 4 of Checklist 2,
 

"Documentation Control". There are two second-level sub-


requirements and seven third-level statements (or ques

tions), three for sub-requirement 401 and four for sub-re

quirement 402. In the documentation category, seven corre

sponding questions were developed for purposes of perfor

mance measurement. Each is highlighted by two or more key
 

concepts which are assessed and assigned scores between 0%
 

and 100%. The DOC for a specific question was calculated
 

by averaging the score for each concept within that ques

tion.
 

For the implementation category, the concepts for each
 

question were also used to measure the actual status of a
 

particular quality system component. The same scoring pro

cess was adopted, but because sampling was used, the DOC of
 

a specific question was contributed by all samples repre

senting that question.
 

As shown in Table 411, the DOC for each documentation
 

category question was calculated by averaging concept
 

scores within that question. In addition, the DOCs and
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Table 411. Degree of Conformity Derivation for Requirement
 
4 of Checklist 2.
 

Sub-requirement Documentation Audits Implementation Audits 

and Items to Be DOC ( %) Items to Be DOC ( % ) for Sample i Aggregate DOC ( % ) 

3rd L statement Audited Audited 

(Questions) E(DOC) S(DOC) (Questions) 1 2 3 4 5 E(DOC) S(DOC) 

401 92 9 88 19 

40101 see App. 4B 92 see App. 48 100 75 100 75 75 

concept 1 80 concept 1 100 100 100 0 100 

concept 2 80 concept 2 100 0 100 100 100 

concept 3 100 concept 3 100 100 100 100 100 

concept 4 100 concept 4 100 100 100 100 0 

concept 5 100 

40102 see App. 4B 100 see App. 4B 100 50 100 100 100 

concept 1 100 concept 1 100 100 100 100 100 

concept 2 100 concept 2 100 0 100 100 100 

concept 3 100 

40103 see App. 4B 83 see App. 4B 100 100 100 100 50 

concept 1 100 concept 1 100 100 100 100 100 

concept 2 100 concept 2 100 100 100 100 0 

concept 3 50 

402 94 10 89 21 

40204 see App. 4B 97 see App. 48 100 67 100 100 

concept 1 90 concept 1 100 100 100 100 

concept 2 100 concept 2 100 100 100 100 

concept 3 100 concept 3 100 0 100 100 

40205 see App. 4B 100 see App. 4B 100 100 50 100 

concept 1 100 concept 1 100 100 100 100 

concept 2 100 concept 2 100 100 0 100 

40206 see App. 48 80 see App. 4B 100 50 100 100 

concept 1 80 concept 1 100 100 100 100 

concept 2 80 concept 2 100 0 100 100 

40207 see App. 4B 100 see App. 4B 50 100 100 100 

concept 1 100 concept 1 100 100 100 100 

concept 2 100 concept 2 0 100 100 100 
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their standard deviations for sub-requirements 401 and 402
 

were also calculated based on the scores of their respec

tive branched questions. For this example, the expected
 

DOC was 92 and the standard deviation was 9 for sub-re

quirement 401, while the expected DOC was 94 and the
 

standard deviation was 10 for sub-requirement 402. For the
 

implementation category, the expected DOC was 88 and the
 

standard deviation was 19 for sub-requirement 401, while
 

the expected DOC was 89 and the standard deviation was 21
 

for sub-requirement 402.
 

Using this methodology, the DOC for each third-level
 

question (or each sample for the implementation category)
 

and the expected DOC and standard deviation for each sec

ond-level sub-requirement can be derived. Finally, the
 

DOCs for each requirement and the full system can be calcu

lated from these values and their corresponding importance
 

weights developed.
 

For the purpose of presenting additional audit infor

mation, nonconformities extracted in the process of con

ducting a performance measure should be recorded in an
 

appropriate working document. In addition to their use as
 

a basis for the determination of a DOC for each question,
 

this information could also be arranged in a prioritized
 

order during the analysis stage for improvement reference
 

purposes.
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4.6 Quality System Rating
 

Quality system rating involves the integration of per

formance measure results to produce a comparable score, and
 

to evaluate the overall performance of a quality system.
 

As discussed in Chapter 3, the additive weighting method
 

considers the performance of each applicable criterion
 

based on differentiated weights, systematically converting
 

a multiple-attribute problem into a single dimension prob

lem. The numerical scores generated using this method
 

provide an easily understood basis for reporting quality
 

performance status and for comparisons. Hence, a linear
 

additive weighting method is used as a basis for quality
 

system rating methodology.
 

In Section 4.5, a method to conduct performance mea

sures for documentation and implementation audits was
 

developed. For this measure, a scale value between 0% and
 

100% is generated to denote the DOCs and corresponding
 

standard deviations for each second-level sub-requirement.
 

These values, together with the weight sets developed from
 

the method presented in Section 4.4, form the basis of the
 

additive-weighting process. The expected DOCs and corre

sponding standard deviations for each requirement and for
 

the full system can be calculated from the following formu

las:
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E (DOC& =t E (wsi) xE (DOCsi) (4.13) 

V(DOC fi) =t [E (wsi)2xV(DOCsi) +E (DOCsi)2xV(wsi) 
(4.14) 

+V(DOCsi) xV(wsi) 

S(DOCt-i) =VV(DOCtj) , 

E (DOC t) = L E(wri) xE (DOCsi) ,
i=i 

V(DOCt)=i[E(wri)2xV(DOCsi)+E(DOci)2xV(wri) 
1 =1 (4.17) 

+v(DOCsi)xV(wri)] , 

S(DOCt)=1/V(DOCt) (4.18) 

where 

E(DOCO denotes the expected DOC of the first-level 

requirement j, 

E(w,) denotes the expected importance weight of 

the second-level sub-requirement i with re

spect to its next higher level requirement 

j,
 

h denotes the total numbers of applicable sub-


requirements within requirement j,
 

E(DOC,i) denotes the expected DOC of the second-level
 

sub-requirement i,
 

E(DOCO denotes the expected DOC of the full system,
 

E(w,,) denotes the expected importance weight of
 

the second-level sub-requirement i with re
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spect to the full system, 

1 denotes the total numbers of applicable sub-

requirements within the full system, 

V(DOCO denotes the variance of DOC of the first-

level requirement j, 

S(D000) denotes the standard deviation of DOC of the 

first-level requirement j, 

V(DOCJ denotes the variance of DOC of the second-

level sub-requirement i with respect to its 

next higher level requirement j, 

V(w6) denotes the variance of the importance 

weight of the second-level requirement i 

with respect to its next higher level requ

irement j, 

V(DOCO denotes the variance of DOC of the full sys

tem, 

S(D0Cd denotes the standard deviation of DOC of the 

full system, 

V(wr) denotes the variance of the importance 

weight of the second-level requirement i 

with respect to the full system. 

To facilitate the rating process for a multiple-


requirement problem, a tree diagram and tableau tool can be
 

used. Table 412 illustrates an implementation audit rating
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Table 412. Performance Rating Process for a Three-Require
ment Problem.
 

Number of Weighting Performance Rating Scores 

Requirement Measure ( % ) ( DOC % ) 

and Judge 1 Judge 2 Judge 3 Integrated Results 2nd Level 1st Level 

Sub-requirement Env* E(Wsi) Erwin E(Wsi) E(WII) E(Wsi) E(Wfj) S(Wf() E(Wsi) S(Wsi) E(Wsi) (Wr E(DOCsi) S(DOCsi) E(DOCID S(DOC1DSi)

1 0.300 0.400 0.300 0.330 0.058 80.25 9.69 

101 0.500 0.600 0.550 0.550 0.050 0.182 0.036 80.00 10.00 

102 0.500 0.400 0.450 0.450 0.050 0.149 0.031 85.00 12.00 

2 0.500 0.400 0.450 0.450 0.050 84.25 5.32 

201 0.170 0.200 0.150 0.172 0.025 0.077 0.014 90.00 11.00 

202 0.280 0.250 0.300 0.276 0.025 0.124 0.018 95.00 8.00 

203 0.280 0.300 0.300 0.293 0.013 0.132 0.016 70.00 6.00 

204 0.280 0.250 0.250 0.259 0.016 0.117 0.015 85.00 7.00 

3 0.200 0.200 0.250 0.220 0.029 95.00 12.00 

301 1.000 1.000 1.000 1.000 0.000 0.220 0.029 95.00 12.00 

Full EDOCt 85.95 

System SDOCt 6.86 
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process for a three-requirement problem in which the nota

tions used are identical to those previously defined, and
 

the entry values in the final two columns are calculated
 

from equations (4.13) to (4.18). The same process can be
 

used to develop rating scores for documentation audits.
 

The results of documentation and implementation audits
 

are usually regarded as equally important. Thus, the com

posite full system score can be easily obtained by averag

ing these two scores. However, based upon decision makers'
 

preferences, different weights can be used to produce a
 

composite full system score. The composite score and its
 

standard deviation can be calculated using general formula
 

sets, as listed in equations (4.19) to (4.27). These
 

formulas will be used to implement the decision support
 

system presented in Chapter 5.
 

E (DOC fi) c=wdxE (DOCf) d+wmxE(DOCf.7) , (4.19) 

V(DOCii) c=wd2x [S(DOCfj) d] 2 + Wm2 X [ S DOCfi m] 2 , (4.20) 

S (DOC& ,=VV(DOCfj), , (4.21) 

E (DOC t) i=E(wfj) x[wdxE(DOCf) d+wmxE (DOC fi) in] , (4.22) 

A -= Wd2 [ E (Wfi ) 2 XS (Docfp +E (DOC& d2xS ( Wfj ) 2 

d2] 
, 
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B=win2 [E ([47fi)2xS (DOC& m2 +E (Doc& xs (wf;) 2 

+S(Wfi) 2XS(DOCfj),21 

V(DOCt)i=A+B (4.23) 

S(DOCt)i=07(DOCt)i , (4.24) 

E(DOCt) E(DOCt)i (4.25) 

V(DOCt) V(D0Cdi (4.26) 

S(DOCt) c=VV(DOCt) (4.27) 

where
 

E(DOCO, is the composite DOC of requirement j,
 

wd is the importance weight of documentation
 

audits,
 

wm is the importance weight of implementation
 

audits,
 

V(DOCO)C is the composite variance of requirement j,
 

S(DOCO, is the composite standard deviation of re

quirement j,
 

E(D0Cdi is the contribution of requirement j to the
 

composite DOC of the full system,
 

V(DOCji is the contribution of requirement j to the
 

composite variance of the full system,
 

S(D0Cdj is the contribution of requirement j to the
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composite standard deviation of the full
 

system, 

E (DOCt)C is the composite DOC of the full system, 

n is the number of applicable requirement, 

V(D0Cd, is the composite variance of the full sys

tem,
 

S (D0Cdc is the composite standard deviation of the
 

full system,
 

and where subscripts d and m denote, respectively, documen

tation and implementation audits.
 

For a detailed analysis, performance for each relevant
 

organizational department can be calculated since the
 

performance of second-level sub-requirement is a function
 

of individual samples from the relevant departments. Each
 

sample produces a DOC, which can be grouped with those for
 

other samples from same department. Following consider

ation of appropriate weighting factors, an aggregate score
 

for each relevant department can be calculated.
 

4.7 Analyzing the Findings of Ouality System Audits
 

It was previously established that the DOC score can
 

be derived using a linear additive weighting method with
 

respect to different interpretative bases. These scores
 

measure system performance through an easily understood
 

linear scale. However more detailed information, such as
 

whether quality performance has been improved or where
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additional effort should be expended, is not provided.
 

Thus more detailed analyses, such as those for purposes of
 

comparison or effecting improvements, are desirable to
 

transform the proposed methodology into a more competent
 

and comprehensive model for quality capability diagnosis.
 

4.7.1 Comparative Analysis
 

A comparative analysis can be used to determine if
 

current quality system performance attains a desired level,
 

if results have improved from previous audits, or whether
 

additional improvements are recommended. The analyses can
 

be conducted on either a requirements-wise basis or overall
 

system comparisons. For requirements-wise comparisons, the
 

DOC for each requirement obtained from documentation or
 

implementation audits, at a particular time or for two
 

different times, can be compared either separately or com

positely.
 

Overall system comparisons are based on aggregate
 

scores, representing system performance at different times.
 

Similar to requirements-wise comparisons, the results of
 

documentation and implementation audits can be considered
 

separately or compositely. If sl and s2 represent two
 

scores audited from times 1(t1) and 2(t2) without consider

ation of variability, then it is relatively easy to deter

mine which audit detected the better performance, based
 

simply on the magnitude of sl and s2.
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For comparison purposes, graphic techniques generally
 

provide more easily understood results than information
 

confined to tabular or written analysis. Graphic illustra

tions permit description of the nature of multicriteria
 

decision problems, allowing decision makers to readily
 

understand and absorb larger amounts of information (Canada
 

& Sullivan 1989). The graphic techniques proposed for use
 

with the performance analysis methodology developed for the
 

present study are described in the following paragraphs.
 

1) Line Charts:
 

Table 413 includes example data for an analysis of
 

audit findings. Importance weights and two sets of DOC, t1
 

and t2, with standard deviations for 18 requirements are
 

shown. Other useful data, such as improvement and aggre

gate scores, are also calculated and displayed.
 

The line chart shown in Figure 402 was constructed
 

from data provided in Table 413. The chart, in which the
 

line TL sets a target value (i.e., 80%), displays require

ments-wise quality performance. In turn, Figure 403 dis

plays two series, t1 and t2, of DOC to indicate improvement
 

from one time series to the next.
 

2) Bar Chart:
 

Using the same example data, a bar chart was con

structed as shown in Figure 404. The height of each bar
 

represents the magnitude of the DOC for each corresponding
 

requirement. For each requirement, two bars, t1 and t2,
 

are paired for purposes of comparison. The difference in
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height indicates the relative improvement over the time
 

period (t2 tO. Figure 405 represents incremental analy

sis. The bar height for each requirement displays the
 

magnitude of relative improvement, using a zero baseline.
 

Table 413. Example Data for Comparative Analysis. 

Requirement Weights Score at t, Score at t2 

( Previous ) (Current) Improvement 

j ENO E(DOC) S(DOC) E(DOC) S(DOC) E(DOC) 

1 0.082 80 9 85 8 5 

2 0.046 82 10 90 7 8 

3 0.056 75 12 75 10 0 

4 0.092 78 12 85 11 7 

5 0.078 83 9 88 7 5 

6 0.003 65 6 75 11 10 

7 0.033 76 12 83 10 7 

8 0.092 85 13 82 10 -3 

9 0.075 81 8 87 9 6 

10 0.075 86 8 88 7 2 

11 0.020 70 11 75 8 5 

12 0.023 73 14 75 8 2 

13 0.069 75 16 80 9 5 

14 0.033 82 9 83 11 1 

15 0.026 68 10 75 9 7 

16 0.072 77 16 90 10 13 

17 0.065 68 14 72 12 4 

18 0.062 70 13 75 8 5 

Full System 1.00 78.26 3.09 82.87 2.42 4.61 
(Aggregate Score) 

Note: E(DOC) and S(DOC) can be obtained from documentation or implementation audits, or
 
from composite results.
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Figure 402. Line Chart for Requirements-Wise Quality
 
Performance.
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Performance Over Time.
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Figure 406. Bar Chart for Relevant Requirement Im
provement Contribution to Aggregate Score.
 

From Table 413, the rating score sl is 78.26 and s2 is
 

82.87; thus, aggregate score improvement is s2 si = 4.61.
 

This value includes the consideration of importance
 

weights, as shown in Figure 406. The difference indicated
 

by shaded areas between the upper and lower bars (with
 

respect to the zero baseline) signifies the aggregate
 

rating score improvement, (s2 sO . Moreover, for consid

eration of variability, additional analysis can be per

formed using statistical methods. Since the requirement
 

DOCs, at t1 and t2, are derived from the DOCs of their
 

respective branched sub-requirements, as discussed in Sec

tion 4.5. Thus, for comparative purposes, DOC1,
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DOC18 can be assumed to be independent and normally distrib

uted random variables with, respectively, mean E(DOCJ) and
 

standard deviations S(DOCJ) (j = 1,...,18). That is, aggre

gate rating scores (s, and s2) represent linear combinations
 

of the 18 random variables, where s, and s2 are normally
 

distributed random variables (Montgomery, 1989) with sl
 :
 

N(78.26, 3.09) and s2 N(82.87, 2.42). These values were
:
 

calculated from the equations provided in Section 4.6 and
 

listed in the last row of Table 413. From the calculated
 

increase in rating score (78.26 82.87) and decrease in
 

standard deviation (3.09 2.42), it may be concluded that
 

there was an improvement in overall quality performance.
 

However, given other circumstances, the score (s) and
 

standard deviation (sd) may not vary to the degree illus

trated (e.g., a decrease or an increase in s and sd), and
 

the development of more comprehensive methods of analysis
 

is an alternative which should be considered.
 

The first method considered is drawn from the concept
 

of coefficient of variation (CV), as used by Riggs and West
 

(1986). For the present application, the CV may be defined
 

as the magnitude of the standard deviation (sd) divided by
 

the rating score (s): the smaller the CV, the higher the
 

expected quality capability. For the example data given
 

above, CV2 is 2.42/82.87 = 0.029, which is smaller than
 

CV, = 3.09/78.26 = 0.039. Thus, from this alternative
 

method of calculation, an identical conclusion is reached.
 

http:3.09/78.26
http:2.42/82.87
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In addition, the concept of confidence intervals, 

using the normal approximation can also be applied. If a 

95% confidence level is used, the aggregate score sl would 

fall between the values al and b1, in which: 

al = 78.26 + Z0.025sd1 = 78.26 1.96 x 3.09 = 72.20 , 

b1 = 78.26 + Z0.975Scl1 = 78.26 + 1.96 x 3.09 = 84.32 .
 

Similarly, the aggregate s2 would also fall between the
 

values a2 and b2:
 

a2 = 82.87 + Z0.025Sd2 = 82.87 1.96 x 2.42 = 78.13 ,
 

b2 = 82.87 + Z0.975Sd2 = 82.87 + 1.96 x 2.42 = 87.61
 .
 

As an alternative to using a two-sided confidence 

interval, as discussed above, a one-sided confidence inter

val can also be used. If same confidence level (95%) is 

assumed, then the score sl would be greater than a3 and s2 

would be greater than a4, in which: 

a3 = 78.26 + Zowsdi = 78.26 1.645 x 3.09 = 73.18 , 

a4 = 82.87 + Zaosd2 = 82.87 1.645 x 2.42 = 78.89 .
 

The calculated results, for the 95% level of confidence,
 

can be summarized as follows:
 

1) sl is within the interval [72.20, 84.32], or is 

greater than 73.18, and 

2) s2 is within the interval [78.13, 87.61], or is 

greater than 78.89. 

Again, from these two statements, an identical conclusion
 

is reached, that is, overall system performance at t2 is
 

significantly better than at t1.
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As previously noted, the importance weights for both
 

documentation and implementation audits used for example
 

purposes are 0.5. However, individual companies may choose
 

weighting values which differentiate between the two cate

gories, thus changing the results of composite comparisons.
 

For this case, a trade-off diagram that integrates documen

tation and implementation performance, as shown in Figure
 

407, could be used to interpret the comparison in accor

dance with the differentiated importance weights (Mills,
 

1988; Canada & Sullivan 1989).
 

In Figure 407, the left vertical axis represents docu

mentation performance (DOC, %), the right vertical axis
 

represents implementation performance, and the horizontal
 

axis represents the importance weights for implementation
 

audits. If the documentation and implementation scores at
 

t1, t2 are, respectively, 78%, 85t and 90t, 87t, then two
 

lines, D1M1 and D2M2, connecting the corresponding scales at
 

the two vertical axes, can be drawn. The break-even
 

point B locates at the intersection of line D1M1 and D2M2,
 

indicating that two composite scores s1 and s2 are equal. To
 

the left of point B, s2 is greater than sl, while to the
 

right of point B, s2 is less than s1. This also means that
 

if the selected importance weight of implementation audits
 

(wm) is less than 0.7, then the performance at t2 is better
 

than that of at t1. This analysis provides a convenient
 

tool to compare the composite performance based on different
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Figure 407. System Performance Comparison Using Dif
ferentiated Category Importance Weights.
 

importance weights given to the results of documentation
 

and implementation audits.
 

Because internal audits are often conducted on a con

tinuous basis, a statistical control chart can be used to
 

demonstrate trends in rating scores measured over time.
 

The scores derived from a particular requirement or full
 

system, either documentation or implementation audits, can
 

be used as the basis for the construction of a control
 

chart to trace performance trends. Mills (1989) found that
 

the CuSum chart was an effective tool for this purpose,
 

since it makes performance clearly visible over time.
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4.7.2 Improvement Analysis
 

The functions of analysis for quality system audits
 

are not confined solely to performance comparisons. Ana

lytical tools can also provide a means to identify those
 

weak and critical areas which exist in audited quality sys

tems, thus providing responsible departments with reminders
 

that certain actions are necessary for improvement. Lower
 

scores reflect weakness in the model developed for per

formance measures and ratings. Hence, preset minimum val

ues could be used to detect unsatisfactory areas. For
 

example, if 80% was set to be the target value, then those
 

requirements with scores less than 80% could be identified
 

for further action.
 

Importance weights, requirement or sub-requirement
 

DOCs, and their variability are three major indicators that
 

can be used to identify criticality and the weakness of a
 

quality system under audit. The assigned weighting re

flects the importance of particular requirements or sub-


requirements, while the DOC interprets improvement potenti

ality (i.e., smaller DOC values, or larger values of (100 

DOC), signify greater room for improvement). Variability
 

indicates uncertainties, whereby scores with relatively
 

larger variances should be noted for possible review and
 

improvement. Again, the CV concept can be used to repre

sent relative score variability. In the example applica

tion, the CV for requirement j, defined as
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S (DOCri) 
(4.28)


E(DOCJ) 

indicates a higher CV value and a high degree of require

ment uncertainty.
 

Graphic analyses can be performed utilizing these
 

three indicators. A two-dimensional analytical model,
 

based upon importance weights and DOCs for first-level re

quirements, is shown in Figure 408. The critical areas are
 

thus visibly identified. Prior to construction of the
 

analytical graph, target values for requirement scores
 

(DOC*) and importance weights (w*) are determined based on
 

the decision maker's consideration. The mean value of
 

importance weight can be adopted as w* (e.g. for an 18

requirement problem, w'= 1.00/18 = 0.056). Scales on the
 

vertical axis represent the DOC ( %) for particular require

ments, whereas scales on the horizontal axis represent the
 

importance weight (wj).
 

For example, if DOC* is 80% and w* is 0.056, then the
 

horizontal line, Ll, passing through DOC = 80 %, and a ver

tical line, L2, passing through 194 = 0.056 are constructed.
 

In addition, the point can be plotted for particular re

quirements using performance scores and importance weights
 

as the two coordinate values. Thus, the point (wi,, DOC)
 

is plotted to represent requirement j. Those points in the
 

shaded area of Figure 408, right of L2 and down from Ll,
 

indicate greater attention should be paid to the review and
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Figure 408. Graphic Display for Identification
 
of Quality System Criticality and Weakness.
 

improvement of the quality system as reflected by the spe

cific requirement. Moreover, if all the points represent

ing relevant requirements are connected, then the direction
 

of the connected line will also indicate the status of the
 

quality system under audit. The upper-right direction
 

toward 100% signifies a preferred condition, whereas a
 

lower-right direction represents an undesirable condition
 

calling for the expenditure of additional improvement
 

effort.
 

Similar graphic analyses, using either a two- or
 

three-dimensional display, can also be developed for dif

ferent combinations of indicators. Furthermore, a compos

ite index can be derived from the simultaneous consider
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ation of all three indicators for purposes of identifying
 

quality system criticality and/or weakness. Mathematical

ly, the composite index (IRS) with respect to the first-


level requirement j, is defined by equation (4.29), which
 

incorporates the following concept of utility scaling:
 

TRi=1/3[U(wfi)+U(100-DOCti)+U(CVfi)] (4.29)
.
 

Where U(N), U(100 D000), and U(Cly are, respectively,
 

the utility values for importance weight, DOC, and the CV
 

for requirement j. To generate a logical and intuitive
 

index, a scale bound by [0,1] is used for utility scaling,
 

and equal importance of each component is assumed. Table
 

414 shows the process for arriving at a composite index,
 

IRS, for a five-requirement system, in which the utility
 

score, U(Xj), of requirement j for indicator X is derived
 

using formula (3.19) as:
 

X -Min (X)
U (X ) 3	 (4.30)

Max (X) -Min (X) 

where
 

X.	 is the value of variable X representing
 

requirement j,
 

Max(X) represents the maximum value of variable
 

X,and
 

Min(X) represents the minimum value of variable X.
 

To demonstrate, from equations (4.29)-(4.30), the IRS
 

of requirement 3 is calculated as follows:
 

U(wn) = (0.2 0.05)/(0.3 0.05) = 0.6 ,
 

http:4.29)-(4.30


172 

Table 414. Example of the Derivation of IRS, Using
 
Utility Scaling.
 

Indicator 1 Indicator 2 Indicator 3 Composite Index
 

wi U(N) 100 U(100 - CV4 U(CV4) IRS Priority
Requirement
 DOC DOC )
 

q i


1 0.15 0.4 25 0.44 0.50 1.0 0.61 2
 

2 0.30 1.0 5 0.00 0.15 0.3 0.43 3
 

3 0.20 0.6 35 0.67 0.40 0.8 0.69 1
 

4 0.05 0.0 50 1.00 0.05 0.1 0.37 5
 

5 0.30 1.0 15 0.22 0.00 0.0 0.41 4
 

U(100 DOCo) = (35 5)/(50 5) = 0.67 ,
 

U(CVf3) = (0.4 0)/(0.5 0) = 0.8, and
 

IR3 = (0.6 + 0.67 + 0.8)/3 = 0.69.
 

The same approach can be used to derive the composite
 

index IRi for the second-level sub-requirement i, in which
 

/121=1/3[U(wri)+U(100-D005,2)+U(CVsi)] (4.31)
.
 

Accordingly, a prioritized list for system criticality
 

and/or weakness can be established, based on a descending
 

order of IRj or IRi. This list, coupled with the corre

sponding nonconformance statements, will provide the
 

manufacturer with an objective basis for conducting cause
 

and effect analysis, allowing relevant organizational de

partments to take corrective actions leading to quality
 

system improvement.
 

Improvements based on a developed priority list follow
 

the Pareto principle. That is, most performance improve

ment will be derived from attacking the few important re
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quirements or sub-requirements that are responsible for the
 

criticality of an existing quality system (Montgomery,
 

1991). With respect to requirements importance weights,
 

sensitivity analysis constitutes another tool for the
 

identification of one or several of the most sensitive re

quirements for which more a detailed audit or an additional
 

improvement effort should be performed.
 

4.8 Model Refinement Using Quality Cost Analysis
 

From the proposed methodology, as presented in sec

tions 4.2-4.7 (hereinafter referred to as the "regular
 

methodology" or "regular model"), a set of rating scores
 

(sd were derived through a systematic audit based upon
 

globally recognized quality system standards, that is, the
 

ISO 9000 series. The scores are used to interpret the
 

procedural adequacy and compliance of an operating quality
 

system. Moreover, the performance rating process incorpo

rates importance weights to reflect specific individual
 

situations, allowing variation of emphasis with respect to
 

quality system implementation.
 

The regular model converts quality performance from
 

abstract terms into a manageable entity based upon a logi

cal scale of measurement between (A and 100. The compos

ite score reports the degree of conformity with a quality
 

system standard. Appropriate analyses may also be con

ducted to determine quality improvements over time, as well
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as to identify criticality and weakness within the system,
 

thus permitting prioritization of necessary corrective ac

tions.
 

Basically, the score generated from regular model is
 

representative, individual-company oriented, comparable,
 

manageable, and sufficiently valid to demonstrate the
 

health status of company quality capabilities. However,
 

the regular model is unable to provide direct evidence with
 

respect to the effectiveness of a quality system under
 

audit. It is also unable to reveal costing figures for
 

quality system implementation. Thus, a desired degree of
 

system goodness, measured in terms of dollars invested, is
 

difficult to justify using only the regular model. There

fore the development of additional tools to resolve this
 

potential weakness is a desirable addition.
 

Quality cost analysis has been suggested as a means to
 

evaluate the adequacy and effectiveness of quality manage

ment systems, as well as to establish quality and cost ob

jectives (ISO 9004, 1987). A number of larger companies,
 

including IBM, General Electric, and AT&T, also use this
 

approach as a primary measure of the effectiveness of their
 

quality improvement programs (Harrington, 1987). The
 

following sections describe the development of a quality
 

cost analysis methodology to serve as a complementary tool
 

for the extension of the regular model.
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4.8.1 Ouality Cost Analysis and System Effectiveness
 
Measurement
 

Quality costs are those cost categories associated
 

with producing, identifying, avoiding, or repairing prod

ucts that do not meet quality requirements (Montgomery,
 

1991). That is, they are the costs caused by poor quality.
 

As discussed in Chapter 2, there are four quality cost
 

categories generally used in manufacturing operations:
 

prevention, appraisal, and internal and external failure
 

costs.
 

Internal failures consider the costs associated with
 

defects that are found prior to product delivery to the
 

customer, including the costs of scrapping, rework, repro

cessing, retesting, failure analysis, 100% sorting inspec

tion, and downgrading, etc. These subcategories are suffi

cient indicators of quality for in-process production and
 

final products. External failures consider the costs asso

ciated with defects that are found after product shipment,
 

including those costs incurred by warranty charges, com

plaint adjustments, returned materials, allowances, product
 

recall, and liability. These subcategories can be used as
 

indicators of customer dissatisfaction.
 

The inherent characteristics of these indicators pro

vide an important principle for manufacturing operations:
 

when quality is down, failure costs will rise; and when
 

quality improves, failure costs will fall. Moreover, costs
 

from these internal and external failures will disappear to
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the extent there are no product defects. For the remaining
 

categories, the appraisal costs are those incurred to deter

mine the degree of conformance to quality requirements,
 

while the prevention costs are those incurred to keep both
 

failure and appraisal costs to a minimum (Gryna, 1988a; ISO
 

9004, 1987). Normally, the costs of the latter two catego

ries will rise when failure costs decline.
 

In addition to reflecting levels of quality effective

ness prior to and following product shipment, quality cost
 

analysis can also be used to present the quality issues in
 

a "dollar" format. It is much easier to interpret how good
 

quality capabilities are, and how much improvement has been
 

effected and should be undertaken, facilitating management
 

decision making, when quality issues are expressed in this
 

format.
 

The usual method of reporting failure costs is in the
 

form of a ratio, where the numerator represents failure
 

costs in dollars and the denominator reflects a measure of
 

activity, such as: 1) direct production labor hours, 2)
 

direct production labor dollars, 3) processing cost dol

lars, 4) manufacturing cost dollars, 5) sales dollars, or
 

6) product units (Montgomery, 1991). No matter the base
 

used, economic models similar to those presented in Figures
 

409 and 410 can be derived and applied to quality cost ana

lysis. In these figures, the horizontal axes indicate the
 

quality of conformance or the degree of effectiveness
 

resulting from improvement efforts, whereas the vertical
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to coto 03 

total quality costs 

failure costs 

costs of appraisal
 
plus prevention
 

............... 
quality of conformance, % 100 

Figure 409. Model for Optimum Quality Costs: Tradi
tional Process (from Gryna, 1989a, p. 4.19).
 

total quality costs 

failure costs 

costs of appraisal
 
plus prevention
 

100quality of conformance, % 

Figure 410. Model for Optimum Quality Costs: Emerg
ing Processes (from Gryna, 1989a, p. 4.19).
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axes indicate quality costs per good unit of product. Both
 

figures are constructed from three cost curves: appraisal
 

and prevention, failure, and total quality.
 

Figure 409 is a representative model of traditional
 

processes, whereas Figure 410 is a representative model of
 

emerging processes. The former interprets human fallibil

ity with respect to the effective limits it places upon ef

forts to attain perfection at finite costs. Thus, the
 

curve "cost of appraisal plus prevention" will be led to
 

infinity as perfection is approached. The second model
 

demonstrates the degree to which the inherent failure rates
 

of materials and products are reduced by the introduction
 

of new technology. Thus, the curves in this model have
 

resulted in an ability to achieve perfection at finite
 

costs (Gryna, 1988a).
 

Further examination of the costs structure from Fig

ures 409-410 provides useful indicators of the relationship
 

between quality conformance (or effectiveness) and quality
 

costs. Both models show that as the quality of conformance
 

improves and approaches 1000, failure costs are reduced
 

until they approach zero (Besterfield, 1990). However, to
 

achieve a reduction in failure costs, appraisal and pre

vention costs must be increased. From these relationships,
 

the first useful indicator interpreting system effective

ness can be developed; that is, when the failure costs
 

fall, quality performance rises.
 

This phenomenon can be supported by a field case.
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Table 415 and Figure 411 show the history of quality costs
 

at an Allis-Chalmers plant (Kolacek, 1976). The data
 

forthe row, "Failure Cost as % of Sales," shows that as a
 

quality improvement program was imposed, failure costs
 

(using sales as the base) decreased, indicating that fail

ure quality costs can be used as an indicator of system
 

effectiveness or quality capability.
 

The second indicator can be developed from knowledge
 

of total quality cost trends. As shown in Figures 409 and
 

410, both curves for total quality costs are concave. The
 

optimum point of the first model (Figure 409) is situated
 

on the approach to a perfect quality level, whereas the
 

optimum point from the second model (Figure 410) is situ

ated right at the perfect quality level. Thus, the curve
 

segments to the left of the optimum points can also func

tion as an indicator of the effectiveness of the imple

mented quality system, or whether quality capabilities are
 

improving. It is nevertheless difficult to predict the
 

quality costs behaviors to identify which model is correct
 

for the quality system in question. Thus, the second
 

indicator may be confined to use as a reference to support
 

the applicability of the first indicator.
 

4.8.2 Quality Cost Application for Refinement of the
 
Regular Model
 

As previously discussed, quality costs can be used
 

to detect operating quality system effectiveness and to
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Table 415. History of Quality Costs at an Allis-

Chalmers Plant.
 

Percentage for: 1967 1968 1969 1970 1971 1972 1973 1974
 

Prevention 5.00 9.00 18.00 20.00 24.00 27.00 27.00 26.00
 

Appraisal 13.00 20.00 30.00 30.00 31.00 32.00 33.00 35.00
 

Internal Failure 36.00 34.00 32.00 35.00 35.00 25.00 29.00 33.00
 

External Failure 46.00 37.00 20.00 15.00 10.00 16.00 11.00 6.00
 

Prevention & .81 1.13 .96 .95 .94 1.06 1.02 .91
 

Appraisal to Sates
 

Failure Cost to 3.69 2.77 1.04 .95 .76 .74 .68 .59
 

Sales
 

Total Quality Costs 4.50 3.90 2.00 1.90 1.70 1.80 1.70 1.50
 

to Sales
 

Source: Kolacek, 1976, p. 131; Juran QC Handbook, p 4.18. (Modified)
 

5 
-AB
 

faflure costs4.5 
--I-
total cost4 

3.5 

a)
 

T-.) 3
0 

62.5
0 

2 

-------,____1.5 
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1967 1968 1969 1970 1971 1972 1973 1974 
year 

Figure 411. Graphic Representation of the History of
 
Quality Costs at an Allis-Chalmers Plant (as
 
modified from Kolacek, 1976, p. 131; Juran QC
 
Handbook, p. 4.18).
 



181 

provide management with clear cost information regarding
 

quality system implementation. The application of quality
 

costs begins with the measurement of relevant costs as cat

egorized and subcategorized in Table 202. For the present
 

study, only failure costs (both internal and external) are
 

used as indicators for purposes of model refinement. Any
 

appropriate basis can be used to produce ratio indices for
 

analysis, but each poses its own advantages and disadvan

tages, as shown in Table 203. An appropriate basis should
 

be chosen with respect to the situation of the individual
 

company and the characteristics of its production.
 

It is difficult to obtain absolute standards, and
 

almost as difficult to obtain quality-cost levels for other
 

companies in the same industry (Montgomery, 1991; Gryna,
 

1988a). Thus, it is virtually impossible to measure quali

ty levels from use of a standard quality cost ratio in the
 

diagnostic process. At the same time, little convenience
 

or utility is provided by measuring quality capabilities
 

solely with qualitative phenomena. Thus, to interpret
 

quality capability or system effectiveness based on the
 

changing behavior of failure costs, a quantitative method
 

should be developed.
 

In this section, seven procedural steps are presented
 

for the transformation of qualitative phenomena to quan

titative scores for the purpose of interpreting quality
 

capabilities and refining the proposed regular diagnostic
 

model.
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Step 1, Measure Failure Costs over a Time Period for
 

Initial Quality Audit.
 

For the purpose of reflecting the actual effectiveness
 

status of a quality system, all relevant subcategories
 

should be identified and included in the analysis. However,
 

only those costs related to particular product lines cov

ered by an implemented quality system are of interest.
 

Also, to permit valid comparisons, data should be limited
 

to a fixed time period, for example, three or six months,
 

dependent upon company considerations. For some companies,
 

quality cost systems are already available, thus only an
 

additional effort is required to compile relevant costs for
 

generation of desired cost figures; otherwise, a new
 

quality cost system should be established.
 

Step 2, Calculate the Ratio of Failure Costs to the
 

Desired Base.
 

To provide sufficient information for analysis, fail

ure costs should be presented in the form of a ratio using
 

the desired base. However, to arrive at a valid compar

ison, the ratio should be calculated using the same base
 

each time. The ratio, r1 corresponding to the failure
,
 

costs measured in Step 1, is an index representing the ini

tial quality capability of the company under audit.
 

Step 3, Develop the Utility Function for Deriving the
 

Score of Desirability.
 

Perfect quality level (capability) occurs at zero
 

failure costs where rp = 0. Though this ratio represents
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an ideal situation, it does provide an useful benchmark for
 

the desirability score: dp = 100%. The value of the ini

tial failure cost ratio, r1, will be situated at some point
 

between 0% and 100%, which in turn can be used as another
 

reference point for utility function (also called the
 

transformation function) development. Because r1 repre

sents the real status of failure costs, this value can be
 

presented to decision makers for solicitation of a score of
 

desirability, d1, between 0% and 100%. For purposes of
 

discussion, 50% may be the value attributed to d1. Then,
 

using the two paired values, (rn, dd and (r1, dd, the basic
 

points for the utility function may be determined, as shown
 

in Figure 412 and Figure 413.
 

In addition to the points (rp, dp) and (r1, dd, others
 

may be determined by asking decision makers such additional
 

questions as:
 

If you consider the initial failure cost ratio is
 

r1(%) to total dollar sales and give this quality
 

level 50 points (50%), how many points(%) would
 

you give to following situations: If the failure
 

cost ratio is either 10%, 25%, 50%, 70%, 80%, 90%,
 

95%, 105%, 110%, or 120% of the initial ratio (r1)?
 

After collecting preference responses from the deci

sion makers, based upon the response to the above question,
 

an utility function considering the degree of quality
 

capability and score of desirability for a particular
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Figure 412. Utility Function Development Using Fail
ure Costs, First Model.
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Figure 413. Utility Function Development Using Fail
ure Costs, Second Model.
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manufacturer can be developed. If the responses to the
 

question are between the values of 30% to 95%, then the
 

utility function can be derived by connecting the corre

sponding points, as shown in Figure 412, to represent a
 

decreasing nonlinear utility function.
 

If the answers to this additional question are not
 

available, then a simplified transformation function can
 

also be developed from the use of just two basic points.
 

The straight line in Figure 413 represents this simplified
 

transformation function, which is a decreasing linear util

ity function derived by connecting two basic points. The
 

following formula can also be derived to represent this
 

transformation function:
 

100 -d1
d1 =100- \ -/ (4.32) 

-r1 

where d, is the score of desirability for the ith audit,
 

d1 is the score of desirability for the initial
 

audit,
 

ri is the ratio of failure cost obtained from the
 

it' measurement, and
 

r1 is the ratio of failure cost obtained from
 

initial measurement.
 

The same principles can be used in the situations
 

involving multiple decision makers. In place of single
 

value, the mean value of responses collected from multiple
 

decision makers can be used to derive the utility function.
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Step 4, Measure the Failure Cost and Calculate the
 

Corresponding Ratio When Performing Next Quality
 

Audit.
 

For the purpose of monitoring quality capability,
 

self-audit and failure cost measurement should be performed
 

on a continuous basis. Moreover, to generate valid compar

ative indices, attention should be given to the collection
 

of failure costs covering subcategories identical to those
 

used for the initial measurement; this principle is also
 

true as concerns the time periods for data collection. The
 

ratio, r2, representing quality performance (capability)
 

corresponding to the quality system rating score, s2 can
,
 

then be obtained accordingly.
 

Step 5, Derive a Score of Desirability Using the
 

Developed Utility Function.
 

Using the ratio, r2, and the developed utility func

tions, a score of desirability (d2) can be readily derived
 

through a simple graphical transformation. For example, if
 

r2 = 0.85ri, then following the graphical transformation, as
 

illustrated in Figure 412, the corresponding desirability
 

score, d2, will be 650. If the simplified transformation
 

function is used, then the desirability score can be de

rived from either Figure 413 or equation (4.32), as fol

lows:
 100-50

d2=100-( )x0.85r =57.5%
 

r1
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The score of desirability interprets the level of
 

quality capability (effectiveness) considering the decision
 

maker's utility.
 

Step 6, Repeat Steps 4 and 5 to Monitor Quality Capa

bility and to Establish a Quality Improvement
 

Profile.
 

To use this refined methodology, measurement of the
 

failure costs, calculation of the corresponding ratio, and
 

derivation of the desirability score should be performed
 

immediately following completion of each self-audit. The
 

status of quality capability can be monitored continuously
 

throughout the improvement process, based on the interpre

tation of the desirability scores. Three useful time ser

ies, ri and di, can also be generated. This quality
 

profile incorporates quality cost analysis and decision
 

maker's utility. It will provide not only clear and useful
 

indices for the degree of quality capability, it may also
 

be used to provide suggestions whether additional improve

ment efforts should be undertaken.
 

Step 7, Assess the Quality Effectiveness of an Oper

ating Quality System (or Quality Capability of
 

the Manufacturer).
 

If sufficient time series data, ri and di, can be
 

collected, the relationship between si and di can be derived
 

using regression models in which the time series si acts as
 

an independent variable, while di is a dependent variable.
 

Simple regression and simple exponential regression models
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may be used for this purpose. These two models are ex

pressed as follows:
 

a) Model 1: simple regression (Gaither, 1990),
 

(4.33)
d=a+bs ,
 

where
 

Es 2Ed-EsEsda
nEs 2- (ES) 2 

nEsd-EsEdb-
nEs2 (Es) 2 

and where n is the number of pairs of s,d values. 

b) Model 2: simple exponential regression, 

. 
(4.34)
d=logs 

This formula can be simplified by taking the natural loga

rithm from both sides and represent them in a linear form:
 

1nd=1,,,p+slnq ,
 

where
 

Es2E1nd-EsE (sled)/np nEs 2_ (Es) 2 

nE (sled) -EsElnd 
nq nEs 2 (Es) 2 

and where n is the number of pairs of s,d values.
 

The fitness of the model to the real situation can be
 

examined by reference to the coefficient of correlation
 

(R), which explains the relative importance of the associa

tion between s and d. The correlation coefficient (R)
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range is from -1 to 1. The closer this value is to 1 or
 

-1, the closer the relationship will be between s and d (or
 

1d for model 2). Thus, the value of R is used to determine
 

which model is more suitable for future predictions. For
 

model 1, R can be calculated from the formula (Gaither,
 

1990):
 

R- nEsd-EsEd 
(4.35)


[nLs2- (Ls) 2] x[121,d2- (>,d) 2] 

For model 2, R is
 

nE ( 1 -E sE 1 nd 
R- (4.36)


[nEs2- (Es) 2] x[nE(1,d) (E-ind) 2] 

Once a suitable regression model is determined, the
 

score of desirability can be estimated using the system
 

rating score, s, without measurement of failure quality
 

costs. Though accuracy can deviate due to the fitness of
 

the regression model, this approach does provide a fast and
 

convenient means of interpreting the effectiveness of an
 

operating quality system as well as its quality capability.
 

4.8.3 Limitations of the Application of Quality Cost
 
Analysis to the Refined Model
 

Quality cost analysis can be used as a complementary
 

tool for interpretation of the goodness of company quality
 

capability, based upon the decision maker's utility, but at
 

the same time this form of analysis displays only the back-


end effect of an implemented quality system. No means to
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check system adequacy and procedural compliance are provid

ed, and detailed guidelines to be followed for corrective
 

actions are lacking. Thus, failure cost analysis does
 

nothing to improve quality capability unless it is accompa

nied by a valid quality auditing program, as described in
 

the methodology for the regular model.
 

Additionally, the applicability of the failure cost
 

concept lies in the sound establishment and implementation
 

of a robust quality cost system. The identification and
 

classification of each category and subcategory for failure
 

costs are the starting point of success. In addition,
 

fixed content and time durations for failure cost measure

ment are the essentials for valid comparisons. When a
 

quality costing system is currently available, only slight
 

modifications of the existing system are required to pro

duce and then di. Otherwise, a new costing system must
 

be established. Procedures for implementing a quality cost
 

system are discussed by Harrington (1987), Gryna (1988a)
 

and several others.
 

In addition, the failure-cost reducing trend is not
 

steady due to chance causes and lead-time effect over short
 

time periods following an improvement effort. This
 

phenomenon sometimes distorts the positive relationship
 

between s, and d, for short time-based comparisons. Thus,
 

to support a valid diagnosis, it is suggested that at least
 

three months should have elapsed before taking follow-up
 

measurements of s, and di. Moreover, if a regression
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methodology is used, care should be taken to collect
 

sufficient data to support the selection of a valid model;
 

otherwise, the results produced can only be used for
 

reference purposes.
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CHAPTER 5
 

QUALITY CAPABILITY SELF-DIAGNOSIS
 

DECISION SUPPORT SYSTEM
 

5.1 Introduction
 

The methodology described in Chapter 4 is sufficiently
 

systematic and reliable to produce informative results for
 

quality capability self-diagnosis. However, this methodol

ogy is calculation-demanding and requires a user-friendly
 

interface to display useful information. To facilitate the
 

application of the proposed methodology, a computerized
 

decision support system, as discussed in this chapter, is
 

incorporated in the proposed scheme.
 

A proposed quality capability self-diagnosis decision-


support system (hereinafter identified as QCSDDSS) was
 

developed using ISO 9002 as a basis in accordance with the
 

methodology and formulas discussed in Sections 4.3 to 4.7.
 

The functions of the QCSDDSS reflect the following aspects:
 

1) Importance weights development for first-level 

requirements and second-level sub-requirements 

which consider multiple judges. 

2) Sample size determination for implementation 

audits. 
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3) Degree of conformity (DOC) collection and calcu

lations for documentation and implementation 

audits. 

4) Performance ratings for documentation and imple

mentation audits. 

5) Performance presentation, comparison, and improv

ement analysis. 

6) Weak and critical area identification with sub

sequent improvement suggestions. 

7) Possible extensions for further analysis. 

The conceptual framework of the proposed QCSDDSS, as
 

shown in Figure 501, is based upon a table-oriented and
 

dynamically-linked structure. Tables are used as user
 

interfaces for data input and information output. The
 

trapezoid figures in the left column signify relevant user
 

input data, whereas table entries denote their major out

puts. Lines ending in arrows represent data flow between
 

tables.
 

Interviewing relevant personnel is an absolute neces

sity for data collection and fact evaluation during quality
 

auditing processes. The auditing task can not be adequately
 

completed solely sitting behind computers. The DOC for
 

each third-level question (or question sample) must be
 

assessed in advance and made available for subsequent input
 

when using the QCSDDSS.
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Table 500 
1. Open 
2. Load Supp

orting Files Master Table 

( Instruction ) 

1. No. Of Judges 
2. Pabwlse 

Comparison 
(0,1,2)1(1,2,3,4,5) 

Table Table 
501A/B/C 502A/B/C 

.(Wfj)k - 509A/B/C 
.(Wsi)k 

--- -
1. No of Judges 
2. Importance of 

Judge k - - ---
To Table 513D Table 510 To Table 5131A 

.E(Wfj), S(Wfj), 
To Table 614D E(Wsi), S(Wsi), To Table 514M 

E(Wri), S(Wri) 

To Table 616 

1. No. of Questions 
for the 3rd Level 

2. Sampling Base 
(Nb) --- if other V V 

than default 

Table 511 

,n3, n2, n1 

1.DOCs for iho 3rd L 
Ouoodon. (somplos) 
Implornontotkin 
Audits- V V 

Table 512D Table 512M 
"' Documentation 

Audlts 

. E(DOCsi), .E(DOCsi), 

V S(DOCsi) S(DOCsi) V 
( To Ll V To Tel* 51313 To Table 613M 

To L2 

Figure 501. Conceptual Framework of the QCSDDSS.
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From Table 510 L2
From Table 510 L1 From Table 512D / Table 512M 

\/ V ToTo 

T515 

To 

Table 513D 
.E(DOCfj), S(DOCfj) 
.E(DOCt), S(DOCt) 
.IRj , IRI 

T516D 

Table 513M 
.E(DOCfj), S(DOCfj) 
.E(DOCt), S(DOCt) 
.IRj, IRi 

T515 

To 
T516M 

1. Update 514D 
2. Update 514M 

V V V V V 
Table 514D 
.Comparison of DOCI 
and DOCt (11 vs t2 ) 

improvement of DOC) 
and DOCt (11 vs t2 ) 

Tab e 514M 
.Comparison of DOCfJ 
and DOCt ( t1 vs t2 ) 

improvement of DOCI 
and DOCt ( t1 vs t2 ) 

1. Input Wd 
2. Input Wm V V V V 

Table 515: composite 
.Comparison of DOCfj 
and DOCt ( t1 vs t2 ) 

improvement of 
DOCJ and DOCt 

1. Sort IRJ & IRI for 
Dom Audits 

2. Sort IRJ & IRI for 
Imple. Audits 

V V V 
'labia 516D Table 516M 

. IRj Priority Ust 1. 1131 Priority Ust 

. IRI Priority List 2. IRI Priority List 
Based on Based on 
Documentation Audits Implementation Audits 

Figure 501 (continuation).
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The Quattro Pro spreadsheet program provides integrat

ed database and graphics capabilities as well as multiple
 

spreadsheets (multiple windows or notebooks in, respective

ly, DOS or Microsoft Windows versions), with the ability to
 

establish dynamic linkages and a user-friendly interface.
 

These features constitute a suitable environment for build

ing a table-oriented decision support system. In addition,
 

keyboard commands, function and macro utilities provide the
 

capability of performing data analyses that may be graphi

cally displayed (Borland, 1992, 1989; Cobb, 1990). For
 

these reasons, Quattro Pro was selected as a basis for
 

developing the proposed QCSDDSS.
 

5.2 Structure of the OCSDDSS
 

The QCSDDSS consists of 39 tables, constructed in 18
 

linked files that act not only as user interfaces, but also
 

as processors. The tabular interface invokes data entries,
 

executes built-in programs, and then outputs desired infor

mation. The spreadsheet programs are based on the method

ologies and formulas discussed in Chapter 4.
 

The structure, functions, and contents of the compo

nent tables are described as follows. Suffixes A, B, C, D,
 

or M assigned to the tables and files discussed in the
 

following numbered paragraphs are used to denote judge A,
 

B, or C, documentation audits, or implementation audits,
 

respectively.
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1) Cover Screen (File T500):
 

This file is designed to call up all of the related
 

QCSDDSS files, as well as to provide a brief introduction
 

for user guidance. To run the QCSDDSS, this file and its
 

supporting files must be opened and loaded by selecting the
 

spreadsheet FILE/OPEN command. This cover screen is shown
 

in Figure 502.
 

2) Table 501A,B,C, weighting matrices of ISO 9002
 

requirements for judges A, B, C (files T501A,
 

T501B, and T501C):
 

These three tables, designed to invoke entries from
 

pairwise comparisons by a maximum of three judges, are
 

presented in identical formats. Judges A, B, and/or C are
 

invited to develop importance weights for the 18 ISO 9002
 

requirements. Tables 501A, 501B, and 501C are prepared,
 

respectively, for the first judge (A), the second judge
 

(B), and the third judge (C). If one judge is involved,
 

only Table 501A is used. If two judges are used, Tables
 

501A and 501B are applicable; otherwise, each of Tables
 

501A-501C shall be used.
 

Only the shaded cells above the principal diagonal
 

(marked with an "X") must be filled. As noted in Chapter
 

4, for a cell with the coordinates (u,v), "0" represents
 

that requirement v is less important than requirement u,
 

while "1" represents that each is "equally important" and
 

"2" signifies that v is "more important." Upon completion
 

of these operations, the importance weights for each re
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quirement are generated and are shown in the last column,
 

w

6.
 

If a particular requirement, j, is assessed as "not
 

applicable" for the user company, all cells in the corre

sponding rows and columns must be filled with the character
 

"N" to produce a zero value for the wri of this requirement.
 

In addition, the macros CLEAR501A, CLEAR501B, and
 

CLEAR501C are saved, respectively, in files T501A, 501B,
 

and 501C for the purpose of clearing the working areas.
 

3) Tables 502A,B,C-509A,B,C, weighting matrices of
 

sub-requirements with respect to (WRT) require

ments 1, 4, 5, 8, 9, 10, 12, and 14 of ISO 9002
 

for judges A, B, and C (files T502A, T502B and
 

T502C) :
 

This series consists of 24 tables constructed in three
 

files. File T502A includes Tables 502A-509A, which invoke
 

entries from the pairwise comparisons of judge A for sub-


requirement importance weighting with respect to the corre

sponding higher level requirements; file T502B includes
 

Tables 502B-509B and file T502C includes Tables 502C-509C.
 

These two files provide the same sub-requirement importance
 

weighting functions as file T502A for judge A for, respec

tively, judges B and C.
 

The manipulation of files T502A,B,C is similar to that
 

for files T501A,B,C with respect to the involvement of
 

judges, but the scales used for the pairwise comparisons
 

differ. In these 24 tables, five scales (1, 2, 3, 4, and
 



199 

5) are used to complete the shaded areas above the prin

cipal diagonals for Tables 502A,B,C-509A,B,C. As discussed
 

in Chapter 4, for a cell with the coordinates (u,v), "1" is
 

given if the judge "strongly disagrees" that sub-require

ment v is more important than sub-requirement u, whereas
 

"2" indicates "disagree," "3" means the two are "equally
 

important," "4" means that the judge "agrees" that v is
 

more important than u, and "5" indicates that the judge
 

"strongly agrees." After all the shading cells are filled,
 

the importance weights for each appropriate sub-requirement
 

are generated and then shown in the last column, w6, of
 

each table.
 

If a particular sub-requirement, i, is assessed as
 

"not applicable" to the user company, then all cells in the
 

corresponding rows and columns must be filled with the
 

character "N" to produce a zero value for the w81 of this
 

sub-requirement.
 

In addition, the macros named CLEAR502A, CLEAR502B,
 

and CLEAR502C are saved in files T502A-T502C, respectively,
 

to be used for clearing working areas.
 

4)	 Table 510, integrated weighting for Tables 501A,
 

B,C through 509A,B,C for multiple judges (File
 

T510):
 

This table summarizes the outputs of Tables 501A,B,C
 

through 509A,B,C, and calculates expected importance
 

weights and standard deviations for first-level require

ments E(wfl), S (we) and second-level sub-requirements E(wm),
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S(wsi), E(wri), S(w6). In addition, the coefficient of varia

tion for the first-level requirement (CVO) and the second-


level sub-requirement (CV6) are also calculated to identify
 

the existence of a non-harmonized judge, permitting the
 

rework of comparisons made by the judge in question, as de

sired. The upper limit for CV values is dependent upon
 

user discretion.
 

In addition to automatically generated values, the
 

number of judges (k) used to assign weighting values and
 

their degree of importance (g0 should be determined and
 

input by the user. The integers 1, 2 or 3 are the only
 

numbers that can be input as values for k. The valid value
 

for gk is between 0 and 1, while the sum of gkA and ga
 

should be less than or equal to 1. The value of k will
 

also determine which weighting tables (i.e., Tables 501A,

B,C through 509A,B,C) should be used. The macro CLEAR510
 

is saved in file T510 to be used for clearing working ar

eas.
 

5) Table 511, sample size determination using a
 

desirable sampling base (File T511):
 

This table is designed to generate sample sizes for
 

third-level questions (n3), second-level sub-requirements
 

(n2), and first-level requirements (n1) for implementation
 

audits. According to the importance weights, E(w6), and
 

the applicable number of the third-level questions within
 

each sub-requirement, sample size sets (n3, n2 and n1) are
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generated, based on default sampling bases (respectively,
 

Nb = 300, 400 or 500). The shaded areas are designed to
 

invoke the applicable number of third-level questions
 

within each sub-requirement. These numbers must be deter

mined from a review of the checklists provided in Appendix
 

4B. The checklist can be tailored to fit the particular
 

situations of user companies, thus the input number of
 

questions may be varied for different user companies. The
 

default values for Nb are 300, 400 or 500, but may be
 

changed to alternative values to produce corresponding
 

sample sizes.
 

The sample size sets generated from this table are
 

used in Table 512M as the basis of DOC collections for
 

implementation audits. The macro CLEAR511 is saved in file
 

T511 for the purpose of clearing working areas.
 

6) Table 512D,M, DOC derivation of sub-requirements
 

for documentation and implementation audits
 

(Files T512D and T512M):
 

These two tables are designed to calculate expected
 

DOCs, E(DOC,i), and standard deviations, S(D0Cm), for sec

ond-level sub-requirements. Because the sampling audit is
 

not considered for documentation audits, each third-level
 

question requires only one entry to represent its DOC.
 

However, six columns are included in Table 512D to accommo

date multiple questions in statement 20102 and when more
 

than a single entry is desired to represent a third-level
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question. The E(DOCJ and S(DOC6) of second-level sub-


requirements are calculated and displayed accordingly.
 

The structure of Table 512M is identical to that for
 

Table 512D, but with additional columns designed to accom

modate multiple DOC entries for third-level questions due
 

to the use of sampling audits for implementation audits.
 

Based on sample size sets generated from Table 511, one or
 

more samples are used to represent third-level questions.
 

However, as discussed in Chapter 4, if adequate samples
 

cannot be taken due to the nature of the questions or the
 

availability of sample material, a smaller sample size is
 

allowed. The macros CLEAR512D and CLEAR512M are saved in
 

files T512D and T512M, respectively, for the purpose of
 

clearing working areas.
 

7) Table 513D,M, performance rating and composite
 

index derivation for documentation and implemen

tation audits (Files T513D and T513M):
 

These two tables are designed to calculate expected
 

DOCs and standard deviations of first-level requirements,
 

E(DOCO and S(DOCIO; the aggregate DOC and standard devia

tion of the overall system, E(D0Cd and S(D0Cd; and the
 

composite index for requirements (IRS) and sub-requirements
 

(IR). Table 513D produces performance information for
 

documentation audits, using outputs from Tables 510 and
 

512D. While Table 513M produces similar information for
 

implementation audits, using outputs from Tables 510 and
 

512M.
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8) Table 514D,M, performance (DOC) comparison for
 

documentation and implementation audits (Files
 

T514D and T514M):
 

These two tables are designed to display major perfor

mance information and improvement with respect to two dif

ferent times, t1 (previous) and t2(current), for documen

tation (Table 514D) and implementation (Table 514M) audits,
 

respectively.
 

To use previous performance information for the com

parison, the user must update the two tables by executing
 

the macros UPDATE514D and UPDATE514M, saved in files T514D
 

and T514M, respectively, before clearing and filling Tables
 

512D and 512M. The right blocks are designed to store the
 

previous information. After new information representing
 

current performance is generated from new data in Tables
 

512D and 512M, the DOC improvement for each requirement
 

(DOCO and the overall system (D0Cd are generated and dis

played simultaneously in the middle blocks of the two ta

bles. The coefficients of variation (CV) are also cal

culated for the purpose of comparing system performance
 

over time.
 

In addition to the tableau displays, three types of
 

graphical displays can be instantly accessed by selecting
 

either graphs COMPARE514DJ, IMPROVE514DP, or IMPROVE514DA
 

saved in file T514D, or graphs COMPARE514MJ, IMPROVE514MP,
 

or IMPROVE514MA saved in file T514M. Requirements-wise
 

quality performance comparisons, requirements-wise quality
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performance improvement, and requirements-wise aggregate
 

score improvement can then be viewed, respectively.
 

In addition, two macros CLEAR514D and CLEAR514M are
 

saved, respectively, in files T514D and T514M to clear the
 

contents of the right blocks of these two files.
 

9) Table 515, composite DOC for documentation and
 

implementation audits (File T515):
 

This table is designed to integrate the results of
 

documentation and implementation audits, using outputs from
 

Tables 513D,M and 510, and the weights for documentation
 

audits (wd) as given by the user. The first major outputs
 

from this table are the composite DOCs and standard devia

tions for each requirement and the overall system. Similar
 

to Tables 514D,M, relevant CVs are displayed for comparison
 

purpose.
 

In addition, improvement in composite scores over two
 

different times, t2 and t1, are also displayed in lower
 

blocks if previous performance information was stored in
 

the middle boxes before Tables 512D and 512M were cleared
 

and current data entered. To save previous performance in

formation, the user must update the tables by executing the
 

macro UPDATE515 in advance of current data entry. Follow

ing generation of new information representing current
 

status, improvement expressed as DOC6 and DOC, is displayed
 

in the lower blocks. Similar to the displays described for
 

Tables 514D,M, three types of graphical displays can be
 

instantly accessed by selecting the graphs COMPARE515CJ,
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IMPROVE515CP, and IMPROVE515CA saved in File T515. Demon

strations of these displays are provided in Figures 503

505.
 

10) Table 516D,M, improvement priority lists based on
 

documentation and implementation audits and com

posite indices (respectively, Files T516D and
 

T516M) :
 

These two tables are designed to provide priority
 

lists, based on the composite indices IRS and IRi for docu

mentation and implementation audits, respectively. The
 

values of IRS and IR; for each requirement and sub-require

ment are summarized on the left-hand side of the tables.
 

To produce priority lists based on IRj and IR, the macros
 

SORT516D and SORT516M saved, respectively, in files T516D
 

and T516M must be executed. In addition, the macros CLEAR

516DM and CLEAR516MM are saved, respectively, in files
 

T516D and T516M to clear the content of the middle blocks
 

of these two tables.
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ISO 9002 
Quality Capability Self-Diagnosis 

Decision Support System 
QCSDDSS 

Developer Kuellung Huang
 
Adviser Or Thomas M. West
 

17.natraption Open Supporting Files !! 

1. The OCSDDSS is a table-onented decision support system consisting of 
39 tables presented in 18 files , including file 1500, 7501A, 7501B, 7501C, 
7502A, T5029. T502C, T510, T511, 15120, -1512M, 7513D, 7513M,15140, 
7514M, 7515, T516D, and 7516M. 

2. If al supporting files have been loaded following the opening of this master file, 
the full range of OCSDOSS functions will be available. Please go to the next 
step for additional information. Otherwise, please open al supporting files at 
this time. 

3. The OCSDDSS can be used to display measures of current performance, as 
wet as to idetify weakness of an operating quality system, while providing 
improvement information over time. Please select one of the following 
procedures of the choice. 

Procedures A. 
Appication Situation: When the OCSOOSS is initially appled to an operating
 

quafity system, or the user wants to discard the performance
 
information generated from a previous diagnosis.
 

Step 1	 Open file T500 and load its supporting files. 
Step 2 Pick and execute "CLEAR' macros to clear working areas in Tables
 

501A/EVC, Tables 502A/B/C, Table 510, Table 511, Tables 512D/M,
 
and Table 515.
 

Step 3 Pick file 7510 and enter number of judge(s) used to assess relative
 
importance weights .
 

Step 4 Pick files 7501A, 7501B and/or 7501C, and invite appropriate judge(s) 
to develop importance weights using pair...Ise comparisons for first 
level requirements. 

Step 5 Pick files 7502,4,1502B and/or T502C, and invite appropriate judge(s) 
to develop importance weights using painvise comparisons for second-
level sub - requirements. 

Step 6	 Pick file 7510 to check coefficient of variation, CVfj and CVsi, and to
 
identify possible non-harmonized judge(s) for rework of importance
 
weighting processes, as necessary (return to step 4).
 

Step 7 Pick file 7511 and enter the number of appicable third-level questions 
to generate sample size set for implementation audits. 

Step 8 Pick file 1515 and enter degree of importance for documentation Audits, 
(Wd). 

Step 9	 Pick files 7512DiM and input DOCs evaluated from third-level questions 
(or question samples) for documentation audits and implementation 
audits. 

Step 10	 Pick files T514D/M to examine tableau performance data and view 
graphical displays, accessing buik-in graphs COMPARE514DJ, 
IMPROVE514DP and IMPROVE514DA for documentation audits 
and graphs COMPARE514MJ, IMPROVE514MP, and IMPROVE514MA 
for implementation audits. 

Step 11	 Pick file 7515 to examine tableau performance data and view graphical 
displays, accessing built-in graphs COMPARE515CJ, IMPROVE515CP 
and IMPROVE515CA for composite results. 

Step 12	 Pick files T5160/M and execute macros SORT516D and SORT516M 
to generate improvement priority lists based on IRj and IRi for 
documentation audits and implementation audits. 

Procedures B: 
Appication Situation: When OCSDDSS is used to compare performance
 

status over time. To assure a valid comparison, do not delete
 
previous performance information. In addition, al relevant factors,
 
such as WI, Wsi, Wri, sample size, number of third-level questions,
 
and Wd must remain unchanged.
 

Step 1 Open file T500 and load its supporting files.
 
Step 2 Pick files 514D/M and file 515 to update tables , executing macros
 

UPDATE514D, UPDATE514M, and UPDATE515 respectively.
 
Step 3 Pick file 512D/M to clear previous DOCs of third-level questions,
 

executing macros CLEAR512D and CLEAR512M.
 
Step 4 Input current DOCs of third level questions (or question samples)
 

into Tables 7512D/M.
 
Step 5	 Pick files 7514D/M to examine tableau performance data and view 

graphical displays, accessing built-in graphs COMPARE5140J, 
IMPROVE514DP and IMPROVE5140A for documentation audits and 
graphs COMPARE514MJ, IMPROVE514MP, and IMPROVE514MA 
for implementation audits. 

Step 6	 Pick file T515 to examine tableau performance data and view graphical 
displays, assessing built-in graphs COMPARE515CJ, IMPROVE515CP 
and IMPROVE515CA for composite results. 

Step 7	 Pick files 7516DAA and execute macros SORT516D and SORT516M 
to generate improvement aridity fists based on IRj and 1111 for 
documentation and implementation audits. 

Figure 502. QCSDDSS Cover Screen.
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Table 502A. The Weighting Matrix of Sub-requirements WRT
 
Requirement 1 of ISO 9002 for Judge A (example data).
 

Sub-requirement 101 102 103 Sum Wsi 
101 X 3 4 7 0300 
102 3 X 4 7 0 389 
103 2 2 X 4 0.222 

Feierence 1T01lr 

Table 503A. The Weighting Matrix of Sub-requirements WRT
 
Requirement 4 of ISO 9002 for Judge A (example data).
 

Eilli=liaiMMULINEKVAMraaMilli 
402 MININIMMI 0.500 

Reference 6I 801 

Table 504A. The Weighting Matrix of Sub-requirements WRT
 
Requirement 5 of ISO 9002 for Judge A (example data).
 

EIMMIIIMIIMMI11MalIMIMM11011MiiECEM111..211116MOIMINICIIIIIIIIIMMINIINUA 
502 4 x 10 0.278 
503 IIIIIIIIIIIME 10 0.2783 MINmom

0.278
504MMEMMOMMMEMMEHMEMMEMMEW

amm=00000 EMMEMMUMB
 

Table 505A. The Weighting Matrix of Sub-requirements WRT
 
Requirement 8 of ISO 9002 for Judge A (example data).


gozmaamanlillMiliablU
s' 

0.500 
'eference IIIMMEUMMWO 

802!Mr= 10.1 
Table 506A. The Weighting Matrix of Sub-requirements WRT
 

Requirement 9 of ISO 9002 for Judge A (example data).
 

ofequireMen I I Il um si 
901'X 3 4 5 12 0.333 
902 3 X 4 5 12 0.333 
903 2 2 X 4 8 0.222 
904 1 1 2 X 4 0.111 

eference 361 0.992
# 

Table 507A. The Weighting Matrix of Sub-requirements WRT
 
Requirement 10 of ISO 9002 for Judge A (example data).
 

Sub-requirement 1001 1002 1003 1004 Sum Wsi 
1001 X 2 3 4 9 0.250' 
1002 4 X 4 4 12 0.333 
1003 3 2 X 3 8 0.222 
1004 2 2 3 X 7 0.194 

1eference 3-60.999 

Table 508A. The Weighting Matrix of Sub-requirements WRT
 
Requirement 12 of ISO 9002 for Judge A (example data).
 

rub-requirernent 1201 1202 Sum Wsi 
1201 X 2 1 0.333 
1202 4 X 4 0.667 

eference 6 1.000 

Table 509A. The Weighting Matrix of Sub-requirements WRT
 
Requirement 14 of ISO 9002 for Judge A (example data).
 

MISEMENIIMINEXIMINILMillEM111011b2G1111111YEINII 
Fr 

1402 9 0.250 
1403 9 0.250 

9 0.2501404 1111. .00 
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Table 502B. The Weighting Matrix of Sub-requirements WRT
 
Requirement 1 of ISO 9002 for Judge B (example data).
 

Sub-requirement 101 102 103 Sum Wsi 
1015( 3 3 6 0 3D 
102 3 X 4 7 0.389 
103 3 5 12 X 0.278

Mrerence TA 

Table 503B. The Weighting Matrix of Sub-requirements WRT
 
Requirement 4 of ISO 9002 for Judge B (example data).
 

u re thremen MMLUMMEMEMEMMMME. 
2 0.333 

Reference 6 1.000 
0241.1111111 

Table 504B. The Weighting Matrix of Sub-requirements WRT
 
Requirement 5 of ISO 9002 for Judge B (example data).
 

Sub-re threment 501 502 503 504 Sum Wsi 

Reference 

502 
503 
504 

3 X 
3 
4 

3 X 
3 

3 

3 X 

3 
3 

9 
9 

10 
36 

0.25 
0.25 

0.278 
1 

Table 505B. The Weighting Matrix of Sub-requirements WRT
 
Requirement 8 of ISO 9002 for Judge B (example data).
 

Sub - requirement 41111111MOMMEMUMMEMMUMME'
:I r 
802 0.667MI 

Reference 1.000 

Table 506B. The Weighting Matrix of Sub-requirements WRT
 
Requirement 9 of ISO 9002 for Judge B (example data).
 

u requiremen 
1 

1 1 1 1 um TVs' 

902 3 X 5 5 13 0.361 
903 2 1 X 3 6 0.167 
904 1 1 3 X 5 0.139 

Reference 36 1 

Table 507B. The Weighting Matrix of Sub requirements WRT
 
Requirement 10 of ISO 9002 for Judge B (example data).
 

61MIEEM 11 11 11 II'MMMINIUMME

1=.10111.111111Mlio ir 111111111MIEMM 
MOMMIIMMEMEN IN=ail 0.306 

1003 MEMEMMENN 
1004 =EMU 0194 

4EMMEMEMMOM MUNN=
 
Table 508B. The Weighting Matrix of Sub-requirements WRT
 

Requirement 12 of ISO 9002 for Judge B (example data).
 
Sub-re uirement 1201 1202turn Wsi 

1202 3 X 3 0.500 
Reference 6 1.000 

Table 509B. The Weighting Matrix of Sub-requirements WRT
 
Requirement 14 of ISO 9002 for Judge B (example data).
 

Sub-requirement 1401 1402 1403 1404 Sum Wsi 
1401)( 3 3 3 9 0.250 
1402 3 X 3 3 9 0.250 
1403 3 3 X 4 10 0.278 
1404 3 3 2 X 8 0.222 

e erence 17-77T 
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Table 502C. The Weighting Matrix of Sub-requirements WRT
 
Requirement 1 of ISO 9002 for Judge C (example data).
 

1 eu -requiremen si 
101 0.333 
10 3 3 6 0333 
103 3 X 6 0.333 

werice I.
 

Table 503C. The Weighting Matrix of Sub-requirements WRT
 
Requirement 4 of ISO 9002 for Judge C (example data).
 

-Sub-requirement 401 402 Sum Wsi 
401 3 3 0.500 
402 3 X 3 0.500 

reference 
1 

6 1.000 

Table 504C. The Weighting Matrix of Sub-requirements WRT
 
Requirement 5 of ISO 9002 for Judge C (example data).
 

;Sub-requirement 501 502 503 504 Sum Wsi 1 

I 501 3 3 2 8 0.222 
502 3 X 2 3 8 0.222 
503 3 4 X 3 10 0.278 
504 4 3 3 X 10 0.278 

Reference 36 1 

Table 505C. The Weighting Matrix of Sub-requirements WRT
 
Requirement 8 of ISO 9002 for Judge C (example data).
 

. mil a g iiiii Ei: s i i i .. a m i . m
.623 1 milm 

: 1 a !MIIIIIIIIIMMIIIIIIIIMIIIIMU
802 111MICEMIIIIIIIIN 0 500

IgagallIMMi =UM 
Table 506C. The Weighting Matrix of Sub-requirements WRT
 

Requirement 9 of ISO 9002 for Judge C (example data).
 

Sub-requirement 901 902 903 904 Sum Wsi 
901 X 3 4 4 11 0.306' 

902 3 X 4 5 12 0.333 
903 2 2 X 3 7 0.194 
904 2 1 3 X 6 0.167 

'deference 36 1 

Table 507C. The Weighting Matrix of Sub-requirements WRT
 
Requirement 10 of ISO 9002 for Judge C (example data).
 

Sub-re.uirement 1001 1002 1UU3 1004 Sum Wsi 
11 I I 

1002 3 X 4 4 11 0.306 
1003 3 2 X 4 9 0.250 
1004 2 2 2 X 6 0.167 

Deference 36 1701:111 

Table 508C. The Weighting Matrix of Sub-requirements WRT
 
Requirement 12 of ISO 9002 for Judge C (example data).
 

IZMMIMEMMIIIMIIIIIIIIIIIIIIKMIIIIKIWIWERIIIIIWZIIIIIIII 
Fmr4111111110111111111M1111111111Kmffixd 

ilICEIIIMIN111111111111E1 0 500'IMMZEMMINIt MUM/ 
Table 509C. The Weighting Matrix of Sub-requirements WRT
 

Requirement 14 of ISO 9002 for Judge C (example data).
 
Sub-requirement 1401 1402 1403 1404 Sum Wsi 

1401 X 3 3 3 9 0.250 
1402 3 X 3 3 9 0.250 
1403 3 3 X 3 9 0.250 
1404 3 3 3 X 9 0.250 

-teference 36 1.000 
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Table 510. Integrated Weighting for Tables 501A,B,C
 
through 509A,B,C for Multiple Judges (example data).
 

Multiple Judges 

Number of Judge Used for Weihtin7(1, 2, or 3)--, 1 3 Coefficient 
Judge(s) A (1st Judge) B (2nd Judge) C (3rd Judge) Integrated Result of Variation 

Importance --> 0.5 0.3 0.2 

E(VV)/S(W) E(Wfj) E(Wsi) E(Wfj) E(Wsi) E(Wfj) E(Wsi) E(Wfj) S(VVfj) E(Wsi) S(Wsi) E(VVri) S(Wri) CVfj CVsi 

1 0.082 0.072 0.082 0.079 0.005 0.058 

101 0.389 0.333 0.333 0.361 0.028 0.029 0.003 0.078 

102 0.389 0.389 0.333 0.378 0.022 0.030 0.002 0.059 

103 0.222 0.278 0.333 0.261 0.043 0.021 0.004 0.166 

2 0.046 0.052 0.056 0.050 0.004 0.081 

201 1.000 1.000 1.000 1.000 0.000 0.050 0.004 0.000 
3 0.056 0.033 0.039 a046 0.011 0.230 

301 1.000 1.000 1.000 1.000 0.000 0.046 0.011 0.000 

4 0.092 0.078 0.082 0.086 0.006 0.074 

401 0.500 0.667 0.500 0.550 0.077 0.047 0.007 0.139 

402 0.500 0.333 0.500 0.450 0.077 0.039 0.007 0.170 

5 0.078 0.065 0.072 0.073 0.006 0.077 

501 0.167 0.222 0.222 0.195 0.028 0.014 0.002 0.141 

502 0.278 0.250 0.222 0.258 0.022 0.019 0.002 0.085 

503 0.278 0.250 0.278 0.270 0.013 0.020 0.002 0.048 

504 0.278 0.278 0.278 0.278 0.000 0.020 0.002 0.000 

6 0.007 0.013 0.016 0.011 0.004 0.353 

601 1.000 1.000 1.000 1.000 0.000 0,011 0.004 0.000 

7 0.033 0.042 0.039 0.037 0.004 0.109 

701 1.000 1.000 1.000 1.000 0.000 0.037 0.004 0.000 

8 0.092 0.085 0.072 0.086 0.008 0.088 

801 0.500 0.333 0.500 0.450 0.077 0.039 0.007 0.170 

802 0.500 0.667 0.500 0.550 0.077 0.047 0.008 0.139 

9 0.075 0.072 0.069 0.073 0.002 0.032 

901 0.333 0.333 0.306 0.328 0.011 0.024 0.001 0.033 

902 0.333 0.361 0.333 0.341 0.013 0.025 0.001 0.038 

903 0.222 0.167 0.194 0.200 0.024 0.015 0.002 0.120 

904 0.111 0.139 0,167 0.131 0.022 0.010 0.002 0.167 

10 0.075 0.049 0.062 0.065 0.011 0.175 

1001 0.250 0.278 0.278 0.264 0.014 0.017 0.003 0.053 

1002 0.333 0.306 0.306 0.320 0.014 0.021 0.004 0.042 

1003 0.222 0.222 0.250 0.228 0.011 0.015 0.003 0.049 

1004 0.194 0.194 0.167 0.189 0.011 0.012 0.002 0.057 

11 0.016 0.036 0.029 0.025 0.009 0.363 

1101 1.000 1.000 1.000 1.000 0.000 0.025 0.009 0.000 

12 0.023 0.049 0.036 0.033 0.011 0.339 

1201 0.333 0.500 0.500 0.417 0.084 0.014 0.006 0.200 

1202 0,667 0.500 0.500 0.584 0.084 0.019 0.007 0.143 

13 0.069 0.085 0.075 0.075 0.007 0.092 

1301 1.000 1.000 1.000 1.000 0.000 0.075 0.007 0.000 

14 0.033 0.036 0.056 0.039 0.009 0.230 

1401 0.250 0.250 0.250 0.250 0.000 0.010 0.002 0.000 

1402 0.250 0.250 0.250 0.250 0.000 0.010 0.002 0.000 

1403 0.250 0.278 0.250 0.258 0.013 0.010 0.002 0.050 

1404 0.250 0.222 0.250 0.242 0.013 0.009 0.002 0.053 

15 0.026 0.033 0.023 0.028 0.004 0.137 

1501 1.000 1.000 1.000 1.000 0.000 0.028 0.004 0.000 

16 0.072 0.095 0.095 0.084 0.012 0.138 

1601 1.000 1.000 1.000 1.000 0.000 0.084 0,012 0.000 

17 0.065 0.042 0.046 0.054 0.011 0.199 

1701 1.000 1.000 1.000 1.000 0.000 0.054 0.011 0.000 

18 0.062 0.062 0.052 0.060 0.004 0.067 

1801 1.000 1.000 1.000 1.000 0.000 0.060 0.004 0.000 

Reference 1.002 17.999 0.999 18 1.001 18 1.0009 17.9995 1.001 
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Table 511. Sample Size Determination Using Desirable Sam
pling Base (example data).
 

Requirement importance -No. of Sampling Size for the 3rd L, 2nd L andIst-L-
Weights Question Under Different Nb (Sampling Base) 

and 1st L 2nd L for the Nb Value: 300 Nb Value: 400 Nb Value: 500 
Sub-requirement E(Wfj) E(Wri 3rd Level n1 n3 n2 n1 n3 n2 n1 

1	 0.079 20 28 35 
101 0.029 1 6 6 8 8 9 9 
102 0.030 4 2 8 3 12 4 16 
103 0.021 2 3 6 4 8 5 10 

2 0.0498 12 18 24 
201 0.050 6 2 12 3 18 4 24 

3 0.0457 15 18 24 
301 0.046 3 5 15 6 18 8 24 

4 0.0858 27 34 44 
401 0.047 3 5 15 6 18 8 24 
402 0.039 4 3 12 4 16 5 20 

5 0.0729 20 31 34 
501 0.014 1 4 4 6 6 7 7 
502 0.019 4 1 4 2 8 2 8 
503 0.020 2 3 6 4 8 5 10 
504 0.020 3 2 6 3 9 3 9 

6 0.0106 4 4 6 
601 0.011 2 2 4 2 4 3 6 

7 0.0369 12 15 18 
701 0.037 3 4 12 5 15 6 18 

8 0.0859 25 33 44 
801 0.039 5 2 10 3 15 4 20 
802 0.047 3 5 15 6 18 8 24 

9 0.0729 19 28 33 
901 0.024 4 2 8 2 8 3 12 
902 0.025 5 1 5 2 10 2 10 
903 0.015 3 1 3 2 6 2 6 
904 0.010 1 3 3 4 4 5 5 

10 0.0646 17 28 31 
1001 0.017 3 2 6 2 6 3 9 
1002 0.021 5 1 5 2 10 2 10 
1003 0.015 3 1 3 2 6 2 6 
1004 0.012 3 1 3 2 6 2 6 

11 0.0246 6 9 12 
1101 0.025 3 2 6 3 9 4 12 

12	 0.0334 10 15 15 
1201 0.014 2 2 4 3 6 3 6 
1202 0.019 3 2 6 3 9 3 9 

13	 0.075 15 20 25 
1301 0.075 5 3 15 4 20 5 25 

14 0.0385 12 15 21 
1401 0.010 1 3 3 4 4 5 5 
1402 0.010 3 1 3 1 3 2 6 
1403 0.010 1 3 3 4 4 5 5 
1404 0.009 1 3 3 4 4 5 5 

15	 0.0275 10 10 15 
1501 0.028 5 2 10 2 10 3 15 

16 0.0835 15 20 25 
1601 0.084 5 3 15 4 20 5 25 

17 0.0543 15 21 27 
1701 0.054 3 5 15 7 21 9 27 

18 0.06	 6 8 9 
0.060 1 6 6 8 8 9 9
' 1801 III IS I. .5 AA AA
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Table 512D. DOC Derivation of Sub-requirements for Docu
mentation Audits (example data).
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Table 512M. DOC Derivation of Sub-requirements for Imple
mentation Audits (example data).
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Table 513D. Performance Rating and Composite Index Deri
vation for Documentation Audits (example data).
 

Requirement Importance Weights Degree of Conform' y (DOC) (%) Composite Index 

and 1st Level 2nd Level 2nd Level 1st Level 1st L 2nd L 

Sub-recuirement ...E(W)) S(W9) E(Wsi) S(Wsi) E(W11) S(Wri) E(DOCsi) S(DOCsi) E(DOCfj) S(DOCh) IRj IRi 

0.079 0.005 83 12 0.584 

101 0.361 0.028 0.029 0.003 88 18 0.344 

102 0.378 0.022 0.030 0.002 75 20 0.514 

103 0.261 0.043 0.021 0.004 88 18 0.308 

2	 0.050 0.004 82 26 0.640 

201 1.000 0.000 0.050 0.004 82 26 0.575 

3	 0.046 0.011 76 21 0.660 

301 1.000 0.000 0.046 0.011 76 21 0.583 

4	 0.086 0.006 81 17 0.713 

401 0.550 0.077 0.047 0.007 82 17 0.485 

402 0.450 0.077 0.039 0.007 79 25 0.552 

5	 0.073 0.006 87 12 0.500 

501 0.195 0.028 0.014 0.002 100 0 0.022 

502 0.258 0.022 0.019 0.002 87 16 0.295 

503 0.270 0.013 0.020 0.002 75 35 0.611 

504 0.278 0.000 0.020 0.002 89 19 0.304 

6	 0.011 0.004 68 11 0.495 

601 1.000 0.000 0.011 0.004 68 11 0.418 

7	 0.037 0.004 75 25 0.691 

701 1.000 0.000 0.037 0.004 75 25 0.594 

0.008 ._ . 

801 0.450 0.077 0.039 0.007 64 4 0.510, 

802 0.550 0.077 0.047 0.008 76 9 0.477 

8 0.086	 71 9 0.764 

9	 0.073 0.002 89 11 0.454 

901 0.328 0.011 0.024 0.001 92 17 0.272 

902 0.341 0.013 0.025 0.001 83 24 0 434 

903 0.200 0.024 0.015 0.002 89 19 0 278 

904 0.131 0.022 0.010 0.002 100 0 0.001 

10	 0.065 0.011 70 9 0.678 

1001 0.264 0.014 0.017 0.003 70 5 0.364 

1002 0.320 0.014 0.021 0.004 67 24 0.612 

1003 0.228 0.011 0.015 0.003 71 7 0.363 

1004 0.189 0.011 0.012 0.002 75 25 0.483 

11	 0.025 0.009 92 14 0.232 

1101 1.000 0.000 0.025 0.009 92 14 0.251 

12	 0.033 0.011 86 14 0.361 

1201 0.417 0.084 0.014 0.006 93 11 0.170 

1202 0.584 0.084 0.019 0.007 81 14 0.345 

13	 0.075 0.007 71 8 0.692 

1301 1.000 0.000 0.075 0.007 71 8 0.644 

14	 0.039 0.009 93 5 0.177 

1401 0.250 0.000 0.010 0.002 100 0 0.001 

1402 0.250 0.000 0.010 0.002 89 19 0.256 

1403 0.258 0.013 0.010 0.002 85 0 0.142 

1404 0.242 0.013 0.009 0.002 100 0 0.000 

15	 0.028 0.004 76 19 0.553 

1501 1.000 aom na 0.004 76 19 0.483 

16	 0.084 0.012 87 18 0.613 

201 1.000 0.000 0.084 0.012 87 18 0.601 

17	 0.054 0.011 85 13 0.456 

1701 1.000 0.000 0.054 0.011 85 13 0.450 

18	 0.060 0.004 75 0 0.460 

201 1.000 0.000 0.060 0.004 75 0 0.459 

Overall 1.001 1.001 E(DOCt) S(DOCt) 

Performance 81 3 
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Table 513M. Performance Rating and Composite Index De
rivation for Implementation Audits (example data).
 

Requirement Importance Weights Degree of Conformi y (DOC) (%) Composite Index 

and 1st Level 2nd Level 2nd Level 1st Level 1st L 2nd L 

Sub7recuirement E(Wfj) SAfj) E,(Wsi) S(Wsi) E(Wri) S(Wri) E(DOCsi) S(DOCsi) E(DOCfg S(DOCfgIRj_ IRi 

1 nm nu 85 14 0.434 

101 0.361 0.028 0.029 nu 88 14 0.294 

102 0.378 0.022 nm 0.002 85 27 0.436 

103 0.261 0.043 01021 0.004 79 25	 0.441
 

2 0.050 0.004	 85 19 0.351 

201 1.000 0.000 0.050 0.004 85 19	 0.459
 

3	 0.046 0.011 77 19 0435 

301 1.000 0.000 0.046 0.011 77 19 0.518 

4	 0.086 0.006 77 19 0.608 

401 0.550 0.077 0.047 0.007 77 24 0.572 

402 0.450 0.077 0.039 0.007 78 24 0.523 

5	 0.079 0.006 89 9 un 
501 0.199 na 0.014 nu 88 25 0.320 

502 0.258 0.022 0.019 0.002 92 17 0.238 

503 0.270 0.013 0.020 0.002 88 14 0.254 

504 0.278 0.000 0.020 UM 86 15 un 
6	 0.011 nu 88 25 0.201 

601 1.000 0.000 0.011 0.004 88 25 0.304 

7	 0.037 0.004 65 23 0.612 

701 1.000 UM 0.037 0.004 65 23 0.646 

8 0.086 0.008	 90 17 0.426 

801 0.450 0.077 0.039 0.007 95 12 uu 
802 0.550 0.077 0.047 0.008 86 22 0.463 

9	 0.073 nu 89 10 0.319 

901 UM 0.011 UN 0.001 86 21 0.350 

902 UM 0.013 0.025 UM 93 15 UM 
903 0.200 0.024 0.015 0.002 78 19 0.368 

904 0.131 0.022 UT UM 100 0 UM 
10	 0.065 0.011 58 7 0.596 

1001 0.264 UM 0.017 UM 60 15 0 521 

1002 0.320 0.014 0.021 0.004 58 13 nn 
1003 0.228 0.011 0.015 0.003 56 10 0.488 

1004 0.189 0.011 0.012 0.002 56 10 0.477 

11	 0.025 UM 90 15 0.139 

1101 1.000 UM 0.025 0.009 90 15 0.266 

12	 nn 0.011 88 17 ua 
1201 0.417 0.084 0.014 UM 88 15 0.236 

1202 0.584 0.084 0.019 0.007 88 21 un 
13 0.075 0.007	 71 21 0.668
 

1301 1.000 UM 0.075 0.007 71 21	 0.731 

14	 0.039 0.009 89 7 0.131 

1401 0.250 0.000 UT 0.002 100 0 UM 
1402 0.250 0.000 UT UM 89 19 UM 
1403 0.258 0.013 0.010 0.002 90 9 0.152 

1404 0.242 0.013 0.009 0.002 78 19	 0.345
 

15	 0.028 0.004 57 26 UM 
1501 1.000 nm nn 0.004 57 26 0.741 

16	 0.084 0.012 84 21 0.534
 

1601 1.000 0.000 UM 0.012 84 21 ur
 
17	 0.054 0.011 63 22 uu
 

1701 1.000 nm 0.054 0.011 63 22 um
 
18 UM 0.004 71 19 0.577 

201 1.000 0.000 UM 0.004 71 19 MQ 
Overall 1.001 1.001 E(DOC1) S(DOCt) 

Performance	 79 4 
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Table 514D. Performance (DOC) Comparison for Documentation
 
Audits (example data).
 

Requirement Current Status Improvement Requirement Previous Status 

Number	 Weights 1st L Performance Number Weights 1st L Performance 

E(Wfj) S(Wfj) E(DOCfj) S(DOCfj) DOCfj DOCt E(Wfj) S(Wfj) E(DOCfj) S(DOCfj) 

1 0.079 0.005 83 12 83 6.56 

2 0.050 0.004 82 26 82 4.08 2 

3 0.046 0.011 76 21 76 3.47 3 

4 0.086 0.006 81 17 81 6.92 4 

5 0.073 0.006 87 12 87 6.33 5 

6 0.011 0.004 68 11 68 0.72 6 

7 0.037 0.004 75 25 75 2.77 7 

8 0.086 0.008 71 9 71 6.06 8 

9 0.073 0.002 89 11 89 6.51 9 

10 0.065 0.011 70 9 70 4.53 10 

11 0.025 0.009 92 14 92 2.26 11 

12 0.033 0.011 86 14 86 2.87 12 

13 0.075 0.007 71 8 71 5.33 13 

14 0.039 0.009 93 5 93 3.59 14 

15 0.028 0.004 76 19 76 2.09 15 

16 0.084 0.012 87 18 87 7.26 16 

17 0.054 0.011 85 13 85 4.62 17 

18 0 060 0 004 75 0 75 4.50 18 .. ... .._ . __ ..._ 
Overall 1.001 CVt E(DOCt) S(DOCt) Total Overall 

Performance 0.038 81 3 80.50 Performance. 

Table 514M. Performance (DOC) Comparison for Implemen
tation Audits (example data).
 

Requirement Current Status Improvement Requirement Previous Status 

Number	 Weights 1st L Performance Number Weights 1st L Performance 

E(Wfj) S(Wfj) E(DOCfj) S(DOCfj) DOCfj DOCt E(Wfj) S(Wfj) E(DOCII) S(DOCfj) 

1 0.079 0.005 85 14 20 1.54 1	 65 

2 0.050 0.004 85 19 0 0.00 2	 85 

3 0.046 0.011 77 19 17 0.78 3	 60 

4 0.086 0.006 77 19 -3 -0.22 4	 80 

5 0.073 0.006 89 9 14 0.99 5	 75 

6 0.011 0.004 88 25 18 0.19 6	 70 

7 0.037 0.004 65 23 -5 -0.18 7	 70 

8 0.086 0.008 90 17 25 2.15 8	 65 

9 0.073 0.002 89 10 14 0.99 9	 75 

10 0.065 0.011 58 7 -7 -0.47 10	 65 

11 0.025 0.009 90 15 20 0.49 11	 70 

12 0.033 0.011 88 17 28 0.94 12	 60 

13 0.075 0.007 71 21 1 0.08 13	 70 

14 0.039 0.009 89 7 9 0.36 14	 80 

15 0.028 0.004 57 26 -6 -0.17 15	 63 

16 0.084 0.012 84 21 9 0.75 16	 75 

17 0.054 0.011 63 22 3 0.16 17	 60 

18 0.060 0.004 71 19 3 0.18 18 68 

Overall 1.001 CVt E(DOCt) S(DOCt) Total Overall 

Performance 0.051 79 4 8.55 Performance 
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Table 515. Composite DOC for Documentation and Implementa
tion Audits (example data).
 

(11 Curets Status 

Requirement Documentation Wd-> PA Composite Results Requirement Implementation Wm-, 0.6 

Number Weights 1st I. Performance_ Documentation & Implementation Number Weights 1st l Performance 
E(W6) S(W6) 

0.079 OM 
E(DOCS) S(DOC6) 

83 12 

E(DOCO) S(DOC6) E(DOCt)j S(DOCt)j 

10 603 0.81 

E(W6) S(W6) 

0079 0005 

E(DOC6) S(DOCII) 

85 14 

2 0.050 0.004 82 26 94 15 4.17 0.81 2 0.050 0.004 85 19 

0018 OM 76 77 14 3.50 0.88 0048 OM 77 19 

34 0.086 0.006 81 79 13 6.76 1.21 0.086 0.006 77 19 

5 0.073 0.008 87 138 7 6.41 0.65 0.m 0.006 89 9 

0.011 0.004 88 80 16 0.85 0.28 con 0.004 88 25 

7 0.037 0.004 75 25 69 17 255 0.66 7 0.037 0.004 85 23 

89 0.088 0.008 71 82 11 7.07 1.03 0.086 0.008 90 17 

0.m 0.002 89 11 89 7 6.48 0.56 osm 0.002 89 10 

10 0.055 0.011 70 9 63 5 405 0.62 10 0.065 OM 58 

11 0.025 0.009 92 14 91 11 2.23 0.65 0.025 0.009 90 15 

12 0,033 0.011 86 14 87 12 2.91 0.83 12 0.033 0.071 88 17 

13 0.075 0.007 71 8 71 13 5.33 1.04 13 0.075 0.007 71 21 

14 0.039 0.009 93 5 91 5 3.50 0.61 14 0.039 0.009 89 7 

0.028 0.004 76 19 65 17 1.78 0.51 15 0.028 0.004 57 26 

0.084 0.012 87 18 85____15 7.11 1.41 16 0084 0.012 84 21 

17 0.054 0011 85 13 72 14 3.90__._0.98 17 0.054 0.011 2281 

18 0.060 0.004 75 0 73 11 4.36 0.72 18 o .06 o 0.004 71 19 

Overall 1.001 CI E(MCI) S(MCI) cvt moctL 1.DO.Ct) OveraN 1.001 CVt E(DOCI)_ S(DOCI) 
Performance 0.038 81 3 0.044 80 4 Performance 0.051 79 4 

(2)Previous Status 

Requirement Documentation Wd-> 0.4 Composite Results Requirement Implementation Wrn-, 0.6 

Number Weights 1st L Performance Documentation & Imlementation Number Weights 1st L Performance 

E(W6) s(N5) E(DOC6) S(DOC6) E(DOC1) S(DOC6) E(DOCIS S(DOCt)j E(Wfi) S(WA) E(DOCA) S(DOC6) 

2 

3 

4 

5 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

Overall 

Performance 

Di Improvement 

Composite Results 

(Docum. & Imple) 

DOC1 (DOCt)j 

84 8.63 
84 4.17 

77 3.50 

79 6.76 

88 6.41 

80 0.85 

69 2.55 

82 7.07 

89 8.48 

63 4.05 

91 2.23 

87 2.91 

71 5.33 

91 3.50 

65 1.78 

85 7.11 

72 3.90 

73 4.36 

(posj)_ 
79.57 
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Table 516D. Improvement Priority Lists Based on Documen
tation Audits and Composite Index (example data).
 

(a) Original List 

Requirement IRj 

R1 0.584 

R2 0.640 

R3 0.660 

R4 0,713 

R5 0.500 

R6 0.495 

R7 0,691 

R8 0.764 

R9 0.454 

R10 0.678 

R11 0.232 

R12 0.361 

R13 0.692 

R14 0.177 

R15 0.553 

R16 0.613 

R17 0.456 

R18 0.460 

Sub-requirement IRi 

SR101 0.344 

SR102 0.514 

SR103 0.308 

SR201 0.575 

SR301 0.583 

SR401 0.485 

SR402 0.552 

SR501 0.022 

SR502 0.295 

SR503 0.611 

SR504 0.304 

SR601 0.418 

SR701 0.594 

SR801 0.510 

SR802 0.477 

SR901 0.272 

SR902 0.434 

SR903 0.278 

SR904 0.001 

SR1001 0.364 

SR1002 0.612 

SR1003 0.363 

SR1004 0.483 

SR1101 0.251 

SR1201 0.170 

SR1202 0.345 

SR1301 0.644 

SR1401 0.001 

SR1402 0.256 

SR1403 0.142 

SR1404 0.000 

SR1501 0.483 

SR1601 0,601 

SR1701 0.450 

SR1801 0.459 

b) Priority List 

Priority Requirement IRj 

1 R8 0.764 

2 R4 0.713 

3 R13 0.692 

4 R7 0.691 

5 R10 0.678 

6 R3 0.660 

7 R2 0.640 

8 R16 0.613 

9 R1 0.584 

10 R15 0.553 

11 R5 0.500 

12 R6 0.495 

13 R18 0.460 

14 R17 0.456 

15 R9 0.454 

16 R12 0.361 

17 R11 0.232 

18 R14 0.177 

Priority Sub-requirement IRi 

1 SR1301 0.644 

2 SR1002 0.612 

3 SR503 0.611 

_4 SR1601 0.601 

5 SR701 0.594 

6 SR301 0.583 

7 SR201 0.575 

8 SR402 0.552 

9 SR102 0.514 

10 SR801 0.510 

11 SR401 0.485 

12 SR1501 0.483 

13 SR1004 0.483 

14 SR802 0.477 

15 SR1801 0.459 

16 SR1701 0.450 

17 SR902 0.434 

18 SR601 0.418 

19 SR1001 0.364 

20 SR1003 0.363 

21 SR1202 0.345 

22 SR101 0.344 

23 SR103 0.308 

24 SR504 0.304 

25 SR502 0.295 

26 SR903 0.278 

27 SR901 0.272 

28 SR1402 0.256 

29 SR1101 0.251 

30 SR1201 0.170 

31 SR1403 0.142 

32 SR501 0.022 

33 SR1401 0.001 

34 SR904 0.001 

35 SR1404 0.000 

(c) Requirements / Sub-requirements 

R1 Management Responsibility 

SR101 Quality Policy 

SR102 Organization 

SR103 Management Review 

R2 Quality System 

SR201 Quality System 

R3 Contract Review 

SR301 Contract Review 

R4 Document Control 

SR401 Document Approval and Issue 

SR402 Document Changes/Modifications 

R5 Purchasing 

SR501 General Provisions 

SR502 Assessment of Sub-Contractors 

SR503 Purchasing Data 

SR504 Verification of Purchased Products 

R6 Purchaser Supplied Product 

SR601 Purchaser supplied Product 

R7 Product Identification and Traceability 

SR701 Product Identification and Traceability 

R8 Process Control 

SR801 General Provisions 

SR802 Special Process 

R9 Inspection and Testing 

SR901 Receiving Inspection and Testing 

SR902 In-Process Inspection and Testing 

SR903 Final Inspection and Testing 

SR904 Inspection and Test Records 

R10 Inspection, Measurement and Test Equipment 

SR1001 Inspection Planning 

SR1002 Traceability and Calibration 

SR1003 Management of Inspection Equipment 

SR1004 Auxiliary Test Hardware/Software Control 

R11 Inspection and Test Status 

SR1101 Inspection and Test Status 

R12 Control of Nonconforming Product 

SR1201 General Provisions 

SR1202 Nonconformity Review and Disposition 

R13 Corrective Action 

SR1301 Corrective Action 

R14 Handling,Storage,Packaging and Delivery 

SR1401 Handling 

SR1402 Storage 

SR1403 Packaging 

SR1404 Delivery 

R15 Quality Records 

SR1501 Quality Records 

R16 Internal Quality Audits 

SR1601 Internal Quality Audits 

R17 Training 

SR1701 Training 

R18 Statistical Techniques 

SR1801 Statistical Techniques 
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Table 516M. Improvement Priority Lists Based on Implemen
tation Audits and Composite Index (example data).
 

(a) Original List 

Requirement IRi 

R1 0.434 

R2 0.351 

R3 0.435 

R4 0.608 

R5 0.313 

R6 0.201 

R7 0,612 

R8 0.426 

R9 0.319 

R10 0.596 

R11 0.139 

R12 0.225 

R13 0.668 

R14 0.131 

R15 0.741 

R16 0.534 

R17 0.705 

R18 0.577 

Sub-requirement IRi 

SR101 0.294 

SR102 0.438 

SR103 0.441 

SR201 0.459 

SR301 0.518 

SR401 0.572 

SR402 0.523 

SR501 0.320 

SR502 0.238 

SR503 0.254 

SR504 0.283 

SR601 0.304 

SR701 _0.648 

SR801 0.262 

SR802 0.463 

SR901 0.350 

SR902 0.241 

SR903 0.368 

SR904 0.001 

SR1001 0.521 

SR1002 0.533 

SR1003 0.488 

SR1004 0.477 

SR1101 0.266 

SR1201 0.236 

SR1202 0.311 

SR1301 0.731 

SR1401 0.001 

SR1402 0.241 

SR1403 0.152 

SR1404 0.345 

SR1501 0.741 

SR1601 0.637 

SR1701 a738 

SR1801 0.643 

bl Priority List 

Priority Requirement IRi 

1 R15 0.741 

2 R17 0.705 

3 R13 0.668 

4 R7 0.612 

5 R4 0.608 

6 R10 0.596 

7 R18 0.577 

8 R16 0.534 

9 R3 0.435 

10 R1 0.434 

11 R8 0.426 

12 R2 0.351 

13 R9 0.319 

14 R5 0.313 

15 R12 0.225 

16 R6 0.201 

17 R11 0.139 

18 R14 0.131 

Priority Sub-requirement IRi 

1
 SR1501 0.741 

2 SR1701 0.738 

3 SR1301 0.731 

4 SR701 0.648 

5 SR1801 0.643 

6 SR1601 0.637 

7 SR401 0.572 

8 SR1002 0.533 

9 SR402 0.523 

10 SR1001 0.521 

11 SR301 0.518 

12 SR1003 0.488 

13 SR1004 0.477 

14 SR802 0.463 

15 SR201 0.459 

16 SR103 0.441 

17 SR102 0.438 

18 SR903 0.368 

19 SR901 0.350 

20 SR1404 0.345 

21 SR501 0.320 

22 SR1202 0.311 

23 SR601 0.304 

24 SR101 0.294 

25 SR504 0.283 

26 SR1101 0.266 

27 SR801 0.262 

28 SR503 0.254 

29 SR902 0.241 

30 SR1402 0.241 

31 SR502 0.238 

32 SR1201 0.236 

33 SR1403 0.152 

34 SR1401 0.001 

35 SR904 0.001 

(c) Requirements / Sub-requirements 

R1 Management Responsibility 

SR101 Quality Policy 

SR102 Organization 

SR103 Management Review 

R2 Quality System 

SR201 Quality System 

R3 Contract Review 

SR301 Contract Review 

R4 Document Control 

SR401 Document Approval and Issue 

SR402 Document Changes/Modifications 

R5 Purchasing 

SR501 General Provisions 

SR502 Assessment of Sub-Contractors 

SR503 Purchasing Data 

SR504 Verification of Purchased Products 

R6 Purchaser Supplied Product 

SR601 Purchaser supplied Product 

R7 Product Identification and Traceability 

SR701 Product Identification and Traceability 

R8 Process Control 

SR801 General Provisions 

SR802 Special Process 

R9 Inspection and Testing 

SR901 Receiving Inspection and Testing 

SR902 In-Process Inspection and Testing 

SR903 Final Inspection and Testing 

SR904 Inspection and Test Records 

R10 Inspection, Measurement and Test Equipment 

SR1001 Inspection Planning 

SR1002 Traceability and Calibration 

SR1003 Management of Inspection Equipment 

SR1004 Auxiliary Test Hardware/Software Control 

R11 Inspection and Test Status 

SR1101 Inspection and Test Status 

R12 Control of Nonconforming Product 

SR1201 General Provisions 

SR1202 Nonconformity Review and Disposition 

R13 Corrective Action 

SR1301 Corrective Action 

R14 Handling,Storage,Packaging and Delivery 

SR1401 Handling 

SR1402 Storage 

SR1403 Packaging 

SR1404 Delivery 

R15 Quality Records 

SR1501 Quality Records 

R16 Internal Quality Audits 

SR1601 Internal Quality Audits 

R17 Training 

SR1701 Training 

R18 Statistical Techniques 

SR1801 Statistical Techniques 
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Figure 503. QCSDDSS Graphical Display for Requirements-

Wise Quality Performance Comparison.
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Figure 504. QCSDDSS Graphical Display for Requirements-

Wise Quality Performance Improvement.
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Figure 505. QCSDDSS Graphical Display for Requirements-

Wise Aggregate Score Improvement.
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5.3 OCSDDSS Application Procedures
 

The QCSDDSS can be used to present current performance
 

measures for an operating quality system, as well perfor

mance status and improvement over the time period, t2
 

To satisfy these objectives, a graphical procedure has been
 

developed and results are shown in Figure 506. Written
 

procedures for the application of the QCSDDSS are summa

rized in Procedures A and B, as follows:
 

1) Procedure A:
 

Application Situation: When the QCSDDSS is initially
 

applied to an operating quality system, or the user wants
 

to discard the performance information generated from a
 

previous diagnosis:
 

Step 1, open file T500 and load its supporting files.
 

Step 2, pick and execute "CLEAR" macros to clear
 

working areas in Tables 501A,B,C, 502A,B,C, 510,
 

511, 512D,M, and 515.
 

Step 3, pick file T510 and enter number of judge(s)
 

used to assess relative importance weights.
 

Step 4, pick files T501A, T501B and/or T501C, and
 

invite appropriate judge(s) to develop importance
 

weights using pairwise comparisons for
 

first-level requirements.
 

Step 5, pick files T502A, T502B and/or T502C, and
 

invite appropriate judge(s) to develop impor



223 

open file T500 and 
load supporting files 

L_
 
Identify non- hannonlzed 
Judge(s) 

determine the sample size 
for implementation audits 
( n3, n2 ,n1 ) 

Jock the performance 
status and improvement 
Mew graphical displays 

( T514D/M ) 

/)\C
 yea
used
 

QCSDDSS before
 

no 

V 
deer T501NB/C, T602A/13/C, 

T610, T611, 7612D/M, 
and T515 

enter the number of 
Judge and the Importance 
( T510 ) 

perform painvise 
comparisons for 
Importance weights 
( T501A/B/C, T502A/13/C ) 

no CVO end CVsI 
OK 

yes 

enter the number of the third 
level questions 
( T511 ) 

V 
enter the Importance of 
documentation audits 
( Wd ) (T515) 

V 
Input the DOCs of the third 
level questions 
( 7512D/M ) 

V
 
.look the performance 
status end Improvement 

slew graphical displays 
(1515 ) composite 

change no 
WI) and WsI 

yes 
I
 

V
 
compare \, 

with previous 
performance 

--yes 

update 15140/M end T515 

dear 7512D/M 

.look priority lists In terms of
 
IR1 and IRI
 
(TsieD/M )
 

Figure 506. Graphical Procedures for Application of
 
QCSDDSS.
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tance weights using pairwise comparisons
 

for second-level sub-requirements.
 

Step 6, pick file T510 to check coefficient of varia

tion, CV6 and CV,i, and to identify possible
 

non-harmonized judge(s) for rework of impor

tance weighting process, as necessary (return
 

to Step 4).
 

Step 7, pick file T511 and enter the number of appli

cable third-level questions to generate sample
 

size set for implementation audits.
 

Step 8, pick file T515 and enter degrees of importance
 

for documentation audits, (wd .
 

Step 9, pick files T512D,M and input DOCs evaluated
 

from third-level questions (or question sam

ples) for documentation and implementation au

dits.
 

Step 10, pick files T514D,M to examine tableau perfor

mance data and view the graphic displays, acce

ssing built-in graphs COMPARE514DJ, IMPROVE

514DP and IMPROVE514DA for documentation audits
 

and graphs COMPARE514MJ, IMPROVE514MP and
 

IMPROVE514MA for implementation audits.
 

Step 11, pick file T515 to examine tableau performance
 

data and view graphical displays, accessing
 

built-in graphs COMPARE515CJ, IMPROVE515CP and
 

IMPROVE515CA for composite results.
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Step 12, pick files T516D,M and execute macros SORT

516D and SORT516M to generate improvement pri

ority list based on IRj and IRi for documen

tation or implementation audits.
 

2) Procedure B:
 

Application Situation: When QCSDDSS is used to com

pare performance status over time. To assure a valid com

parison, previous performance data should not be deleted. 

In addition, all relevant factors, such as N, w81, wry, 

sample size, number of third-level questions, and wd must 

remain unchanged.
 

Step 1, open file T500 and load supporting files.
 

Step 2, pick files 514D,M and 515 to update tables,
 

executing macros UPDATE514D, UPDATE514M, and
 

UPDATE515, respectively.
 

Step 3, pick files 512D,M to clear previous DOCs of
 

third-level questions, executing macros CLEAR

512D and CLEAR512M.
 

Step 4, input current DOCs of third-level questions
 

(or question samples) into Tables T512D,M.
 

Step 5, pick files T514D,M to examine tableau perfor

mance data and view graphic displays, accessing
 

built-in graphs COMPARE514DJ, IMPROVE514DP and
 

IMPROVE514DA for documentation audits and
 

graphs COMPARE514MJ, IMPROVE514MP, and IMPROVE

514MA for implementation audits.
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Step 6, pick file T515 to examine tableau performance
 

data and view graphical displays, accessing
 

built-in graphs COMPARE515CJ, IMPROVE515CP and
 

IMPROVE515CA for composite results.
 

Step 7, pick files T516D,M and execute macros SORT516D
 

and SORT516M to generate improvement priority
 

list based on IRS and IR; for documentation and
 

implementation audits.
 

Based upon the application situation of the user, one
 

of the two procedures above may be selected. However,
 

changes to these procedures may be necessary to meet the
 

needs of specific applications. Because all of the files
 

are linked, a numerical change in one table may cause a
 

series of changes in other tables. For this reason, which

ever of the procedures is used, all files must be opened
 

concurrently to generate valid results. In addition, since
 

the working files have substantial memory requirements to
 

access a full range of functions, adequate RAM and software
 

based upon a windows format are requirements.
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CHAPTER 6
 

CONCLUSIONS AND RECOMMENDATIONS
 

6.1 Conclusions
 

Quality system implementation is an effective approach
 

to assurance of product quality, and self-diagnosis is a
 

key component in the process of quality system implementa

tion. Self-diagnosis provides a convenient and economical
 

way to demonstrate quality capability and to initiate
 

necessary corrective actions essential to quality improve

ment and certification preparation. The ISO 9000 series
 

standards exist to inform suppliers and manufacturers of
 

requirements for a quality-oriented system.
 

The principles detailed in this series are applicable
 

to both small and large companies, providing a systematic
 

framework for the establishment, documentation, and mainte

nance of effective quality systems. In addition, global
 

recognition, regulatory requirements, and the expectations
 

of purchasers and customers are raising demand for certifi

cation to ISO 9000 standards. Therefore, a reliable and
 

competent quality capability self-diagnosis scheme based
 

upon these standards will be useful to those companies
 

seeking quality improvements and the ability to compete in
 

their markets.
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Review of the literature indicates that weak points
 

exist within current quality system auditing schemes. Most
 

are qualitative and subjective in nature, and are not
 

equipped with a systematic methodology to deal with the
 

problem of relative importance. In addition, performance
 

reporting instruments are less informative on the identi

fication of those weak and critical points which require
 

improvement and do not have the ability to directly inter

pret the effectiveness and cost figures of a quality system
 

implementation. It is certain that existing methods can be
 

structured systematically and will be competently informa

tive if qualified and experienced auditors participate in
 

the auditing procedures. However, this requires greater
 

external resources and thus the investment of additional
 

time and money.
 

The quality system can be regarded as a multicriteria
 

system characterized by several requirements which may dif

fer in relative importance, dependent upon environments and
 

objectives within individual companies. The linear addi

tive weighting model provides an appropriate multicriteria
 

evaluation methodology. The methodology used in this model
 

provides a systematic and quantitative approach for impor

tance weighting, system rating, comparisons, and analyses,
 

such that the model may be suitably used for the develop

ment of a quality capability diagnosis scheme.
 

With reference to theoretical and practical quality
 

system audit applications, the QCSDS development presented
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in this study is based on the multicriteria evaluation ap

proach using the linear additive weighting model and its
 

incorporated methods. The QCSDS consists of two major
 

components: a regular and a refined model. The regular
 

model starts with the determination of critical parameters
 

and proceeds through a systematic evaluation resulting in
 

the analysis of a quantitative based audit data. Check

lists developed from ISO 9001, 9002 and 9003 were organized
 

hierarchically without altering structural standards for
 

the facilitation of importance weighting and performance
 

ratings. The selection of a suitable QA model and check

list is important to quality system implementation. A
 

company may make selections based upon its functional or
 

organizational capabilities, following the overall consid

eration of risks, costs, and benefits. A simple multicrit

eria decision-making model (SMCDM) was presented as a QA
 

model selection tool.
 

The pairwise comparison weighting mechanism, based
 

upon discreet importance scales [0,1,2] and [1,2,3,4,5],
 

was included in the model to provide a sound approach to
 

importance weighting of quality system requirements and
 

sub-requirements. Multiple judges can be used to produce
 

objective weighting results.
 

Documentation and implementation audits are the two
 

primary areas of focus during the development of perfor

mance measures. When implementation audits are performed,
 

sampling audits based on sample sets determined from impor
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tance weights for second-level sub-requirements are used.
 

In turn, documentation audits are performed using point-by

point comparisons. At this stage of model development,
 

expected DOCs, E(DOC)s, and standard deviations, S(DOC)s,
 

for sub-requirements are derived as a basis for further
 

performance rating.
 

Structured checklists are an essential part of the
 

QCSDS. In addition to the three comprehensive question
 

sets developed for data collection, the "concepts" were
 

also decomposed to highlight checklist questions for op

tional adoptions in performance measures. Though longer
 

processing time can be expected using this approach, the
 

use of concepts reduces the difficulty of decision making
 

during the development of performance measures. This as

sures the reliability and consistency of audits conducted
 

over time or when different personnel are involved. This
 

approach was considered essential for performing self-diag

noses using less experienced auditors.
 

Importance weights of first-level requirements and
 

second-level sub-requirements, E(DOC) and S(DOC) for each
 

sub-requirement, form the bases for performance ratings.
 

E(DOC) and S(DOC) for each first-level requirement can be
 

calculated using statistical formulas for documentation and
 

implementation audits as well as for composite results.
 

While the E(DOC) and S(DOC) of overall system are derived
 

using the additive-weighting method. The performance
 

rating process is based upon the assumption that the
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weights developed for each requirement and sub-requirement,
 

and score measures for each second-level requirement, are
 

independent, normally distributed random variables.
 

The analytical instrument provided by the QCSDS meth

odology accommodates performance comparisons and improve

ment references. Importance weights for each requirement
 

and sub-requirement, and the E(DOC) and S(DOC) for each
 

requirement and the overall system are the basic data used
 

for the analyses. Comparative analyses are used to deter

mine if current performance has been improved with respect
 

to the results measured during previous audits. Either re

quirements-wise or full-system comparisons can be made
 

based solely upon E(DOC) values. However, informative data
 

are not confined to mean scores. Consideration of vari

ances among the DOCs and weights enables the QCSDS to
 

perform a comprehensive series of comparisons and analyses.
 

Statistical methods such as coefficients of variation
 

and confidence intervals were applied for purposes of per

formance comparisons and analyses. Two sets of composite
 

indices, IRS and LIR0 were developed for applicable require

ments and sub-requirements, respectively. Thus, a quanti

tative approach for the identification of criticality and
 

weakness within an audited system is provided. Based upon
 

/RI and /RI, priority lists can also be generated to remind
 

responsible departments that improvement activities should
 

be undertaken. This function compensates for a commonly
 

criticized drawback in the ISO 9000 standards, that is,
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lack of a means to assure continuous improvement (Burr,
 

1990; Sprow, 1992). In addition, graphic display tech

niques were also included to provide comparisons with
 

highly visible dimensions.
 

The rating information produced from application of
 

the regular model represents the procedural adequacy and
 

compliance of an operating quality system. Rating scores
 

are sufficiently valid to provide interpretation of quality
 

capabilities, and thus to lead to improvements through
 

identification of corrective actions based on priority
 

lists. However, the regular model is unable to directly
 

report effectiveness and cost figures for an operating
 

quality system. The refined model was thus developed to
 

compensate for this limitation.
 

Failure costs reflect an important quality measure of
 

in-process production, final products, and the degree of
 

customer satisfaction. Utilizing the observed behavior of
 

failure costs following improvement activities, a refined
 

model was constructed through the incorporation of utility
 

theory and regression methodology. The refined model
 

provides cost figures for quality system implementation and
 

produces a desirability score expressed in terms of quality
 

capability. This score is based on the decision maker's
 

utility. In addition, once a quality improvement profile
 

has been established, the regression model can be used to
 

assess quality capabilities without the need to measure
 

corresponding failure costs. However, the applicability of
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the refined model is highly dependent upon the comprehen

sive collection and analysis of quality cost data. This
 

limitation may restrict use of this application for compa

nies which lack robust quality costing systems.
 

A decision support system (QCSDDSS) was developed as a
 

QCSDS implementation. Its design was based on the regular
 

model to reduce the methodological application complexity.
 

The major functions of QCSDDSS include: (1) importance
 

weighting, (2) sample size determination, (3) DOC collec

tion and calculation, (4) performance rating, (5) perfor

mance presentation and analysis, and (6) identification of
 

criticality and weakness. The Quattro Pro spreadsheet was
 

selected as the basis for development of the decision-sup

port system. The QCSDDSS is a table-oriented and dynami

cally-linked decision-support system which provides both
 

tabular and graphic displays of performance demonstration
 

and improvement information. In addition to the predesign

ed functions, the built-in utilities, the graphical and
 

regression capabilities of the software enable users to
 

perform further analyses.
 

To use the QCSDS for comparisons over time, all rele

vant factors, including the audit criteria, the importance
 

weights developed and used, sample sizes for implementation
 

audits, and the importance of documentation (or implementa

tion) audits, should remain unchanged. On the other hand,
 

when the refined model is used, fixed content and time dur
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ations for failure cost measurements are necessary for the
 

purpose of making valid comparisons.
 

The QCSDS is an internal diagnosis scheme which can be
 

used for playing the role of an external quality auditor
 

during quality assurance and certification preparation. It
 

can be used by different manufacturing companies regardless
 

of their industrial base. To make adequate use of the
 

scheme, a representative should be assigned by management
 

to supervise audit planning and coordination with relevant
 

departments. The involvement of management is required to
 

complete the stages of importance weighting and utility
 

function development. Actual audits can then be conducted
 

by personnel independent of those with direct responsibi

lities for the work being performed (ISO 9000-2, 1993; ISO
 

9001 to 9003, 1987). These personnel may be drawn from
 

relevant departments within the company. However, to pro

duce reliable results, the use of qualified auditors with
 

appropriate education, training, experience, personal at

tributes, and management capabilities, as prescribed in ISO
 

10011-2 (1991), is recommended.
 

6.2 Recommendations for Future Research
 

This methodology not only provides a systematic and
 

quantitative approach for the self-diagnosis of an operat

ing quality system, but can also be applied to other system
 

evaluation problems as long as the existing system require
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ments can be expressed in a multicriteria format. The
 

methodology permits the interpretation of system perfor

mance, to provide a basis for analysis, and to identify
 

weak areas for improvement in the field of system evalua

tion However, additional research areas could be identi.
 

fied to further refine the methodology and to extend its
 

applications:
 

1) Refinement of the MCDM QA Selection Model:
 

Appropriate selection of a quality assurance model (or
 

checklist) is important for quality system implementation.
 

In section 4.3, a quantitative MCDM model was proposed for
 

use as an auxiliary tool. Further research of factor mea

sures and outcome assignments should make the original
 

model more reliable and adoptable. For factor measurement,
 

additional techniques could be developed to measure degrees
 

of complexity, degrees of design maturity, degrees of
 

criticality of product characteristics to performance,
 

degrees of risk of the occurrence of failure and the conse

quences of such failures, and the ratio of economic costs
 

weighted against costs due to non-conformities. On the
 

other hand, to ensure objectivity, the criteria for outcome
 

assignments based on factor measures should be developed.
 

In addition, the establishment of a meaningful Numerical
 

Index (NI) scale to direct appropriate model selection
 

would also be desirable. These objectives can be attained
 

through field data collection or the conduct of experi

mentation.
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2) Checklist Standardization:
 

The checklists included as Appendix 4A-C were devel

oped based on ISO 9001-9003. They could be further stan

dardized by solicitation of comments from professional
 

groups (i.e., experienced external auditors) and user
 

groups (e.g., manufacturers or members of relevant trade
 

associations), using a consensus process to standardize
 

them as model checklists for specific industries.
 

3) Development of Significant Importance Weights:
 

The significance of importance weights can be obtained
 

through use of groups of judges, performing statistical
 

tests as described by Dunn-Rankin and King (1969). Similar
 

to recommendation (2), the group judges may be experienced
 

auditors from professional bodies or the representative
 

members or manufacturers from trade associations. The
 

importance weight sets for requirements and sub-require

ments developed from this proposed research could be ap

plied to a specific industry for purposes of external as

sessment.
 

4) Determination of Appropriate Time Intervals
 

Between Two Consecutive Audits for Refined Model:
 

The power of the refined model will be derived from
 

performance of consecutive audits and failure cost data
 

collection. The sensitivity of failure-cost reductions due
 

to quality improvement activities is an important factor
 

for determination of intervals between two consecutive au
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dits and/or failure cost collections. Through further
 

study, a significant time interval may be determined.
 

5) Development of QCSDDSS Based on ISO 9001 and 9003:
 

The QCSDDSS developed for present study is based upon
 

ISO 9002. An identical approach can be used to develop
 

decision support systems based on ISO 9001 or ISO 9003, or
 

on new versions of revised standards.
 

6) Supplier Selection:
 

Supplier selection is an effective and economical
 

approach to ensure incoming quality. The major criteria
 

used for supplier selection include quality, price, deliv

ery, and service. Basically, this is a typical multicrite

ria evaluation problem. Narasimhan (1983) and Nydick and
 

Hill (1992) used an analytic hierarchical process (AHP) to
 

make selections, and for which quality was a difficult task
 

to objectively quantify. The scores representing quality
 

capability produced from use of the QCSDS can be a valuable
 

support for problems of supplier selection. Further re

search in the integration of QCSDS and AHP methodologies
 

would provide a positive contribution in the area of sup

plier selection.
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APPENDIX 2A
 

90.% CONFIDENCE LEVEL TABLE FOR HYPERGEOMETRIC SAMPLING AUDIT
 

Quality Lot
 

Level(%) Size Sample Size (n) vs. Number of Sample Nonconformances (x)
 
(N) x=0 1 2 3 4 5 6 8 10 12 15 20 25 30
 

100 90
 
200 136 190
 

300 160 241 290
 
500 184 291 376 444 490
 

99 700 195 316 417 504 581 645 690
 
1000 205 336 449 551 645 732 812 945
 

2000 216 361 488 607 720 828 933 1133 1322 1501 1745
 

3000 221 369 502 626 745 860 972 1189 1397 1599 1889 2343 2749
 
5000 224 377 513 642 766 886 1004 1232 1454 1671 1989 2500 2993 3469
 

40 27 38
 
60 32 48 58
 
100 36 58 75 89 98
 

95 200 40 66 89 109 128 146 162 189
 

300 42 70 94 117 138 158 178 214 248 277
 
500 43 72 98 123 146 168 190 232 272 311 366 449
 
700 43 73 100 126 149 173 195 239 282 323 384 479 569 649
 
1000 44 77 101 127 152 176 199 245 289 332 396 491 597 692
 

40 17 27 34 39
 

60 19 30 40 48 55
 

90 100 20 33 44 54 64 73 81 95
 

200 21 35 48 59 71 82 92 112 131 149 174
 

300 21 36 49 61 73 85 96 117 138 158 187 233 274
 
500 21 36 50 63 75 87 99 121 143 165 197 248 297 345
 

40 12 20 26 32 36
 
60 13 21 29 35 41 47 52
 

85 100 13 23 31 38 45 52 59 71 82 92
 

200 14 24 32 40 48 56 63 78 91 105 124 155 183
 
300 14 24 32 41 49 57 65 80 94 109 129 163 195 226
 

70 40 6 11 15 18 22 25 28 33
 

100 7 11 16 20 23 27 31 38 45 52 62 77 91
 

200 7 12 16 20 24 28 32 39 47 54 65 82 99 116
 

50 100 4 6 9 11 14 16 18 23 27 31 38 48 58 67
 

Source: Bailie, 1985
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APPENDIX 2B
 
QUALITY SYSTEM REGISTRARS SELECTED FOR SEEKING INFORMATION
 

A.G.A Quality, American Gas Association Laboratory (AGA)
 
Cleveland, OH
 

ABS Quality Evaluations, Inc.
 
Houston, TX
 

American Association for Laboratory Accreditation (A2LA)
 
Gaithersburg, MD
 

American European Services, Inc (AES)
 
Washington DC
 

AT&T Quality Registrar
 
Union, NJ
 

AV Qualite
 
Houston, TX
 

Bellcore Quality Registration
 
Piscataway, NJ
 

Bureau of Commodity Inspection and Quarantine (BCIQ)
 
Taipei, Taiwan
 

Bureau Veritas Quality International (NA) Inc.
 
Jamestown, NY.
 

Chinese Taipei Electronic Components Certification Board
 
Taipei, Taiwan
 

Davy Registrar Services (DRS)
 
Pittsburgh, PA
 

Det norske Veritas (DnV) Industry, Inc.
 
Houston, TX
 

DLS Quality Technology Associates, Inc.
 
Camillus, NY
 

Electric & Electronic Products Development Association (CED)
 
Taipei, Taiwan
 

ETL Testing Laboratories
 
Cortland, NY
 

Intertek Services Corporation (ISC)
 
Fairfax, VA
 

KEMA Registered Quality Inc.
 
Chalfont, PA
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Lloyd's Register Quality Assurance Ltd.
 
c/o Lloyd's Register Shipping
 

Hoboken, NJ
 

MET Electrical Testing Company
 
Baltimore, MD
 

National Quality Assurance, U.S.A.
 
Boxborough, MA
 

National Standards Authority of Ireland, (NSAI)
 
Merrimack, NH
 

NSF International
 
Ann Arbor, MI
 

Quality Systems Registrars, Inc.
 
Metairie, LA / Herndon, VA
 

RTI/TUV Essen
 
Palo Alto, CA
 

SGS International Certification Services
 
Hoboken, NJ
 

Steel Related Industries, Quality System Registrar
 
Wexford, PA
 

TRA Certification
 
Elkhart, IN
 

Tri-Tech Services, Inc.
 
Pittsburgh, PA
 

TUV America, Inc.
 
Danvers, MA
 

TUV Rheinland of North America, Inc.
 
Newton, CT
 

Underwriters Laboratories, Inc.
 
Melville, NY
 

Underwriters Laboratories, Inc.
 
Northbrook, IL
 

Underwriters Laboratories, Inc.
 
Santa Clara, CA
 

Underwriters Laboratories, Inc.
 
Research Triangle Park, NC
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APPENDIX 2C
 

COVER LETTER / QUESTIONNAIRE FOR THE SURVEY OF ISO 9000
 
REGISTRATION
 

Kuei-jung Huang 
Department of Industrial and 
Manufacturing Engineering 

Covell Hall 118 
Oregon State University 
Corvallis, OR 97331-2407 

I am currently conducting research in the area of quality
 
management as part of my doctoral studies at Oregon State
 
University. A primary component of this work is the
 
development of an internal quality system auditing model based
 
on ISO 9000 procedures. This work is part of a much broader
 
effort in Total Quality Management currently underway at OSU
 
with the support of both governmental and business
 
organizations.
 

I am requesting your assistance as a professional in the field
 
of quality improvement, and I hope to be able to provide you
 
with a summary of our work at the completion of this study.
 
The data I am seeking from the enclosed questionnaire will be
 
treated in confidence and will be presented in summary form
 
only in any publications that may result from this effort.
 

I would greatly appreciate your participation in this study
 
and hope that you will take a few minutes to answer the
 
questions on the enclosed form and return it by July 10 '93.
 
A self addressed envelop is provided for your response. If
 
you have any questions or comments on the study, please
 
enclose them with your response or contact me directly at the
 
following address:
 

Kuei-jung Huang
 
Department of Industrial and
 
Manufacturing Engineering
 
Covell Hall 118
 
Oregon State University
 
Corvallis, OR 97331-2407
 

This information will be used only for academic research. Your
 
assistance and support of this work is highly appreciated.
 

Sincerely
 

Kuei-jung Huang
 

PS: If you don't want to participate this study, please return
 
the blank questionnaire for statistical convenience.
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QUESTIONS 

*** PLEASE NOTE ***
 

Please mark or answer on appropriate space
 

Relevant materials (e.g. introduction, regulations,
 
application guidelines of your quality system
 
certification scheme attached for more information
)
 

are appreciated
 

- The information requested below is to be used in an
 
academic research project. All input data will be
 
maintained in strict confidence and any publications
 
resulting from this research will present data in
 
summarized form.
 

0. General Information
 

Registrar (Company) Name:
 

Field:
 

Address:
 

Person contacted:
 

TEL: FAX:
 

1. What rating method does your scheme use in external quality
 
system evaluation based on ISO 9001 9003 standards ?
 

[] Quantitative method
 
(
 evaluate system performance using quantitative
 
way(s), such as scoring methods)
 

N Qualitative method
 
(
 evaluate system performance using non-

quantitative way(s), such as demerit methods)
 

N Others ( please specify )
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2. How does your scheme weigh the importance' for applicable
 
quality system requirements or sub-requirements specified
 
on section 4 of ISO 9001 9003 for quality system rating?
 
(	 ,
Requirement 4.1 4.20 for 9001 4.1 4.18 for 9002,
 
4.1 4.12 for 9003
 )
 

[] N/A ( please go to 5 )
 

[] Equal weight for each requirement and Equal weight for
 
sub-requirements within requirement ( please go to 5
 )
 

[] Equal weight for each requirement and Unequal weight for
 
sub-requirements within requirement ( please go to 4
 )
 

[] Unequal weight for each requirement and Equal weight for
 
sub-requirements within requirement ( please go to 3)
 

[] Unequal weight for each requirement and Unequal weight
 
for sub-requirements within requirement (please go to 3)
 

[] Others (please specify )
 

* Example of importance weight
 

Unequal Weight Equal Weight
 
(Requirement) (sub-requirement)
 

Requirement 1 W1 = 0.25
 
sub-requirement 11 = 0.5 * 0.25 = 0.125
w1
 
sub-requirement 12	 w12 = 0.5 * 0.25 = 0.125
 

Requirement 2 W2 = 0.45
 
sub-requirement 21 w21 = 1/3 * 0.45 = 0.150
 
sub-requirement 22 w22 = 1 3 * 0.45 = 0.150
-/
sub-requirement 23 w23 = 1/3 * 0.45 = 0.150
1 3
 

Requirement 3 W3 = 0.30
 
sub-requirement 31 w31 = 0.5 * 0.3 = 0.150
 
sub-requirement 32 w32 = 0.5 * 0.3 = 0.150
 

3.	 How does your scheme determine the different weight for
 
each applicable requirement ?
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4. How does your scheme determine the different weight for
 
each applicable sub-requirement within a specific
 
requirement ?
 

5. What method does your scheme use to measure the performance
 
of each applicable requirement and sub-requirement ?
 
(
 if differences exist among requirements, please specify
 
separately )
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6. How does your scheme evaluate the overall performance of a
 
quality system ? (including : how to determine the overall
 
performance based on individual requirement's performance;
 
criteria used to qualify a system, e.g. 85% or 400/500 or
 
maximum allowable number of defects
 )
 

7. In addition to the ISO 9000 standard, how does your scheme
 
determine the suitability of using ISO 9001 ,9002 ,or 9003
 
as a basis for quality system certification ? ( please
 
specify which and why )
 



258 

8. What are the primary benefits of obtaining a ISO 9000
 
certification for your client companies ?
 

(1)
 

(2)
 

(3)
 

9. What are difficulties in applying ISO 9000 for your client
 
companies ?
 

(1)
 

(2)
 

(3)
 

10. What would you consider the strongest points of ISO 9000?
 

(1)
 

(2)
 

(3)
 

11. What would you consider the weakest points of ISO 9000 ?
 

(1)
 

(2)
 

(3)
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12. What is the approximate cost for a company seeking
 
quality system certification from your organization ?
 

TotalCost:
 

Corporate Preparation (Internal)
 

Direct Cost of Audit :
 

13. In order to maintain a valid certification, how often do
 
your client companies need to perform internal quality
 
system audits and/or accept your follow-up checks ?
 

- Internal:
 

External:
 

14. How many companies have been certified under your quality
 
system certification scheme ?
 

Number % of total
 

ISO 9001 or
: 96
 

ISO 9002 or
:
 

ISO 9003 or
:
 

Others or
 

15. Do you wish a copy of a summary of this information ?
 

H Yes
 

H No
 

--- THANK YOU FOR YOUR TIME AND INFORMATION --
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APPENDIX 4A
 

CHECKLIST 1 FOR QUALITY AUDITS
 

Notes to Appendix:
 

1.	 This checklist is developed based on ISO 9001.
 

2.	 This checklist consists of three hierarchical levels: The first level includes requirement
 
levels numbered 1 to 20; the second level includes sub-requirement levels numbered 101 to
 
2001, with a total of 42 sub-requirements; the third level consists of statements numbered
 
10101 to 200101, a total of 118 statements.
 

3.	 The checklist is also divided into two question categories: documentation and implementation.
 
These categories are designed based on corresponding third level statements for performance
 
measures. There are 122 questions in the category for documentation and 119 questions in the
 
category for implementation. Each question is highlighted by several concepts which can be
 
used as sensing cells for performance measures.
 

4.
 

a)	 Requirement 2, "Quality System," focuses on the overall review and essential
 
components of a quality system. The documented procedures and implementations for a
 
particular quality activity are as specified in individual requirement 1, and 3 to 20.
 

b)	 Requirement 16, "Quality Records," focuses on general provisions for identification,
 
collection, indexing, filing, storage, maintenance and disposition of quality records.
 
The establishment and management of quality records for a particular activity is
 
specified in requirements 1, 2, 3, 6, 7, 8, 9, 10, 11, 12, 13, and 18.
 

c)	 Situations (a) and (b) should be considered during assessment of importance weights for
 
requirements 1 to 20.
 

5. Some terms are frequently used in the checklist, and may be defined (or explained) as follow:
 
a) Procedures: A specified way to perform an activity. A written or documented procedure
 

contains: the purposes and scope of an activity; what shall be done and by whom; when,
 
where and how it shall be done; what materials, equipment and documents shall be used;
 
and how it shall be controlled and recorded(ISO/DIS 8402, 1992).
 

b)	 Appropriate documents: Those written or documented materials that have the same func
tion as procedures, but which are simplified in content or use a different format.
 
Manuals, plans, instructions, charts, tables or lists are examples.
 

c)	 Objective evidence: Qualitative or quantitative information, records, or statements of
 
fact pertaining to the quality of an item or service or to the existence and implementa
tion of a quality system element, which is based on observation, measurement or test
 
and which can be verified (ISO 10011-2, 1990).
 

d)	 Goodness of the appropriate documents (procedures): Goodness indicates "the degree
 
of goodness" used to evaluate whether documents (or procedures) under audit are
 
documented in a good format, whether they are clear and sufficiently organized to
 
specify the means to perform a particular quality related activity.
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I MANAGEMENT RESPONSIBILITY DOCUMENTATION IMPLEMENTATION 

REMARK 
Items To Be Audited X Items To Be Audited 0 

101 Quality poky 

10101 

The supplier's management shall 
define and document its policy 
and objectives for, and commit-

A Appropriate documents define the pot-
icy and objectives for, and commitment 
to, quality. 

N/A 

ment to, quality. <concepts> 
1. goodness of the appropriate documents 
2. define and document 
3. quality policy and objectives 
4. commitment to quality 

10102 
The supplier shall ensure that 
this policy is understood, im
plemented and maintained at all 
levels in the organization. 

A Appropriate documents specify the 
means to ensure that this policy is un
derstood, implemented and maintained at 
all levels in the organization. 
<concepts> 

A Objective evidence exists to confirm 
that point 10102 is performed in accor
dance with the appropriate documents. 
<concepts> 

1. this policy is understood and 
1. goodness of the appropriate documents 2. implemented and 
2. this policy is understood and 3. maintained 
3. implemented and 4. in accordance with the appropriate 
4. maintained documents 
5. at all levels in the organization 

102 Organization 

10203 
The responsibility, authority 
and the interrelation of all 

A Appropriate documents specify the re
sponsibility, authority and the interre-

A Objective evidence exists to confirm 
that all relevant personnel are perform-

personnel who manage, perform 
and verify work affecting quali
ty shalt be defined. 

lotion of all personnel who manage, per
form and verify work affecting quality. 
<concepts> 
1. goodness of the appropriate documents 

ing their work in accordance with the 
statement of responsibility, authority, 
and the interrelations described in the 
appropriate documents. 

2. responsibility and <concepts> 
3. authority and 1. performs work in accordance with the 
4. interrelation of appropriate documents 
5. all personnel affecting quality 

10204 
The supplier shall identify in- A Appropriate documents specify the p- A Objective evidence exists to confirm 

house verification requirements, tanning of verification resources and that point 10204 is performed in actor 

provide adequate resources and personnel, including identification of dance with the appropriate documents. 

assign trained personnel for in-house verification requirements, pro <concepts> 

verification activities. vision of adequate resources, and as 1. provide adequate resources 
signment of trained personnel for veri 2. assign trained personnel 

°Verification activities shall fication activities. 3. in accordance with the appropriate 

include inspection, test and 
monitoring of the design, pro

<concepts> 
1. goodness of the appropriate documents 

documents 

duction, installation and ser 2. identify in-house verification re
vicing processes and/or product; 
design reviews and audits of the 

quirements 
3. provide adequate resources 

quality system, process and/or 4. assign trained personnel 
product. 

10205 
Verification activities shall be 

Appropriate documents specify that veri
fication activities shall be carried out 

A Objective evidence exists to confirm 
that point 10205 is performed. 

carried out by personnel inde
pendent of those having direct 
responsibility for the work be
ing performed. 

by personnel independent of those having 
direct responsibility for the work being 
performed. 
<concepts> 

<concepts> 
1. carried out by independent personnel 
2. in accordance with the appropriate 

documents 

1. goodness of the appropriate documents 
2. carried out by independent personnel 

10206 
The supplier shall appoint a 
management representative who, 
irrespective of other responsi-

A Appropriate documents specify that the 
supplier shall appoint a management rep
resentative who, irrespective of other 
responsibilities, shall have defined 

A Objective evidence exists to confirm 
that an independent management represen
tative as specified in point 10206 has 
been appointed. 

bilities, shall have defined 
authority and responsibility for 
ensuring that the requirements 

authority and responsibility for ensur
ing that the requirements of ISO 9001 
are implemented and maintained. 

<concepts> 
1. appoint a management representative 
2. irrespective of other responsibili

of ISO 9001 are implemented and 
maintained. 

<concepts> 
1. goodness of the appropriate documents 
2. appoint a management representative 
3. irrespective of other responsibili

ties 

ties 
3. has authority and responsibility to 

implement 8 maintain the requirements 
of ISO 9001 

4. in accordance with the appropriate 

4. has authority and responsibility to documents 

implement 8 maintain the requirements 
of ISO 9001 

103 Management review 

10307 
The quality system adopted to 
satisfy the requirements of ISO 
9001 shall be reviewed at appro
priate intervals by the suppli
er's management to ensure its 
continuing suitability and ef
fectiveness. 

A Appropriate documents specify the 
means to ensure that the quality system 
shall be reviewed at appropriate inter
vals by the supplier's management to 
ensure its continuing suitability andi 

effectiveness. 
<concepts> 

1. goodness of the appropriate documents 

A Objective evidence exists to confirm 
that point 10307 is performed in accor
dance with the appropriate documents. 
<concepts> 
1. review of quality system at appro

priate intervals 
2. by the supplier's management to 
3. ensure continuing suitability and 

2. review of quality system at appro- effectiveness 

priate intervals 4. in accordance with the appropriate 
3. by the supplier management to documents 

4. ensure continuing suitability and 

effectiveness 
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10308
 
The records of management review
 
shall be maintained.
 

Note: Management reviews nor
molly include assessment of the
 
results of internal quality au
dits, but are carried out by, or
 
on behalf of, the supplier's
 
management, viz management per
sonnel having direct responsi
bility for the system.
 

2 DUALITY SYSTEM
 

201 Quality rfstem
 

20101
 
The supplier shall establish and
 
maintain a documented quality
 
system as a means of ensuring
 
that product conforms to speci
fled requirements. This shall
 
include:
 

a) the preparation of document
ed quality system procedures
 
and instructions in accordance
 
with the requirements of ISO
 
9001.
 
b) the effective implementation
 

of the documented quality
 
system procedures and in
structions.
 

20102
 
Note: In meeting specified re
quirements, timely consideration
 
needs to be given to the follow
ing activities:
 

a) the preparation of quality
 
plans and a quality manual in
 
accordance with the specified
 
requirements.
 

b) the identification and acqu
isition of any controls, proces
ses, inspection equipment, fix
tures, total production resourc
es and skills that may be needed
 
to achieve the required quali
ty.
 

c) the updating, as necessary,
 
of quality control, inspection
 
and testing techniques, in-

eluding the development of new
 
instrumentation.
 

A Appropriate documents specify the
 
means to maintain the records of manage
ment review.
 
<concepts>
 

1. goodness of the appropriate documents
 
2. maintain the records of management
 

reviews
 

DOCUMENTATION
 

Items To Be Audited
 

A The quality system is documented by
 
means of quality manual procedures,
 
plans, instructions and other appropri
ate documents which are well-planned and
 
systematically organized for the imple
mentation of quality management.
 
<concepts>
 
1. goodness of the appropriate documen

tation
 
2. quality manual, procedures, plans,
 

instructions or other appropriate
 
documents are
 

3. ';Lslt planned, and
 
I
 organized
 

A See 1, 3 to 20
 

A Appropriate documents specify the
 
means to give timely consideration to
 
the preparation of quality plans and a
 
quality manual, in accordance with the
 
specified requirements
 
<concepts>
 
1. goodness of the appropriate document

ation
 
2. timely consideration
 
3. the preparation of quality plans and
 

a quality manual
 
4. in accordance with the specified re

quirements
 

A Appropriate documents specify the
 
means to give timely consideration to
 
the identification and acquisition of
 
any controls, processes, inspection eq
uipment, fixtures, total production re
sources and skills that may be needed to
 
achieve the required quality.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. timely consideration
 
3. identification of controls, process

es, inspection equipment, fixtures,
 
total production resources and skills
 
needed to achieve required quality
 

4. acquisition of controls, processes,
 
inspection equipment, fixtures, total
 
production resources and skills need
ed to achieve quality
 

A appropriate documents specify the
 
means to give timely consideration to
 
the updating, as necessary, of quality
 
control, inspection and testing techniq
ues, including the development of new
 
instrumentation.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. timely consideration
 
3. necessary updating of quality con

trol, inspection and testing tech
niques, including the development of
 
new instrumentation
 

A Objective evidence exists to confirm
 
that point 10308 is performed in accor
dance with the appropriate documents.
 
<concepts>
 
1. maintain the records of management
 

review
 
2. in accordance with the appropriate
 

documents
 

IMPLEMENTATION
 

% Items To Be Audited
 

N/A	 N/A
 

A See 1, 3 to 20
 

A Objective evidence exists to confirm
 
that the preparation of quality plans
 
and a quality manual has been completed
 
in accordance with the appropriate docu
ments.
 
<concepts>
 
1. prepare quality plans and quality
 

manual in accordance with appropriate
 
documents
 

A Objective evidence exists to confirm
 
that point 20102(b) is performed in ac
cordance with the appropriate documents.
 
<concepts>
 
1. identify, and
 
2. acquire needed controls, processes,
 

inspection equipment, fixtures, total
 
production resources and skills
 

3. in accordance with the appropriate
 
documents
 

A Objective evidence exists to confirm
 
that point 20102(c) is performed in ac
cordance with the appropriate documents.
 
<concepts>
 

1. update quality control, inspection
 
and testing techniques, including the
 
development of new instrumentation
 

2.	 in accordance with appropriate docu
ments
 

REMARK
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dI the identification of any IA appropriate document. specify the 0 Objective evidence exists to confirm 
measurement requirement involv
ing a capability that exceeds 

means to give timely consideration to 
the identification of any measurement 

that point 20102(d) is performed in ac
cordance with the appropriate documents. 

the known state of the art in requirement involving a capability that <concepts> 
sufficient time for the needed exceeds the known state of the art in 1. identifies needed measurement 
capability to be developed. sufficient time for the needed capabili 2. in sufficient time 

ty to be developed. 3. in accordance with the appropriate 
<concepts> documents 
1. goodness of the appropriate documents 
2. timely consideration 
3. identification of any measurement 

requirement involving a capability 
that cads the known state of the art 

4. in sufficient time for the needed 
capability to be developed. 

e) the clarification of sten- A appropriate documents specify the A Objective evidence exists to confirm 
dards of acceptability for all means to give timely consideration to that point 20102(e) is performed in ac
features and requirements, in- the clarification of standards of ac cordance with the appropriate documents. 
eluding those which contain a ceptability for all features and requ <concepts> 
subjective element. irements, including those which contain 1. clarify standards of acceptability 

subjective elements. for all features and requirements 
<concepts> 2. in accordance with the appropriate 
1. goodness of the appropriate documents documents 
2. timely consideration 
3. clarification of standards of accept

ability 
4. all features and requirements 

f) the compatibility of the A appropriate documents specify the A Objective evidence exists to confirm 
design, the production process, means to give timely consideration to that point 20102(f) is performed in ac
installation, inspection and the compatibility of the design, the cordance with the appropriate documents. 
test procedures and the appli production process, installation, in <concepts> 
cable documentation. spection and test procedures and the 1. compatible design, production pro-

applicable documentation tens, installation, inspection and 
<concepts> test procedures and the applicable 
1. goodness of the appropriate documents documentation 
2. timely consideration 2. in accordance with the appropriate 
3. compatibility of the design, the pro- documents 

duction process, installation, in
spection and test procedures and the 
applicable documentation. 

g) the identification and prep
aration of quality records. 

A see 160101 N/A A see 160101 N/A 

3 CONTRACT REVIEW DOCUMENTATION IMPLEMENTATION 

REMARK 
Items To Be Audited % Items To Be Audited % 

301 Contract review 

30101 
The supplier shall establish and 
maintain procedures for contract 
review and for the coordination 

A Appropriate procedures specify the 
means to perform contract review and for 
the coordination of these activities. 

A Objective evidence exists to confirm 
that contract review and relevant coor
dination activities are performed in no-

of these activities. <concepts> cordance with the appropriate procedu
1. goodness of the appropriate proce res. 

dures <concepts> 
2. contract review and 1. review contract 
3. the coordination of these activities 2. coordinate relevant activities 

3. in accordance with the appropriate 
procedures 

30102 
Each contract shall be reviewed A Appropriate documents specify the A Objective evidence exists to confirm 

by the supplier to ensure that: 
a) The requirements are adequa

tely defined and documented; 
b) Any requirements differing 

from those in the tender are 

means for reviewing each contract to 
ensure that: 
a) The requirements are adequately 

defined and documented; 
b) Any requirements differing from 

that point 30102 is performed in accor
dance with the appropriate documents. 
<concepts> 
1. the requirements are adequately 

defined and documented 

resolved; 
c) The supplier has the capabil

ity to meet contractual re
quirements. 

those in the tender are resolved; 
c) The supplier has the capability to 

meet contractual requirements; 
<concepts> 
1. goodness of the appropriate documents 

2. any requirements differing from those 
in the tender are resolved 

3. the supplier has the capability to 
meet contractual requirements 

4. in accordance with the appropriate 
2. each contract shall be reviewed documents 
3. requirements are adequately defined 

and documented 
4. requirements differing from those 

in the tender are resolved 
5. the supplier has the capability to 

meet contractual requirements 

30103 
Records of such contract reviews A Appropriate documents specify the A Objective evidence exists to confirm 
shall be maintained. means to maintain the records of con- that records of contract review are 

tract review. maintained in accordance with the appro
<concepts> priate documents. 
1. goodness of the appropriate documents <concepts> 
2. maintain records 1. maintain records 

2. in accordance with the appropriate 
documents 
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4 DESIGN CONTROL DDCOMENTATION IMPLEMENTATION 

REMARK 
Items To Be Audited Y. Items To Be Audited % 

401 General provisions 

40101 
The supplier shall establish and 
maintain procedures to control 
and verify the design of the 
product in order to ensure that 
the specified requirements are 
met. 

0 Appropriate procedures specify the 
means to control and verify the design 
of the product in order to ensure that 
the specified requirements are met. 
<concepts> 
1. goodness of the appropriate proce

0 Objective evidence exists to confirm 
that the point 40101 is performed in 
accordance with the appropriate proce
dures. 
<concepts> 
1. control and 

dures 2. verify the design of the product in 
2. control and order to ensure that the specified 
3. verify the design of the product in requirements are met. 

order to ensure that the specified 3. in accordance with the appropriate 
requirements are met. procedures. 

402 Design end development planning 

40202 
The supplier shall draw up plans 
that identify the responsibility 
for each design and development 
activity. 

0 Appropriate documents specify the 
means to draw up plans that identify the 
responsibility for each design and de
velopment activity. 
<concepts> 

0 Objective evidence exists to confirm 
that points 40202 is performed in accor
dance with the appropriate documents 
<concepts> 
1. draw up plans that identify the res

1. goodness of the appropriate documents ponsibility for each design and 
2. draw up plans that identify the re 2. development activity 

sponsibility for each design and 3. in accordance with the appropriate 
3. development activity documents 

40203 
The plans shall describe or ref
erence these activities and 

0 Appropriate documents specify the 
means to ensure that the plans shall 

A Objective evidence exists to confirm 
that point 40203 is performed in accor

shall be updated as the design 
evolves. 

describe or reference design and devel
opment activities and shall be update as 

dance with the appropriate documents 
<concepts> 

the design evolves. 1. the plans describe or reference de
<concepts> sign and development activities 
1. goodness of the appropriate documents 2. shall be updated as the design 
2. plans describe or reference design evolves 

and development activities and 3. in accordance with the appropriate 
3. shall be updated as the design documents 

evolves 

40204 
The design and verification ac
tivities shall be planned and 
assigned to qualified personnel 
equipped with adequate resourc-
PS. 

0 Appropriate documents specify the 
means to ensure that the design 
and verification activities shall be 
planned and assigned to qualified per
sonnel equipped with adequate resources. 

0 Objective evidence exists to confirm 
that point 40204 is performed in accor
dance with the appropriate documents 
<concepts> 
1. the design and verification activi

<concepts> ties shall be planned and 
1. goodness of the appropriate documents 2. assigned to qualified personnel 
2. the design and verification activi 3. equipped with adequate resources 

ties shall be planned and 4. in accordance with the appropriate 
3. assigned to qualified personnel documents 
4. equipped with adequate resources 

40205 
Organizational and technical 0 Appropriate documents specify the A Objective evidence exists to confirm 

interfaces between different means to ensure that the organizational that point 40205 is performed in accor

groups shall be identified and and technical interfaces between differ- dance with the appropriate documents 

the necessary information docu ent groups shall be identified and the <concepts> 

mented, transmitted and regular- necessary information documented, trans 1. organizational and technical inter 

ly reviewed. minted and regularly reviewed. faces between different groups shall 

<concepts> be identified and 
1. goodness of the appropriate documents 2. the necessary information documented, 
2. organizational and technical inter- transmitted and regularly reviewed 

faces between different groups shall 3. in accordance with the appropriate 
be identified and documents 

3. the necessary information documented, 
transmitted and regularly reviewed 

403 Design input 

40306 
Design input requirements relat 
ing to the product shall be ide 
ntified, documented and their 
selection reviewed by the sup-
oiler for adequacy. 

0 Appropriate documents specify the 
means to ensure that design input 
requirements relating to the product 
shall be identified, documented and 
their selection reviewed by the supplier 
for adequacy. 

A Objective evidence exists to confirm 
that points 40306 is performed in accor
dance with the appropriate documents 
<concepts> 
1. related design input requirements 

shall be identified and 
<concepts> 2. documented and 
1. goodness of the appropriate documents 3. their selection reviewed by the sup
2. related design input requirements plier for adequacy 

shall be identified and 4. in accordance with the appropriate 
3. documented and documents 
4. their selection reviewed by the sup

plier for adequacy 

40307 
Incomplete, ambiguous or con
flicting requirements shall be 
resolved with those responsible 
for drawing up these require-
menu. 

@ Appropriate documents specify that 
incomplete, ambiguous or conflicting 
requirements shall be resolved with 
those responsible for drawing up these 
requirements. 
<concepts> 

A Objective evidence exists to confirm 
that points 40307 is performed in accor
dance with the appropriate documents 
<concepts> 
1. incomplete, ambiguous or conflicting 

requirements shall be resolved 

1. goodness of the appropriate documents 2. with those responsible for drawing up 
2. incomplete, ambiguous or conflicting these requirements 

requirements shalt be resolved 3. in accordance with the appropriate 
3. with those responsible for drawing up documents 

these requirements 
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404 Design output
 

40408
 
Design output shall be document
ed and expressed in terms of
 
requirements, calculations and
 
analyses.
 

40409
 
Design output shall
 
a) meet the design input re
quirements;
 
b) contain or reference accep-

Lance criteria;
 
c) conform to appropriate regu
latory requirements whether or
 
not these have been stated in
 
the input information;
 
d) identify those characteris

re
tics of the design that are cru
cial to the safe and proper fun
ctioning of the product.
 

405 Design verification
 

40510
 
The supplier shall plan, estab
lish, document and assign to
 
competent personnel functions
 
for verifying the design.
 

40511
 
Design verification shall estab
lish that design output meets
 
the design input requirement by
 
means of design control measures
 
such as:
 
a) holding and recording design
 
reviews
 
b) undertaking qualification
 
tests and demonstrations
 
c) carrying out alternative cal
culations;
 
d) comparing the new design with
 
a similar proven design if eve
ilable
 

406 Design changes
 

40612
 
The supplier shall establish and
 
maintain procedures for the ide
ntification, documentation and
 
appropriate review and approval
 
of all changes and modifica
tions.
 

A Appropriate documents specify that
 
design output shall be documented and
 
expressed in terms of requirements, cal
culations and analyses.
 
<concepts> 
1. goodness of the appropriate documents
 
2. design output shall be documented and
 
3. expressed in	 terms of requirements, 

calculations and analyses 

A Appropriate documents specify that
 
design output shall
 
a) meet the design input requirements;
 
b) contain or reference acceptance cri
teria;
 
c) conform to appropriate regulatory
 
requirements whether or not these have
 
been stated in the input information;
 
d) identify those characteristics of the
 
design that are crucial to the safe and
 
proper functioning of the product.
 

<c°ncePt''

1. goodness of the appropriate documents
 
2. design output shall meet the design
 

input requirements; and
 
3. contain or reference acceptance
 

criteria; and
 
4. conform to appropriate regulatory
 

requirements whether or not these
 
have been stated in the input infor
mation; and
 

5. identify those characteristics of
 
the design that are crucial to the
 
safe and proper functioning of the
 
product.
 

8 Appropriate documents specify the
 
means to plan, establish, document and
 
assign to competent personnel functions
 
for verifying the design.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. plan and
 
3. establish and
 
4. document and
 
5. assign to competent personnel func

tions for verifying the design
 

A Appropriate documents specify the
 
means for design verification to estab
lish that design output meets the design
 
input requirement by means of design
 
control measures such as:
 
a) holding and recording design reviews
 
b) undertaking qualification tests and
 
demonstrations
 
c) carrying out alternative calcula
tints;
 
d) comparing the new design with a simi
tar proven design if available
 
<concepts>
 
1. goodness of the appropriate documents
 
2. design verification shall establish
 

that design output meets the design
 
input requirements
 

3. by means of design control measures,
 
such as
 
a) holding and recording design re

views
 
b) undertaking qualification tests
 

and demonstrations
 
c) carrying out alternative calcula

tions;
 
d) comparing the new design with a
 

similar proven design if avail
able
 

A appropriate procedures specify the
 
means for the identifications, documen-

Cation and appropriate review and ap
proval of all changes and modifications.
 

<concepts>
 
1. goodness of the appropriate documents
 
2. identification
 
3. documentation
 
4. appropriate review and
 
5. approval of all changes and modifica

tions
 

A Objective evidence exists to confirm
 
that points 40408 is performed in accor
dance with the appropriate documents
 
<concepts> 
1. design output shall be documented and
 
2. expressed in terms of requirements,
 

calculations and analyses
 
3. in accordance with the appropriate
 

documents
 

8 Objective evidence exists to confirm
 
that points 40409 is performed in actor-

dance with the appropriate documents
 
<concepts>
 
1. design output meet the design input
 

requirements; and
 
2. contain or reference acceptance
 

criteria; and
 
3. conform to appropriate regulatory
 

requirements whether or not these
 
have been stated in the input infor
 
nation; and
 

4. identify those characteristics of
 
the design that are crucial to the
 
safe and proper functioning of the
 
product.
 

5. in accordance with the appropriate
 
documents
 

A Objective evidence exists to confirm
 
that points 40510 is performed in accor
dance with the appropriate documents
 
<concepts>
 
1. plan and
 
2. establish and
 
3. document and
 
4. assign to competent personnel func

tions for verifying the design
 
5. in accordance with the appropriate
 

documents
 

A Objective evidence exists to confirm
 
that points 40511 is performed in accor
dance with the appropriate documents
 
<concepts>
 
1. design verification shall establish
 

that design output meets the design
 
input requirements
 

2. by means of design control measures,
 
such as
 
a) holding and recording design re

views
 
b) undertaking qualification tests
 

and demonstrations
 
c) carrying out alternative calcula

tions;
 
d) comparing the new design with a
 

similar proven design if avail
able
 

3. in accordance with the appropriate
 
documents
 

A Objective evidence exists to confirm
 
that points 40612 is performed in accor
dance with the appropriate procedures
 
<concepts>
 
1. identification
 
2. documentation
 
3. appropriate review and
 
4. approval of all changes and modifica
 

tions
 
5. in accordance with the appropriate
 

procedures
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50101 

6 DOCUMENT CONTROL
 

501 Document approval and issue
 

All documents and data that re
late to the requirements of ISO
9001 shell be reviewed and ap

proved for adequacy by author
ized personnel prior to issue.
 

50102
 
The pertinent issues of appro
priate documents are available
 
at all locations where operati
ons essential to the effective
 
functioning of the quality sys
tem are performed
 

50103
 
Obsolete documents are promptly
 
removed from all points of issue
 
or use.
 

602 Document changes'
 

modifications
 

50204
 
Changes to documents shall be
 
reviewed and approved by the
 
same functions/organizations
 
that performed the original re
view and approval unless specif
ically designated otherwise.
 
(The designed organizations
 
shall have access to pertinent
 
background information upon
 
which to base their review and
 
approval.)
 

50205
 
Where practicable, the nature of
 
the change shall be identified
 
in the document or the appropri
ate attachments.
 

50206
 
A master list or equivalent doc-

anent control procedure shall be
 
established to identify the cur
rent revision of documents in
 
order to preclude the use of
 
non-applicable documents.
 

50207
 
Documents shall be re-issued at
ter a practical number of cha
noes have been made.
 

DOCUMENTATION
 

Items To Be Audited
 

A Appropriate procedures specify the
 
means to ensure that all related docume
nts shall be reviewed and approved for
 
adequacy by authorized personnel prior
 
to issue.
 
<concepts>
 
1. goodness of the appropriate proce

dures
 
2. all related documents
 
3. shall be reviewed and approved for
 

adequacy
 
4. by authorized personnel
 
5. prior to issue
 

Al Appropriate procedures specify the
 
means to ensure that the pertinent is
sues of appropriate documents are avail
able at all locations where operations
 
essential to the effective functioning
 
of the quality system are performed.
 
<concepts>
 

1. goodness of the appropriate proce
dures
 

2. pertinent issues of appropriate
 
documents
 

3. available at all appropriate locat
ions
 

A Appropriate procedures specify the
 
means to ensure that obsolete documents
 
are promptly removed from all points of
 
issue or use
 
<concepts>
 
1. goodness of the appropriate proce

dures
 
2. obsolete documents are promptly re

moved
 
3. from all points of issue or use
 

A Appropriate procedures specify the
 
means to ensure that changes to docu
ments shall be reviewed and approved by
 
the same functions/organizations that
 
performed the original review and appr-
Pot
 
oval unless specifically designated
 
erwise.
 
<concepts>
 
1. goodness of the appropriate proce

dures
 
2. changes to documents shall be re

viewed and approved
 
3. by the same functions/organizations
 

A Appropriate procedures specify the
 
means to ensure that, where practicable,
 
the nature of the change shall be idea
tified in the document or the eppropri
ate attachments.
 
<concepts>
 

1. goodness of the appropriate proce
dures
 

2. the nature of the change shall be
 
identified in the document or the
 
appropriate attachments
 

A A master list or equivalent document
 
control procedure shall be established
 
to identify the current revision of doc
unents in order to preclude the use of
 
non-applicable documents.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. identify the current revision of doc

uments
 

A Appropriate procedures specify the
 
means to ensure that documents shall be
 
reissued after a practical number of
 
changes have been made.
 
<concepts>
 

1. goodness of the appropriate proce
dures
 

2. documents shall be re-issued after a
 
practical number of changes have been
 
made
 

IMPLEMENTATION
 

0 Items To Be Audited
 0
 

A Objective evidence exists to confirm
 
that point 50101 is performed in accor
dance with the appropriate procedures.
 
<concepts>
 
1. related documents reviewed and ap

proved for adequacy
 
2. by authorized personnel
 
3. prior to issue
 
4. in accordance with the appropriate
 

procedures
 

A Objective evidence exists to confirm
 
that point 50102 is performed in accor
dance with the appropriate procedures.
 
<concepts>
 
1. pertinent issues are available at
 

appropriate locations
 
2.	 in accordance with the appropriate
 

procedures
 

A Objective evidence exists to confirm
 
that point 50103 is performed in accor
dance with the appropriate procedures.
 
<concepts>
 
1. obsolete documents are promptly re

moved
 
2.	 in accordance with the appropriate
 

procedures
 

A Objective evidence exists to confirm
 
that point 50204 is performed in accor
dance with the appropriate procedures.
 
<concepts>
 
1. changes to documents shall be re

viewed and approved
 
2. by the same functions /organizations
 
3. in accordance with the appropriate
 

procedures
 

A Objective evidence exists to confirm
 
that point 50205 is performed in accor
dance with the appropriate procedures.
 
<concepts>
 
1. the nature of the change shall be
 

identified in the document or the
 
appropriate attachments
 

2. in accordance with the appropriate
 
procedures
 

A Objective evidence exists to confirm
 
that the current revision of documents
 
can be identified to preclude the use of
 
non-applicable documents in accordance
 
with the appropriate documents.
 
<concepts>
 

1. identify the current revision of
 
documents
 

2.	 in accordance with the appropriate
 
documents
 

A Objective evidence exists to confirm
 
that point 50207 is performed in accor
dance with appropriate procedures.
 
<concepts>
 
1. documents shall be re-issued after a
 

practical number of changes have
 
been made
 

2.	 in accordance with the appropriate
 
procedures
 

REMARK
 



267 

B PURCHASING DOCUMENTATION IMPLEMENTATION 

REMARK 
Items To Be Audited % Items To Be Audited % 

001 Genera' provisions 

60101 
The supplier shall ensure that 
purchased product conform, to 
specified requirements. 

A Appropriate documents specify the 
means to ensure that purchased product 
conforms to specified requirements. 
<concepts> 

A Objective evidence exist, to confirm 
that purchased product conforms to spec
ified requirements. 
<conCeptG, 

1. goodness of the appropriate documents 1. purchased product conforms to speci
2. purchased product conforms to speci fled requirements 

fled requirements 2. in accordance with the appropriate 
documents 

802 Asssss meat of subcontractors 

60202 
The supplier shall select sub- A Appropriate documents specify the A Objective evidence exists to confirm 

contractors on the basis of means to select sub-contractors on the that point 60202 is performed in error-

their ability to meet sub
contract requirements, including 
quality requirements. 

basis of their ability to meet subcon
tract requirements, including quality 
requirements 
<concepts> 

dance with the appropriate documents. 
<concepts> 

1. select sub-contractors based on the 
ability to meet sub-contract require

1. goodness of the appropriate documents ments, including quality require
2. select sub-contractors based on abil ments. 

ity to meet subcontract requirements, 2. in accordance with the appropriate 
including quality requirements documents 

60203 
The supplier shall establish and 
maintain records of acceptable 
sub-contractors. 

A Appropriate documents specify the 
means to establish and maintain records 
of acceptable sub-contractors. 

A Objective evidence exists to confirm 
that records of acceptable sub-contr.
tors are established and maintained in 

<concepts> accordance with the appropriate docume
1. goodness of the appropriate documents nts. 
2. establish and <concepts> 
3. maintain records of acceptable sub 1. establish and 

contractors. 2. maintain records of acceptable sub
contractors 

3. in accordance with the appropriate 
documents 

60204 
The selection of sub-contracto- A Appropriate documents specify the A Objective evidence exists to confirm 
rs, and the type and extent of means to ensure that the selection of that point 60204 is performed in accor
control exercised by the suppli sub-contractors, and the type and extent dance with the appropriate documents. 
er, shall be dependent upon the of control exercised by the supplier, <concepts> 
type of product and, where ap shall be dependent upon the type of pro 1. selection of sub-contractors, and the 
propriate, on records of sub- duct and, where appropriate, on records type and extent of control depend 
contractors' previously demon- of subcontractors' previously demonstr upon the product, and 
strated capability and perfor ated capability and performance. 2. appropriate records of sub-contract
mance. <concepts> ors' previously demonstrated cape

1. goodness of the appropriate documents bilities and performance. 
2. selection of subcontractors, and the 3. in accordance with the appropriate 

type and extent of control documents 
3. depend upon the product, and 
4. appropriate records of sub-contrac

tors' previously demonstrated capa
bilities and performance. 

60205 
The supplier shall ensure that A Appropriate documents specify the A Objective evidence exists to confirm 
quality system controls are ef means to ensure that quality system con- that quality system controls are effec
fective. trots are effective. Live. 

<concepts> <concepts> 
1. goodness of the appropriate documents 1. quality system controls are effec
2. ensure effective quality system con- Lively operating 

trots 2. in accordance with the appropriate 
documents 

603 Purchasing data 

60306 
Purchasing documents shall con
tain data clearly describing the 
product ordered,including,where 
applicable, 
a) the type, class, style, 

grade or other precise identifi
cation; 
b) the title or other positive 
identification, and applicable 
issue of specifications, draw
ings, process requirements, in
spection instructions and other 
relevant technical data, includ
ing requirements for approval or 

A Appropriate documents specify the 
means to ensure that purchasing docum
ents shall contain data clearly describ
ing the product ordered, including, 
where applicable, 
a) the type, class, style, grade or 

other precise identification; 
b) the title or other positive identi
fication, and applicable issue of speci
fications, drawings, process requiremen
ts, inspection instructions and other 
relevant technical data, including re
quirements for approval or qualification 
of product, procedures, process equip-

A Objective evidence exists to confirm 
that purchasing documents contain data 
clearly describing the product ordered, 
including applicable items specified in 
point 60306 (a) to (c). 
<concepts> 

1. purchasing documents contain data 
clearly describing the product or
dered, including applicable items 
listed in 60306 (a) and 

2. (b) and 
3. (c) 
4. in accordance with the appropriate 

documents 

qualification of product, proce
dures, process equipment and 
personnel; 
c) the title, number and issue 

of the quality system interna
tional standard to be applied to 
the product. 

men, and personnel; 
c) the title, number and issue of the 
quality system international standard to 
be applied to the product 
<concepts> 

1. goodness of the appropriate documents 
2. purchasing documents contain data 

clearly describing the product order
ed, including applicable items listed 
in 60306 (a) and 

3. (b) and 
4. (c) 
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60307 
The supplier shall review and
 
approve purchasing documents for
 
adequacy of specified require
ments prior to release.
 

804 Verilicetion of purchased
 

products
 

60408
 
Where specified in the contr
act the purchaser or his repre
sentative shalt be afforded the
 
right to verify at source or
 
upon receipt that purchased pro
duct conforms to specified re
quirements.
 

60409
 
Verification by the purchaser
 
shall not absolve the supplier
 
of his responsibility to provide
 
acceptable product nor shall it
 
preclude subsequent rejection.
 

60410
 
When the purchaser or his rout
esentative elects to carry out
 
verification at the sub-contrac
tor's plant, such verification
 
shall not be used by the suppti-

Cr as evidence of effective con-

trot of quality by the sub-con
tractor.
 

7 PURCHASER SUPPLIED PRODUCT
 

701 Purchased supplied product
 

70101
 

The supplier shall establish and
 
maintain procedures for verifi
cation, storage and maintenance
 
of purchaser supplied product
 
provided for incorporation into
 
the supplies.
 

70102
 
Any purchaser supplied product
 
that is lost, damaged or is oth
erwise unsuitable for use shall
 
be recorded and reported to the
 
purchaser.
 

Note.
 
Verification by the supplier
 
does not absolve the purchaser
 
of the responsibility to provide
 
an acceptable product.
 

g Appropriate documents specify the
 
means to review and approve purchasing
 
documents for adequacy of specified re
quirements prior to release.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. review and approve purchasing docu

ments
 
3. for adequacy of specified require

ments
 
4. prior to release
 

@ Appropriate documents specify the
 
means to ensure that, where specified in
 
the contract, the purchaser or his rep
resentative shall be afforded the right
 
to verify at source or upon receipt that
 
purchased product conforms to specified
 
requirements
 
<concepts>
 
1. goodness of the appropriate documents
 
2. the purchaser or his representative
 

has the right to verify purchased
 
product at source or upon receipt
 

3. conforms to specified requirements
 

A Appropriate documents specify the
 
means to ensure that verification by the
 
purchaser shall not absolve the supplier
 
of his responsibility to provide accep
table product, nor shall it preclude
 
subsequent rejection.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. verification by the purchaser shall
 

not absolve the supplier of his re
sponsibility to provide acceptable
 
product
 

3. nor shall it preclude subsequent re
jection
 

g Appropriate documents specify the
 
means to ensure that, when the purchaser
 
or his representative elect to carry out
 
verification at the sub-contractor's
 
plant, such verification shall not be
 
used by the supplier as evidence of ef
fective control of quality by the sub
contractor.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. verification shall not be used by the
 

supplier as evidence of effective
 
control of quality by sub-contractor.
 

DOCUMENTATION
 

Items To Be Audited
 

@ Appropriate procedures specify the
 
means of verification, storage and main
tenance of purchaser supplied product
 
provided for incorporation into the sup

plies.
 
<concepts>
 

1. goodness of the appropriate proce
dures
 

2. specify the means for verification,
 
and
 

3. storage and
 
4. maintenance of purchaser supplied
 

product
 

@ Appropriate documents specify the
 
means to ensure that any purchaser sup
plied product that is lost, damaged or
 
is otherwise unsuitable for use shall be
 
recorded and reported to the purchaser.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. any purchaser supplied product that
 

is lost, damaged or otherwise unsuit
able for use
 

3. shall be recorded and
 
4. reported
 
5. to the purchaser
 

@ Objective evidence exists to confirm
 
that point 60307 is performed in Arco,
 
dance with the appropriate documents.
 
<concepts>
 
1. review and approve purchasing docu

ments
 
2. for adequacy of specified require

ments
 
3. prior to release
 
4. in accordance with the appropriate
 

documents
 

Al Objective evidence exists to confirm
 
that point 60408 is performed in accor
dance with appropriate documents.
 
<concepts>
 
1. verifies the purchased product at
 

source or upon receipt
 
2. by purchaser or his representative
 
3. conforms to specified requirements
 
4. in accordance with the appropriate
 

documents
 

@ Objective evidence exists to confirm
 
that point 60409 is performed in arc,
dance with the appropriate documents.
 
<concepts>
 
1. verification by the purchaser shall
 

not absolve the supplier of his re
sponsibility to provide acceptable
 
product
 

2. nor shall it preclude subsequent re
jection
 

3. in accordance with the appropriate
 
documents
 

A Objective evidence exists to confirm
 
that point 60410 is performed in accor
dance with the appropriate documents.
 
<concepts>
 
1. verification shall not be used by the
 

supplier as evidence of effective
 
control of quality by the sub-con
tractor
 

2. in accordance with the appropriate
 
documents
 

IMPLEMENTATION
 

Y. Items To Be Audited %
 

A Objective evidence exists to confirm
 
that verification, storage and mainte
ranee of purchaser supplied product are
 
performed in accordance with the appro
priate procedures.
 
<concepts>
 
1. perform verification and
 
2. storage and
 
3. maintenance of purchaser supplied
 

product
 
4. in accordance with the appropriate
 

procedures
 

@ Objective evidence exists to confirm
 
that point 70102 is performed in accor
dance with the appropriate documents.
 
<concepts>
 
1. any purchaser supplied product that
 

is lost, damaged or otherwise unsuit
able for use shall be recorded and
 

2. reported
 
3. to the purchaser
 
4. in accordance with the appropriate
 

documents
 

REMARK
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8 PRODUCT IDENTIFICATION DOCUMENTATION IMPLEMENTATION
 

AND TRACEABILITY
 REMARK
 
Items To Be Audited % Items To An Audited
 

801 Product Identification and traceability 

80101 
Where appropriate, the supplier 
shall establish and maintain A Appropriate procedures specify the A Objective evidence exists to confirm 

procedures for identifying the 
product from applicable drawin
gs, specifications or other doc
uments, during all stages of 
production, delivery and instal
lation. 

means for identifying the product from 
applicable drawings, specifications or 
other documents, during all stages of 
production, delivery and installation. 
<concepts> 
1. goodness of the appropriate proce

that the product is identified from ap
plicable drawings, specifications or 
other documents, during all stages of 
production, delivery and installation, 
in accordance with the appropriate pro
cedures. 

dures <concepts> 

2. identifying the product 1. identifying the product 
3. from applicable drawings, specificat 2. from applicable drawings, specifica

ions or other documents tions or other documents 
4. during all stages of production, de 3. during all stages of production, de

livery and installation livery and installation 
4. in accordance with the appropriate 

procedures 

80102 
Where and to the extent that A Appropriate documents specify the A Objective evidence exists to confirm 

traceability is a specified re
quirement, individual product or 
batches shall have a unique ide
ntification. 

means to ensure that where, and to the 
extent that, traceability is a specified 
requirement, individual product or bat
ches shalt have a unique identification. 
<concepts> 

that specified products or batches bear 
unique identifications in accordance 
with the appropriate documents. 
<concepts> 
1. individual product or batches shall 

1. goodness of the appropriate documents have a unique identification 
2. individual product or batches shall 2. in accordance with the appropriate 

have a unique identification procedures 

80103 
The identification mentioned in 0 Appropriate documents specify the A Objective evidence exists to confirm 

point 80102 shall be recorded. means to record the identification men-
tinned in point 80102 

that the identification is recorded in 
accordance with the appropriate docume

<concepts> nts. 

1. goodness of the appropriate documents <concepts> 

2. the identification shall be recorded 1. the identification shall be recorded 
2. in accordance with the appropriate 

documents 

9 PROCESS CONTROL DOCUMENTATION IMPLEMENTATION 

REMARK 
Items To Be Audited Y. Items To Be Audited % 

901 Cannel provision 

90101 
The supplier shall identify and 
plan the production and, where 
applicable, installation proces
ses which directly affect quali
ty. 

A Appropriate documents specify the 
means to ensure that the supplier shalt 
identify and plan the production and, 
where applicable, installation processes 
which directly affect quality. 
<concepts> 

0 Objective evidence exists to confirm 
that point 90101 is performed in accor
dance with the appropriate documents. 
<concepts> 

1. identify and 
2. plan the production and applicable 

1. goodness of the appropriate documents installation processes which directly 
2. identify and affect quality 
3. plan the production and applicable 3. in accordance with the appropriate 

installation processes which directly documents 
affect quality 

90102 
The supplier shall ensure that 
the processes indicated in point 
90101 are carried out with the 

A Appropriate documents specify the 
means to ensure that the processes indi
cated in point 90101 are carried out 

A Objective evidence exists to confirm 
that point 90102 is performed in accor
dance with the appropriate documents. 

availability of documented work 
instructions defining the manner 
of production and installation, 
use of suitable production and 
installation equipment, suitable 
working environment, compliance 
with reference standards/codes 
and quality plans. 

with the availability of documented work 
instructions, defining the manner of 
production and installation, use of sui
table production and installation equip-
merit, suitable working environment, com-
P liance with reference standards/codes 
and quality plans. 
<concepts> 

1. goodness of the appropriate documents 

<concepts> 
1. appropriate processes are carried 

out with the availability of documen
ted work instruction and 
2. use of suitable production and 

installation equipment and 
3. suitable working environment and 
4. compliance with reference standards/ 

codes and quality plans 
2. appropriate processes are carried out 5. in accordance with the appropriate 

with the availability of documented documents 
work instruction and 

3. use of suitable production and 
installation equipment and 

4. suitable working environment and 
5. compliance with reference standards/ 

codes and quality plans 

90103 
The supplier shall ensure that A Appropriate documents specify the A Objective evidence exists to confirm 

suitable process and product means to ensure that suitable process that point 90103 is performed in accor

characteristics are under moni and product characteristics are under dance with appropriate documents. 

taring and control during pro
duction and installation. 

monitoring and control during production 
and installation. 

<concepts> 

1. suitable process and product charac

<concepts> teristics are under monitoring and 
1. goodness of the appropriate documents control 

2. suitable process and product charac 2. during production and installation 
teristics are under monitoring and 3. in accordance with appropriate docu

control ments 

3. during production and installation 
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90104 

90105 

The supplier shall ensure the
 
approval of processes and equip
ment, as appropriate.
 

The supplier shall ensure that
 
the criteria for workmanship
 
shall be stipulated, to the gre
atest practicable extent, in
 
written standards or by means of
 
representative samples.
 

902 Spacial pro aaaaaa
 

90206
 
Special processes' shall be under
 

continuous monitoring and/or
 
compliance with documented pro
cedures to ensure that the spec
ified requirements are met.
 

90207
 
The special processes' shall be
 

qualified and shalt also comply
 
with the requirements of point
 
90101-90105
 

90208
 
Records shall be maintained for
 
qualified processes, equipment
 
and personnel, as appropriate.
 

special processes are those
 

processes, the result of which
 
cannot be fully verified by sub
sequent inspection and testing
 
of the product and where, for
 
example, processing deficiencies
 

may become apparent only after
 
the product is in use.
 

Appropriate documents specify the
 
means to ensure the approval of process
es and equipment, as appropriate.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. ensure the approval of appropriate
 

processes and
 
3. equipment
 

A Appropriate documents specify the
 
means to ensure that the criteria for
 
workmanship shall be stipulated, to the
 
greatest practicable extent, in written
 
standards or by means of representative
 
samples.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. stipulate the criteria for workman

ship
 
3. to the greatest practicable extent in
 

written standards or by means of
 
representative samples
 

A Appropriate documents specify the
 
means to ensure that the special pro
cesses shall be under continuous moni
toring and/or compliance with documented
 
procedures to ensure that the specified
 
requirements are met.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. special processes shall be under
 

continuous monitoring and/or
 
3. compliance with documented procedure
 

to ensure that the specified require
ments are met
 

A Appropriate documents specify the
 
means to ensure that the special pro
cesses shall be qualified and shall also
 
comply with the requirements of points
 
90101- 90105
 
<concepts>
 
1. goodness of the appropriate documents
 
2. the special processes shall be quali

fied
 
3. the special processes shall comply
 

with the requirements of 90101 and
 
4. 90102 and
 
5. 90103 and
 
6. 90104 and
 
7. 90105
 

Appropriate documents specify the
 
means to maintain records for qualified
 
processes, equipment and personnel, as
 
appropriate.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. maintain records for appropriate qua

lified processes and
 
3. equipment and
 
4. personnel
 

A Objective evidence exists to confirm
 
that point 90104 is performed in accor
dance with the appropriate documents.
 
<concepts>
 

1. approval of appropriate processes and
 
equipment
 

2. in accordance with the appropriate
 
documents
 

A Objective evidence exists to confirm
 
that point 90105 is performed in accor
dance with the appropriate documents.
 
<concepts>
 
1. appropriate jobs are performed as
 

stipulated workmanship in accordance
 
with the appropriate documents
 

A Objective evidence exists to confirm
 
that point 90206 is performed in accor
dance with the appropriate documents.
 
<cOnCept, 
1. special processes shall he under
 

continuous monitoring and/or
 
2. compliance with documented procedures
 

to ensure that the specified require
ments are met
 

3.	 in accordance with the appropriate
 
documents
 

A Objective evidence exists to confirm
 
that point 90207 is performed in accor
dance with the appropriate documents.
 
<concepts> 
1. the special processes shall be quali

fied
 
2. the special processes shall comply
 

with the requirements of 90101 and
 
3. 90102 and
 
4. 90103 and
 
5. 90104 and
 
6. 90105
 
7.	 in accordance with the appropriate
 

documents
 

A Appropriate records for qualified pro
cesses, equipment and personnel are m
aintained in accordance with the appro
priate documents.
 
<concepts>
 
1. maintain records for appropriate qua

lified processes, equipment and per
sonnel
 

2.	 in accordance with the appropriate
 
documents
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10 INSPECTION AND TESTING
 

1001 Receiving inspection end
 

testing
 

100101
 
Except in the circumstances de
scribed in point 100103, the
 
supplier shall ensure that in
coming product is not used or
 
processed until it has been in-

spatted or otherwise verified as
 
conforming to specified require-

meats.
 

(00102
 
Verification shall be in actor-

dance with the quality plan or
 
documented procedures.
 

100103
 

Where incoming product is ',lea
sad for urgent production pur
poses, it shall be positively
 
identified and recorded in order
 
to permit immediate recall and
 
replacement in the event of non
conformance to specified requ
irements
 

100104
 

Note: In determining the amount
 
and nature of receiving inspec
tion, consideration should be
 
given to the control exercised
 
at source and documented evide
ace of quality conformance pro
vided.
 

1002 In-proms. inspection and
 

testing 

100205
 

The supplier shall inspect, test
 
and identify product as required
 
by the quality plan or document
ed procedures.
 

100206
 
The supplier shall establish
 
product conformance to specified
 
requirements by use of process
 
monitoring and control methods.
 

100207
 
Except when product is released
 
under positive recall procedur
es, the supplier shall hold pro
duct until the required inspec
tions and tests have been com
pleted or necessary reports have
 
been received and verified.
 

DOCUMENTATION
 

Items To Be Audited
 

A Appropriate documents specify the
 
means to ensure that incoming product is
 
not used or processed until it has been
 
inspected or otherwise verified as con
forming to specified requirements.
 
< concepts>
 
i
 goodness of the appropriate documents
 
2. incoming product is not used or pro

cessed until it has been inspected or
 
otherwise verified as conforming to
 
specified requirements.
 

A Quality plan or documented procedures
 
specify the means to perform verifica
tion for receipt for inspection and t
esting.
 

<concepts>
 
1. goodness of the appropriate documents
 

(quality plan or documented proce
dures)
 

2. verification for receiving inspec-

Lion and testing
 

A Appropriate documents specify the
 
means to positively identify and record
 
the urgent release of incoming product
 
for immediate recall and replacement in
 
the event of nonconformance to specified
 
requirements.
 
<concepts>
 

1. goodness of the appropriate documents
 
2. positively identify and
 
3. record the urgent release of incoming
 

products for immediate recall and re
placement
 

A Appropriate documents considering con-

trot exercised at source and documented
 
evidence of quality conformance provided
 
to determine the amount and nature of
 
receiving inspection.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. determine the amount and nature of
 

receiving inspection upon considering
 
control exercised at source and
 
documented evidence of quality con
formance provided
 

A Quality plan or documented procedures
 
specify the means to perform all re
quired in-process inspection, testing,
 
and identification.
 
<concepts>
 
1. goodness of the appropriate documents
 

(quality plan or documented proced
ures)
 

2. perform all required in-process in
spection, testing and
 

3. identification
 

A Appropriate documents specify the
 
means to use monitoring and control m
ethods to establish product conformance
 
to specified requirements.
 
<concepts>
 

1. goodness of the appropriate documents
 
2. establish product conformance to spe

cified requirements by use of process
 
monitoring and
 

3. control method
 

A Appropriate documents specify the
 
means to hold product until the required
 
inspections and tests have been complet
ed or necessary reports have been recei
ved and verified (except when released
 
under positive recall procedures).
 
<concepts>
 

1. goodness of the appropriate documents
 
2. hold product until the required in

spections and tests have been com
pleted or necessary reports have been
 
received and verified (except when
 
released under positive recall proce
dures)
 

IMPLEMENTATION
 

Y.
 Items To Be Audited
 

A Objective evidence exists to confirm
 
that point 100101 is performed in accor
dance with the appropriate documents.
 
<concepts>
 

1. incoming product is not used or pro
cessed until it has been inspected or
 
otherwise verified as conforming to
 
specified requirements.
 

2. in accordance with the appropriate
 
documents
 

A Objective evidence exists to confirm
 
that verification is performed in accor
dance with the quality plan or appro
priate procedures.
 
<concepts>
 
1. verification for receiving inspec

tion and testing
 
2.	 in accordance with the appropriate
 

documents
 

A Objective evidence exists to confirm
 
that point 100103 is performed in accor
dance with appropriate documents.
 
<concepts>
 
1. positively identify and
 
2. record the urgent release of incoming
 

products for immediate recall and re
placement
 

3. in accordance with the appropriate
 
documents
 

a Objective evidence exists to confirm
 
that the amount and nature of receiving
 
inspection is determined by control ex
ercised at source and documented evide
one of quality conformance provided
 
<concepts>
 

1. determine the amount and nature of
 
receiving inspection upon considering
 
control exercised at source and doc
umented evidence of quality conform-

a nce provided
 

2.	 in accordance with the appropriate
 
documents
 

A Objective evidence exists to confirm
 
that all necessary in-process inspection
 
and testing are performed in accordance
 
with the quality plan or documented pro
cedures.
 
<concepts>
 
1. perform in-process inspection, test

ing and
 
2. identification
 
3. in accordance with the appropriate
 

documents
 

A Objective evidence exists to confirm
 
that point 100206 is performed in accor
dance with the appropriate documents.
 
<concepts>
 
1. establish product conformance to spe

cified requirements by use of process
 
monitoring and
 

2. control method
 
3.	 in accordance with the appropriate
 

documents
 

A Objective evidence exists to confirm
 
that point 100207 is performed in accor
dance with the appropriate documents.
 
<concepts>
 

1. hold product until the required in
spections and tests have been com
pleted or necessary reports have been
 
received and verified (except when
 
product is released under positive
 
recall procedures)
 

2.	 in accordance with the appropriate
 
documents
 

REMARK
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100208 
Release under positive recall A Appropriate documents specify that the A Objective evidence exists to confirm 
procedures shall not preclude release under positive recall procedures that point 100208 is performed in accor
the activities outlined in point shall not preclude the activities out- dance with the appropriate documents. 
100205. lined in point 100205. <concepts> 

<concepts> 1. release under positive recall proce
1. goodness of the appropriate documents dures shall not preclude the activi
2. release under positive recall proce ties outlined in point 100205. 

dures shall not preclude the activi 2. in accordance with the appropriate 
ties outlined in point 100205. documents 

100209 
The supplier shall identify non- A Appropriate documents specify the A Objective evidence exists to confirm 
conforming product. means to identify nonconforming product. that nonconforming product is identified 

<concepts> in accordance with the appropriate docu
1. goodness of the appropriate documents meats. 
2. identify non-conforming product <concepts> 

1. identify non-conforming product 
2. in accordance with appropriate docu

ments 

1003 Final inapsetion and tasting 

100310 
The quality plan or documented 
procedures for final inspection 
and testing shall require that 
all specified inspection and 
tests, including those specified 
either on receipt of product or 
in process, have been carried 
out and that the data meets sp
ecified requirements. 

A Appropriate quality plan or documented 
procedures for final inspection and tes
ting require that all specified inspec
tion and tests, including those speci
fled either on receipt of product or in 
process, have been carried out and that 
the data meets specified requirements. 
<concepts> 
1. goodness of the appropriate documents 

(quality plan or procedures) 

A Objective evidence exists to confirm 
that the timing of performing final in
spection and testing is in accordance 
with the appropriate quality plan and 
documented procedures. 
<concepts> 
1. perform final inspection and testing 

after all specified inspection and 
tests, including those specified 
either on receipt of product or in 

2. require that all specified inspection process, have been carried out, and 
and tests, including those specified 2. that the data meets specified requir
either on receipt of product or in ements 
process, have been carried out and 3. in accordance with the appropriate 

3. that the data meets specified requir documents 
ements 

100311 

The supplier shall carry out all 
final inspection and testing in 
accordance with the quality plan 
or documented procedures to com
plete the evidence of conforma
ace of the finished product to 
the specified requirements. 

A Appropriate quality plan or documented 
procedures specify the means of perform
ing final inspection and testing to com
plete the evidence of conformance of the 
finished product to the specified requi
cements. 
<concepts> 
1. goodness of the appropriate documents 

A Objective evidence exists to confirm 
that all final inspection and testing 
are carried out in accordance with the 
appropriate quality plan or documented 
procedures. 
<concepts> 

1. performing final inspection and test-i 

ing 

(quality plan or documented proce 2. to the specified requirements 
dures) 3. in accordance with the appropriate 

2. perform final inspection and test- documents 
ing 

3. according to specified requirements 

100312 
No product shall be dispatched A Appropriate documents specify that no A Objective evidence exists to confirm 
until all the activities speci product shall be despatched until all that point 100312 is performed in accor
fled in the quality plan or doe- activities specified in the quality plan dance with appropriate documents. 
umented procedures have been or documented procedures have been sat <concepts> 
satisfactorily completed and the isfactorily completed and associated 1. no product can be despatched until 
associated data and documenta data and documentation is available and all the activities specified in the 
tion is available and authori authorized, quality plan or documented procedures 
zed. <concepts> have been satisfactorily completed, 

1. goodness of the appropriate documents and 
2. no product shall be despatched until 2. the associated data and documentation 

all the activities specified in the is available and authorized. 
quality plan or documented procedures 3. in accordance with the appropriate 
have been satisfactorily completed, documents 
and 

3. the associated data and documentation 
is available and authorized. 

1004 Inspection and test march 

100413 
The supplier shall establish and 
maintain records which give evi-

A Appropriate documents specify the 
means to establish and maintain records 

A Objective evidence exists to confirm 
that point 100413 is performed in accor

dence that the product has which give evidence that the product has dance with the appropriate documents. 

passed inspection and/or test passed inspection and/or test with de <concepts> 

with defined acceptance criteria fined acceptance criteria. 1. establish and 

. 
<concepts> 2. maintain records which give evidence 
1. goodness of the appropriate documents that the product has passed inspec
2. establish and don and/or test with defined accep
3. maintain records which give evidence Lance criteria. 

that the product has passed inspec 3. in accordance with the appropriate 
tion and/or test with defined accep documents 
(once criteria. 
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110103 

11 INSPECTION. MEASURINO AND TEST
 

EOUIPMENT
 

1101 Inspection planning
 

110101
 

The supplier shall identify the
 
measurements to be made, the
 
accuracy required; and select
 
the appropriate inspection, men
suring and test equipment.
 

110102
 
Inspection, measuring and test
 
equipment shall be used in a
 
manner which ensures that mea
surement uncertainty is known
 
and is consistent with the re
quired measurement capability
 

The supplier shall ensure that
 
the inspection, measuring and
 
test equipment is capable of the
 
accuracy and precision necessa
ry.
 

1102 Traceability and calibration
 

110204
 
The supplier shall identify,
 
calibrate and adjust all inspec
tion, measuring and test equip
ment and devices that can affect
 
product quality at prescribed
 
intervals, or prior to use,
 
against certified equipment hay
ing a known valid relationship
 
to nationally recognized sten
dards--where no such standards
 
exist, the basis used for tali
bration shall be documented.
 

110205
 
The supplier shall establish,
 
document and maintain calibre
tion procedures, including de
tails of equipment type, identi
fication number, location, fre
quency of checks, check method,
 
acceptance criteria and the ac

tion to be taken when results
 
are unsatisfactory.
 

DOCUMENTATION
 

Items To Be Audited
 

A Appropriate documents specify the
 
means to identify the measurements to be
 
made and accuracy required; and select
 
appropriate inspection, measuring and
 
test equipment.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. identify the measurement to be made
 

and
 
3. the accuracy required
 
4. select the appropriate inspection,
 

measuring and test equipment
 

A Appropriate documents specify the
 
means to ensure that inspection, measur
ing and test equipment shall be used in
 
a manner which ensures that measurement
 
uncertainty is known and is consistent
 
with the required measurement capabili
ty.
 

<concepts>
 
l. goodness of the appropriate documents
 
2. measuring and test equipment shall be
 

used in a manner which ensures that
 
measurement uncertainty is known and
 

3. consistent with the required mea
surement capability.
 

A Appropriate documents specify the
 
means to ensure that the inspection,
 
measuring and test equipment is capable
 
of the accuracy and precision necessary.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. inspection, measuring and test equip

ment is capable of the accuracy and
 
3. precision necessary.
 

A Appropriate documents specify the
 
means to identify, calibrate and adjust
 
all inspection, measuring and test equi
pment and devices that can affect prod
uct quality at prescribed intervals, or
 
prior to use, against certified equip
ment having a known valid relationship
 
to nationally recognized standards-

where no such standards exist, the basis
 
used for calibration shall be document

ed
 
<concepts>
 
1, goodness of the appropriate documents
 
2. identify and
 
3. calibrate and adjust all inspection
 

measuring, and test equipment and de
vices that can affect product quali

ty
 
4. at prescribed intervals or prior to
 

LISP
 

5. against certified equipment having a
 
known valid relationship to national
ly recognized standards--where no
 
such standards exist, the basis used
 
for calibration shall be documented.
 

A Appropriate procedures are establish
ed, documented and maintained to specify
 
calibration activities, including deta
its of equipment type, identification
 
number, location, frequency of checks,
 
check method, acceptance criteria and
 
the action to be taken when results are
 

unsatisfactory,
 
<concepts>
 
1. goodness of the appropriate proce

dures for calibration activities
 
2. including details of equipment type
 

and 
3, identification number and
 
4. location and
 
5. frequency of checks and
 
6. check method and
 
7. acceptance criteria and
 
8. action to be taken when results
 

are unsatisfactory.
 

IMPLEMENTATION
 

Y. Items To Be Audited %
 

A Objective evidence exists to confirm
 
that point 110101 is performed in ace°,
 
dunce with the appropriate documents.
 
<concepts>
 
1. identify the measurement to he made
 

and
 
2. accuracy required
 
3. select the appropriate inspection,
 

measuring and test equipment
 
4.	 in accordance with the appropriate
 

documents
 

A Objective evidence exists to confirm
 
that point 110102 is performed in accor
dance with the appropriate documents.
 
<concepts>
 
1. measuring and test equipment are used
 

in a manner which ensures that mea
surement uncertainty is known and
 

2.	 is consistent with the required mea
surement capability
 

3.	 in accordance with the appropriate
 
documents
 

A Objective evidence exists to confirm
 
that the inspection, measuring and test
 
equipment is capable of the accuracy and
 
precision necessary.
 
<concepts>
 
1. inspection, measuring and test equip

ment is capable of the accuracy and
 
2. precision necessary
 
3. in accordance with the appropriate
 

documents
 

A Objective evidence exists to confirm
 
that point 110204 is performed in accor
dance with the appropriate documents.
 
<concepts>
 
1. identify and
 
2. calibrate and adjust all inspection
 

measuring and test equipment and de
vices that can affect product quali
ty
 

3. at prescribed intervals or prior to
 
use
 

4. against certified equipment having a
 
known valid relationship to national
 
ly recognized standards--where no
 
such standards exist, the basis used
 
for calibration shall be documented.
 

5. in accordance with the appropriate
 
documents
 

A Objective evidence exists to confirm
 
that point 110205 is performed in accor
dance with the appropriate procedures.
 
<concepts>
 
1. equipment is calibrated and managed
 
2. including details of equipment type,
 

identification number, location, fre
quency of checks, check method, ac
ceptance criteria and action to be
 
taken when results are unsatisfac
tory.
 

3. in accordance with the appropriate
 
procedures
 

REMARK
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110206 

The supplier shall identify in- A Appropriate documents specify the A Objective evidence exists to confirm 
spection, measuring and test means to identify inspection, measuring that point 110206 is performed in accor
equipment with a suitable indi and test equipment with a suitable indi dance with the appropriate documents. 
cator or approved identification cator or approved identification record <concepts> 
record to show the calibration to show calibration status. 1. identify inspection and test equip-
status. <concepts> meet 

1. goodness of the appropriate documents 2. with a suitable indicator or approved 
2. identify inspection and test equip- identification record to show the 

ment calibration status 
3. with a suitable indicator or approved 3. in accordance with the appropriate 

identification record to show the documents 
calibration status 

110207 
The supplier shall maintain cal it Appropriate documents specify the A Objective evidence exists to confirm 
ibrntion records for inspection, means to maintain calibration records that relevant records arr. maintained in 
measuring and test equipment. for inspection, measuring and test equi accordance with the appropriate docume

pment nts. 
<concepts> <concepts> 
1. goodness of the appropriate documents 1. maintain calibration records for in
2. maintain calibration records for in spection, measuring and test equip

spection, measuring and test equip ment 
ment 2. in accordance with the appropriate 

documents 
110208 
The supplier shall assess and A Appropriate documents specify the A Objective evidence exists to confirm 
document the validity of previ means to assess and document the validi that point 110208 is performed in accor
ous inspection and test results ty of previous inspection and test re- dance with the appropriate documents. 
when inspection, measuring and sults when inspection, measuring and <concepts> 
test equipment is found to be test equipment is found to be out of 1. assess and 
out of calibration, calibration. 2. document the validity of previous 

<concepts> inspection and test results when in
1. goodness of the appropriate documents spection, measuring and test equip
2. assess and ment is found to be out of calibrat
3. document the validity of previous ion 

inspection and test results when in 3. in accordance with the appropriate 
spection, measuring and test equip- documents 
ment is found to be out of calibra
tion. 

1103.Menagementefinspectien 

equipment 

110309 
The supplier shall ensure that 
the environmental conditions are 
suitable for the calibrations, 
ispections, measurements and 
tests being carried out. 

A Appropriate documents specify the 
means to ensure that the environmental 
conditions are suitable for the calibre-
lions, inspections, measurement and 
tests being carried out. 
<concepts> 

A Objective evidence exists to confirm 
that point 110309 is performed in ac
cordance with the appropriate documents. 
<concepts> 
1. environmental conditions are suitable 

for the calibrations, inspections, 
1. goodness of the appropriate documents measurement and tests being carried 
2. ensure that the environmental condi out 

Lions are suitable for the calibre 2. in accordance with the appropriate 
tions and documents 

3. inspections, measurement and tests 
being carried out. 

110310 
The supplier shall ensure that Al Appropriate documents specify the Al Objective evidence exists to confirm 

the handling, preservation and means to ensure that the handling, pres that point 110310 is performed in accor
storage of inspection, measuring ervation and storage of inspection, mea dance with the appropriate documents. 
and test equipment is such that suring and test equipment is such that <concepts> 

the accuracy and fitness for use accuracy and fitness for use are main 1. handling, preservation and stor
is maintained. tained. age of inspection and test equipment 

<concepts> is such that the accuracy and 
1. goodness of the appropriate documents 2. fitness for use is maintained 
2. ensure that the handling and 3. in accordance with the appropriate 
3. preservation and documents 
4. storage of inspection, measuring and 

test equipment is such that the accu
racy and fitness for use is mainta
ined 

110311 
The supplier shalt safeguard A Appropriate documents specify the A Objective evidence exists to confirm 
inspection, measuring and test means to safeguard inspection measuring that point 110311 is performed in actor-
facilities, including both test and test facilities, including both test dance with the appropriate documents. 
hardware and test software, from hardware and test software, from adjust <concepts> 
adjustments which would invali meets which would invalidate the calf 1. safeguard inspection, measuring and 
date the calibration setting. bration setting. test facilities (including both test 

<concepts> hardware and test software) from ad
1. goodness of the appropriate documents justments which would invalidate the 
2. safeguard inspection, measuring and calibration setting 

test facilities, including both test 2. in accordance with the appropriate 
hardware and documents 

3. test software, from adjustments which 
would invalidate the calibration set
ting 
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1104 Ihmaisry mat Nutmegs,
 

Mtwara antral
 

110412
 
Where test hardware (e.g. jigs
 
fixtures, templates, patterns)
 
or test software is used as s-

citable forms of inspection, the
 
supplier shall establish the
 
extent and frequency (prior to
 
release for use, and recheck) to
 
check if the test hardware/ sof

are capable of verifying
 
the
the acceptability of product
 
during production and installa-

Lion.
 

110413
 
The supplier shall maintain re
cords of checks indicated in
 
point 110412 as evidence of con
trol.
 

110414
 
The measurement design data
 
should be made available for
 
verification that it is functio
natty adequate.
 

12 INSPECTION AND TEST STATUS
 

1201 Inspmmian and hmtstahm
 

120101
 
The inspection and test status
 
of product shall be identified
 
by using markings, authorized
 
stamps, tags, labels, routing
 
cards, inspection records, test
 
software, physical location or
 
other suitable means, which in
dicate the conformance or non
conformance of product with re
gard to inspection and tests
 
performed.
 

120102
 
The identification of inspection
 
and test status shall be main
tained, as necessary, throughout
 
production and installation of
 
the product to ensure that only
 
product that has passed the re
qui red inspection and test is
 
despatched, used or installed.
 

Records shall identify the in
spection authority responsible
 
for the release of conforming
 
product.
 

& Appropriate documents specify the
 
means, including extent and frequency,
 
to check if test hardware/software are
 
capable of verifying the acceptability
 
of product during production and instal-

lotion.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. extent and
 
3. frequency of check (including prior
 

to release for use and recheck)
 
4. to check if test hardware and soft

ware are capable of verifying the
 
acceptability of product during pro
duction and installation
 

@ Appropriate documents specify the
 
means to maintain the records of checks
 
indicated in point 110412 as evidence of
 
control.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. maintain records of the checks
 

A Appropriate documents specify the
 
means to ensure that measurement design
 
data available for verification is fu c
tionally adequate.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. make measurement design data avail

able for verification
 

DOCUMENTATION
 

Items To Be Audited
 

A Appropriate documents specify the
 
means to ensure that the inspection and
 
test status of product shall be identi
fied by use of markings, authorized
 
stamps, tags, labels, routing cards,
 
inspection records, test software, phys
ical location or other suitable means to
 
indicate the conformance or nonconforma
nce of product with regard to inspection
 
and tests performed.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. the inspection and test status shall
 

be identified
 
3. by suitable means to indicate
 

conformance or nonconformance of pro
duct
 

A Appropriate documents specify the
 
means to ensure that the identification
 
of inspection and test status shall be
 
maintained, as necessary, throughout
 
production and installation of the prod
uct to ensure that only product that has
 
passed the required inspection and test
 
is despatched, used or installed.
 
<concepts>
 

1. goodness of the appropriate documents
 
2. maintain the identification of inspe

ction and test status
 
3. throughout production and installa

tion of the product
 
4. to ensure that only product that
 

has passed required inspection and
 
test is despatched, used or in
stalled
 

@ Appropriate documents specify the
 
means to ensure that records shall iden
tify the inspection authority responsi
ble for the release of conforming prod
uct.
 

<concepts>
 
1. goodness of the appropriate documents
 
2. records identify the inspection au

thority responsible for the release
 
of conforming product.
 

A Objective evidence exists to confirm
 
that point 110412 is performed in accor
dance with the appropriate documents.
 
<concepts>
 
1. check the test hardware/software
 

based on specified extent and
 
2. frequency to determine capability of
 

verifying the acceptability of pro
duct during production and installa
tion
 

3. in accordance with the appropriate
 
documents
 

A Objective evidence exists to confirm
 
that relevant records are maintained in
 
accordance with the appropriate docume
rats.
 

<concepts>
 

1. maintain records of the checks
 
2. in accordance with the appropriate
 

documents
 

A Objective evidence exists to confirm
 
that point 110414 is performed in accor
dance with the appropriate documents.
 
<concepts>
 

1. the availability of measurement de
sign data for verification
 

2.	 in accordance with the appropriate
 
documents
 

IMPLEMENTATION
 

0 Items To Be Audited 0
 

A Objective evidence exists to confirm
 
that point 120101 is performed in accor
dance with the appropriate documents.
 
<concepts>
 
1. the inspection and test status shall
 

be identified
 
2. by suitable means to indicate the
 

conformance or non-conformance of
 
product
 

3. in accordance with appropriate
 
documents
 

A Objective evidence exists to confirm
 
that point 120102 is performed in accor
dance with the appropriate documents.
 
<concepts>
 

1. maintain the identification of in
spection and test status
 

2. throughout production and installa
tion of the product
 

3. ensure that only product that has
 
passed the required inspection and
 
test is despatched, used or installed
 

4. in accordance with appropriate
 
documents
 

A Objective evidence exists to confirm
 
that point 120103 is performed in accor
dance with the appropriate documents.
 
<concepts>
 
1. records identify the inspection auth

ority responsible for the release of
 
conforming product.
 

2. in accordance with the appropriate
 
documents
 

REMARK
 

120103 
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13 CONTROL OF NONCONFORMING DOCUMENTATION IMPLEMENTATION 

PRODUCT REMARK 
Ream To Be Audited X Items To Be Audited X 

1301 General previsions 

130101 
The supplier shall establish and 
maintain procedures to ensure 
that product that does not con-

A Appropriate procedures specify the 
means to ensure that product that does 
not conform to specified requirements is 

A Objective evidence exists to confirm 
that product that does not conform to 
specified requirements is prevented from 

form to specified requirements 
is prevented from inadvertent 
use or installation. 

prevented from inadvertent use or ins
tallation. 
<concepts> 

inadvertent use or installation in ac
cordance with the appropriate procedu
res. 

1. goodness of the appropriate proce <concepts> 
dures 1. product that does not conform to spe

2. product that does not conform to cified requirements is prevented from 
specified requirements is prevented inadvertent use or installation 
from inadvertent use or installation 2. in accordance with the appropriate 

procedures 

130102 
Control shall provide for iden
tification, documentation, eval

a Appropriate documents specify the 
means of control, including identifica-

A Objective evidence exists to confirm 
that control activities are performed in 

uation, segregation (when prat
tical), disposition of noncon
forming product and for notifi
cation to the functions concer

tion, documentation, evaluation, segre
gation (when practical), disposition of 
nonconforming product and for notifica
tion to the functions concerned. 

accordance with the appropriate docume
nts. 
<concepts> 

1. control provides for identifica

ned. <concepts> tion and 
1. goodness of the appropriate documents 2. documentation and 
2. control shall provide for identifica 3. evaluation and 

tion and 4. segregation (when practical) and 
3. documentation and 5. disposition of nonconforming product 
4. evaluation and and 
5. segregation (when practical) and 6. for notification to the functions 
6. disposition of nonconforming product concerned 

and 7. in accordance with the appropriate 
7. for notification to the functions documents 

concerned. 

1302 Noneanformity nntiaw and 

dimmi(ian 

130203 
The responsibility for review 
and authority for the disposi
tion of nonconforming product 
shall be defined 

A Appropriate documents define the re
sponsibility for review and authority 
for the disposition of nonconforming 
product, 

N/A N/A 

<concepts> 
1. goodness of the appropriate documents 
2. define the responsibility for review 

and 
3. authority for the disposition of non

conforming product 

130204 
Nonconforming product shall be 
reviewed in accordance with doc
umened procedures. It may be 
a) reworked to meet the speci

fied requirements, or 
b) accepted with or without 

repair by concession, or 
c) re-graded for alternative 

applications, or 
d) rejected or scrapped 

A Appropriate procedures specify the 
means for reviewing nonconforming prod
uct. Product may be : 

a) reworked to meet the specified re
quirements, or 
b) accepted with or without repair by 

concession, or 
c) re-graded for alternative applica
[ions, or 
d) rejected or scrapped 

<concepts> 

A Objective evidence exists to confirm 
that nonconforming product is reviewed 
in accordance with the appropriate pro
cedures. 
<concepts> 
1. review nonconforming product to make 

disposition of 
(a) rework to meet specified require-

menu or 
(b) accepted with or without repair 

by concession or 
1. goodness of the appropriate proce (c) re-graded for alternative appli

dures cations or 
2. reviewed to assure disposition of (d) rejected or scrapped 

rework meets specified requirements 2. in accordance with the appropriate 
or procedures 

3. accepted with or without repair by 
concession or 

4. regraded for alternative applica
tions or 

5. rejected or scrapped 
130205 

When required by the contract, A Appropriate documents specify the A objective evidence exists to confirm 
the proposed use or repair of means to ensure that, when required by that point 130205 is performed in accor
product (see 130204(6)) which the contract, following activities shall dance with the appropriate documents. 
does not conform to specified be performed: <concepts> 
requirements shall be reported (a) the proposed use or repair of prod 1. proposed use or repair of product 
for concession to the purchaser uct (see 130204(b)) which does not con- shall be reported for concession 
or his representative. The de form to specified requirements shall be 2. to the purchaser or his representa
scription of nonconformity that reported for concession to the purchaser five 
has been accepted, and of repai or his representative. 3. the description of nonconformity that 
rs, shall be recorded to denote (b) the description of nonconformity has been accepted, and of repairs, 
the actual condition. that has been accepted, and of repairs, shall be recorded to denote actual 

shall be recorded to denote the actual condition. 
condition. 4. in accordance with the appropriate 
<concepts> documents 
1. goodness of the appropriate documents 
2. proposed use or repair of product 

shall be reported for concession 
3. to the purchaser or his representa

tive 
4. description of nonconformity that 

has been accepted, and of repairs, 
shall be recorded to denote the actu
al condition 

130206 
Repaired and reworked product 0 Appropriate procedures specify the A Objective evidence exists to confirm 
shall be re-inspected in accor
dance with documented procedu

means to re-inspect repaired and rewo
rked product. 

that point 130206 is performed in accor
dance with the appropriate documents. 

res. <concepts> <concepts> 
1. goodness of the appropriate proce 1. re-inspect repaired product and 

dures reworked product 
2. re-inspect repaired product and 2. in accordance with the appropriate 
3. reworked product procedures 
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14 CORRECTIVE ACTION
 

1401 Connotive action
 

140101
 

The supplier shall establish,
 
document and maintain procedures
 
for investigating the cause of
 
nonconforming product and the
 
corrective action needed to pre
vent recurrence.
 

140102
 
The supplier shall establish,
 
document and maintain procedures
 
for analyzing all processes,
 
work operations, concessions,
 
quality records, service reports
 
and customer complaints to de
tect and eliminate potential
 
causes of nonconforming product.
 

140103
 
The supplier shall establish,
 
document and maintain procedures
 
for initiating preventative ac
tions to deal with problems to a
 
level corresponding to the risks
 
encountered.
 

140104
 

The supplier shall establish,
 
document and maintain procedures
 
for applying controls to ensure
 
that corrective actions are tak
en and that they are effective.
 

140105
 

The supplier shall establish,
 
document and maintain procedures
 
for implementing and recording
 
changes in procedures resulting
 
from corrective action.
 

I5 HANDLING,STORAGE,PACKAG.
 

ING AND DELIVERY
 

1501 Handling
 

150101
 
The supplier shall provide meth
ods and means of handling that
 
prevent damage or deterioration
 

DOCUMENTATION
 

Items To Be Audited
 

A Appropriate procedures specify the
 
means to investigate the cause of non
conforming product and the corrective
 
action needed to prevent recurrence,
 
<concepts>
 

1. goodness of the appropriate proce
dures
 

2. investigate cause of nonconforming
 
product and
 

3. corrective action needed to prevent
 
recurrence
 

S Appropriate procedures specify the
 
means to analyze all processes, work
 
operations, concessions, quality recor
ds, service reports and customer compla
ints to detect and eliminate potential
 
causes of nonconforming product.
 
<concepts>
 
1. goodness of the appropriate proce

dures
 
2. analyze all processes and
 
3. work operations and
 
4. concessions and
 
5. quality records and
 
6. service reports and
 
7. customer complaints to detect and
 

eliminate potential causes of noncon
forming product
 

A Appropriate procedures specify the
 
means to initiate preventative actions
 
to deal with problems at a level corre
sponding to the risks encountered.
 
<concepts>
 
1. goodness of the appropriate proce

dures
 
2. initiate preventative actions
 
3. to deal with problems at a level cor

responding to the risks encountered
 

A Appropriate procedures specify the
 
means to apply controls to ensure that
 
corrective actions are taken and that
 
they are effective.
 
<concepts>
 
1. goodness of the appropriate proce

dures
 
2. apply controls
 
3. to ensure that corrective actions are
 

taken and that they are effective,
 

A Appropriate procedures specify the
 
means to implement and record changes in
 
procedures resulting from corrective ac
tion.
 
<concepts>
 
1. goodness of the appropriate proce

dures
 
2. implement and
 
3. record changes in procedures re-


suiting from corrective action
 

DOCUMENTATION
 

Items To Be Audited
 

A Appropriate procedures specify the
 
means to provide methods and means of
 
handling that prevent damage or deterio
ration.
 
<concepts>
 
1. goodness of the appropriate proce

dures
 
2. provide methods and means of hand

ling
 
3. prevent damage or deterioration
 

IMPLEMENTATION
 

k Items To Be Audited
 

A Objective evidence exists to confirm
 
that the activities indicated in point
 
140101 are performed in accordance with
 
the appropriate procedures.
 
<concepts>
 
1. investigate cause of nonconforming
 

product and
 
2. corrective action needed to prevent
 

recurrence
 
3. in accordance with the appropriate
 

procedures
 

A Objective evidence exists to confirm
 
that the activities indicated in point
 
140102 are performed in accordance with
 
the appropriate procedures.
 
<concepts>
 
1, analyze all processes, work opera

tions, concessions, quality records,
 
service reports, and customer com
plaints
 

2. to detect and eliminate potential
 
causes of nonconforming product
 

3.	 in accordance with the appropriate
 
procedures
 

A Objective evidence exists to confirm
 
that the activities indicated in point
 
140103 are performed in accordance with
 
the appropriate procedures.
 
<concepts>
 
1. initiate preventative actions
 
2. to deal with problems at a level cor

responding to the risks encountered
 
3. in accordance with the appropriate
 

procedures
 

A Objective evidence exists to confirm
 
that the activities indicated in point
 
140104 are performed in accordance with
 
the appropriate procedures.
 
<concepts>
 
1. apply controls
 
2. to ensure that corrective actions are
 

taken and that they are effective
 
3. in accordance with the appropriate
 

procedures
 

A Objective evidence exists to confirm
 
that the activities indicated in point
 
140105 are performed in accordance with
 
the appropriate procedures.
 
<concepts>
 

1. implement and
 
2. record changes in procedures re-


suiting from corrective action
 
3. in accordance with the appropriate
 

procedures
 

IMPLEMENTATION
 

% Items To Be Audited
 

A Objective evidence exists to confirm
 
that point 150101 is performed in accor
dance with the appropriate procedures.
 
<concepts>
 
1. provide methods and means of handling
 
2. prevent damage or deterioration
 
3. in accordance with the appropriate
 

procedures
 

REMARK
 
74
 

REMARK
 
X
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1502 Storage 

150202 
The supplier shall provide se
cure storage areas or stock 
rooms to prevent damage or dete
rioration of product, pending 
use or delivery. 

0 Appropriate procedures specify the 
means to provide secure storage areas or 
stock rooms to prevent damage or dete
rioration of product, pending use or de
livery. 

A Objective evidence exists to confirm 
that point 150202 is performed in accor
dance with the appropriate procedures. 
<concepts> 
1. provide secure storage areas or stock 

<concepts> rooms 
1. goodness of the appropriate proce 2. to prevent damage or deterioration of 

dares product, pending use or delivery 
2. provide secure storage areas or stock 3. in accordance with the appropriate 

rooms procedures 
3. to prevent damage or deterioration of 

product, pending use or delivery 

150203 
Appropriate methods for autho
rizing receipt and the despatch 
to and from the storage areas 

2 Appropriate procedures stipulate ap
propriate methods for authorizing rece
10 and despatch to and from the storage 

2 Objective evidence exists to confirm 
that point 150203 is performed in accor
dance with the appropriate procedures. 

shall be stipulated. areas. 

<concepts> 

<concepts> 
1. receive and despatch in accordance 

1. goodness of the appropriate proce with the appropriate procedures 
dares 

2. stipulate methods for authorizing 
receipt and despatch to and from 
storage areas 

150204 
In order to detect deteriorati- A Appropriate procedures specify the 2 Objective evidence exists to confirm 
on, the condition of product in means to assess the condition of product that point 150204 is performed in accor
stock shall be assessed at ap in stock at appropriate intervals to dance with the appropriate procedures. 
propriate intervals. detect deterioration. <concepts> 

<concepts> 1. assess the condition of product in 
1. goodness of the appropriate proce stock 

dares 2. at appropriate intervals to detect 
2. assess the condition of product in deterioration 

stock 3. in accordance with the appropriate 
3. at appropriate intervals to detect procedures 

deterioration 

Isu Packaging 

150305 
The supplier shall control pack
ing, preservation and marking 
processes (including materials 
used) to the extent necessary to 
ensure conformance to specified 
requirements and shall identify 
preserve and segregate all prod
uct from the time of receipt 
until the supplier's responsi
bility ceases. 

2 Appropriate procedures specify the 
means to control packing, preservation 
and marking processes (including materi
als used) to the extent necessary to 
ensure conformance to specified require
ments; and to identify, preserve and 
segregate all product from the time of 
receipt until the supplier's responsi
bility ceases. 
<concepts> 
1. goodness of the appropriate proce

0 Objective evidence exists to confirm 
that point 150305 is performed in accor
dance with the appropriate procedures. 
<concepts> 
1. control packing and 
2. preservation and 
3. marking process to the extent neces

sary to ensure conformance to speci
fied requirements 

4. identify and 
5. preserve and 

dares 6. segregate all product from the time 
2. control packing and of receipt until the supplier's re
3. preservation and sponsibility ceases. 
4. marking process to the extent neces 7. in accordance with the appropriate 

nary to ensure conformance to speci procedures 
fied requirements 

5. identify and 
6. preserve and 
7. segregate all product from the time 

of receipt until the supplier's re
sponsibility ceases. 

1504 Delivery 

150406 
The supplier shall arrange for 2 Appropriate procedures specify the 2 Objective evidence exists to confirm 

the protection of the quality of means to arrange for the protection of that point 150406 is performed in accor

product after final inspection 
and test. Where contractually 
specified, this protection shall 

the quality of product after final in
spection and test. Where contractually 
specified, this protection shall be ex-

dance with the appropriate procedures. 
<concepts> 
1. protect quality of product after 

be extended to include delivery tended to include delivery to destine- final inspection and test 

to destination. Lion. 2. extend protection to include deliv
<concepts> ery to destination (where contrac
t. goodness of the appropriate proce tually specified) 

dares 3. in accordance with the appropriate 
2. arrange for the protection of the procedures 

quality of product after final insp
ection and test 

3. extend protection to include deliv
ery to destination (where contrac
tually specified) 
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160101 

16 DUALITY RECORDS
 

1601 OuMhy monk
 

The supplier shall establish and
 
maintain procedures for identi
fication, collection, indexing,
 
filing, storage, maintenance and
 
disposition of quality records.
 

160102
 
Quality records shall be main
tained to demonstrate achieve
ment of the required quality and
 
the effective operation of the
 
quality system. Pertinent sub
contractor quality records shall
 
be an element of these data.
 

160103
 
All quality records shall be
 
legible and identifiable to the
 
product involved,
 

160104
 
Quality records shall be stored
 
and maintained in such a way
 
that they are readily retriev
able in facilities that provide
 
a suitable environment to mini
mize deterioration or damage and
 
to prevent loss.
 

160105
 
Retention times of quality re
cords shall be established and
 
recorded.
 

160106
 
Where agreed contractually, q
uality records shall be made
 
available for evaluation by the
 
purchaser or his representative
 
for an agreed period.
 

DOCUMENTATION
 

Items To Be Audited
 

a Appropriate procedures are established
 
to specify the means for identification,
 
collection, indexing, filing, storage,
 
maintenance and disposition of quality
 
records.
 
<concept>
 
1. goodness of the appropriate proce

dures
 
2. identification and
 
3. collection and
 
4. indexing and
 
5. filing and
 
6. storage and
 
7. maintenance and
 
8. disposition of quality records
 

2 Appropriate documents specify the
 
means to establish the records specified
 
in points 10308, 20102(g), 30103, 60203,
 
70102, 80103, 90208, 100103, 100413,
 
110207, 110413, 120103, 130205, 180103
 
(to be audited in individual requireme
nts).
 

2 Appropriate documents specify the
 
means to ensure that all quality records
 
shall be legible and identifiable to the
 
product involved.
 
<concept>
 
1. goodness of the appropriate proce

dures
 
2. all quality records shall be legible
 

and
 
3. identifiable to the product involved
 

A Appropriate documents specify the
 
means to ensure that quality records
 
shall be stored and maintained in such a
 
way that they are readily retrievable in
 
facilities that provide a suitable envi
ronment to minimize deterioration or
 
damage and to prevent loss.
 
<concept>
 
1, goodness of the appropriate documents
 
2. quality records are stored and main

tained
 
3.	 in such a way that they are readily
 

retrievable in facilities that pro
vide a suitable environment to min
imize deterioration or damage and
 

4. to prevent loss
 

A Appropriate documents specify the re
tention times of quality records in
 
writing,
 
<concept>
 
1. goodness of the appropriate documents
 
2, retention times of quality records
 

shall be established and recorded.
 

A Appropriate documents specify that,
 
where agreed contractually, quality re
cords shall be made available for eve
luation by the purchaser or his repre
sentative for an agreed period.
 
<concept>
 

1.goodness of the appropriate procedures
 
2.quality records shall be made avail

able for evaluation by the purchaser
 
or his representative for an agreed
 
period.
 

IMPLEMENTATION
 

X Items To Be Audited
 X
 

2 Objective evidence exists to confirm
 
that identification ,collection, index
ing, filling, storage, maintenance and
 
disposition of quality records are per
formed in accordance with the appropri
ate procedures.
 
<concept>
 
1.	 identification and
 
2. collection and
 
3. indexing and
 
4. filing and
 
5. storage and
 
6. maintenance and
 
7. disposition of quality records
 
8. in accordance with the appropriate
 

procedures
 

N/A	 @ Appropriate records specified in N/A
 
points 10308, 20102(9), 30103, 60203,
 
70102, 80103, 90208, 100103, 100413,
 
110207, 110413, 120103, 130205, 180103
 
exist and are maintained (to be audited
 
in individual requirements).
 

0 Objective evidence exists to confirm
 
that point 160103 is performed in accor
dance with the appropriate documents.
 
<concept>
 
1. quality records shall be legible and
 
2. identifiable to the product involved
 
3. in accordance with the appropriate
 

documents
 

A Objective evidence exists to confirm
 
that point 160104 is performed in accor
dance with the appropriate documents.
 
<concept>
 
1. quality records are stored and main

tained
 
2, in such a way that they are readily
 

retrievable in facilities that pro
vide a suitable environment to min
imize deterioration or damage, and
 

3. to prevent loss
 
4. in accordance with the appropriate
 

documents
 

2 Objective evidence exists to confirm
 
that quality records are retained in
 
accordance with the appropriate docume
nts.
 
<concept>
 
1, retention times of quality records
 

are in accordance with the appropri
ate documents
 

A Objective evidence exists to confirm
 
that point 160106 is performed in accor
dance with the appropriate documents.
 
<concept>
 
1, quality records shall be made avail

able for evaluation by the purchaser
 
or his representative for an agreed
 
period
 

2. in accordance with the appropriate
 
documents
 

REMARK
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I7 INTERNAL DUALITY AUDITS DOCUMENTATION IMPLEMENTATION 

REMARK 
Items To Be Audited % Items To Be Audited % 

1701 hdarsalguaRty audits 

170101 
The supplier shall carry out a 
comprehensive system of planned 
and documented internal quality 
audits to verify whether quality 
activities comply with planned 
arrangements and to determine 
the effectiveness of the quality 
system. 

2 Appropriate documents specify the 
means to conduct a comprehensive system 
of planned and documented internal qual
ity audits to verify whether quality 
activities comply with planned arrange
ments and to determine the effectiveness 
of the quality system. 
<concepts> 

1. goodness of the appropriate documents 

0 Objective evidence exists to confirm 
that point 170101 is performed in accor
dance with the appropriate documents. 
<concepts> 
1. carry out internal quality audits 
2. to verify whether quality activities 

comply with planned arrangements and 
3. to determine the effectiveness of the 

quality system 
2. carry out a comprehensive system of 4. in accordance with the appropriate 

planned and documented internal documents 
quality audits 

3. to verify whether quality activities 
comply with planned arrangements and 

4. to determine the effectiveness of the 
quality system 

170102 
Audits shall be scheduled on the 2 Appropriate documents specify the A Objective evidence exists to confirm 

basis of the status and impor
tance of the activity. 

means to schedule audits on the basis of 
the status and importance of the activi
ty. 

that point 170102 is performed in accor
dance with the appropriate documents. 
<concepts, 

<concepts> 1. schedule audits based on the status 
1. goodness of the appropriate documents and 
2. schedule audits based on the status 2. importance of the activity 

and 3. in accordance with the appropriate 
3. importance of the activity documents 

170103 
The audits and follow-up actions 
shall be carried out in actor-

A Appropriate procedures specify the 
means to perform audits and follow-up 

A Objective evidence exists to confirm 
that point 170103 is performed in accor

dance with documented procedu
res. 

actions. 
<concepts> 

dance with the appropriate procedures. 
<concepts> 

1. goodness of the appropriate documents 1. carry out audits and follow-up 
2. audits and follow-up actions actions in accordance with the appro

priate documents 

170104 
The results of the audits shall A Appropriate documents specify the A Objective evidence exists to confirm 

be documented and brought to the means to ensure that the results of the that point 170104 is performed in accor

attention of the personnel hav audits shall be documented and brought dance with the appropriate documents. 

ing responsibility in the area to the attention of the personnel having <concepts> 

audited. responsibility in the area audited. 1. results of the audits shall be docu

<concepts> mented and 
1. goodness of the appropriate documents 2. brought to the attention of the per

2. results of the audits shall be docu sonnet having responsibility in the 
mented and area audited 

3. brought to the attention of the per 3. in accordance with the appropriate 
sonnet having responsibility in the documents 

area audited. 

170105 
The management personnel respon
sible for the area shall take 

2 Appropriate documents specify the 
means to ensure that the management per

2 Objective evidence exists to confirm 
that point 170105 is performed in accor

timely corrective action on the sonnet responsible for the area shall dance with the appropriate documents. 

deficiencies found by the audit. take timely corrective action on the <concepts> 

deficiencies found by the audit. 1. take timely corrective action on the 
<concepts> deficiencies found by the audit 

1. goodness of the appropriate documents 2. in accordance with the appropriate 
2. take timely corrective action on documents 

deficiencies found by the audit. 
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I8 TRAINING DOCUMENTATION IMPLEMENTATION 

REMARK 
Items To Be Audited X Items To Be Audited % 

1801 Training 

180101 
The supplier shall establish and 
maintain procedures for identi
fying the training needs and 
provide for the training of all 
personnel performing activities 
affecting quality during produc
tion and installation. 

A Appropriate procedures specify the 
means to identify the training needs and 
provide for the training of all person
nel performing activities affecting q
uality during production and installa
tion. 

<concepts> 

A Objective evidence exists to confirm 
that point 180101 is performed in error-
dance with the appropriate procedures. 
<concepts> 

1. identifying training needs 
2. provide for the training of all 

personnel performing activities 
1. goodness of the appropriate documents affecting quality during production 
2. identifying training needs and and installation 
3. provide for the training of 3. in accordance with the appropriate 
4. all personnel performing activities documents 

affecting quality during production 
and installation. 

180102 
Personnel performing specific 
assigned tasks shall be quali
tied on the basis of appropriate 
education, training and/or expe
rience, as required. 

A Appropriate documents specify the 
means to ensure that personnel perform
ing specific assigned tasks shall be 
qualified on the basis of appropriate 
education, training and/or experience, 
as required. 

A Objective evidence exists to confirm 
that point 180102 is performed in accor
dance with the appropriate documents. 
<concepts> 
1. personnel performing specific tasks 

shall be qualified based on 
<concepts> 2. appropriate education and 
1. goodness of the appropriate documents 3. training and/or 
2. personnel performing specific tasks 4. experience, as required 

shall be qualified based on 5. in accordance with the appropriate 
3. appropriate education and documents 
4. training and/or 
5. experience, as required 

180103 B Objective evidence exists to confirm 

Appropriate records of training 
shall be maintained. 

A Appropriate documents specify the 
means to maintain appropriate records of 

that point 180103 is performed in accor
dance with the appropriate documents. 

training. <concepts> 
<concepts> 1. maintain appropriate records of trai
l. goodness of the appropriate documents ning 
2. maintain appropriate records of trai 2. in accordance with the appropriate 

ning documents 

IN SERVICING DOCUMENTATION IMPLEMENTATION 

REMARK 
Items To Be Audited X Items To Be Audited % 

1801 Soirviekm 

190101 

Where servicing is specified in A Appropriate procedures specify the A Objective evidence exists to confirm 
the contract, the supplier shall means for, where servicing is specified that point 190101 is performed in accor
establish and maintain proce in the contract, performing and verify- dance with the appropriate documents. 
dures for performing and verif ing that servicing meets the specified <concepts> 
ying that servicing meets the requirements. 1. performing and 
specified requirements. <concepts> 2. verifying that servicing meets the 

1. goodness of the appropriate proce specified requirements 
dures 

2. performing and 
3. in accordance with the appropriate 

procedures 
3. verifying that servicing meets the 

specified requirements 

20 STATISTICAL TECNNIOUES DOCUMENTATION IMPLEMENTATION 

REMARK 
Items To Be Audited % Items To Be Audited % 

2001 Sunistkel techniques 

200101 
Where appropriate, the supplier A Appropriate procedures specify the A Objective evidence exists to confirm 
shall establish procedures for means to, where appropriate, identify that required statistical techniques are 
identifying adequate statistical adequate statistical techniques required used in accordance with the appropriate 
techniques required for verify- for verifying the acceptability of pro- procedures 
ing the acceptability of process cess capability and product characteris <concepts> 
capability and product charac tics. 1. identify adequate statistical tech
teristics. <concepts> niques required 

1. goodness of the appropriate documents 2. for verifying the acceptability of 
2. identifying adequate statistical tec process capability and 

hniques required 3. product characteristics 
3. for verifying the acceptability of 

process capability and 
4. in accordance with the appropriate 

documents 
4. product characteristics 
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APPENDIX 4B
 

CHECKLIST 2 FOR QUALITY AUDITS
 

Notes to Appendix:
 

1.	 This checklist is developed based on ISO 9002.
 

2.	 This checklist consists of three hierarchical levels: The first level includes requirement
 
levels numbered 1 to 18; the second level includes sub-requirement levels numbered 101 to
 
1801, with a total of 35 sub-requirements; the third level consists of statements numbered
 
10101 to 180101, a total of 105 statements.
 

3.	 The checklist is also divided into two question categories: documentation and implementation.
 
These categories are designed based on corresponding third level statements for performance
 
measures. There are 109 questions in the category for documentation and 106 questions in the
 
category for implementation. Each question is highlighted by several concepts which can be
 
used as sensing cells for performance measures.
 

4.
 

a)	 Requirement 2, "Quality System," focuses on the overall review and essential
 
components of a quality system. The documented procedures and implementations for a
 
particular quality activity are as specified in individual requirement 1, and 3 to 18.
 

b)	 Requirement 15, "Quality Records," focuses on general provisions for identification,
 
collection, indexing, filing, storage, maintenance and disposition of quality records.
 
The establishment and management of quality records for a particular activity is
 
specified in requirements 1, 2, 3, 5, 6, 7, 8, 9, 10, 11, 12, and 17.
 

c)	 Situations (a) and (b) should be considered during assessment of importance weights for
 
requirements 1 to 18.
 

5. Some terms are frequently used in the checklist, and may be defined (or explained) as follow:
 
a) Procedures: A specified way to perform an activity. A written or documented procedure
 

contains: the purposes and scope of an activity; what shall be done and by whom; when,
 
where and how it shall be done; what materials, equipment and documents shall be used;
 
and how it shall be controlled and recorded(ISO/DIS 8402, 1992).
 

b)	 Appropriate documents: Those written or documented materials that have the same func
tion as procedures, but which are simplified in content or use a different format.
 
Manuals, plans, instructions, charts, tables or lists are examples.
 

c)	 Objective evidence: Qualitative or quantitative information, records, or statements of
 
fact pertaining to the quality of an item or service or to the existence and implementa
tion of a quality system element, which is based on observation, measurement or test
 
and which can be verified (ISO 10011-2, 1990).
 

d)	 Goodness of the appropriate documents (procedures): Goodness indicates "the degree
 
of goodness" used to evaluate whether documents (or procedures) under audit are
 

documented in a good format, whether they are clear and sufficiently organized to
 
specify the means to perform a particular quality related activity.
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1 MANAGEMENT RESPONSIBILITY
 

101 Quaky polky
 

10101
 
The supplier's management shall
 
define and document its policy
 
and objectives for, and commit
ment to, quality.
 

10102
 
The supplier shall ensure that
 
this policy is understood, im
plemented and maintained at all
 
levels in the organization.
 

102 OrgankidWn
 

10203
 

The responsibility, authority
 
and the interrelation of all
 
personnel who manage, perform
 
and verify work affecting quali
ty shall be defined.
 

10204
 
The supplier shall identify in
house verification requirements,
 
provide adequate resources and
 
assign trained personnel for
 
verification activities.
 

°Verification activities shall
 
include inspection, test and
 
monitoring of the production and
 
installation processes and/or
 
product; audits of the quality
 
system, process and/or product.
 

10205
 
Verification activities shall be
 
carried out by personnel inde
pendent of those having direct
 
responsibility for the work be
ing performed.
 

10206
 

The supplier shall appoint a
 
management representative who,
 
irrespective of other responsi
bilities, shall have defined
 
authority and responsibility for
 
ensuring that the requirements
 
of ISO 9002 are implemented and
 
maintained.
 

103 Management review
 

10307
 
The quality system adopted to
 
satisfy the requirements of ISO
 
9002 shall be reviewed at appro
priate intervals by the suppli
er's management to ensure its
 
continuing suitability and ef
fectiveness.
 

DOCUMENTATION
 

Items To Be Audited 0
 

A Appropriate documents define the pot-

icy and objectives for, and commitment
 

to, quality.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. define and document
 
3. quality policy and objectives
 
4. commitment to quality
 

A Appropriate documents specify the
 
means to ensure that this policy is un
derstood, implemented and maintained at
 
all levels in the organization.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. this policy is understood and
 
3. implemented and
 
4. maintained
 
5. at all levels in the organization
 

A Appropriate documents specify the re
sponsibility, authority and the interre
lotion of all personnel who manage, per
form and verify work affecting quality.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. responsibility and
 
3. authority and
 
4. interrelation of
 
5. all personnel affecting quality
 

A Appropriate documents specify the p-

tanning of verification resources and
 
personnel, including identification of
 
in-house verification requirements, pro
vision of adequate resources, and as
signment of trained personnel for veri
fication activities.
 

<concepts>
 

1. goodness of the appropriate documents
 
2. identify in-house verification re

quirements
 
3, provide adequate resources
 
4. assign trained personnel
 

Appropriate documents specify that veri
fication activities shall be carried out
 
by personnel independent of those having
 
direct responsibility for the work being
 
performed.
 

<concepts>
 
1. goodness of the appropriate documents
 
2. carried out by independent personnel
 

A Appropriate documents specify that the
 
supplier shall appoint a management rep
resentative who, irrespective of other
 
responsibilities, shall have defined
 
authority and responsibility for ensur
ing that the requirements of ISO 9002
 
are implemented and maintained.
 
<concepts>
 

1. goodness of the appropriate documents
 
2. appoint a management representative
 
3. irrespective of other responsibili

ties
 
4. has authority and responsibility to
 

implement 8 maintain the requirements
 
of ISO 9002
 

A Appropriate documents specify the
 
means to ensure that the quality system
 
shall be reviewed at appropriate inter-

vats by the supplier's management to
 
ensure its continuing suitability and
 
effectiveness.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. review of quality system at appro

priate intervals
 
3. by the supplier management to
 
4. ensure continuing suitability and
 

effectiveness
 

IMPLEMENTATION
 

Items To Be Audited %
 

N/A
 

A Objective evidence exists to confirm
 
that point 10102 is performed in accor
dance with the appropriate documents.
 
<concepts>
 

1. this policy is understood and
 
2. implemented and
 
3. maintained
 
4. in accordance with the appropriate
 

documents
 

A Objective evidence exists to confirm
 
that all relevant personnel are perform
ing their work in accordance with the
 
statement of responsibility, authority,
 
and the interrelations described in the
 
appropriate documents.
 
<concepts>
 

1. performs work in accordance with the
 
appropriate documents
 

A Objective evidence exists to confirm
 
that point 10204 is performed in accor
dance with the appropriate documents.
 
<concepts>
 
1. provide adequate resources
 
2. assign trained personnel
 
3. in accordance with the appropriate
 

documents
 

A Objective evidence exists to confirm
 
that point 10205 is performed.
 
<concepts>
 

1. carried out by independent personnel
 
2. in accordance with the appropriate
 

documents
 

A Objective evidence exists to confirm
 
that an independent management represen
tative as specified in point 10206 has
 
been appointed.
 
<concepts>
 
1. appoint a management representative
 
2. irrespective of other responsibili

ties
 

3. has authority and responsibility to
 
implement 8 maintain the requirements
 
of ISO 9002
 

4. in accordance with the appropriate
 
documents
 

A Objective evidence exists to confirm
 
that point 10307 is performed in accor
dance with the appropriate documents.
 
<concepts>
 
1. review of quality system at appro

priate intervals
 
2. by the supplier's management to
 
3. ensure continuing suitability and
 

effectiveness
 
4. in accordance with the appropriate
 

documents
 

REMARK
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10308
 

The records of management review
 
shall be maintained.
 

Note: Management reviews nor-

malty include assessment of the
 
results of internal quality au
dits, but are carried out by, or
 
on behalf of, the supplier's
 
management, viz management per
sonnel having direct responsi
bility for the system.
 

2 QUALITY SYSTEM
 

201 Quality syslom
 

20101
 
The supplier shall establish and
 
maintain a documented quality
 
system as a means of ensuring
 
that product conforms to speci
fied requirements. This shall
 
include:
 

a) the preparation of document
ed quality system procedures
 
and instructions in accordance
 
with the requirements of ISO
 
9002.
 
b) the effective implementation
 

of the documented quality
 
system procedures and in
structions.
 

20102
 
Note: In meeting specified re
quirements,timely consideration
 
needs to be given to the follow
ing activities:
 

a) the preparation of quality
 
plans and a quality manual in
 
accordance with the specified
 
requirements.
 

b) the identification and acqu
isition of any controls, proses
ses, inspection equipment, fix
tures, total production resourc
es and skills that may be needed
 
to achieve the required quali
ty.
 

c) the updating, as necessary,
 
of quality control, inspection
 
and testing techniques, in
cluding the development of new
 
instrumentation.
 

d) the identification of any
 
measurement requirement involv
ing a capability that exceeds
 
the known state of the art in
 
sufficient time for the needed
 
capability to be developed.
 

A Appropriate documents specify the
 
means to maintain the records of manage-

meet review.
 
<concepts>
 

1. goodness of the appropriate documents
 
2. maintain the records of management
 

reviews
 

DOCUMENTATION
 

Items To Be Audited
 

A The quality system is documented by
 
means of quality manual, procedures,
 
plans, instructions and other appropri
ate documents which are well-planned and
 
systematically organized for the imple
mentation of quality management.
 
<concepts>
 
1. goodness of the appropriate documen

tation
 
2. quality manual, procedures, plans,
 

instructions or other appropriate
 
documents are
 

3. well planned, and
 
4. systematically organized
 

A See 1, 3 to 18
 

A Appropriate documents specify the
 
means to give timely consideration to
 
the preparation of quality plans and a
 
quality manual, in accordance with the
 
specified requirements
 
<concepts>
 
1. goodness of the appropriate document

ation
 
2. timely consideration
 
3. the preparation of quality plans and
 

a quality manual
 

4. in accordance with the specified re
quirements
 

A Appropriate documents specify the
 
means to give timely consideration to
 
the identification and acquisition of
 
any controls, processes, inspection eq
uipment, fixtures, total production re
sources and skills that may be needed to
 
achieve the required quality.
 
<concepts>
 

1, goodness of the appropriate documents
 
2. timely consideration
 
3. identification of controls, process

es, inspection equipment, fixtures,
 
total production resources and skills
 
needed to achieve required quality
 

4. acquisition of controls, processes,
 
inspection equipment, fixtures, total
 
production resources and skills need
ed to achieve quality
 

A appropriate documents specify the
 
means to give timely consideration to
 
the updating, as necessary, of quality
 
control, inspection and testing techiq
ues, including the development of new
 
instrumentation.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. timely consideration
 
3. necessary updating of quality con

trol, inspection and testing tech
niques, including the development of
 
new instrumentation
 

A appropriate documents specify the
 
means to give timely consideration to
 
the identification of any measurement
 
requirement involving a capability that
 
exceeds the known state of the art in
 
sufficient time for the needed capabili
ty to be developed.
 
<concepts>
 

1. goodness of the appropriate documents
 
2. timely consideration
 
3. identification of any measurement
 

requirement involving a capability
 
that exceeds the known state of the
 
art
 

4. in sufficient time for the needed
 
capability to be developed.
 

A Objective evidence exists to confirm 
that point 10308 is performed in accor
dance with the appropriate documents. 
<concepts> 

the records of management 
review 

2. in accordance with the appropriate 
documents 

0 

IMPLEMENTATION 

Items To Be Audited % 

N/A N/A 

A See 1, 3 to 18
 

A Objective evidence exists to confirm
 
that the preparation of quality plans
 
and a quality manual has been completed
 
in accordance with the appropriate docu
ments.
 
<concepts>
 
1. prepare quality plans and quality
 

manual in accordance with appropriate
 
documents
 

A Objective evidence exists to confirm
 
that point 20102(b) is performed in as
cordance with the appropriate documents.
 
<concepts>
 

1. identify, and
 
2. acquire needed controls, processes,
 

inspection equipment, fixtures, total
 
production resources and skills
 

3. in accordance with the appropriate
 
documents
 

A Objective evidence exists to confirm
 
that point 20102(c) is performed in ac
cordance with the appropriate documents.
 
<concepts>
 
1. update quality control, inspection
 

and testing techniques, including the
 
development of new instrumentation
 

2. in accordance with appropriate docu
ments
 

A Objective evidence exists to confirm
 
that point 20102(d) is performed in ac
cordance with the appropriate documents.
 
<concepts>
 
1. identifies needed measurement
 
2. in sufficient time
 
3. in accordance with the appropriate
 

documents
 

REMARK
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e) the clarification of stan- A appropriate documents specify the A Objective evidence exists to confirm 
dards of acceptability for all means to give timely consideration to that point 20102(e) is performed in ac
features and requirements, in- the clarification of standards of ac cordance with the appropriate documents. 
eluding those which contain a ceptability for all features and requ <concepts> 
subjective element. irements, including those which contain 1. clarify standards of acceptability 

subjective elements. for Fitt features and requirements 
<concepts> 2. in accordance with the appropriate 
1. goodness of the appropriate documents documents 
2. timely consideration 
3. clarification of standards of accept

ability 
4. all features and requirements 

f) the compatibility of the A appropriate documents specify the A Objective evidence exists to confirm 
production process, instailati means to give timely consideration to that point 20102(f) is performed in ae
on, inspection and test proce the compatibility of the production pro cordance with the appropriate documents. 
dures and the applicable docu cess, installation, inspection and test <concepts> 
mentation. procedures and the applicable documenta 1. compatible production process, ins

tion tallation, inspection and test proce
<concepts> dures and the applicable documenta
l. goodness of the appropriate documents tion 
2. timely consideration 2. in accordance with the appropriate 
3. compatibility of the production pro- documents 

cess, installation, inspection and 
test procedures and the applicable 
documentation. 

g) the identification and prep- A see 150101 N/A A see 150101 N/A 
oration of quality records. 

3 CONTRACT REVIEW DOCUMENTATION IMPLEMENTATION 

REMARK 
Items To Be Audited % Items To Be Audited % 

301 Contract Nohow 

30101 

The supplier shall establish and A Appropriate procedures specify the 3 Objective evidence exists to confirm 

maintain procedures for contract means to perform contract review and for that contract review and relevant coor
review and for the coordination the coordination of these activities. dination activities are performed in ac
of these activities. <concepts> cordance with the appropriate procedu

1. goodness of the appropriate proce res. 
dures < concepts> 

2. contract review and 1. review contract 
3. the coordination of these activities 2. coordinate relevant activities 

3. in accordance with the appropriate 
procedures 

30102 
Each contract shall be reviewed A Appropriate documents specify the A Objective evidence exists to confirm 
by the supplier to ensure that: means for reviewing each contract to that point 30102 is performed in accor
a) The requirements are adequa ensure that: dance with the appropriate documents. 

tely defined and documented; a) The requirements are adequately <concepts> 

b) Any requirements differing defined and documented; 1. the requirements are adequately 

from those in the tender are b) Any requirements differing from defined and documented 
resolved; those in the tender are resolved; 2. any requirements differing from those 

c) The supplier has the capabil
ity to meet contractual re

c) The supplier has the capability to 
meet contractual requirements; 

in the tender are resolved 
3. the supplier has the capability to 

quirements. <concepts> meet contractual requirements 
1. goodness of the appropriate documents 4. in accordance with the appropriate 
2. each contract shall be reviewed documents 
3. requirements are adequately defined 

and documented 
4. requirements differing from those 

in the tender are resolved 
5. the supplier has the capability to 

meet contractual requirements 

30103 
Records of such contract reviews A Appropriate documents specify the A Objective evidence exists to confirm 
shall be maintained. means to maintain the records of con- that records of contract review are 

tract review. maintained in accordance with the appro
<concepts> priate documents. 
1. goodness of the appropriate documents <concepts> 
2. maintain records 1. maintain records 

2. in accordance with the appropriate 
documents 
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4 DOCUMENT CONTROL DOCUMENTATION IMPLEMENTATION 

REMARK 
Items To Be Audited X Items To Be Audited % 

401 Dosmantapprovaland isms 

40101 

All documents and data that re- A Appropriate procedures specify the A Objective evidence exists to confirm 

late to the requirements of ISO
9002 shall be reviewed and ap
proved for adequacy by author-

means to ensure that all related docume
nts shall be reviewed and approved for 
adequacy by authorized personnel prior 

that point 40101 is performed in error-
dance with the appropriate procedures. 
<concepts> 

ized personnel prior to issue. to issue. 
<concepts> 

1. related documents reviewed and op
proved for adequacy 

1. goodness of the appropriate proce 2. by authorized personnel 
dures 3. prior to issue 

2. all related documents 4. in accordance with the appropriate 
3. shall be reviewed and approved for procedures 

adequacy 
4. by authorized personnel 
5. prior to issue 

40102 
The pertinent issues of appro
priate documents are available 
at all locations where operati
ons essential to the effective 

A Appropriate procedures specify the 
means to ensure that the pertinent is
sues of appropriate documents are avail
able at all locations where operations 

A Objective evidence exists to confirm 
that point 40102 is performed in error-
dance with the appropriate procedures. 
<concepts> 

functioning of the quality sys
tem are performed 

essential to the effective functioning 
of the quality system are performed. 
<concepts> 

1. pertinent issues are available at 
appropriate locations 

2. in accordance with the appropriate 
1. goodness of the appropriate proce procedures 

dures 
2. pertinent issues of appropriate docu

ments 
3. available at all appropriate locat

ions 

40103 
Obsolete documents are promptly 
removed from all points of issue 
or use. 

A Appropriate procedures specify the 
means to ensure that obsolete documents 
are promptly removed from all points of 

A Objective evidence exists to confirm 
that point 40103 is performed in error-
dance with the appropriate procedures. 

issue or use <concepts> 
<concepts> 1. obsolete documents are promptly re-
l. goodness of the appropriate proce moved 

dures 2. in Accordance with the appropriate 
2. obsolete documents are promptly re- procedures 

moved 
3. from all points of issue or use 

402 Document changes' 

modifications 

40204 
Changes to documents shall be 
reviewed and approved by the 
same functions/organizations 
that performed the original re
view and approval unless specif
ically designated otherwise. 
(The designed organizations 
shall have access to pertinent 
background information upon 
which to base their review and 
approval.) 

A Appropriate procedures specify the 
means to ensure that changes to docu
menus shall be reviewed and approved by 
the same functions/organizations that 
performed the original review and appr
oval unless specifically designated oth
erwise. 
<concepts> 

1. goodness of the appropriate proce
dures 

2. changes to documents shall be re
viewed and approved 

A Objective evidence exists to confirm 
that point 40204 is performed in error-
dance with the appropriate procedures. 
<concepts> 

1. changes to documents shall be re
viewed and approved 

2. by the same functions/organizations 
3. in accordance with the appropriate 

procedures 

3. by the same functions/organizations 

40205 
Where practicable, the nature of 
the change shall be identified 
in the document or the appropri
ate attachments. 

U Appropriate procedures specify the 
means to ensure that, where practicable, 
the nature of the change shall be 'den
tified in the document or the appropri-

A Objective evidence exists to confirm 
that point 40205 is performed in error-
dance with the appropriate procedures. 
<concepts> 

ate attachments. 1. the nature of the change shall be 
<concepts> identified in the document or the 
1. goodness of the appropriate proce appropriate attachments 

dures 2. in accordance with the appropriate 
2. the nature of the change shall be procedures 

identified in the document or the 
appropriate attachments 

40206 
A master list or equivalent doc
ument control procedure shall be 
established to identify the cur
rent revision of documents in 
order to preclude the use of 

A A master list or equivalent document 
control procedure shall be established 
to identify the current revision of doc
uments in order to preclude the use of 
non-applicable documents. 

A Objective evidence exists to confirm 
that the current revision of documents 
can be identified to preclude the use o f 
non-applicable documents in accordance 
with the appropriate documents. 

non-applicable documents. 
1<concepts>1. goodness of the appropriate documents 1<concepts>1. identify the current revision of 
2. identify the current revision of doc- documents 

uments 2. in accordance with the appropriate 
documents 

40207 
Documents shall be re-issued af
ter a practical number of cha
nges have been made. 

U Appropriate procedures specify the 
means to ensure that documents shall be 
reissued after a practical number of 

A Objective evidence exists to confirm 
that point 40207 is performed in accor
dance with appropriate procedures. 

changes have been made. <concepts> 
<concepts> 1. documents shall be re-issued after a 
1. goodness of the appropriate proce

dures 
practical number of changes have 
been made 

2. documents shall be re-issued after a 2. in accordance with the appropriate 
practical number of changes have procedures 
been made 
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6 PURCHASING
 

601 Gaunt provisHns
 

50101
 
The supplier shall ensure that
 
purchased product conforms to
 
specified requirements.
 

602 Asumment of Nib-


contractor. 

50202
 
The supplier shall select sub
contractors on the basis of
 
their ability to meet sub
contract requirements, including
 
quality requirements.
 

50203
 
The supplier shall establish and
 
maintain records of acceptable
 
sub-contractors.
 

50204
 
The selection of sub-contracto
rs, and the type and extent of
 
control exercised by the suppli
er, shall be dependent upon the
 
type of product and, where ap
propriate, on records of sub
contractors' previously demon
strated capability and perfor
mance.
 

50205
 
The supplier shall ensure that
 
quality system controls are ef
fective.
 

603 Pwm1INski daft
 

50306
 
Purchasing documents shall con
tain data clearly describing the
 
product ordered,including,where
 
applicable,
 
a) the type, class, style,
 
grade or other precise identifi
cation;
 
b) the title or other positive
 
identification, and applicable
 
issue of specifications, draw
ings, process requirements, in
spection instructions and other
 
relevant technical data, includ
ing requirements for approval or
 
qualification of product, proce
dures, process equipment and
 
personnel;
 
c) the title, number and issue
 

of the quality system interne
tional standard to be applied to
 
the product.
 

DOCUMENTATION
 

Items To Be Audited
 

A Appropriate documents specify the
 
means to ensure that purchased product
 
conforms to specified requirements.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. purchased product conforms to speci

fled requirements
 

A Appropriate documents specify the
 
means to select sub-contractors on the
 
basis of their ability to meet sub-con
tract requirements, including quality
 
requirements
 
<concepts>
 
1. goodness of the appropriate documents
 
2. select sub-contractors based on abil

ity to meet sub-contract require
ments, including quality requirements
 

A Appropriate documents specify the
 
means to establish and maintain records
 
of acceptable sub-contractors.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. establish and
 
3. maintain records of acceptable sub

contractors.
 

A Appropriate documents specify the 
means to ensure that the selection of
 
sub-contractors, and the type and extent
 
of control exercised by the supplier,
 
shall be dependent upon the type of pro
duct and, where appropriate, on records
 
of sub-contractors' previously demonstr
ated capability and performance.
 
<concepts>
 

1. goodness of the appropriate documents
 
2. selection of sub-contractors, and the
 

type and extent of control
 
3. depend upon the product, and
 
4. appropriate records of sub-contrac

tors' previously demonstrated capa
bilities and performance.
 

A Appropriate documents specify the ways
 
to ensure that quality system controls
 
are effective.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. ensure effective quality system con-


trots
 

a Appropriate documents specify the
 
means to ensure that purchasing docum
ents shall contain data clearly describ
ing the product ordered, including,
 
where applicable,
 
a) the type, class, style, grade or
 

other precise identification;
 
b) the title or other positive identi

fication, and applicable issue of speci
fications, drawings, process requiremen
ts, inspection instructions and other
 
relevant technical data, including re
quirements for approval or qualification
 
of product, procedures, process equip-

meat and personnel;
 
c) the title, number and issue of the
 

quality system international standard to
 
be applied to the product
 
<concepts>
 

1. goodness of the appropriate documents
 
2. purchasing documents contain data
 

clearly describing the product order
ed, including applicable items listed
 
in 50306 (a) and
 

3. (b) and
 
4. (c)
 

IMPLEMENTATION
 

0
X Items To Be Audited
 

A Objective evidence exists to confirm
 
that purchased product conforms to spec
ified requirements.
 
<concepts>
 
1. purchased product conforms to speci

fied requirements
 
2. in accordance with the appropriate
 

documents
 

A Objective evidence exists to confirm
 
that point 50202 is performed in accor
dance with the appropriate documents.
 
<concepts>
 
1. select sub-contractors based on the
 

ability to meet sub-contract require
 
ments, including quality require
ments.
 

2. in accordance with the appropriate
 
documents
 

A Objective evidence exists to confirm
 
that records of acceptable sub-contrac
tors are established and maintained in
 
accordance with the appropriate docuoe
nts.
 
<concepts>
 
1. establish and
 
2. maintain records of acceptable sub

contractors
 
3.	 in accordance with the appropriate
 

documents
 

A Objective evidence exists to confirm
 
that point 50204 is performed in accor
dance with the appropriate documents.
 
<concepts>
 

1. selection of sub-contractors, and the
 
type and extent of control depend
 
upon the product, and
 

2. appropriate records of sub-contract
ors' previously demonstrated cape
bilities and performance.
 

3. in accordance with the appropriate
 
documents
 

A Objective evidence exists to confirm
 
that quality system controls are effec
tive.
 

<concepts>
 
1. quality system controls are effec-


Lively operating
 
2. in accordance with the appropriate
 

documents
 

a Objective evidence exists to confirm
 
that purchasing documents contain data
 
clearly describing the product ordered,
 
including applicable items specified in
 
point 50306 (a) to (c).
 
<concepts>
 
1. purchasing documents contain data
 

clearly describing the product or
dered, including applicable items
 
listed in 50306 (a) and
 

2. (b) and
 
3. (c)
 
4. in accordance with the appropriate
 

documents
 

REMARK
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50307 
The supplier shall review and
 
approve purchasing documents for
 
adequacy of specified require-

nests prior to release.
 

604 Valfiestion of purchased
 

products
 

W50408here specified in the contr
act the purchaser or his repre
sentative shall be afforded the
 
right to verify at source or
 
upon receipt that purchased pro
duct conforms to specified re
quirements.
 

verification by the purchaser
 
shall not absolve the supplier
 
of his responsibility to provide
 
acceptable product nor shall it
 
preclude subsequent rejection.
 

50410
 
When the purchaser or his rout
esentative elects to carry out
 
verification at the sub-contrac
tor's plant, such verification
 
shall not be used by the suppli
er as evidence of effective con-

trot of quality by the sub-con
tractor.
 

8 PURCHASER SUPPLIED PRODUCT
 

801 Purchasd applied product
 

60101
 
The supplier shall establish and
 
maintain procedures for verifi
cation, storage and maintenance
 
of purchaser supplied product
 
provided for incorporation into
 
the supplies.
 

60102
 
Any purchaser supplied product
 
that is lost, damaged or is nth
erwise unsuitable for use shall
 
be recorded and reported to the
 
purchaser.
 

Note:
 

Verification by the supplier
 
does not absolve the purchaser
 
of the responsibility to provide
 
an acceptable product.
 

0 Appropriate documents specify the
 
means to review and approve purchasing
 
documents for adequacy of specified re
quirements prior to release.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. review and approve purchasing docu

ments
 
3. for adequacy of specified require-


Merits
 

4. prior to release
 

0 Appropriate documents specify the
 
means to ensure that, where specified in
 
the contract, the purchaser or his rep
resentative shall be afforded the right
 
to verify at source or upon receipt that
 
purchased product conforms to specified
 
requirements
 
<concepts>
 
1. goodness of the appropriate documents
 
2. the purchaser or his representative
 

has the right to verify purchased
 
product at source or upon receipt
 

3. conforms to specified requirements
 

a Appropriate documents specify the
 
means to ensure that verification by the
 
purchaser shall not absolve the supplier
 
of his responsibility to provide accep
table product, nor shall it preclude
 
subsequent rejection.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. verification by the purchaser shall
 

not absolve the supplier of his re
sponsibility to provide acceptable
 
product
 

3. nor shall it preclude subsequent re
jection
 

0 Appropriate documents specify the
 
means to ensure that, when the purchaser
 
or his representative elect to carry out
 
verification at the sub-contractor's
 
plant, such verification shall not be
 
used by the supplier as evidence of ef
fective control of quality by the sub
contractor.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. verification shall not be used by the
 

supplier as evidence of effective
 

DDCUNIENTATION
 

Items To We Audited
 

0 Appropriate procedures specify the
 
means of verification, storage and main
tenance of purchaser supplied product
 
provided for incorporation into the sup
plies.
 
<concepts>
 
1. goodness of the appropriate proce

dures
 
2. specify the means for verification,
 

and
 
3. storage and
 
4. maintenance of purchaser supplied
 

product
 

2 Appropriate documents specify the
 
means to ensure that any purchaser sup
plied product that is lost, damaged or
 
is otherwise unsuitable for use shall be
 
recorded and reported to the purchaser.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. any purchaser supplied product that
 

is lost, damaged or otherwise unsuit
able for use
 

3. shall be recorded and
 
4. reported
 
5. to the purchaser
 

0 Objective evidence exists to confirm
 
that point 50307 is performed in accor
dance with the appropriate documents.
 
<concepts>
 
1. review and approve purchasing docu

nests
 
2. for adequacy of specified require-


nests
 
3. prior to release
 
4.	 in accordance with the appropriate
 

documents
 

a Objective evidence exists to confirm
 
that point 50408 is performed in accor
dance with appropriate documents.
 
<concepts>
 
1. verifies the purchased product at
 

source or upon receipt
 
2. by purchaser or his representative
 
3. conforms to specified requirements
 
4. in accordance with the appropriate
 

documents
 

g Objective evidence exists to confirm
 
that point 50409 is performed in actor-

dance with the appropriate documents.
 
<concepts>
 
1. verification by the purchaser shalt
 

not absolve the supplier of his re
sponsibility to provide acceptable
 
product
 

2. nor shall it preclude subsequent re
jection
 

3. in accordance with the appropriate
 
documents
 

a Objective evidence exists to confirm
 
that point 50410 is performed in accor
dance with the appropriate documents.
 
<concepts>
 

1. verification shall not be used by the
 
supplier as evidence of effective
 
control of quality by the sub-con
tractor
 

2. in accordance with the appropriate
 
documents
 

IMPLEMENTATION
 

X Items To Be Audited 0
 

0 Objective evidence exists to confirm
 
that verification, storage and mainte
nance of purchaser supplied product are
 
performed in accordance with the appro
priate procedures.
 
<concepts>
 

1. perform verification and
 
2. storage and
 
3. maintenance of purchaser supplied
 

product
 
4. in accordance with the appropriate
 

procedures
 

0 Objective evidence exists to confirm
 
that point 60102 is performed in accor
dance with the appropriate documents.
 
<concepts>
 
1. any purchaser supplied product that
 

is lost, damaged or otherwise unsuit
able for use shall be recorded and
 

2. reported
 
3. to the purchaser
 
4. in accordance with the appropriate
 

documents
 

REMARK
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7 PRODUCT IDENTIFICATION DOCUMENTATION IMPLEMENTATION 

AND TRACEABILITY REMARK 
Items To Be Audited % Items To Be Audited % 

701 Prm100 WintifkatIon and tr Silky 

70101 

Where appropriate, the supplier 
shall establish and maintain A Appropriate procedures specify the B Objective evidence exists to confirm 

procedures for identifying the 
product from applicable drawin
gs, specifications or other doc
uments, during all stages of 
production, delivery and instal-
lotion. 

means for identifying the product from 
applicable drawings, specifications or 
other documents, during all stages of 
production, delivery and installation. 
<concepts> 
1. goodness of the appropriate proce

that the product is identified from ap
plicable drawings, specifications or 
other documents, during all stages of 
production, delivery and installation, 
in accordance with the appropriate pro
cedures. 

dures <concepts> 

2. identifying the product 1. identifying the product 
3. from applicable drawings, specificat 2. from applicable drawings, specifica

ions or other documents tions or other documents 
4. during all stages of production, de 3. during all stages of production, de

livery and installation livery and installation 
4. in accordance with the appropriate 

procedures 

70102 
Where and to the extent that 0 Appropriate documents specify the B Objective evidence exists to confirm 

traceability is a specified re
quirement, individual product or 
batches shall have a unique ide
ntification. 

means to ensure that where, and to the 
extent that, traceability is a specified 
requirement, individual product or bat
ches shall have a unique identification. 

that specified products or batches bear 
unique identifications in accordance 
with the appropriate documents. 
<concepts> 

<concepts> 1. individual product or batches shall 
1. goodness of the appropriate documents have a unique identification 
2. individual product or batches shall 2. in accordance with the appropriate 
have a unique identification procedures 

70103 
The identification mentioned in 0 Appropriate documents specify the 0 Objective evidence exists to confirm 

point 70102 shall be recorded. means to record the identification men
tioned in point 70102 

that the identification is recorded in 
accordance with the appropriate docume

<concepts> nts. 
1. goodness of the appropriate documents <concepts> 
2. the identification shall be recorded 1. the identification shall be recorded 

2. in accordance with the appropriate 
documents 

II PROCESS CONTROL DOCUMENTATION IMPLEMENTATION 

REMARK 
Items To Be Audited 0 Items To Be Audited 0 

801 Consul provisions 

80101 
The supplier shall identify and a Appropriate documents specify the A Objective evidence exists to confirm 

plan the production and, where 
applicable, installation proces
ses which directly affect quali

means to ensure that the supplier shall 
identify and plan the production and, 
where applicable, installation processes 

that point 80101 is performed in accor
dance with the appropriate documents. 
<concepts> 

ty, which directly affect quality. 1. identify and 
<concepts> 2. plan the production and applicable 
1. goodness of the appropriate documents installation processes which directly 
2. identify and affect quality 
3. plan the production and applicable 3. in accordance with the appropriate 

installation processes which directly documents 
affect quality 

80102 
The supplier shall ensure that 
the processes indicated in point 

A Appropriate documents specify the 
means to ensure that the processes indi-

A Objective evidence exists to confirm 
that point 80102 is performed in accor

80101 are carried out with the cated in point 80101 are carried out dance with the appropriate documents. 

availability of documented work 
instructions defining the manner 
of production and installation, 

with the availability of documented work 
instructions, defining the manner of 
production and installation, use of sui

<concepts> 
1. appropriate processes are carried 

out with the availability of docu

use of suitable production and 
installation equipment, suitable 

table production and installation equip-
meat, suitable working environment, con

mented work instruction and 
2. use of suitable production and 

working environment, compliance pliance with reference standards/codes installation equipment and 

with reference standards/codes 
and quality plans. 

and quality plans. 
<concepts> 

3. suitable working environment and 
4. compliance with reference standards/ 

1. goodness of the appropriate documents codes and quality plans 
2. appropriate processes are carried out 5. in accordance with the appropriate 

with the availability of documented documents 
work instruction and 

3. use of suitable production and 
installation equipment and 

4. suitable working environment and 
5. compliance with reference standards/ 

codes and quality plans 

80103 
The supplier shall ensure that 
suitable process and product 

0 Appropriate documents specify the 
means to ensure that suitable process 

A Objective evidence exists to confirm 
that point 80103 is performed in actor-

characteristics are under moni
toring and control during pro-

and product characteristics are under 
monitoring and control during production 

dance with appropriate documents. 
<concepts> 

duction and installation. and installation. 1. suitable process and product charac
<concepts> teristics are under monitoring and 
1. goodness of the appropriate documents control 
2. suitable process and product charac 2. during production and installation 

teristics are under monitoring and 3. in accordance with appropriate docu
control ments 

3. during production and installation 
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80104
 
The supplier shall ensure the
 
approval of processes and equip
ment, as appropriate.
 

80105
 

The supplier shall ensure that
 
the criteria for workmanship
 
shall be stipulated, to the gre
atest practicable extent, in
 
written standards or by means of
 
representative samples.
 

202 Specinl proem.
 

80206
 
Special processes' shall be under
 

continuous monitoring and/or
 
compliance with documented pro
cedures to ensure that the spec
ified requirements are met.
 

80207
 
The special processes shall be
 

qualified and shall also comply
 
with the requirements of point
 
80101-80105
 

80208
 
Records shall be maintained for
 

processes, equipment
 
and
and personnel, as appropriate.
 

special processes are those
 
processes, the result of which
 
cannot be fully verified by sub
sequent inspection and testing
 
of the product and where, for
 
example, processing deficiencies
 
may become apparent only after
 
the product is in use.
 

IINSPECTION AND TESTING
 

801 hasivirgimpuction and
 

testing
 

90101
 

Except in the circumstances de
scribed in point 90103, the sup
plier shall ensure that incoming
 
product is not used or processed
 
until it has been inspected or
 
otherwise verified as conforming
 
to specified requirements.
 

Verification shall be in actor-

dance with the quality plan or
 
documented procedures.
 

2 Appropriate documents specify the
 
means to ensure the approval of process
es and equipment, as appropriate.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. ensure the approval of appropriate
 

processes and
 
3. equipment
 

A Appropriate documents specify the
 
means to ensure that the criteria for
 
workmanship shall be stipulated, to the
 
greatest practicable extent, in written
 
standards or by means of representative
 
samples.
 
< concepts>
 
1. goodness of the appropriate documents
 
2. stipulate the criteria for workman

ship
 
3. to the greatest practicable extent in
 

written standards or by means of
 
representative samples
 

A Appropriate documents specify means to
 
ensure that the special processes shall
 
be under continuous monitoring and/or
 
compliance with documented procedures to
 
ensure that the specified requirements
 
are met.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. special processes shall be under
 

continuous monitoring and/or
 
3. compliance with documented procedure
 

to ensure that the specified require
ments are met
 

A Appropriate documents specify the
 
means to ensure that the special pro
cesses shall be qualified and shall also
 
comply with the requirements of points
 
80101- 80105
 
<concepts>
 
1. goodness of the appropriate documents
 
2. the special processes shall be quail-


fled
 

3. the special processes shall comply
 
with the requirements of 80101 and
 

4. 80102 and
 
5. 80103 and
 
6. 80104 and
 
7. 80105
 

A Appropriate documents specify the
 
means to maintain records for qualified
 
processes, equipment and personnel, as
 
appropriate.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. maintain records for appropriate qua

lified processes and
 
3. equipment and
 
4. personnel
 

_
 

DOCUMENTATION
 

Items To Be Audited
 %
 

A Appropriate documents specify the
 
means to ensure that incoming product is
 
not used or processed until it has been
 
inspected or otherwise verified as con
forming to specified requirements.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. incoming product is not used or pro

cessed until it has been inspected or
 
otherwise verified as conforming to
 
specified requirements.
 

A Quality plan or documented procedures
 
specify the means to perform verifies
tion for receipt for inspection and t
esting.
 

<concepts>
 
1. goodness of the appropriate documents
 

(quality plan or documented prose-

lures)
 

2. verification for receiving inspec
tion and testing
 

A Objective evidence exists to confirm
 
that point 80104 is performed in accor
dance with the appropriate documents.
 
<concepts>
 
1. approval of appropriate processes and
 

equipment
 
2.	 in accordance with the appropriate
 

documents
 

A Objective evidence exists to confirm
 
that point 80105 is performed in eccor
dance with the appropriate documents.
 
sconcepts>
 

1. appropriate jobs are performed as
 
stipulated workmanship in accordance
 
with the appropriate documents
 

A Objective evidence exists to confirm
 
that point 80206 is performed in senor-

dance with the appropriate documents.
 
<concepts>
 
1. special processes shall be under
 

continuous monitoring and/or
 
2. compliance with documented procedures
 

to ensure that the specified require
ments are met
 

3. in accordance with the appropriate
 
documents
 

A Objective evidence exists to confirm
 
that point 80207 is performed in actor-

dance with the appropriate documents.
 
<concepts>
 

1. the special processes shall be quali
fled
 

2. the special processes shall comply
 
with the requirements of 80101 and
 

3. 80102 and
 
4. 80103 and
 
5. 80104 and
 
6. 80105
 
7. in accordance with the appropriate
 

documents
 

A Appropriate records for qualified pro
cesses, equipment and personnel are n
aintained in accordance with the appro
priate documents.
 
<concepts>
 
1. maintain records for appropriate qua

lified processes, equipment and per-

sonnet
 

2. in accordance with the appropriate
 
documents
 

IMPLEMENTATION
 

Items To Be Audited %
 

A Objective evidence exists to confirm
 
that point 90101 is performed in accor
dance with the appropriate documents.
 
<concepts>
 

1. incoming product is not used or pro
cessed until it has been inspected or
 
otherwise verified as conforming to
 
specified requirements.
 

2. in accordance with the appropriate
 
documents
 

A Objective evidence exists to confirm
 
that verification is performed in actor-

dance with the quality plan or appro
priate procedures.
 
<concepts>
 

1. verification for receiving inspec
tion and testing
 

2. in accordance with the appropriate
 
documents
 

REMARK
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90103 
Where incoming product is relea a Appropriate documents specify the a Objective evidence exists to confirm 
sed for urgent production pur means to positively identify and record that point 90103 is performed in error-
poses, it shall be positively the urgent release of incoming product dance with appropriate documents. 
identified and recorded in order for immediate recall and replacement in <concepts> 

to permit immediate recall and the event of nonconformance to specified 1. positively identify and 
replacement in the event of non- requirements. 2. record the urgent release of incoming 
conformance to specified requ <concepts> products for immediate recall and re
irements 1. goodness of the appropriate documents placement 

2. positively identify and 3. in accordance with the appropriate 
3. record the urgent release of incoming documents 

products for immediate recall and re
placement 

90104 
Note: In determining the amount a Appropriate documents considering con- a Objective evidence exists to confirm 
and nature of receiving inspec trol exercised at source and documented that the amount and nature of receiving 
tion, consideration should be evidence of quality conformance provided inspection is determined by control ex-
given to the control exercised to determine the amount and nature of ercised at source and documented evide
at source and documented evide receiving inspection. nce of quality conformance provided 
nce of quality conformance pro <concepts> <concepts> 

vided. 1. goodness of the appropriate documents 1. determine the amount and nature of 
2. determine the amount and nature of receiving inspection upon considering 

receiving inspection upon considering control exercised at source and docu
control exercised at source and mented evidence of quality conform 

documented evidence of quality con- once provided 
formance provided 2. in accordance with the appropriate 

documents 

902 lisprecomm inspection and tasting 

90205 
The supplier shall inspect, test 
and identify product as required 
by the quality plan or document
ed procedures. 

a Quality plan or documented procedures 
specify the means to perform all re
quired in-process inspection, testing, 
and identification. 
<concepts> 

a Objective evidence exists to confirm 
that all necessary in-process inspection 
and testing are performed in accordance 
with the quality plan or documented pro
cedures. 

1. goodness of the appropriate documents <concepts> 

(quality plan or documented proced 1. perform in-process inspection, test
ures) ing and 

2. perform all required in-process in 2. identification 
spection, testing and 3. in accordance with the appropriate 

3. identification documents 

90206 
The supplier shall establish a Appropriate documents specify the 0 Objective evidence exists to confirm 
product conformance to specified means to use monitoring and control m- that point 90206 is performed in accor
requirements by use of process ethods to establish product conformance dance with the appropriate documents. 
monitoring and control methods. to specified requirements. <concepts> 

<concepts> 1. establish product conformance to spe
1. goodness of the appropriate documents cified requirements by use of process 
2. establish product conformance to spe monitoring and 

cified requirements by use of process 2. control method 
monitoring and 3. in accordance with the appropriate 

3. control method documents 
90207 
Except when product is released 2 Appropriate documents specify the a Objective evidence exists to confirm 
under positive recall procedUr means to hold product until the required that point 90207 is performed in accor
es, the supplier shall hold pro- inspections and tests have been complet dance with the appropriate documents. 
duct until the required inspec ed or necessary reports have been recei <concepts> 
tions and tests have been can ved and verified (except when released 1. hold product until the required in
pleted or necessary reports have under positive recall procedures). spections and tests have been cam 
been received and verified. <concepts> pleted or necessary reports have been 

1. goodness of the appropriate documents received and verified (except when 
2. hold product until the required in- product is released under positive 

spections and tests have been can- recall procedures) 
pleted or necessary reports have been 2. in accordance with the appropriate 
received and verified (except when documents 
released under positive recall proce 
dures) 

90208 
Release under positive recall 2 Appropriate documents specify that the a Objective evidence exists to confirm 
procedures shall not preclude release under positive recall procedures that point 90208 is performed in accor
the activities outlined in point shall not preclude the activities out- dance with the appropriate documents. 
90205. lined in point 90205. <concepts> 

<concepts> 1. release under positive recall proce
1. goodness of the appropriate documents dures shall not preclude the activi 
2. release under positive recall proce ties outlined in point 90205. 

dures shall not preclude the activi 2. in accordance with the appropriate 
ties outlined in point 90205. documents 

90209 
The supplier shall identify non- a Appropriate documents specify the a Objective evidence exists to confirm 
conforming product. means to identify nonconforming product. that non-conforming product is identi

<concepts> fied in accordance with the appropriate 
1. goodness of the appropriate documents documents. 
2. identify non-conforming product <concepts> 

1. identify non-conforming product 
2. in accordance with appropriate docu

ments 

903 Finalimpection and testing 

90310 
The quality plan or documented 2 Appropriate quality plan or documented a Objective evidence exists to confirm 

procedures for final inspection procedures for final inspection and tes that the timing of performing final in-

and testing shall require that Ling require that all specified inspec spection and testing is in accordance 

all specified inspection and tion and tests, including those speci with the appropriate quality plan and 

tests, including those specified 
either on receipt of product or 
in process, have been carried 

fied either on receipt of product or in 
process, have been carried out and that 
the data meets specified requirements. 

documented procedures. 
<concepts> 
1. perform final inspection and testing 

out and that the data meets sp
ecified requirements. 

< concepts> 

1. goodness of the appropriate documents 
after all specified inspection and 
tests, including those specified 

(quality plan or procedures) either on receipt of product or in 
2. require that all specified inspection process, have been carried out, and 

and tests, including those specified 2. that the data meets specified requir
either on receipt of product or in ements 
process, have been carried out and 3. in accordance with the appropriate 

3. that the data meets specified requir documents 
cents 
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100103 

90311
 
The supplier shall carry out all
 
final inspection and testing in
 
accordance with the quality plan
 
or documented procedures to com
plete the evidence of conforms
nce of the finished product to
 
the specified requirements.
 

90312
 
No product shall be despatched
 
until all the activities speci
fied in the quality plan or doc
umented procedures have been
 
satisfactorily completed and the
 
associated data and documenta
tion is available and authori
zed.
 

Mialnapagtmn and teemed.
 

90413
 
The supplier shall establish and
 
maintain records which give evi
dence that the product has
 
passed inspection and/or test
 
with defined acceptance criteria
 

10 INSPECTION, MEASURING AND TEST
 

EQUIPMENT
 

1001 Inspeetio. laming
 

100101
 

The supplier shall identify the
 
measurements to be made, the
 
accuracy required; and select
 
the appropriate inspection, mea
suring and test equipment.
 

100102
 
Inspection, measuring and test
 
equipment shall be used in a
 
manner which ensures that mea
surement uncertainty is known
 
and is consistent with the re
quired measurement capability
 

The supplier shall ensure that
 
the inspection, measuring and
 
test equipment is capable of the
 
accuracy and precision necessa
ry.
 

A Appropriate quality plan or documented
 
procedures specify the means of perform
ing final inspection and testing to cam
plete the evidence of conformance of the
 
finished product to the specified requi
rements.
 
<concepts>
 
1. goodness of the appropriate documents
 

(quality plan or documented proce
dares)
 

2. perform final inspection and test
ing
 

3. according to specified requirements
 

A Appropriate documents specify that no
 
product shall be despatched until all
 
activities specified in the quality plan
 
or documented procedures have been sat
isfactorily completed and associated
 
data and documentation is available and
 
authorized.
 
<concepts>
 

1. goodness of the appropriate documents
 
2. no product shall be despatched until
 

all the activities specified in the
 
quality plan or documented procedures
 
have been satisfactorily completed,
 
and
 

3. the associated data and documentation
 
is available and authorized.
 

A Appropriate documents specify the
 
means to establish and maintain records
 
which give evidence that the product has
 
passed inspection and/or test with de
fined acceptance criteria.
 
<concepts>
 

1. goodness of the appropriate documents
 
2. establish and
 
3. maintain records which give evidence
 

that the product has passed inspec
tion and/or test with defined accep
tance criteria.
 

DOCUMENTATION
 

Items To Se Audited
 

A Appropriate documents specify the
 
means to identify the measurements to be
 
made and accuracy required; and select
 
appropriate inspection, measuring and
 
test equipment.
 
<concepts>
 

1. goodness of the appropriate documents
 
2. identify the measurement to be made
 

and
 
3. the accuracy required
 
4. select the appropriate inspection,
 

measuring and test equipment
 

A Appropriate documents specify the
 
means to ensure that inspection, measur
ing and test equipment shall be used in
 
a manner which ensures that measurement
 
uncertainty is known and is consistent
 
with the required measurement capabili
ty.
 

<concepts>
 
l. goodness of the appropriate documents
 
2. measuring and test equipment shall be
 

used in a manner which ensures that
 
measurement uncertainty is known and
 

3. consistent with the required mea
surement capability.
 

A Appropriate documents specify the
 
means to ensure that the inspection,
 
measuring and test equipment is capable
 
of the accuracy and precision necessary.
 
<concepts>
 

1. goodness of the appropriate documents
 
2. inspection, measuring and test equip

ment is capable of the accuracy and
 
3. precision necessary.
 

A Objective evidence exists to confirm
 
that all final inspection and testing
 
are carried out in accordance with the
 
appropriate quality plan or documented
 
procedures.
 
<concepts,
 

1. performing final inspection and test
ing
 

2. to the specified requirements
 
3. in accordance with the appropriate
 

documents
 

A Objective evidence exists to confirm
 
that point 90312 is performed in accor
dance with appropriate documents.
 
<concepts>
 
1. no product can be despatched until
 

all the activities specified in the
 
quality plan or documented procedures
 
have been satisfactorily completed,
 
and
 

2. the associated data and documentation
 
is available and authorized.
 

3. in accordance with the appropriate
 
documents
 

A Objective evidence exists to confirm
 
that point 90413 is performed in actor-

dance with the appropriate documents.
 
<concepts>
 
1. establish and
 
2. maintain records which give evidence
 

that the product has passed inspec
tion and/or test with defined accep
tance criteria.
 

3. in accordance with the appropriate
 
documents
 

IMPLEMENTATION
 

% Items To Be Audited 0
 

A Objective evidence exists to confirm
 
that point 100101 is performed in accor
dance with the appropriate documents.
 
<concepts>
 

1. identify the measurement to be made
 
and
 

2. accuracy required
 
3. select the appropriate inspection,
 

measuring and test equipment
 
4. in accordance with the appropriate
 

documents
 

2 Objective evidence exists to confirm
 
that point 100102 is performed in actor-

dance with the appropriate documents.
 
<concepts>
 

1. measuring and test equipment are used
 
in a manner which ensures that mea
surement uncertainty is known and
 

2.	 is consistent with the required mea
surement capability
 

3. in accordance with the appropriate
 
documents
 

A Objective evidence exists to confirm
 
that the inspection, measuring and test
 
equipment is capable of the accuracy and
 
precision necessary.
 
<concepts>
 

1. inspection, measuring and test equip
ment is capable of the accuracy and
 

2. precision necessary
 
3. in accordance with the appropriate
 

documents
 

REMARK
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100204 

1002 Trnombilhy mid calibration
 

The supplier shall identify,
 
calibrate and adjust all inspec
tion, measuring and test equip
ment and devices that can affect
 
product quality at prescribed
 
intervals, or prior to use
 
against certified equipment hav
ing a known valid relationship
 
to nationally recognized sten
dards--where no such standards
 
exist, the basis used for tali
bration shall be documented.
 

100205
 
The supplier shall establish,
 
document and maintain calibre
tion procedures, including de
tails of equipment type, identi
fication number, location, fre
quency of checks, check method,
 
acceptance criteria and the ac
tion to be taken when results
 
are unsatisfactory.
 

100206
 
The supplier shall identify in
spection, measuring and test
 
equipment with a suitable indi
cator or approved identification
 
record to show the calibration
 

status.
 

100207
 
The supplier shall maintain cal
ibration records for inspection,
 
measuring and test equipment.
 

100208
 
The supplier shall assess and
 
document the validity of previ
ous inspection and test results
 
when inspection, measuring and
 
test equipment is found to be
 

out of calibration.
 

1003. Mumgmment of impaction
 

equimont
 

100309
 
The supplier shall ensure that
 
the environmental conditions are
 
suitable for the calibrations,
 
inspections, measurements and
 
tests being carried out.
 

A Appropriate documents specify the
 
means to identify, calibrate and adjust
 
all inspection, measuring and test equi-

P ment and devices that can affect prod
uct quality at prescribed intervals, or
 
prior to use, against certified equip
ment having a known valid relationship
 
to nationally recognized standards-
where no such standards exist, the basis
 
used for calibration shall be document

ed.
 

<concepts>
 
1. goodness of the appropriate documents
 
2. identify and
 
3. calibrate and adjust all inspection
 

measuring and test equipment and de
vices that can affect product quail

ty
 
4. at prescribed intervals or prior to
 

use
 
5. against certified equipment having a
 

known valid relationship to national
ly recognized standards--where no
 
such standards exist, the basis used
 
for calibration shall be documented.
 

0 Appropriate procedures are establish
ed, documented and maintained to specify
 
calibration activities, including Beta
ils of equipment type, identification
 
number, location, frequency of checks,
 
check method, acceptance criteria and
 
the action to be taken when results are
 

unsatisfactory.
 
<concepts>
 
1. goodness of the appropriate proce

dures for calibration activities
 
2. including details of equipment type
 

and
 
3. identification number and
 
4. location and
 
5. frequency of checks and
 
6. check method and
 
7. acceptance criteria and
 
8. action to be taken when results
 

are unsatisfactory.
 

a Appropriate documents specify the
 
means to identify inspection, measuring
 
and test equipment with a suitable indi
cator or approved identification record
 
to show calibration status.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. identify inspection and test equip

ment
 
3. with a suitable indicator or approved
 

identification record to show the
 
calibration status
 

A Appropriate documents specify the
 
means to maintain calibration records
 
for inspection, measuring and test equi
pment
 
<concepts>
 
1. goodness of the appropriate documents
 
2. maintain calibration records for in

spection, measuring and test equip

ment
 

A Appropriate documents specify the
 
means to assess and document the val idi
ty of previous inspection and test re
sults when inspection, measuring and
 
test equipment is found to be out of
 

calibration.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. assess and
 
3. document the validity of previous
 

inspection and test results when in
spection, measuring and test equip
ment is found to be out of calibra

tion.
 

A Appropriate documents specify the
 
means to ensure that the environmental
 
conditions are suitable for the calibre-

Lions, inspections, measurement and
 
tests being carried out.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. ensure that the environmental condi-


Lions are suitable for the calibre
tions and
 

3. inspections, measurement and tests
 
being carried out.
 

A Objective evidence exists to confirm
 
that point 100204 is performed in accor
dance with the appropriate documents.
 

<concepts>
 
1. identify and
 
2. calibrate and adjust all inspection
 

measuring and test equipment and Be-

vices that can affect product quali
ty
 

3. at prescribed intervals or prior to
 
use
 

4. against certified equipment having a
 
known valid relationship to national
 
ly recognized standards--where no
 
such standards exist, the basis used
 
for calibration shall be documented.
 

5. in accordance with the appropriate
 
documents
 

A Objective evidence exists to confirm
 
that point 100205 is performed in accor
dance with the appropriate procedures.
 

<concepts>
 
1. equipment is calibrated and managed
 
2. including details of equipment type,
 

identification number, location, fre
quency of checks, check method, ac
ceptance criteria and action to be
 
taken when results are unsatisfac
tory.
 

3. in accordance with the appropriate
 
procedures
 

A Objective evidence exists to confirm
 
that point 100206 is performed in accor
dance with the appropriate documents.
 
<concepts>
 
1. identify inspection and test equip

ment
 
2. with a suitable indicator or approved
 

identification record to show the
 

calibration status
 
3. in accordance with the appropriate
 

documents
 

A Objective evidence exists to confirm
 
that relevant records are maintained in
 
accordance with the appropriate docume

nts.
 
<concepts>
 
1. maintain calibration records for in

spection, measuring and test equip

ment
 
2.	 in accordance with the appropriate
 

dor...rents
 

A Objective evidence exists to confirm
 
that point 100208 is performed in accor
dance with the appropriate documents.
 
<concepts>
 
1. assess and
 
2. document the validity of previous
 

inspection and test results when in
spection, measuring and test equip
ment is found to be out of calibrat
ion
 

3. in accordance with the appropriate
 
documents
 

A Objective evidence exists to confirm
 
that point 100309 is performed in accor
dance with the appropriate documents.
 
<concepts>
 
1. environmental conditions are suitable
 

for the calibrations, inspections,
 
measurement and tests being carried
 
out
 

2. in accordance with the appropriate
 
documents
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100310
 
The supplier shall ensure that
 
the handling, preservation and
 
storage of inspection, measuring
 
and test equipment is such that
 
the accuracy and fitness for use
 
is maintained.
 

100311
 
The supplier shall safeguard
 
inspection, measuring and test
 
facilities, including both test
 
hardware and test software, from
 
adjustments which would invali
date the calibration setting.
 

1004 Auxiliary hat hardware'
 

safuwarm mired
 

100412
 
Where test hardware (e.g. jigs,
 
fixtures, templates, patterns)
 
or test software is used as s-

unable forms of inspection, the
 
supplier shall establish the
 
extent and frequency (prior to
 
release for use, and recheck) to
 
check if the test hardware/ sof
tware are capable of verifying
 
the acceptability of product
 
during production and installs
tion.
 

100413
 
The supplier shall maintain re
cords of checks indicated in
 
point 100412 as evidence of con-

trot.
 

100414
 
The measurement design data
 
should be made available for
 
verification that it is functio
nally adequate.
 

11 INSPECTION AND TEST STATUS
 

1101 Inspection and ust atm.
 

110101
 
The inspection and test status 
of product shall be identified 
by using markings, authorized 
stamps, tags, labels, routing 
cards, inspection records, test 
software, physical location or 
other suitable means, which in
dicate the conformance or non
conformance of product with re
gard to inspection and tests 
performed. 

A Appropriate documents specify the
 
means to ensure that the handling, pres
ervation and storage of inspection, mew
suring and test equipment is such that
 
accuracy and fitness for use are main-

twined.
 
<concepts>
 

1. goodness of the appropriate documents
 
2. ensure that the handling and
 
3. preservation and
 
4. storage of inspection, measuring and
 

test equipment is such that the accu
racy and fitness for use is mainta
ined
 

A Appropriate documents specify the
 
means to safeguard inspection measuring
 
and test facilities, including both test
 
hardware and test software, from adjust
ments which would invalidate the tali
bration setting.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. safeguard inspection, measuring and
 

test facilities, including both test
 
hardware and
 

3. test software, from adjustments which
 
would invalidate the calibration set
ting
 

A Appropriate documents specify the
 
means, including extent and frequency,
 
to check if test hardware/software are
 
capable of verifying the acceptability
 
of product during production and instal
lation,
 

<concepts>
 
1. goodness of the appropriate documents
 
2. extent and
 
3. frequency of check (including prior
 

to release for use and recheck)
 
4, to check if test hardware and soft

ware are capable of verifying the
 
acceptability of product during pro
duction and installation
 

A Appropriate documents specify the
 
means to maintain the records of checks
 
indicated in point 100412 as evidence of
 
control.
 
<concepts>
 

1. goodness of the appropriate documents
 
2. maintain records of the checks
 

A Appropriate documents specify the
 
means to ensure that measurement design
 
data available for verification is func
tionally adequate.
 
<concepts> 
l. goodness of the appropriate documents
 
2. make measurement design data avail

able for verification 

DOCUMENTATION
 

Items To Be Audited
 

S Appropriate documents specify the
 
means to ensure that the inspection and
 
test status of product shall be identi
fled by use of markings, authorized
 
stamps, tags, labels, routing cards,
 
inspection records, test software, phys
ical location or other suitable means to
 
indicate the conformance or nonconforma
nce of product with regard to inspection 
and tests performed.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. the inspection and test status shall 

be identified 
3. by suitable means to indicate con

formance or nonconformance of pro
duct
 

A Objective evidence exists to confirm
 
that point 100310 is performed in accor
dance with the appropriate documents.
 
<concepts>
 
1. handling, preservation and stor

age of inspection and test equipment
 
is such that the accuracy and
 

2. fitness for use is maintained
 
3. in accordance with the appropriate
 

documents
 

A Objective evidence exists to confirm
 
that point 100311 is performed in (loco,
 
dance with the appropriate documents.
 
<concepts>
 

1. safeguard inspection, measuring and
 
test facilities (including both test
 
hardware and test software) from ad
justments which would invalidate the
 
calibration setting
 

2. in accordance with the appropriate
 
documents
 

A Objective evidence exists to confirm
 
that point 100412 is performed in accor
dance with the appropriate documents.
 
<concepts>
 

1. check the test hardware/software
 
based on specified extent and
 

2. frequency to determine capability of
 
verifying the acceptability of pro
duct during production and installa
tion
 

3. in accordance with the appropriate
 
documents
 

A Objective evidence exists to confirm
 
that relevant records are maintained in
 
accordance with the appropriate docume
nts.
 
<concepts>
 
1. maintain records of the checks
 
2.	 in accordance with the appropriate
 

documents
 

A Objective evidence exists to confirm
 
that point 100414 is performed in accor
dance with the appropriate documents.
 
<concepts> 
1. the availability of measurement de

sign data for verification
 
2. in accordance with the appropriate
 

documents
 

IMPLEMENTATION
 

It Items To Be Audited X 

A Objective evidence exists to confirm
 
that point 110101 is performed in accor
dance with the appropriate documents.
 
<concepts>
 
1. the inspection and test status shall
 

be identified
 
2. by suitable means to indicate the con
 

formance or nonconformance of pro
duct
 

3. in accordance with appropriate
 
documents
 

REMARK
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110102 
The identification of inspection
 
and test status shall be main
tained, as necessary, throughout
 
production and installation of
 
the product to ensure that only
 
product that has passed the re
quired inspection and test is
 
despatched, used or installed.
 

110103
 
Records shall identify the in
spection authority responsible
 
for the release of conforming
 
product.
 

12 CONTROL OF NONCONFORMING
 

PRODUCT
 

1201 Sm.! provi.ion.
 

120101
 
The supplier shall establish and
 
maintain procedures to ensure
 
that product that does not con
form to specified requirements
 
is prevented from inadvertent
 
use or installation.
 

120102
 
Control shall provide for iden
tification, documentation, coal
uation, segregation (when prat
tical), disposition of noncom-

forming product and for notifi
cation to the functions toner
ned.
 

1202 Noneonfonnity min' And
 

disposition
 

120203
 
The responsibility for review
 
and authority for the disposi
tion of nonconforming product
 
shall be defined
 

120204
 
Nonconforming product shall be
 
reviewed in accordance with doc
umented procedures. It may be
 
a) reworked to meet the speci
 

fled requirements, or
 
b) accepted with or without
 
repair by concession, or
 
c) re-graded for alternative
 

applications, or
 
d) rejected or scrapped
 

A Appropriate documents specify means to
 
ensure that the identification of in
spection and test status shall be main
tained, as necessary, throughout produc
tion and installation of the product to
 
ensure that only product that has passed
 
the required inspection and test is des
patched, used or installed.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. maintain the identification of inspe

ction and test status
 
3. throughout production and installs

tion of the product
 
4. to ensure that only product that
 

has passed required inspection and
 
test is despatched, used or in
 
stalled
 

A Appropriate documents specify the
 
means to ensure that records shall iden
tify the inspection authority responsi
ble for the release of conforming prod
uct.
 
<concepts>
 

1. goodness of the appropriate documents
 
2. records identify the inspection au
 

thority responsible for the release
 
of conforming product.
 

DOCUMENTATION
 

Items To Be Audited
 

A Appropriate procedures specify the
 
means to ensure that product that does
 
not conform to specified requirements is
 
prevented from inadvertent use or ins
tallation.
 
<concepts>
 
1. goodness of the appropriate proce

dures
 
2. product that does not conform to
 

specified requirements is prevented
 
from inadvertent use or installation
 

A Appropriate documents specify the
 
means of control, including identifica
tion, documentation, evaluation, segre-

Ration (when practical), disposition of
 
nonconforming product and for notifica
tion to the functions concerned.
 
<concepts>
 

1. goodness of the appropriate documents
 
2. control shall provide for identifica

tion and
 
3. documentation and
 
4. evaluation and
 
5. segregation (when practical) and
 
6. disposition of nonconforming product
 

and
 
7. for notification to the functions
 

concerned.
 

A Appropriate documents define the re
sponsibility for review and authority
 
for the disposition of nonconforming
 
product.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. define the responsibility for review
 

and
 
3. authority for the disposition of non

conforming product
 

A Appropriate procedures specify the
 
means for reviewing nonconforming prod
uct. Product may be :
 

a) reworked to meet the specified re
quirements, or
 
b) accepted with or without repair by
 
concession, or
 
c) re-graded for alternative applica

tions, or
 
d) rejected or scrapped
 

<concepts>
 
1. goodness of the appropriate proce

dures
 
2. reviewed to assure disposition of
 

rework meets specified requirements
 
or
 

3. accepted with or without repair by
 
concession or
 

4. re-graded for alternative applica
tions or
 

5. rejected or scrapped
 

0 Objective evidence exists to confirm
 
that point 110102 is performed in accor
dance with the appropriate documents.
 
<concepts>
 
1. maintain the identification of in

spection and test status
 
2. throughout production and install,
 

tion of the product
 
3. ensure that only product that has
 

passed the required inspection and
 
test is despatched, used or installed
 

4. in accordance with appropriate
 
documents
 

A Objective evidence exists to confirm
 
that point 110103 is performed in accor
dance with the appropriate documents.
 
<concepts>
 

1. records identify the inspection oath
ority responsible for the release of
 
conforming product.
 

2. in accordance with the appropriate
 
documents
 

IMPLEMENTATION
 

% Items To Be Audited X
 

A Objective evidence exists to confirm
 
that product that does not conform to
 
specified requirements is prevented from
 
inadvertent use or installation in ac
cordance with the appropriate procedu
res.
 
<concepts>
 

1. product that does not conform to spe
cified requirements is prevented from
 
inadvertent use or installation
 

2. in accordance with the appropriate
 
procedures
 

A Objective evidence exists to confirm
 
that control activities are performed in
 
accordance with the appropriate docune
nts.
 
<concepts>
 
1. control provides for identifica

tion and
 
2. documentation and
 
3. evaluation and
 
4. segregation (when practical) and
 
5. disposition of nonconforming product
 

and
 
6. for notification to the functions
 

concerned
 
7. in accordance with the appropriate
 

documents
 

N/A N/A
 

A Objective evidence exists to confirm
 
that nonconforming product is reviewed
 
in accordance with the appropriate pro
cedures.
 
<concepts>
 
1. review nonconforming product to make
 

disposition of
 
(a) rework to meet specified require-


menu or
 
(b) accepted with or without repair
 

by concession or
 
(c) re-graded for alternative appli

cations or
 
(d) rejected or scrapped
 

2. in accordance with the appropriate
 
procedures
 

REMARK
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120205
 

When required by the contract,
 
the proposed use or repair of
 
product (see 120204(b)) which
 
does not conform to specified
 
requirements shall be reported
 
for concession to the purchaser
 
or his representative. The de
scription of nonconformity that
 
has been accepted, and of repai
rs, shall be recorded to denote
 
the actual condition.
 

120206
 
Repaired and reworked product
 
shall be re-inspected in arcor
dance with documented procedu
res.
 

13 CORRECTIVE ACTION
 

1301 Camelia. aeon
 

130101
 
The supplier shall establish,
 
document and maintain procedures
 
for investigating the cause of
 
nonconforming product and the
 
corrective action needed to pre
vent recurrence.
 

130102
 

The supplier shall establish,
 
document and maintain procedures
 
for analyzing all processes,
 
work operations, concessions,
 
quality records, service reports
 
and customer complaints to de
tect and eliminate potential
 
causes of nonconforming product.
 

130103
 
The supplier shall establish,
 
document and maintain procedures
 
for initiating preventative ac
tions to deal with problems to a
 
level corresponding to the risks
 
encountered.
 

130104
 
The supplier shall establish,
 
document and maintain procedures
 
for applying controls to ensure
 
that corrective actions are tak
en and that they are effective.
 

2 Appropriate documents specify the
 
means to ensure that, when required by
 
the contract, following activities shall
 
be performed:
 
(a) the proposed use or repair of prod

uct (see 120204(6)) which does not con
form to specified requirements shall be
 
reported for concession to the purchaser
 
or his representative.
 
(b) the description of nonconformity
 

that has been accepted, and of repairs,
 
shall be recorded to denote the actual
 
condition.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. proposed use or repair of product
 

shall be reported for concession
 
3. to the purchaser or his representa

tive
 
4. description of nonconformity that
 

has been accepted, and of repairs,
 
shall be recorded to denote the actu
al condition
 

A Appropriate procedures specify the
 
means to re-inspect repaired and rewor
ked product.
 
<concepts>
 

1. goodness of the appropriate proce
dures
 

2. re-inspect repaired product and
 
3. reworked product
 

DOCUMENTATION
 

Items To Be Audited 0
 

A Appropriate procedures specify the
 
means to investigate the cause of non
conforming product and the corrective
 
action needed to prevent recurrence.
 
<concepts>
 

1. goodness of the appropriate prose
dures
 

2. investigate cause of nonconforming
 
product and
 

3. corrective action needed to prevent
 
recurrence
 

0 Appropriate procedures specify the
 
means to analyze all processes, work
 
operations, concessions, quality recor
ds, service reports and customer compla
ints to detect and eliminate potential
 
causes of nonconforming product.
 
<concepts>
 

1. goodness of the appropriate proce
dures
 

2. analyze all processes and
 
3. work operations and
 
4. concessions and
 
5. quality records and
 
6. service reports and
 
7. customer complaints to detect and
 

eliminate potential causes of noncon
forming product
 

0 Appropriate procedures specify the
 
means to initiate preventative actions
 
to deal with problems at a level corre
sponding to the risks encountered.
 
<concepts>
 
1. goodness of the appropriate proce

dures
 
2. initiate preventative actions
 
3. to deal with problems at a level cor

responding to the risks encountered
 

A Appropriate procedures specify the
 
means to apply controls to ensure that
 
corrective actions are taken and that
 
they are effective.
 
<concepts>
 
1. goodness of the appropriate proce

dures
 
2. apply controls
 
3. to ensure that corrective actions are
 

taken and that they are effective.
 

1
 

A objective evidence exists to confirm
 
that point 120205 is performed in accor
dance with the appropriate documents.
 
<concepts>
 
1. proposed use or repair of product
 

shall be reported for concession
 
2. to the purchaser or his representa

dive
 
3. the description of nonconformity that
 

has been accepted, and of repairs,
 
shall be recorded to denote actual
 
condition.
 

4. in accordance with the appropriate
 
documents
 

A Objective evidence exists to confirm
 
that point 120206 is performed in accor
dance with the appropriate documents.
 
<concepts>
 

1. re-inspect repaired product and
 
reworked product
 

2.	 in accordance with the appropriate
 
procedures
 

IMPLEMENTATION
 

Items To Be Audited 0
 

0 Objective evidence exists to confirm
 
that the activities indicated in point
 
130101 are performed in accordance with
 
the appropriate procedures.
 
<concepts>
 

1. investigate cause of nonconforming
 
product and
 

2. corrective action needed to prevent
 
recurrence
 

3. in accordance with the appropriate
 
procedures
 

A Objective evidence exists to confirm
 
that the activities indicated in point
 
130102 are performed in accordance with
 
the appropriate procedures.
 
<concepts>
 
1. analyze all processes, work opera

tions, concessions, quality records,
 
service reports, and customer com
plaints
 

2. to detect and eliminate potential
 
causes of nonconforming product
 

3. in accordance with the appropriate
 
procedures
 

A Objective evidence exists to confirm
 
that the activities indicated in point
 
130103 are performed in accordance with
 
the appropriate procedures.
 
<concepts>
 

1. initiate preventative actions
 
2. to deal with problems at a level cor

responding to the risks encountered
 
3. in accordance with the appropriate
 

procedures
 

A Objective evidence exists to confirm
 
that the activities indicated in point
 
130104 are performed in accordance with
 
the appropriate procedures.
 
<concepts>
 
1. apply controls
 
2. to ensure that corrective actions are
 

taken and that they are effective
 
3. in accordance with the appropriate
 

procedures
 

REMARK
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130105
 
The supplier shall establish,
 
document and maintaimprocedures
 
for implementing and recording
 
changes in procedures resulting
 
from corrective action.
 

14 HANDLING,STORAGE,PACKAC.
 

INC AND DELIVERY
 

1401 Handling
 

140101
 
The supplier shalt provide meth
ods and means of handling that
 
prevent damage or deterioration
 

1402 Storage
 

140202
 

The supplier shall provide se
cure storage areas or stock
 
rooms to prevent damage or dete
 
rioration of product, pending
 
use or delivery.
 

140203
 

Appropriate methods for autho
rizing receipt and the despatch
 
to and from the storage areas
 
shall be stipulated.
 

140204
 
In order to detect deteriorati
on, the condition of product in
 
stock shall be assessed at ap
propriate intervals.
 

1403 Packaging
 

140305
 
The supplier shall control pack
ing, preservation and marking
 
processes (including materials
 
used) to the extent necessary to
 
ensure conformance to specified
 
requirements and shalt identify
 
preserve and segregate all prod
uct from the time of receipt
 
until the supplier's responsi
bility ceases.
 

A Appropriate procedures specify tne
 
means to implement and record changes in
 
procedures resulting from corrective ac-

Lion.
 
<concepts>
 

1. goodness of the appropriate proce
dures
 

2. implement and
 
3. record changes in procedures re-


salting from corrective action
 

DOCUMENTATION
 

Items To Be Audited
 

A Appropriate procedures specify means
 
to provide methods and means of handling
 
that prevent damage or deterioration.
 
<concepts>
 
1. goodness of the appropriate proce

dares
 
2. provide methods and means of hand

ling
 

3. prevent damage or deterioration
 

A Appropriate procedures specify the
 
means to provide secure storage areas or
 
stock rooms to prevent damage or dete
rioration of product, pending use or de
livery.
 
<concepts>
 
1. goodness of the appropriate proce

dures
 
2. provide secure storage areas or stock
 

rooms
 
3. to prevent damage or deterioration of
 

product, pending use or delivery
 

A Appropriate procedures stipulate ap
propriate methods for authorizing rece
ipt and despatch to and from the storage
 
areas.
 

<concepts>
 
1. goodness of the appropriate proce

dures
 
2. stipulate methods for authorizing
 

receipt and despatch to and from
 
storage areas
 

A Appropriate procedures specify the
 
means to assess the condition of product
 
in stock at appropriate intervals to
 
detect deterioration.
 
<concepts>
 

1. goodness of the appropriate proce
dures
 

2. assess the condition of product in
 
stock
 

3. at appropriate intervals to detect
 
deterioration
 

A Appropriate procedures specify the
 
means to control packing, preservation
 
and marking processes (including materi
als used) to the extent necessary to
 
ensure conformance to specified require
ments; and to identify, preserve and
 
segregate all product from the time of
 
receipt until the supplier's responsi
bility ceases.
 
<concepts>
 
1. goodness of the appropriate proce

dures
 
2. control packing and
 
3. preservation and
 
4. marking process to the extent neces

sary to ensure conformance to speci
fied requirements
 

5. identify and
 
6. preserve and
 
7. segregate all product from the time
 

of receipt until the supplier's re
sponsibility ceases.
 

A Objective evidence exists to confirm
 
that the activities indicated in point
 
130105 are performed in accordance with
 
the appropriate procedures.
 
<concepts>
 

1. implement and
 
2. record changes in procedures re-


suiting from corrective action
 
3. in accordance with the appropriate
 

procedures
 

IMPLEMENTATION
 

Y.
 Items To Be Audited
 

A Objective evidence exists to confirm
 
that point 140101 is performed in accor
dance with the appropriate procedures.
 
<concepts>
 
1. provide methods and means of handling
 
2. prevent damage or deterioration
 
3. in accordance with the appropriate
 

procedures
 

A Objective evidence exists to confirm
 
that point 140202 is performed in accor
dance with the appropriate procedures.
 
<concepts>
 

1. provide secure storage areas or stock
 
rooms
 

2. to prevent damage or deterioration of
 
product, pending use or delivery
 

3. in accordance with the appropriate
 
procedures
 

A Objective evidence exists to confirm
 
that point 140203 is performed in accor
dance with the appropriate procedures.
 
<concepts>
 
1. receive and despatch in accordance
 

with the appropriate procedures
 

A Objective evidence exists to confirm
 
that point 140204 is performed in accor
dance with the appropriate procedures.
 
<concepts>
 
1. assess the condition of product in
 

stock
 
2. at appropriate intervals to detect
 

deterioration
 
3.	 in accordance with the appropriate
 

procedures
 

A Objective evidence exists to confirm
 
that point 140305 is performed in accor
dance with the appropriate procedures.
 
<concepts>
 

1. control packing and
 
2. preservation and
 
3. marking process to the extent neces

sary to ensure conformance to speci
fied requirements
 

4. identify and
 
5. preserve and
 
6. segregate all product from the time
 

of receipt until the supplier's re
sponsibility ceases.
 

7.	 in accordance with the appropriate
 
procedures
 

REMARK
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1404 Delivery
 

140406
 
The supplier shall arrange for
 
the protection of the quality of
 
product after final inspection
 
and test. Where contractually
 
specified, this protection shall
 
be extended to include delivery
 
to destination.
 

15 QUALITY RECORDS
 

1501 Quality records
 

150101
 
The supplier shall establish and
 
maintain procedures for identi
fication, collection, indexing,
 
filing, storage, maintenance and
 
disposition of quality records.
 

150102
 
Quality records shall be main
tained to demonstrate achieve-

meat of the required quality and
 
the effective operation of the
 

quality system. Pertinent sub
contractor quality records shall
 
be an element of these data.
 

150103
 
All quality records shall be
 
legible and identifiable to the
 
product involved.
 

150104
 
Quality records shall be stored
 
and maintained in such a way
 
that they are readily retriev
able in facilities that provide
 
a suitable environment to mini
mize deterioration or damage and
 
to prevent loss.
 

150105
 
Retention times of quality re
cords shall be established in
 
writing.
 

150106
 
Where agreed contractually, q
uality records shall be made
 
available for evaluation by the
 
purchaser or his representative
 
for an agreed period.
 

A Appropriate procedures specify the
 
means to arrange for the protection of
 
the quality of product after final in
spection and test. Where contractually
 
specified, this protection shall be ex
tended to include delivery to destina
tion.
 

<concepts>
 
1. goodness of the appropriate proce

dures
 
2. arrange for the protection of the
 

quality of product after final ins
 

pection and test
 
3. extend protection to include deliv

ery to destination (where contrac
tually specified)
 

DOCUMENTATION
 

Items To Be Audited
 

A Appropriate procedures are established
 
to specify means for identification,
 
collection, indexing, filing, storage,
 
maintenance and disposition of quality
 
records.
 
<concept>
 
1. goodness of the appropriate proce

dures
 
2. identification and
 
3. collection and
 
4. indexing aril
 
5. filing and
 
6. storage and
 
7. maintenance and
 
8. disposition of quality records
 

A Appropriate documents specify the
 
means to establish the records specified
 
in points 10308, 20102(g), 30103, 50203,
 
60102, 70103, 80208, 90103, 90413,
 
100207, 100413, 110103, 120205, 170103
 
(to be audited in individual requireme
nts).
 

A Appropriate documents specify the
 
means to ensure that all quality records
 
shall be legible and identifiable to the
 
product involved.
 
<concept>
 
1. goodness of the appropriate proce

dures
 
2. all quality records shall be legible
 

and
 
3. identifiable to the product involved
 

A Appropriate documents specify the
 
means to ensure that quality records
 
shall be stored and maintained in such a
 
way that they are readily retrievable in
 
facilities that provide a suitable envi
ronment to minimize deterioration or
 
damage and to prevent loss.
 
<concept>
 
1. goodness of the appropriate documents
 
2. quality records are stored and main

tained
 
3. in such a way that they are readily
 

retrievable in facilities that pro
vide a suitable environment to min
imize deterioration or damage and
 

4. to prevent toss
 

A Appropriate documents specify the re
tention times of quality records in
 
writing.
 
<concept>
 
1. goodness of the appropriate documents
 
2. retention times of quality records
 

shall be established in writing
 

A Appropriate documents specify that,
 
where agreed contractually, quality re
cords shall be made available for eve
luation by the purchaser or his repre
sentative for an agreed period.
 
<concept>
 
1.goodness of the appropriate procedures
 
2.quality records shall be made avail

able for evaluation by the purchaser
 
or his representative for an agreed
 
period.
 

A Objective evidence exists to confirm
 
that point 140406 is performed in accor
dance with the appropriate procedures.
 
<concepts>
 
1. protect quality of product after
 

final inspection and test
 
2. extend protection to include deliv

ery to destination (where contrac
tually specified)
 

3. in accordance with the appropriate
 
procedures
 

IMPLEMENTATION
 

% Items To Be Audited S
 

A Objective evidence exists to confirm
 
that identification ,collection, index
ing, filling, storage, maintenance and
 
disposition of quality records are per
formed in accordance with the appropri
ate procedures.
 
<concept>
 
1. identification and
 
2. collection and
 
3. indexing and
 
4. filing and
 
5. storage and
 
6. maintenance and
 
7. disposition of quality records
 
8. in accordance with the appropriate
 

procedures
 

N/A 2 Appropriate records specified in N/A
 

points 10308, 20102(g), 30103, 50203,
 
60102, 70103, 80208, 90103, 90413,
 
100207, 100413, 110103, 120205, 170103
 
exist and are maintained (to be audited
 
in individual requirements).
 

A Objective evidence exists to confirm
 
that point 150103 is performed in accor
dance with the appropriate documents.
 
<concept>
 
1. quality records shall be legible and
 
2. identifiable to the product involved
 
3. in accordance with the appropriate
 

documents
 

A Objective evidence exists to confirm
 
that point 150104 is performed in accor
dance with the appropriate documents.
 
<concept>
 
1. quality records are stored and main

tained
 
2. in such a way that they are readily
 

retrievable in facilities that pro
vide a suitable environment to min
imize deterioration or damage, and
 

3. to prevent loss
 
4.	 in accordance with the appropriate
 

documents
 

A Objective evidence exists to confirm
 
that quality records are retained in
 
accordance with the appropriate docume
nts.
 
<concept>
 
1. retention times of quality records
 

are in accordance with the appropri
ate documents
 

A Objective evidence exists to confirm
 
that point 150106 is performed in accor
dance with the appropriate documents.
 
<concept>
 
1. quality records shall be made avail

able for evaluation by the purchaser
 
or his representative for an agreed
 
period
 

2.	 in accordance with the appropriate
 
documents
 

REMARK
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170101 

00CUMENTATION	 IMPLEMENTATION
18 INTERNAL QUALITY AUDITS
 
REMARK
 

Y.
Y.
Items To Be Audited	 Items To Be Audited
 

1801 Internal quality audRs
 

160101
 
The su pplier shall carry out
 
internal quality audits to veri
fy whether quality activities
 
comply with planned arrangements
 
and to determine the effective
ness of the quality system.
 

160102
 
Audits shall be scheduled on the
 
basis of the status and impor
tance of the activity.
 

160103
 
The audits and follow-up actions
 
shall be carried out in error-

dance with documented procedu
res.
 

160104
 
The results of the audits shall
 
be documented and brought to the
 
attention of the personnel hav
ing responsibility in the area
 
audited.
 

160105
 
The management personnel respon
sible for the area shall take
 
timely corrective action on the
 
deficiencies found by the audit.
 

17 TRAINING
 

1701 Training
 

The supplier shall establish and
 
maintain procedures for identi
fying the training needs and
 
provide for the training of all
 
personnel performing activities
 
affecting quality during produc
tion and installation.
 

A Appropriate documents specify the
 
means to conduct internal quality audits
 
to verify whether quality activities
 
comply with planned arrangements and to
 
determine the effectiveness of the qual
ity system.
 
<crncepts>
 
1. goodness of the appropriate documents
 
2. carry out internal quality audits
 
3. to verify whether quality activities
 

comply with planned arrangements and
 
4. to determine the effectiveness of the
 

quality system
 

A Appropriate documents specify the
 
means to schedule audits on the basis of
 
the status and importance of the activi
ty.
 

<concepts>
 
1. goodness of the appropriate documents
 
2. schedule audits based on the status
 

and
 
3. importance of the activity
 

A Appropriate procedures specify the
 
means to perform audits and follow-up
 
actions.
 
<concepts>
 

1. goodness of the appropriate documents
 
2. audits and follow-up actions
 

A Appropriate documents specify the
 
means to ensure that the results of the
 
audits shall be documented and brought
 
to the attention of the personnel having
 
responsibility in the area audited.
 
<concepts>
 
1. goodness of the Appropriate documents
 
2. results of the audits shall be docu

mented and
 
3. brought to the attention of the per-


sonnet having responsibility in the
 
area audited.
 

A Appropriate documents specify the
 
means to ensure that the management per-

sonnet responsible for the area shall
 
take timely corrective action on the
 
deficiencies found by the audit.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. take timely corrective action on
 

deficiencies found by the audit.
 

DOCUMENTATION
 

Items To Be Audited
 

A Appropriate procedures specify the
 
means to identify the training needs and
 
provide for the training of all person-

net performing activities affecting q
uality during production and installa
aims.
 

<concepts>
 
1. goodness of the appropriate documents
 
2. identifying training needs and
 
3. provide for the training of
 
4. all personnel performing activities
 

affecting quality during production
 
and installation.
 

A Objective evidence exists to confirm
 
that point 160101 is performed in accor
dance with the appropriate documents.
 
<concepts>
 

1. carry out internal quality audits
 
2. to verify whether quality activities
 

comply with planned arrangements and
 
3. to determine the effectiveness of the
 

quality system
 
in accord/ince with the appropriate
 
documents
 

I..
 

A Objective evidence exists to confirm
 
that point 160102 is performed in accor
dance with the appropriate documents.
 
<concepts>
 
1. schedule audits based on the status
 

and
 
2. importance of the activity
 
3. in accordance with the appropriate
 

documents
 

A Objective evidence exists to confirm
 
that point 160103 is performed in accor
dance with the appropriate procedures.
 
<concepts>
 
1. carry out audits and follow-up
 

actions in accordance with the appro
priate documents
 

A Objective evidence exists to confirm
 
that point 160104 is performed in accor
dance with the appropriate documents.
 
<concepts>
 
1. results of the audits shall be docu

mented and
 
2. brought to the attention of the per-


sonnet having responsibility in the
 
area audited
 

3. in accordance with the appropriate
 
documents
 

A Objective evidence exists to confirm
 
that point 160105 is performed in accor
dance with the appropriate documents.
 
<concepts>
 
1. take timely corrective action on the
 

deficiencies found by the audit
 
2.	 in accordance with the appropriate
 

documents
 

IMPLEMENTATION
 

% Items To Be Audited %
 

A Objective evidence exists to confirm
 
that point 170101 is performed in accor
dance with the appropriate procedures.
 
<concepts>
 

1. identifying training needs
 
2. provide for the training of all
 

personnel performing activities
 
affecting quality during production
 
and installation
 

3. in accordance with the appropriate
 
documents
 

REMARK
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170102 

Personnel performing specific 
assigned tasks shall be quali
fied on the basis of appropriate 
education, training and/or expe
rience, as required. 

a Appropriate documents specify the 
means to ensure that personnel perform
ing specific assigned tasks shall be 
qualified.on the basis of appropriate 
education, training and/or experience, 
as required. 

A Objective evidence exists to confirm 
that point 170102 is performed in accor
dance with the appropriate documents. 
<concepts> 
1. personnel performing specific tasks 

shall be qualified based on 
<concepts> 2. appropriate education and 
1. goodness of the appropriate documents 3. training and/or 
2. personnel performing specific tasks 4. experience, as required 

shall be qualified based on 5. in accordance with the appropriate 
3. appropriate education and documents 
4. training and/or 
5. experience, as required 

170103 
Appropriate records of training 
shall be maintained. 

A Appropriate documents specify the 
means to maintain appropriate records of 

A Objective evidence exists to confirm 
that point 170103 is performed in accor

training. dance with the appropriate documents. 
<concepts> <concepts> 
1. goodness of the appropriate documents 1. maintain appropriate records of trai
2. maintain appropriate records of trai ning 

ning 2. in accordance with the appropriate 
documents 

18 STATISTICAL TECHNIQUES DOCUMENTATION IMPLEMENTATION 

REMARK 
Items To Be Audited 11 Items To Be Audited y. 

1801 Statistical techniques 

180101 

Where appropriate, the supplier 
shall establish procedures for 
identifying adequate statistical 
techniques required for verify
ing the acceptability of process 
capability and product charac
teristics. 

A Appropriate procedures specify the 
means to, where appropriate, identify 
adequate statistical techniques required 
for verifying the acceptability of pro
cess capability and product characteris
tics. 
<concepts> 

A Objective evidence exists to confirm 
that required statistical techniques are 
used in accordance with the appropriate 
procedures 
<concepts> 

1. identify adequate statistical tech
niques required 

1. goodness of the appropriate documents 2. for verifying the acceptability of 
2. identifying adequate statistical tec process capability and 

hniques required 3. product characteristics 
3. for verifying the acceptability of 4. in accordance with the appropriate 

process capability and documents 
4. product characteristics 
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APPENDIX 4C
 

CHECKLIST 3 FOR QUALITY AUDITS
 

Notes to Appendix:
 

1.	 This checklist is developed based on ISO 9003.
 

2.	 This checklist consists of three hierarchical levels: The first level includes requirement
 
levels numbered 1 to 12; the second level includes sub-requirement levels numbered 101 to
 
1201, with a total of 14 sub-requirements; the third level consists of statements numbered
 
10101 to 120101, a total of 27 statements.
 

3.	 The checklist is also divided into two question categories: documentation and implementation.
 
These categories are designed based on corresponding third level statements for performance
 
measures. There are 27 questions in the category for documentation and 25 questions in the
 
category for implementation. Each question is highlighted by several concepts which can be
 
used as sensing cells for performance measures.
 

4.
 

a)	 Requirement 2, "Quality System," focuses on the overall review and essential
 
components of a quality system. The documented procedures and implementations for a
 
particular quality activity are as specified in individual requirement 1, and 3 to 12.
 

b) Requirement 10, "Quality Records," focuses on general provisions for identification,
 
collection, indexing, filing, storage, maintenance and disposition of quality records.
 
The establishment and management of quality records for a particular activity is
 
specified in individual requirements.
 

c)	 Situations (a) and (b) should be considered during assessment of importance weights for
 
requirements 1 to 12.
 

5.	 Some terms are frequently used in the checklist, and may be defined (or explained) as follow:
 
a) Procedures: A specified way to perform an activity. A written or documented procedure
 

contains: the purposes and scope of an activity; what shall be done and by whom; when,
 
where and how it shall be done; what materials, equipment and documents shall be used;
 
and how it shall be controlled and recorded(ISO/DIS 8402, 1992).
 

b)	 Appropriate documents: Those written or documented materials that have the same func
tion as procedures, but which are simplified in content or use a different format.
 
Manuals, plans, instructions, charts, tables or lists are examples.
 

c)	 Objective evidence: Qualitative or quantitative information, records, or statements of
 
fact pertaining to the quality of an item or service or to the existence and implementa

tion of a quality system element, which is based on observation, measurement or test
 
and which can be verified (ISO 10011-2, 1990).
 

d)	 Goodness of the appropriate documents (procedures): Goodness indicates "the degree
 
of goodness" used to evaluate whether documents (or procedures) under audit are
 
documented in a good format, whether they are clear and sufficiently organized to
 
specify the means to perform a particular quality related activity.
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10101 

I MANAGEMENT RESPONSIBILITY
 

101 Duality policy
 

The supplier's management shall
 
define its policy and objectives
 
for, and commitment to, quality.
 

102 Organisation
 

10202
 
The responsibility, authority
 
and the interrelation of all
 
personnel engaged in final in

spection and/or tests shall be
 
defined.
 

10203
 
The supplier shall identify in
house verification requirements,
 
provide adequate resources and
 
assign trained and/ or experi
enced personnel for verifying
 
that product conforms to speci
fied requirements.
 

10204
 
The supplier shall appoint a
 
management representative who,
 
irrespective of other responsi
bilities, shall have defined
 
authority and responsibility for
 
ensuring that the requirements
 
of ISO 9003 are implemented and
 
maintained.
 

103 Management review
 

10305
 
The quality system adopted to
 
satisfy the requirements of ISO
 
9003 shall be reviewed at appro
priate intervals by the suppli
er's management to ensure its
 
continuing suitability and ef
fectiveness.
 

10306
 
The records of management review
 
shall be maintained.
 

DOCUMENTATION
 

Items To Be Audited %
 

A Appropriate documents define the pol
icy and objectives for, and commitment
 
to, quality.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. define
 
3. quality policy and objectives
 
4. commitment to quality
 

A Appropriate documents specify the re
sponsibility, authority and the interre
lotion of all personnel engaged in final
 
inspection and/or tests .
 

<concepts>
 
1. goodness of the appropriate documents
 
2. responsibility and
 
3. authority and
 
4. interrelation of
 
5. all personnel engaged in final inspe

ction and/or tests
 

A Appropriate documents specify the p-

tanning of verification resources and
 
personnel, including identification of
 
in-house verification requirements, pro
vision of adequate resources, and as
signment of trained and/ or experienced
 
personnel for verifying that product
 
conforms to specified requirements.
 

<concepts>
 
1. goodness of the appropriate documents
 
2. identify in-house verification re

quirements
 
3. provide adequate resources
 
4. assign trained and/ or experienced
 

personnel
 

A Appropriate documents specify that the
 
supplier shall appoint a management rep
resentative who irrespective of other
 
responsibilities, shall have defined
 
authority and responsibility for ensur
ing that the requirements of ISO 9003
 
are implemented and maintained.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. appoint a management representative
 
3. irrespective of other responsibiti

ties
 

4. has authority and responsibility to
 
implement F. maintain the requirements
 

of ISO 9003
 

A Appropriate documents specify the
 
means to ensure that the quality system
 
shall be reviewed at appropriate inter-

vats by the supplier's management to
 
ensure its continuing suitability and
 
effectiveness.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. review of quality system at appro

priate intervals
 
3. by the supplier management to
 
4. ensure continuing suitability and
 

effectiveness
 

A Appropriate documents specify the
 
means to maintain the records of manage
ment review.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. maintain the records of management
 

reviews
 

IMPLEMENTATION
 

Items To Be Audited %
 

N/A
 

A Objective evidence exists to confirm
 
that all relevant personnel are perform
ing their work in accordance with the
 
statement of responsibility, authority,
 
and the interrelations described in the
 
appropriate documents.
 
<concepts>
 
1. performs work in accordance with the
 

appropriate documents
 

A Objective evidence exists to confirm
 
that point 10203 is performed in accor
dance with the appropriate documents.
 
<concepts>
 
1. provide adequate resources
 
2. assign trained and/ or experienced
 

personnel
 

3. in accordance with the appropriate
 
documents
 

A Objective evidence exists to confirm
 
that an independent management represen
tative as specified in point 10204 has
 
been appointed.
 
<concepts>
 
1. appoint a management representative
 
2. irrespective of other responsibili

ties
 
3. has authority and responsibility to
 

implement Li maintain the requirements
 
of ISO 9003
 

4. in accordance with the appropriate
 
documents
 

A Objective evidence exists to confirm
 
that point 10305 is performed in accor
dance with the appropriate documents.
 
<concepts>
 
1. review of quality system at appro

priate intervals
 
2. by the supplier's management to
 
3. ensure continuing suitability and
 

effectiveness
 
4. in accordance with the appropriate
 

documents
 

A Objective evidence exists to confirm
 
that point 10306 is performed in accor
dance with the appropriate documents.
 
<concepts>
 
1. maintain the records of management
 

review
 
2. in accordance with the appropriate
 

documents
 

REMARK
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2 QUALITY SYSTEM DOCUMENTATION IMPLEMENTATION 

REMARK 

Items To Be Audited Y. Items To Be Audited % 

201 Ouality sygern 

20101 
The supplier shall establish and 
maintain an effective quality 
system for inspection and tests 
on product on completion. This 
shall include documented proce
dures for final inspection and 
test operations, including work
manship standards and quality 
records. 

2 The quality system is documented by 
means of documented procedures for final 
inspection and test operations, inctud
ing workmanship standards and quality 

records. 
<concepts> 
1. goodness of the appropriate documen

tation 
2. quality manual, procedures including 

N/A 

workmanship standards and quality re
cords or other appropriate documents 
are 

3. well planned, and 
4. systematically organized 

A One 1, 3 to 12 A See 1, 3 to 12 

3 DOCUMENT CONTROL DOCUMENTATION IMPLEMENTATION 

REMARK 
Items To Be Audited Ii Items To Be Audited % 

301 Document control 

30101 
Documented procedures for final 
inspection and testing shall be 
reviewed and approved for ade
quacy by authorized personnel 

to issue.prior 

A Appropriate documents specify the 
means to ensure that all related proce
dures shall be reviewed and approved for 
adequacy by authorized personnel prior 
to issue. 
<concepts> 

A objective evidence exists to confirm 
that point 30101 is performed in occur-
dance with the appropriate procedures. 
<concepts> 
1. related procedures reviewed and ap

proved for adequacy 

1. goodness of the appropriate proce 2. by authorized personnel 
dures 3. prior to issue 

2. all related procedures 4. in accordance with the appropriate 
3. shall be reviewed and approved for procedures 

adequacy 
4. by authorized personnel 
5. prior to issue 

30102 
The document control shall en
sure that only valid documents 
are available for final inspec
tion and testing. 

A Appropriate documents specify the 
means to ensure that only valid docu
ments are available for final inspection 
and testing. 
<concepts> 

A objective evidence exists to confirm 
that point 30102 is performed in accor
dance with the appropriate documents. 
<concepts> 

1. valid documents are available 
1. goodness of the appropriate documents 2. in accordance with the appropriate 
2. valid documents documents. 

3. available for final inspection and 
testing. 

4 PRODUCT IDENTIFICATION DOCUMENTATION IMPLEMENTATION 

REMARK 
Items To Be Audited Y. Items To Be Audited % 

401 Product identification 

40101 
Where, contractually specified, 
individual product or batches 
shall be marked for identifica-

A Appropriate documents specify the 
means to ensure that, where contractual
ly specified, individual product or bat-

A Objective evidence exists to confirm 
that specified products or batches are 
marked for identifications in accordance 

tion ches shall be marked for identification. with the appropriate documents. 
<concepts> <concepts> 

1. goodness of the appropriate documents 1. individual product or batches shall 
2. individual product or batches shall be marked for identifications 

be marked for identification. 2. in accordance with the appropriate 
procedures 

40102 
The identification mentioned in A Appropriate documents specify the A Objective evidence exists to confirm 

point 40101 shall be recorded. means to record the identification men-
tinned in point 40101. 

that the identification is recorded in 
accordance with the appropriate docume

<concepts> nts. 

1. goodness of the appropriate documents <concepts> 
2. the identification shall be recorded. 1. the identification shall be recorded 

2. in accordance with the appropriate 
documents 
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60101 

6 INSPECTION AND TESTING
 

501 Inspection and testing
 

50101
 
The supplier shall carry out all
 
final inspection and testing in
 
accordance with the documented
 
procedures and maintain appro
priate records to complete the
 
evidence of conformance of prod
uct to the specified require
ments.
 

50102
 
The final inspection shall in-

elude a verification of accept
able results of other necessary
 
inspection and tests performed
 
previously for the purpose of
 
verifying requirements.
 

0 INSPECTION, MEASURING AND TEST
 

EQUIPMENT
 

001 Inspection, measuring and teat equip

ment
 

The supplier shall calibrate and
 
maintain inspection, measuring
 
and test equipment to demonstr
ate the conformance of product
 
to the specified requirements.
 

60102
 
All inspection, measuring and
 
test equipment used by the sup
plier for final inspection and
 
testing shall be calibrated and
 
adjusted against certified equi
pment having a known valid rela
inship to nationally recogni

zed standards.
 

60103
 
The supplier shall maintain cal
ibration records for inspection,
 
measuring and test equipment.
 

DOCUMENTATION
 

Items To Be Audited
 

A Appropriate documented procedures spe
cify the means of performing final in
spection and testing and maintain appro
priate records to complete evidence of
 
product conformance to specified re
quirements.
 
<concepts>
 
1. goodness of the appropriate document

ted procedure
 
2. perform final inspection and testing
 
3. maintain appropriate records
 
4. according to specified requirements
 

A Appropriate documents specify the
 
means to ensure that the final inspec
tion shall include a verification of
 
acceptable results of other necessary
 
inspection and tests performed previous
ly for the purpose of verifying require
ments.
 
<concepts>
 
1. goodness of the appropriate documents
 
2. include a verification of acceptable
 

results of other necessary inspection
 
and tests performed previously
 

DOCUMENTATION
 

Items To Be Audited
 

A Appropriate documents specify the
 
means to calibrate and maintain inspeti
on, measuring and test equipment to dem
onstrate the conformance of product to
 
the specified requirements.
 
<concepts>
 

1. goodness of the appropriate documents
 
2. calibrate and
 
3. maintain all inspection, measuring
 
and test equipment to demonstrate
 
the conformance of product to
 
the speci fied requirements.
 

A appropriate documents specify the
 
means to ensure that all relevant equip
ment used for final inspection and test-

inn shall be calibrated and adjusted
 
against certified equipment having a
 
known valid relationship to nationally
 
recognized standards,
 
<concepts>
 
1. goodness of the appropriate documents
 
2. against certified equipment having a
 

known valid relationship to national
ly recognized standards.
 

A Appropriate documents specify the
 
means to maintain calibration records
 
for inspection, measuring and test equi
pment
 

<concepts>
 
1. goodness of the appropriate documents
 
2. maintain calibration records for in

spection, measuring and test equip
ment
 

IMPLEMENTATION
 

0 Items To Be Audited
 0
 

A Objective evidence exists to confirm
 
that point 50101 is performed in actor-

dance with the appropriate documented
 
procedures.
 
<concepts>
 
1. perform final inspection and testing
 
2. maintain appropriate records
 
3. to the specified requirements
 
4. in accordance with the appropriate
 

procedures.
 

A Objective evidence exists to confirm
 
that point 50102 is performed in accor
dance with the appropriate documents.
 
<concepts>
 
1. include a verification of acceptable
 

results of other necessary inspection
 
and tests performed previously
 

2.	 in accordance with the appropriate
 
documents
 

IMPLEMENTATION
 

% Items To Be Audited %
 

A Objective evidence exists to confirm
 
that point 60101 is performed in accor
dance with the appropriate documents.
 
<concepts>
 

1. calibrate and
 
2. maintain all inspection, measuring
 

and test equipment to demonstrate the
 
conformance of product to the speci
fied requirements.
 

3. in accordance with the appropriate
 
documents.
 

A Objective evidence exists to confirm
 
that point 60102 is performed in actor-

dance with the appropriate documents.
 
<concepts>
 
1. against certified equipment having a
 

known valid relationship to national
ly recognized standards.
 

2.	 in accordance with the appropriate
 
documents.
 

A Objective evidence exists to confirm
 
that relevant records are maintained in
 
accordance with the appropriate docume
nts.
 
<concepts>
 
1. maintain calibration records for in

spection, measuring and test equip
ment
 

2.	 in accordance with the appropriate
 
documents
 

REMARK
 

REMARK
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7 INSPECTION ANO TEST STATUS DOCUMENTATION IMPLEMENTATION 

REMARK 
Items To An Audited 0 Items To Be Audited 0 

701 Inspection and teat status 

70101 
The inspection and test status 
of product shall be identified 
by using markings, authorized 
stamps, tags, labels, inspection 
records, test software, physical 
location or other suitable 

@ Appropriate documents specify the 
means to ensure that the inspection and 
test status of product shall be identi
fied by use of markings, authorized 
stamps, tags, labels, inspection re
cords, test software, physical location 

0 objective evidence exists to confirm 
that point 70101 is performed in accor
dance with the appropriate documents. 
<concepts> 
1. the inspection and test status shall 

be identified 

means, which indicate the con
formance or nonconformance of 

or other suitable means to indicate the 
conformance or nonconformance of product 

2. by suitable means to indicate the 
conformance or nonconformance of pro 

product with regard to inspec
tion and tests performed. 

with regard to inspection and tests per
formed. 

<concepts> 

duct 
3. in accordance with appropriate docu 

moots 
1. goodness of the appropriate documents 
2. the inspection and test status shall 

be identified 
3. by suitable means to indicate confor 

mance or nonconformance of product 

70102 
Records shall identify the in- A Appropriate documents specify the @ Objective evidence exists to confirm 
spection authority responsible means to ensure that records shall iden that point 70102 is performed in accor
for the release of conforming tify the inspection authority responsi dance with the appropriate documents. 
product. ble for the release of conforming prod <concepts> 

uct. 1. records identify the inspection auth
<concepts> ority responsible for the release of 
1. goodness of the appropriate documents conforming product. 
2. records identify the inspection au 2. in accordance with the appropriate 

thority responsible for the release documents 
of conforming product. 

8 CONTROL OF NONCONFORMING DOCUMENTATION IMPLEMENTATION 

PRODUCT REMARK 
Items To Be Audited Y. Items To Be Audited 0 

801 General prevision 

80101 

The supplier shall maintain con-
trot of product that does not 
conform to the specified requir
ements. 

8 Appropriate documents specify the 
means to control the product that does 
not conform to the specified require
ments. 

8 Objective evidence exists to confirm 
that product that does not conform to 
specified requirements is controlled in 
accordance with the appropriate docume

<concepts> nts. 

1. goodness of the appropriate documents <concepts> 
2. product that does not conform to spe 1. product that does not conform to spe

cified requirements is controlled. cified requirements is controlled. 
2. in accordance with the appropriate 

documents. 

80102 
All nonconforming product shall 
be clearly identified and segre
gated, when practical, to pre
vent unauthorized use, delivery 
or mixing with conforming prod
uct. 

0 Appropriate documents specify the 
means to ensure that all nonconforming 
product is clearing identified and seg
regated, when practical, to prevent un
authorized use, delivery or mixing with 
conforming product. 
<concepts> 

8 Objective evidence exists to confirm 
that point 80102 is performed in accor
dance with the appropriate documents. 
<concepts> 
1. clear identification and 
2. segregation, when practical, to pre

vent unauthorized use, delivery or 
1. goodness of the appropriate documents mixing with conforming product. 
2. clear identification and 3. in accordance with the appropriate 
3. segregation, when practical, to pre- documents. 

vent unauthorized use, delivery or 
mixing with conforming product. 

80103 
Repaired or reworked product 
shall be re-inspected in actor-
dance with documented procedu
res. 

0 Appropriate procedures specify the 
means to reinspect repaired or reworked 
product. 

<concepts> 

8 Objective evidence exists to confirm 
that point 80103 is performed in accor
dance with the appropriate documents. 
<concepts> 

1. goodness of the appropriate proce 1. re-inspect repaired or reworked prod 
dures uct 

2. re-inspect repaired product or re 2. in accordance with the appropriate 
worked product procedures 
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I HANDLING. STORAGE, PACKAG. DOCUMENTATION IMPLEMENTATION 

INS AND DELIVERY REMARK 
Items To Be Audited Y. Items To Be Audited 0 

901 Handling, storage. planing and 

delivery 

90101 
The supplier shall arrange for 
the protection of the quality of 
product and its identification 
after final inspection and test. 
Where contractually specified, 
this protection shall be extend
ed to include delivery to desti
nation. 

A Appropriate documents specify the 
means to arrange for the protection of 
the quality of product and its identifi
cation after final inspection and test. 
Where contractually specified, this pro
tection shall be extended to include 
delivery to destination. 
<concepts> 
1. goodness of the appropriate documents 

A Objective evidence exists to confirm 
that point 90101 is performed in accor
dance with the appropriate procedures. 

<concepts> 
1. protect quality of product and 
2. its identification after final in 

spection and test 
3. extend protection to include deliv

cry to destination (where contrac
2. arrange for protection of the qual wally specified) 

ity of product and 4. in accordance with the appropriate 
3. its identification after final in procedures 

spection and test 
4. extend protection to include deliv

ery to destination (where contrac
tually specified) 

10 QUALITY RECORDS DOCUMENTATION IMPLEMENTATION 

REMARK 

Items To Be Audited % Items To Be Audited Y. 

1001 Duality records 

100101 
The supplier shall maintain ap
propriate inspection and test 
records to substantiate confor
mance with specified requireme
nts. 

A Appropriate documents specify the 
means for maintenance of appropriate 
inspection and test records to substan
tiate conformance with specified re
quirements. 
<concept> 

A Objective evidence exists to confirm 
that the maintenance of quality records 
are performed in accordance with the 
appropriate documents. 
<concept> 
1. maintain appropriate inspection and 

1. goodness of the appropriate documents test records 
2. maintain appropriate inspection 2. in accordance with the appropriate 

and test records to substantiate con- documents 
formance with specified requireme

nts. 

100102 
Quality records shall be legible 
and identifiable to the product 
involved. 

A Appropriate documents specify the 
means to ensure that quality records 
shall be legible and identifiable to the 

A Objective evidence exists to confirm 
that point 100102 is performed in accor
dance with the appropriate documents. 

product involved. <concept> 

<concept> 1. quality records shall be legible and 

1. goodness of the appropriate proce 2. identifiable to the product involved 

dures 3. in accordance with the appropriate 
2. all quality records shall be legible documents 

and 
3. identifiable to the product involved 

100103 
Quality records that substanti
ate conformance with the speci-

A Appropriate documents specify that 
quality records that substantiate con-

A Objective evidence exists to confirm 
that point 100103 is performed in accor

tied requirements shall be re formance with the specified requirements dance with the appropriate documents. 

tained for an agreed period and shall be retained for an agreed period <concept> 

made available on request. and made available on request. 1. quality records shall be retained for 
an agreed period and 

I. goodness of the appropriate proved 2. made available on request 
ores 3. in accordance with the appropriate 

2. quality records shall be retained documents 
for an agreed period and 

3. made available on request 
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II TRAINING DOCUMENTATION IMPLEMENTATION 
REMARK 

Items To Be Audited % Items To Be Audited 

1101 Training 

110101 
Personnel performing final in
spection and tests shall have 
appropriate experience and/or 
training. 

A Appropriate documents specify that 
personnel performing final inspection 
and tests shall have appropriate experi
ence and/or training. 
<concepts> 
1. goodness of the appropriate documents 
2. personnel performing final inspection 

and tests shall have appropriate ex-

A Objective evidence exists to confirm 
that point 110101 is performed in accor
dance with the appropriate documents. 
<concepts> 
1. personnel performing final inspection 

and tests shall have appropriate ex
perience and/or training. 

2. in accordance with the appropriate 

perience and/or training. documents. 

12 STATISTICAL TECHNIQUES DOCUMENTATION IMPLEMENTATION 
REMARK 

Items To Be Audited % Item To Be Audited 

1201 Statistics' techniques 

120101 
Where appropriate, the supplier 
shall establish procedures for 
identifying adequate statistical 
techniques required for verify
ing the acceptability of product 
characteristics. 

A Appropriate procedures specify the 
means to, where appropriate, identify 
adequate statistical techniques required 
for verifying the acceptability of prod
uct characteristics. 
<concepts> 
1. goodness of the appropriate documents 

A Objective evidence exists to confirm 
that required statistical techniques are 
used in accordance with the appropriate 
procedures 
< concepts> 

1. identify adequate statistical tech
niques required 

2. identifying adequate statistical tec 2. for verifying the acceptability of 

hniques required 
3. for verifying the acceptability of 

product characteristics 
3. in accordance with the appropriate 

product characteristics documents 
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APPENDIX 4D
 

CSA's Guidelines for Selecting a Quality Program
 

4.2.2 Evaluation Factor Rating
 

Each of the evaluation factors should generate a rating.
 
These ratings are then to be compiled according to Clause
 
4.2.3 in order to obtain an estimate of the correct quality
 
program.
 

The following scores are suggested for rating the evaluation
 
factors. If it is felt that not all pertinent information
 
needed to make a correct evaluation is available, the
 
original designer or whoever can assist in providing this
 
information should be contacted. Proper communications
 
between involved parties is an all important aspect here.
 

The suggested evaluation factors are suitable for many items
 
and services and illustrate the selection process. In the
 
range indicated, compare levels and select the one closest to
 
the actual situation:
 

(a) Design Process Complexity
 
0. Design effort is minimal and simple.
 
1. Design effort is significant but simple.
 
2. Design effort is significant and presents some
 

complexity.
 
3. Design effort is extensive or complex.
 
4. Design effort is extensive and complex.
 

(b) Design Maturity
 
0. Proven design available.
 
1. Combination of proven design elements for same
 

application.
 
2. Modification of proven design for a different
 

application.
 
3. Redesign of existing item for a different
 

application.
 
4. New design from first principles of a complex item.
 

(c) Manufacturing Complexity
 
0. Few simple processes* required.
 
1. Significant number of simple processes required.
 
2. Few complex processes required.
 
3. Significant number of complex processes required.
 
4. Large number of complex processes required.
 
*Processes: manufacturing, inspection, testing,
 
assembly, construction, or any other activity.
 

(d) Item or Service Characteristics
 
0.	 Item or service has no tight or interrelated
 

characteristics.
 
1. Item or service has only a few tight or interrelated
 

characteristics.
 
2. Item or service has a few tight and interrelated
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characteristics.
 
3. Item or service has a significant number of tight
 

and interrelated characteristics.
 
4.	 Item or service has a large number of tight and
 

interrelated characteristics.
 
(e) Safety
 

0.	 No risk to the health and safety of operating
 
personnel.
 

1. Results in limited risk to the health and safety of
 
operating personnel.
 

2. Results in significant risk to the health and safety
 
of operating personnel.
 

3.	 Results in undue risk to the health and safety of
 
operating personnel and/or limited risk to the
 
public.
 

4.	 Results in undue risk to the health and safety of
 
operating personnel and to the public.
 

(f) Economics
 
0. Results in negligible inconvenience and/or cost.
 
1. Downgrades the service of a facility to a limited
 

extent and results in limited cost.
 
2. Significantly downgrades the service of a facility
 

and results in serious cost.
 
3. Seriously downgrades the service of a facility and
 

results in serious cost.
 
4. Results in total loss of service of a facility and
 

extreme cost.
 

4.2.3 Selection Formula
 

Select the applicable value from 0 to 4 for each of the above
 
factors and sum all values.
 

Read the suggested 2299 Quality Program Standard requirement
 
from Table 5*:
 
*This Table may be adjusted to suit the industry concerned.
 

Table 5
 
Quality Program Standard Selection
 

Value Range	 Quality Program Standard
 

18-24	 Z299.1(Quality Assurance Program-1)
 

13-17	 Z299.2(Quality Assurance Program-2)
 

8-12	 Z299.3(Quality Assurance Program-3)
 

4-7	 Z299.4(Quality Assurance Program-4)
 

0-3
 

Source: CAN/CSA 299.0, 1979, pp. 28-302
 




