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ABSTRACT

Statistical process control (SPC), as espoused by Dr. W. Edwards1

Deming and Walter A. Shewhart before him, is both a quality control
,*

methodology and a quality philosophy that directly relates

productivity improvement with quality improvement. This methodology

is gaining popularity among mass production industries with dramatic

demonstrations of concurrent improvements in quality and productivity.

This paper proposes that the methods and philosophy of SPC are equally

applicable to every type of non-manufacturing activity and will result

in similar increases in quality and productivity. The concepts and

techniques of SPC are translated into non-manufacturing ternn-,

supported by examples from the literature. A three stage process is

proposed to guide a manager in the implementation of SPC and. this

proce:;s is demonstrated In the production control section of an Air

[f'orce civil engineering squadron. I
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CHAPTER 1
The Need for Quality Improvement in Non-Manufacturing Activities

The application of statistical methods to process control pro-

vides a better understanding of the behavior of any operation. This

understanding is a necessary piece of management information. It is

essential for making good decisions about process adjustments and

assessing the effect of process improvement actions. The use of sta-

tistical methods also makes this understanding available to the em-

ployees who are actually working the processes. Fortunately it is not

necessary to understand a great deal about the mathematics of statis-

tical theory in order to make full use of statistical methods. The

concepts and techniques of a methodology known as statistiscal process

control (SPC) form a repertoire of powerful statistical tools that are

effective in bringing about concurrent improvements in both quality
J

and productivity. Although the development of statistical process

control required relatively advanced statistical analysis only ar

elementary understanding of statistics is required to make use of

these techniques.

When statistical process control techniques are coupled with some

widely used problem solving techniques, a manager has the means to

conduct a continuous program of quality and productivity improvement.

In such circumstances a manager can be confident in his ability to

maintain a competitive advantage. Putting this in non-profit terms,

the manager can be confident in his ability to accomplish all assigned

missions within the allotted or available budget. In both profit and

non-profit organizations it is no longer possible to rely on increased

A, * -$ . - l - ~A '



spending or capital investments to bring about increased production

capacity.

Statistical process control is a means of quality control that

employs Shewhart control charts to study the variation in the produc-

tion process. This approach is best understood when contrasted with

the traditional approach to quality control that inspects finished

product for conformance to certain specifications. This inspecti:.

may involve only a sample of the output or every unit of output. When

a sample is used a Judgment is made on the entire lot based on a pre-

scribed lot sam~ling scheme. One hundred percent inspection is merely

an effort to sort the defective output from the vood output. Statis-

tical process control, on the other hand, concentrates on reducing the

variation in the production process; and, as a result, the chance ot

producing defective output is reduced. Process variation is reduced

by removing faults in the process and this results in increased

productivity.

The Prevalence ot Quality/Productivity Imwvenent Efforts

The use of the word "process" brings to mind the mechanical pro-

cesses of product manufacturing. Thus, the manager of a non-manufac-

turing activity is inclined to dismiss these ideas as not applicable

to his operations. Nevertheless, a search of recent literature

reveals a great deal of interest in improving the quality and product-
-__

ivity of non-manufacturing industries. Following are a few examples

that show the prevalence of various quality and productivity efforts.

The United States Fidelity and Guaranty Company of Baltimore has A

implemented four methods as part of their service quality improvement

program (Zimmerman 1985). The first method is error identification.

2
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Random sampling is used to find kcrors and return them to the respon-

sible employee for correction. The second method is error analysis.
S

This involves employees and supervisors at all levels. Pareto analy-

sis and trend analysis are two of the most frequently used tools. The

third method is corrective action. Short-range corrective action pro-

grams are developed in response to sporadic error problems. The

fourth method is ongoing enhancement. This incorporates quality con- %It

cepts in the development of new goods and services. N

The Fram Corporation monitors the percentage of line items in

error on shipments from its distribution center for individual work

groups. Their objective is to force the error percentage to zero by

periodically lowering the goal as a group's error percentage drops.

The motivation is the fact that errors in distribution completely

nullify all efforts to produce a good product (Martin 1985).

The Paul Revere Life Insurance Company of Worcester, Massachu-

setts has implemented a program known as "Quality Has Value". They

employ a modified quality circle technique to generate improvement ;

ideas from the employees and promote top management participation in

the improvement process (Townsend 1985).

Blue Cross of Western Pennsylvania has applied a technique they

call process management to their clerical operations (Connell 1967)

and the Continental Illinois Bank in Chicago has done the same (Aubrey

and Eldridge 1981).

Process capability analysis has been applied to the production of

the $onsumer Price Index and The Production Price Index at the Bureau

of Labor Statistics in an effort to make these measurements more

reliable (Dmytrow 1985).

-3
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The Hartford Insurance Group and International Telephone and

Telegraph both know the value of improving quality and demonstrate

this understanding by practicing a detailed quality improvement

process (Scanlon and Hagan 1983a and 1983b).

The Sheraton Corporation is deeply committed to improving the

quality of service in their hotels (Mellin 1977). Their efforts in-

clude several participative management programs and the enhancement of

individual worker identification with the job. ..

The Eaton Corporation is using a variety of quality improvement

techniques in its Materials Handling Parts Distribution Center (Janas

1976).

James E. Olson, President of AT&T, is convinced that quality im-

provement efforts are sound business investments, and says that sta-

tistical analysis of everything they do is crucial to their success

(Olson 1985).

From among all the examples found, IBM and Ford stand out as pio-

neers in the implementation of statistical process control, They were

among the first to use statistical process control in their manufac-

turing processes and now they are using these techniques in a wide

variety of non-manufacturing processes. The Ford Motor Company, for

example, has revised its personnel performance appraisal system from

the perspective of statistical process control because it was a "bar-

rier to continuous improvement and quality performance" (Scherkenbach

1985). They have also used statistical process control at their Wind- %

sor Export Supply Company to improve their accounts payable process

(Baker and Artinian 1985). See also Sullivan (1984) for a clear pre-
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sentation of Ford's approach to quality through thp reduction of pro-

cess variability.

The IBM Corporation uses statistical process control in its
4

National Marketing Division (Nickell 1985) and has employed these

techniques in a number of support activities in their site services

operation at their Kingston, New York facility (McCabe 1985).

In each of the other examples, effort has been concentrated in
I.

the identification and containment of poor quality, or in the solici-

tation of improvement ideas from employees. Examples of the use of

statistical process control as a quality and productivity improvement

tool are still rare. Marc Holzer (1983) in an editorial in a recent

issue of Public Prodntihit, eview listed the following subjects and I-,

strategies that are currently on the minds of most public sector spe-

cialists: "measurement and performance auditing; automation and .

tion in managerial decisions and management participation in front- 1'

line work; investments in machinery and investments in people; feed-

back from and to employees; contracting out and contracting in."

Notice the absence of statistical process control. This is not
.,,

necessarily true in the manufacturing area, however. A recently pub-

lished survey by the Automobile Industry Action Group (Southfield, MI) -r

of 275 companies that supply parts to the automotive industry cite

statistical process control as more important to productivity improve-

ment than bar coding, just-in-time delivery, or electronic communica-

tion (Farnum and Gayman 1987).

-5 1
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On February 25, 1986 President Reagan issued an executive order I

,V

that established a comprehensive productivity improvement program for

the federal government. Benda and Levine (1986) had the following to

say about this proclamation. "Improving productivity in the federal

government has been an enduring, recurrent, yet elusive goal. Among 0

the problems endemic to productivity improvement in the federal sector %

is... the need to devise measurement systems that control not only for

the quantity of output but for the quality and timeliness of service

provision as well."

In many of the examples cited above the authors lamented the fact

that little practical guidance existed to help implement any type of .

quality and productivity improvement program for non-manufacturing

areas. For example, Melan (1985) of IBM, Kingston said that quality

principles in general have not been widely applied to non-product e

activities; and McCabe (1985), also of IBM, Kingston, had this to say

about their quality improvement efforts, "Among other problems, most

texts on the subject [of control charts] treated it in manufacturing

terms, adding that the concepts could apply equally well to service

organizations." Anyanonu and Bajaria (1980) put it this way, "Quality

control principles are well translated fir product and construction

industries, but have not yet paved a roadway into many service

industries."

It is true that statistical process control had its origin in

manufacturing and that the concepts and techniques are all explained

in manufacturing terms. Most instructional material on the subject is

also couched in manufacturing terms. This is enough to discourage any

-6-
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manager of non-manufacturing activities from attempting to make use of

these powerful tools.

Purpose
'

The primary purpose of this thesis is to translate the concepts

and techniques of statistical process control into terms useful to

managers of non-manufacturing activities. This will not be a direct

translation because the terminology of statistical process control 4,

will not be altered. Instead, the definition of these terms will be

expanded to include the non-manufacturing environment. This will be

accomplished by constructing direct analogies between the elements of

a manufacturing environment and those of a non-manufacturing environ-

ment. It is necessary for the manager of non-manufacturing activities 0

to undextand how the concepts and techniques of statistical process

control can be directly applied to any type of activity.

Three objectives will be pursued in support of this primary pur-

pose. The first objective is to persuade managers that these concepts

and techniques ar essential management tools. It is easy for man- %

agers to be content relying on their intuition and familiar management 0

techniques especially if they are successful. The benefits available

from the use of statistical process control are such that even suc-

cessful operations can realize significant improvements in quality,

productivity, and production capacity. This gain potential makes the

use of statistical process control indispensible. Many large manu-

facturing companies, such as Ford and IBM, believe so strongly in the

benefits of statistical process control that they require their sup-

pliers to employ these techniques in all aspects of their manufactur-

ing activities (Ford 1984).



The second obiective is to provide managers with a means to

employ these concepts and techniques in their individual areas of

responsibility. The intention is to help managers change a vague

notion that things should be better into a series of specific actions

that will yield measureable results. Many management decisions are
0

made under conditions of uncertainty. Statistical process control can

make the conditions under which these decisions are made more certain

by reducing the variational noise in the process, and it can also make

the evaluation of the effects of these decisions more definite. The IV

continuing use of statistical process control provides a history of

process behavior against which the effects of any improvements or

changes can be evaluated. sJ

The third objective is to show individual branch or department

managers that they can effect significant improvements in both quality 'a..

and productivity apart from the environment of a formal quality/

productivity improvement program promoted or sponsored by top manage-

ment. Most of the literature and consultation advice emphasizes that

the sponsorship of top management is necessary for a quality/product-

ivity improvement program to be successful. (See, for example,

Langevin 1977, Crosby 1979, Crosby 1984, and Price 1984.) This

advice is valid but it suggests that the first task of a concerned

first-line manager is to convince top management to support a company-

wide program and this may discourage any autonomous effort. Effort

should be expended on this task but it need not preclude concurrent

efforts by the first-line manager to implement a small scale program

in his own area of responsibility. Success on a small scale may be

what is needed to convince top management that a company-wide program

-8 - ,'P,'
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is necessary. It is also important for a concerned manager to know

that he does not need for a quality assurance division to be formed in

0
order to help him out.

It is expressly not the purpose of this thesis to repeat the

mathematical details of the construction of various types of Shewhart
0

control charts nor the statistical basis for their interpretation.

Although the correct use and interpretation of Shewhart control charts

serve as the backbone of statistical process control, the details of

their construction and their interpretation rules are readily avail-

able in other references. (See Grant and Leavenworth 1980 or Oakland

1986, for example.) %

Corporate Culture

A solo effort may not be easy for many, however. The manner in

which an organization or corporation typically conducts its daily

business can be called that organization's culture. Too many organ-

izations have cultures that inhibit the quality improvement process. 'a,

Melan (1987) says this is due to the heirarchical structure coupled

with the fact that work unit performance is measured on output quan-

tity rather than on how that output affects the work unit that must

use it. Juran (1964) called this phenomenon provincialism where

people work energetically to achieve their own objectives while the "

collective good of the organization suffers. Ishikawa (1985) refers

to this situation as sectionalism, and Hermann and Baker (1985) call .

it parohial1s N.P,

The ultimate aim of a quality improvement program is to achieve a ,. -

change in the organizational culture. This change does not occur

easily nor quickly. This is the primary reason consultants advocate
%.I
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that any improvement program be sponsored and promoted by top manage- '

ment. This does make the change easier but not much faster. Such a t

situation is discouraging for a first-line manager who is genuinely V

concerned about improving the quality of his output. Such a manager

may have to sacrifice personal or department objectives temporarily in

order to achieve real quality improvement, rather than merely an

increase in output quantity.

Sullivan (1987) suggests that strengthening horizontal technical

interaction within an organization is a means to change the organiza-

tional culture and maximize quality improvement and cost reduction.

An innovative manager may be able to foster some of this interaction

with his immediately surrounding work environment. Hermann and Baker 'I.

(1985) suggest the use of interlocking objectives to accomplish this

end. Olson (1985) says that a way to lead a cultural change in an

organization is to have a quality policy statement that is more than S

Just words; meaning that top management and every one else must live

by that policy.

ame Misunderstanding About 3P,

There are two prevalent ideas concerning statistical process con-

trol that need to be refuted. The first is the idea that statistical
I

process control is only applicable to manufacturing, and the second is -U

the idea that quality improvement can only be achieved through sacri-

fices in productivity. The first notion reflects the same kind of

diffi'ulties early practitioners of quality control had in convincing

manufacturers that statistical process control could be applied to any p.

type of product. This same difficulty now exists in convincing ser-
I

vice managers that statistical process control is applicable to any

-10-



type of work activity. Both J. M. Juran (1979) and W. Edwards Deming

(1982) have been teaching this for years, but the service industries

have been slow in picking it up. The second notion reflects the

understanding most people have regarding high quality; the better a

product or service is the more it is going to cost.

This work is intended for the manager of non-manufacturing activ-

ities and mainly for the first-line manager. It will also be of

interest to those in upper management because supervision and manage-

ment can also be considered non-manufacturing activities and thus are

amenable to statistical process control.

Characteristics at Non-Manufacturing Activities

Non-manufacturing includes a broad range of activities. As the P.

* term suggests, everything that is not involved rith the direct proauc-

tion or manufacture of products is included. The line between manu-

facturing and non-manufacturing can sometimes be fuzzy but a clear

distinction between the two is not necessary. The principles set

forth in this thesis will make it possible to understand and apply

statistical process control to any activity.

Non-manufacturing activities can be divided into two broad cate-

gories: service operations and support functions Service operations

include everything traditionally thought of as service industries. A r

partial list would include the following services: Janitorial, per-

sonal services, transportation, food and lodging, legal, medical, fin-

ancial, communication, engineering, architecture, and consultation.

Also included would be education. religious, insurance, real estate,

psychological counseling, marketing and advertising, maintenance, sec-

- 11 -
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urity, wholesale and retail trade, entertainment, and public

utilities.

Another group of activities that can be included with services

are the tasks performed by federal, state, and local governments.

These services range from police and fire protection at the local

level to national defense and foreign policy on the federal level.

Support activities consist of those activities that support the

primary mission of an organization, whether this mission is the manu-

facture of a product or the provision of a service. These include all

clerical and administration activities, as well as management and

supervision. Functions such as quality control, inspection, produc-

tion control, inventory control, personnel, and financial management

are also included.

The Prevalence Qf Non-Manufacturing Activities

According to the United States Bureau of Labor Statistics as

reported in the 1985 Information Please Almanac, over 75% of the non-

agricultural work force in 1983 was employed in services-producing

industries. This figure includes government employees at all levels.

Another source, the 1986 World Almanac, reported that in 1984 about

68% of the working population was employed in the following Job cate- A

gories: service occupations, management and professional specialties,

technical sales, and administrative support. In addition, in some

manufacturing industries more than 50% of the employees are engaged in

administrative support activities (Scanlon and Hagan 1983a). N

It is obvious from these figures that there exists a vast poten-

tial for quality and productivity improvement through the use of sta-

tistical process control, and most of the people involved in non-manu-

- 12 -



. facturing activities have given little thought to the meaning of pro-

ductivity and quality management (Scanlon and Hagan 1983a).

According to Roger Porter (1983), Director of the White House

Office of Policy Development, the growth rate of national productivity

has continued to decline sharply in recent years inspire of persistent

efforts at improvement. He lists as one of the factors in this

decline, according to most analysts, that our economy has "experienced

shifts in capital and labor from one sector of the economy to another,

where lower rates of growth, particularly in the more rapidly expand-

ing service sector of our economy, exists,"

Many examples of the successful application of statistical pro-

cess control in manufacturing can be found in the literature. Some of

these examples document the fact that significant improvements in---i@

quality and productivity are being realized in this area. This also

supports the statement in the previous paragraph that productivity in

non-manufacturing areas is the main reason for the decline in the

national productivity growth rate. It is, therefore, imperative that

statistical process control be applied to these activities in order to

reverse this decline. The responsibility cannot be borne solely by

manufacturing.

XaactAEhuki nd Non-Manufacturing Co re

It is worthwhile at this point to discuss some of the aspects of

non-manufacturing operations that are not found in the manufacturing,

setting, and later some similarities will be considered. The output -

of a non-manufacturing activity is often intangible. An employee com-

municating the status of a repair Job to the customer is performing a

function that has intangible output. Once the communication is com-

- 13 -



plete the only product that remains is the feeling of satisfaction or

dissatisfaction on the part of the customer. In addition, it is not

possible to inspect the product at a later time to determine its qual-

ity or to gather measurement data.

The output is also often perishable. It is not possible for a

secretary to stockpile an inventory of letters to be used at a later

date. The letters must be produced on demand.

In many service operations the customer is present in the produc-

tion and delivery system. This introduces an unknown and largely

uncontrollable factor that does not exist in manufacturing activities.

In the process of selling insurance almost the entire production

effort consists of an exchange of information between the customer and

the sales person.

It is often difficult to determine what the customer wants and

what standards he uses to evaluate the service performance. In a fine

restaurant, for example, fast service may be seen as superficial and

uncaring, yet service that is too slow could be viewed as incompetence

or unreliability.

Finally, as the name implies, the outputs of non-manufacturing

activities are not produced by a manufacturing process, but rather by

performing activities that fill a need that people cannot or do not

choose to meet for themselves.

There are also some important similarities that need to be recog-

nized. The output must fit the use the customer intends for it. For

an insurance company this would mean providing the correct amount of

coverage for each individual's needs. There is an ability to repli-

cate performance on an ongoing basis. The production process almost

-14-



always includes an input by a customer followed by a sequence of pro-

duction events and an output that is a product or the completion of a

9
service. A good example of this is a fast food restaurant. A custom-

er is confident that he will receive a certain quality product at a

certain price without deviation. The main purpose of statistical pro-

cess control is to insure that this ability is maintained and improv-

ed. Another similarity is that the process may also be high in vol-

ume, such as the processing of checks at a bank, and is usually labor

intensive. Timeliness is also a major concern to the customer. In

the car repair business, the cars must be serviced and returned in a

minimum amount of time. An insurance claim must be settled quickly.

Customer satisfaction is the primary concern in both manufacturing and

non-manufacturing activities. The customer expects to get what he

pays for. If we purchase a cleaning service for our home, we expect

to receive a clean house. Finally, as in manufacturing, it is also Ile

desirable to adhere to pre-established specifications. If we need

emergency plumbing repair, for example, we do not expect to wait

several days to get the job done.

i Overview

Here is an overview of what is to follow. Chapter 2 discusses

the various definitions of quality and the characteristics of a good

definition of quality. Chapter 3 explains the relationship between

quality and productivity. Chapter 4 translates the concepts and tech-

niques of statistical process control for use on non-manufacturing

activities. Chapter 5 outlines a step-by-step approach to implement-

ing statistical process control and chapter 6 shows how these steps .4
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CHAPTER 2
Definition of Quality and Quality Improvement ,

The definition of quality that a company or organization adopts

is directly related to its quality improvement activities. In other

words, the activities an organization are willing to engage in for the

purpose of maintaining or improving its quality are governed by its

definition of quality. More often than not a non-manufacturing organ-

ization does not have an explicit definition of quality that it can

call its own. In such cases each individual and each functional unit

within the organization is free to come up with their own definition

of quality. Since this definition will govern the way they behave

toward quality improvement efforts, it is difficult to achieve a unity r

of purpose in the organization, and this leads to dissension between

functional units; one unit's goal may not be compatible with the next

unit's goal.

It is also possible that an organization may have an explicit

definition of quality that applies to every functional unit, yet this

definition could lead to counterproductive efforts, or at least

efforts that inhibit quality and productivity improvement. For

example, the definition of quality at the Fram Corporation Distribu-

tiun Center (Martin 1985) is to have zero errors in all of their ship- I

ments. Such a definition can lead to excess inspection and wasteful

work practices. Therefore, it is important first of all that an

organization adopt a unified quality policy; and secondly, that this

policy be ground-A in the correct definition of quality. The correct

definition of quality will open the way for continuous, never-ending

improvements in both quality and productivity; and this translates

-17- .'
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II

into an improved competitive position for profit making organizations p

and sound fiscal responsibility for nonprofit organizations.

The two main topics of this chapter will be the definition of

quality and the idea of quality improvement, and how they relate to

each other. In discussing the definition of quality, the character-

istics of both good and bad definitions will be presented, and how

these effect management decisions and worker behavior. Also, there

are certain aspects that characterize good quality in the outputs of

both manufacturing and non-manufacturing activities that need to he

discussed because they influence both the way people traditionally

think of quality and what they do to improve it.
S

,_ iDefinition i! & anufacturing Eviromen

It will be necessary to begin with the concepts of quality

related to manufacturing activities and consider how they have evolved

from the traditional concepts to the more advanced concepts of quality

as espoused by Dr. Genichi Taguchi (1980); and then proceed to the

non-manufacturing environment. The Taguchi definition of quality

contains all the characteristics necessary for it to qualify as the

correct definition. He defines quality as the losses due to func-

tional variation and harmful effects that a product imparts to society

as a whole, beginning at the time the product is shipped. The impli- I

cations of this definition will be examined later in the chapter

This definition, however, is not accepted in all manufacturing circles .-

and has not even been considered in many others. Although the defini-

tion of quality in a non-manufacturing environment has the same impact

as in a manufacturing envirornent, there have been only a few cases

where Taguchi's quality philosophy has been operationally translated P

P1~
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into non-manufacturing terms. (This translation does not refer to a

translation from the Japanese language, but to a translation from the

manufacturing context.) The full scope of Taguchi methods will not be

addressed in this chapter; only those concepts relating to the defini-

tion of quality and on-line quality improvement activities. The other

aspects of his methods will be addressed at one point or another

throughout the remainder of this paper. The main body of Taguchi

methods, however, concerns off-line quality control. The concepts and

techniques of statistical process control, on the other hand, are

employed in on-line quality control, so an indepth analysis of non-

manufacturing activities in terms of off-line quality control concepts

will not be attempted.

The search for the correct definition of quality may begin in the

dictionary. The second definition listed for quality in Webster's -

Unabridged Dictionary (1975) is "any characteristic which may make an

object good or bad; its degree of excellence". Nine additional defi-

nitions are also given demonstrating the variety of contexts in which

the word may be used. None of these definitions can be used in a

quality policy to promote concurrent quality and productivity improve-

ment efforts because they direct a manager's attention to the output

of a work process rather than to the operation of the work process r

itself. This leads to efforts designed to detect and contain low

quality output and this does harm to productivity. A definition of

quality that directs management attention toward improving the quality

of the work process will lead to concurrent increases in output

quality and process productivity.

.



A number of different notions come to mind when someone thinks

about what it is that makes one product or service better than another

product or service. Quality is a complex and multifaceted concept. I4*

Aspects of quality include performance, features, reliability, con-

formance, durability, serviceability, aesthetics, and perceived qual-

ity (Kackar 1986), Consider first the quality of a manufactured pro-

duct. It is easy to say that a Mercedes-Benz is a better quality car

than a Chevrolet, and it is possible to list a number of characteris- 4

tics about the Mercedes that justify this judgment. The body may be

made out of a heavier gauge steel and the paint may be thicker and

more durable, and have a deeper shine. The upholstery may be leather

instead of fabric, and the interior ?ppearance may be more elegant.

The Mercedes showroom may also be more elegantly appointed and the

dealer may offer signature service. The Mercedes reputation for dur-

ability is also a quality characteristic, and its high quality image

is supported by its high price. Another aspect of quality is the i

status imparted to the owner of a Mercedes.

This list could continue but it is sufficient to illustrate the

three basic categories into which quality characteristics can be p

divided. O,c cbaracterization of product quality makes a distinction

between product attributes and service attributes (Thompson, DeSouza,

and Gale 1985). Taguchi (1980) divides the product attributes into
0%

product species and product function. So the three basic categories 4%

of product quality are product apei.es, wrndii function, and product

service &tt/ibt2 . Similar .ategories exist for non-manufacturing

outputs. Service level is analogous to product species, and service

performn. & is analogous to product function. These will be presented
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in more detail later. The service attributes of product quality will %

also be discussed at that time since they are non-manufacturing in

nature.

~Product Species, Function. an Service Attributes

Product specia concerns those aspects of a product's quality

that are largely subjective in nature such as a product's aesthetics

and the overall customer perception of quality. The depth of shine in

the paint joo on a Mercedes is an example of product species and so is

its leather upholstery. Product function is judged by the life per-

formance of the product; how long it lasts, its energy consumption,

the frequency of maintenance and repair, and the production of harmful

effects. A Mercedes' thicker paint job and heavier gauge steel body

may make the body skin more resistant to rust and dents. The Mercedes

may require an oil change every 15,000 miles rather than every 7,000

miles and this would also increase its quality. In addition, its

ability to hold a proper wheel alignment will eliminate the harmful

effects of excessive tire wear due to poor wheel alignment. Finally,

the service aspects of a Mercedes' quality has to do with the appoint-

ment of the showroom and the individualized service offered by the

dealer through his signature service program.

One of the first things considered when most people judge the

quality of a product are the aspects of product species. For example,

an effort to improve the quality of a Yugo could include such things

as leather upholstered seats, walnut trim on the dash and door panels,

and a walnut steering wheel. These changes would certainly improve

the elegance of the car interior as well as increase the car's price,

and people may also agree that its quality was improved. Product
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species is what makes a customer select a fully loaded Buick Century

over the base model, Quality improvements based on product species .V

always cost more. Unfortunately, it is this kind of thinking that

causes people to associate high quality with high cost.

Product function is a more subtle aspect of product quality.

Just because a Yugo is a small, inexpensive car does not mean that it

cannot be a high quality item. A Yugo's engine could be designed so

that oil changes are required infrequently. Its wheel alignment mech-

anism could be designed to withstand bumps and curbs without effecting

the wheel alignment. The upholstery fabric may be Just as durable as

leather and the interior could be attractively designed without the

added expense of walnut trim. A product may function perfectly but

have other negative impacts not related to its function. V

Although product species and product function are both valid

aspects of quality it is important to distinguish between the two when

developing a definition for quality. A definition for quality based

on product species will add cost to the product and not necessarily p

value. A definition based on product function can result in improved
-S

quality and a reduction in cost. This means added value and an

improved competitive position. Cost and quality are intimately relat- e

ed. No one would buy a Chevrolet if a Mercedes was available at the

same price. The only way for a company to improve its competitive
.V

position is to increase quality while at the same time reducing cost

(Deming 1982). A product will gain market share due to quality

as.,)cts related to product species, but once it has an established

market it will maintain or lose its position based on quality aspects

related to product function (Taguchi 1980).
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In summary, there are two ways that a product can be better than

its competitor. First it might perform its intended function more

effectively; and second, it might perform its intended function just

as well but at a lesser cost (Price 1984). 

Non-Manufacturing Quality Characteristica

Now-manufacturing quality characteristics are more elusive than

quality characteristics in manufacturing. Quality control in non-man- p

ufacturing industries requires a much broader approach to quality than

in the product-oriented industries. It must include elements such as S

the quality of human performance, equipment performance, data, deci-

sions, and outcomes (Rosander 1980).

One way of looking at service quality is directly analogous to

product species and product function. The term service level is

equivalent to product species and service performance is equivalent to

product function. Chauffeured limousine transportation provided by a

hotel during a guest's stay is a higher servic -evel than simply %

allowing a taxi stand to operate in front of the hotel. A suite in a IN

hotel decorated with expensive furnishings and paintings is another 0

example of high service level. Service performance, on the other

hand, has to do with room cleanliness, having the room ready for N'
occupancy when a guest arrives, insuring that everything in the room

is in good repair, and that room service is prompt and reliable. Ser-

vice quality is a measure of how well the service level and service

performance match the customers' expectations kLewis and Booms 1983). 0

Another way of looking at service quality is given by Rothman

(1983). He identifies two dimensions of service quality. One is

readiness t- serv and the other is performance quality. The readi- 0
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ness to serve dimension can be improved by doing something like adding

more telephone operators or servicemen. For example, an airline can

increase its readiness to serve by increasing the number of ticket

agents behind the counter. In order to increase its performance qual- NO,

ity, however, it would be necessary to insure that all the ticket

agents were fully trained and capable of handling all possible situa-

tions with dispatch. Performance quality is similar to product func-

tion in that it is a measure of the ability of the service to accomp-

lish its intended purpose.

Carol King (1985) refers to the technology of the service as the

Sfunctions, and the manner in which the service is delivered as

the soft functions. The lasar readers for the universal pricing code

in some supermarkets is an example of a hard function. The ability of

the cashier to successfully scan each item over the reader, however,

is an example of a soft function. Another example of a soft function

is the consistent loading of sale items on the store computer.

King (1985) also speaks of service quality in terms of its pjiz

mary and secondary services. The pmar services are those the cus- VQ

tomer pays to receive. In a restaurant the customer pays for a meal

that is hot and freshly cooked. If the restaurant advertises live
S

music to accompany the meal, that also becomes part of the primary

service because it is part of the customer's expectation. If live

music is not available, the customer will reason that he did not get

what he paid for. Secondary services refer to things like promptness %

and courtesy. These elements are not necessarily part of a customer's

expectations and it is more difficult to establish a satisfactory per-

formance level. Consider timeliness. When a customer brings his car
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in for a brake job and it is finished in half an hour, he may suspect

that he was not getting what he paid for. On the other hand, if the

car stays in the shop all day, the customer would also be dissatisfied

because the service was not prompt enough.

The establishment of a satisfactory level of courtesy is also a

difficult matter to resolve. Some customers may prefer a waitress who

engages in conversation while she serves, and others may prefer to

engage in their own conversations with as little interruption from the

waitress as necessary. In the case of courtesy it is easier to mea-

sure when it is not present. There does exist a fairly distinct line

between rude and courteous behavior, but beyond that any attempt to

distinguish between various amounts of courtesy is almost futile. If D

the customer is not satisfied with the primary services, no amount of

effort on the secondary services can make up for it.

King (1985) also adds human behavior as a quality characteristic.

Elements of human behavior that influence service quality include ,

human presence (warmth), assurance (security), response (which is

idiosyncratic, unstructured, and subject to infinite variations),

human dexterity, and human reasoning. c

Juran (1975) has identified five major categories of service

qualities as viewed from their effect on the users: 1. Internal qual-
',.?

ities that are not evident to the user. 2. "Hardware" qualities that a.

are evident to the user. 3. "Software" qualities that are evident to

the user. 4. Time, or promptness of service. 5. Psychological quali-

ties. Melan (1987) identifies three key characteristics of service 0

quality: 1. Meeting customer requirements such as timeliness, cost, %

communications, and accuracy of analysis. 2. Providing a value-add S

".,
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service, 3, The existance of a feedback-corrective action loop, Folz

and Lyons (1986) characterize the concept of quality in municipal ser-

vices as being related to effectiveness; but more specifically to ser-

vice level, timeliness, convenience, accuracy, and responsiveness.

As mentioned earlier, there is an element of service quality

associated with most products. Thompson, DeSouza, and Gale (1985)

identified a number of these service quality attributes. One is pro-

duct delivery and the related performance characteristics of required

lead time, delivery reliability, and product availability. Other

attributes include warranty; repair and maintenance availability, res-

ponse time, effectiveness, and the availability of spare parts; sales

service including frequency and caliber of contacts; the company's w

viability in relation to financial condition and business commitment;

advertising and promotional material for the retailer; customization;

technical support; the convenience and ambiance of the location; com-

plaint handling; order and billing simplicity; and communicating order

status and product development information

Many technical definitions of quality have been developed. Some

of them reflect the unique characteristics of a single industry, but V
most are general in nature. A large number of such definitions exist

reflecting the lack of agreement in the business community in regard -

to quality. The following selections illustrate the diversity of

definitions being used today.

CoDnf e to Specifications Versus Consistency frm ce

In a manufacturing setting the traditional definition of quality

is conormanc t specifiin limit (see, for example, Scherkenback

1985; Thompson, DeSouza and Gale 1985; Zimmerman 1985; Juran 1975;
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Scanlon and Hagan 1983a.) The Paul Revere Life Insurance Companies

have adopted this type of definition for their insurance operations.

They define quality as consisting of two independent parts--quality 
in -0

fact and quality in perception. The first consists of meeting inter-

nal specifications; and the second, meeting the customers' expecta-

tions (Townsend 1985). The Hartford Insurance Group has a similar

definition in its quality policy: "to perform each Job or service in

exact accordance with existing job requirements or standards" (Scanlon

and Hagan 1983a). These definitions say, in effect, that quality is

only achieved when the product or service looks and performs exactly

the way the instructions said it would; and, if this is true, no fur-
0

ther improvement is necessary or even wanted. This definition will

not lead to concurrent improvements in quality and productivity, nor

will it stimulate never-ending quality improvement efforts.

A variation of this definition is that quality is tin cus-

tomer expectations (Lewis and Booms 1983). This version is expressed

in Sheraton's statement of their quality improvement program. Mellin

(1977) says, "The efforts of this program are geared toward making

certain we give our guests what we promise." Roger G. Langevin

(1977), when he was second vice president with The Chase Manhattan

Bank put it this way, that quality is the degree to which the product

or service satisfies the customer. Hershauer's (1980) definition is

more elaborate. He says quality is "the degree to which a product or

service conforms to a set of predetermined standards related to the

characteristics that determine its value in the market place and its

performance of the function for which it was designed."
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Another traditional definition of quality is fitness [ur

(Juran and Gryna 1980). Lewis and Booms (1983) have used this idea

when writing about the marketing aspects of service quality. They say 1

that the quality of service depends on the fitness for the purpose of

the user. Others equate quality to slogans such as "zero defects" or

"do it right the first time."

When 394 hotel operators were asked to define quality, a variety

of replies were received. Thirty-four percent described good quality 4

as eitaer the best, finest, or most of something. Twenty percent

defined it in terms of the price/value relationship. Fourteen percent

equated quality with uniqueness, and eleven percent simply stated that

quality is service. Seven percent admitted that they did not know how

to define quality. The remaining nine percent gave the following

definition that Lewis and Booms (1983) considered to be correct: "The

consistent delivery of acceptable standards where these standards are

defined as the standards which management deems acceptable in light of

the target market and which represent the service to be made available

to the customer."

The definition of quality at American Airlines is given by

William E. Crosby, Vice President of passenger service: "Service

quality is doing consistently well those hundreds--even thousands--of

little things that satisfy our customers and cause them to return."

At Americana Hotels service quality is consistent4 meeting the

expectation of the customer (Lewis and Booms 1983).

According to Donald E. Petersen, President of Ford Motor Company,

a new definition of quality has recently been put in place at Ford.

He says that "controlling and reducing tha variability of business 3
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processes, in addition to manufacturing processes, is vital to our

future competitiveness." Therefore, the new operational definition of

quality at Ford is to reduce variability in. everyting they do

(Scherkenbach 1985). The Hartford Insurance Group and ITT have

recently adopted a similar definition of quality (Scanlon and Hagen

1983a). They define unsatisfactory quality as "undesirable results

due to unwanted and unnecessary variations in. r rmnc." Sullivan

(1984) says that a new definition of product quality is uiformity

around the design dimension rather than conformance to the engineering

specification limits. Dimensional specification limits have nothing a

to do with quality according to W. Edwards Deming (1982). Sullivan

(1984) goes on to say, "In the U.S., quality should have as an opera- r

tional definition that it is a means of reducing waste and therefore :1I

of improving productivity. In other words, quality cannot be the end

objective; rather, it is a way of lowering manufacturing costs."

Notice that there is a marked distinction between these last few -

definitions of quality and all the others. The earlier group of defi-

nitions all referred to either meeting specifications or the customers

expectations. The latter group of definitions are remarkably similar

to the Taguchi definition given earlier. These definitions speak of

reducing the variability of performance and deliberately avoid all
* ~'

reference to specification limits or standards, and there is a very

sound reason for doing this. This reasoning is grounded in Taguchi's

quality philosophy.

Taghi's Quality hilosophy

This will be illustrated using an example from Sullivan (1984)

which is in manufacturing terms. The main points of this example will
V.
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then be translated into non-manufacturing terms. Figure 1 illustrates

the output of three different processes. The horizontal axis repre-
S

sents the measurement of the dimension of a certain part, say the dia-

meter of a piston. The target is the ideal dimension as determined by

the design engineers, and the upper and lower specification limits

(USL and LSL, respectively) represent the variation in this dimension

that the engineers considered acceptable. The area under the curve

between any two points on the horizontal axis represents the likell-

hood that a part produced by the process will fall between those two

measurements.

Process I is producing most of its parts on the target value but

there is a lot of variability in the process and some parts are above

t.e upper specification limit ad others are ielow the lower specifi-

cation limit. Process II has less variability but is producing most

of its parts between the lower specification limit and the target.

While some parts are below the lower specification limit it is very *

unlikely that the process will produce a part that is above the upper
S

specification limit. Process III shows very little process variation.

In other words, the piuuess appeai-6 to be very stable. Rost of its

output measures near the lower specification limit but the likelihood

of a part being out of the specification limits on either side is

quite low.

Using the traditional definition of quality--conformance to spec-

ijications--the output from Process I would be selected as the worst

because there is a high probability of finding parts that are out of

?-cifi"tinns. The output from Process III would be selected as the

best because virtually all the parts would be within specifications.

S
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Based on Taguchi's definition of quality, however, Process I would be

selected as the best because more of its output is near the desired 0

target value and Process III would be the worst because virtually none R,

of its output is near the target value. C'<.

It might be argued that Process III is the best process because

it has the smallest variability and this is the aim of quality im-

provement--to reduce process variability. This, however, ignores one

important element of the correct definition of quality--that it is the

variability around the target value that needs to be reduced. If 9

Process III were centered on the target value it would oe thc Lest

process by far. These three examples were selected to illustrate that

mere conformance to specification is not acceptable. Consider the 0

output of Process III again. There is little difference between the

majority of the parts produced by Process III and parts that are below

the lower specification limit.

The use of the traditional definition of quality is reinforced by

the behavi&r of manufacturers when they write a contract for a vendor

to supply them with a certain component. The contract will usually p

include that the dimensions of the part must fall within the given

engineering specification limits. The vendor manufactures the parts

in lot quantities, inspects a sample of the lot using published 0

acceptance sampling criteria, and if the fraction defective is low "

enough the lot is shipped. If this measurement is too high the vendor

can be reasonably certain that the buyer will not accept the parts.

So the vendor has the option of either sorting out the defective parts

in order to lower the number of defectives, or he could sell the lot

at a reduced price to someone else, or he could scrap the entire lot.
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In an environment like this there is no motivation for the manu-

facturer to seek process improvement as long as the process output is

below the fraction defective limit, even if it means that parts pro-

duced closer to the target dimension are of higher quality. Taguchi

quantified this value in his well known loss function, and adequately

demonstrated that continuing reduction in process variability results

in increased profit for the company and a reduction in loss experienc-

ed by society as a whole.

How does all this relate to non-manufacturing activities? The

concepts of target dimension, specification limits, process variation,

and process adjustment are all foreign to service industries. In the

first place the output of a non-manufacturing activity can rarely be

measured using variable type data as manufactured parts are; that is,

in length, weight, hardness, etc. It is also much more difficult to 4

adjust a non-manufacturing process. The adjustment of a manufacturing

process may be as simple as turning a dial on a machine. The adjust-

ment of a non-manufacturing process often involves a change in operat-

ing procedure and additional training for the employees.

The buyer of services does not write specifications as the buyer

of a manufactured item does (Rosander 1985). The desires and expecta-

tions of the customer are analogous to product specifications, but it

is difficult to put this in numerical terms. If the performance char-

acteristic is response time it may be necessary for the company to

select a response time limit that it deems reasonable and then observe
%I

the customers' reactions. In this case the target value would be

zero, immediate response; and the only meaningful specification limit

would be on the upper side of the target.

)S
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Sometimes this upper limit may be set by regulation and not sub-

ject to customer satisfaction. For example, an Air Force civil engi-

neering squadron has a certain period of ime to repair an emergency

situation. This time limit is set by regulation and customer satis-

faction has little influence on it. In a commercial enterprise, how- S

ever, if the customer is not satisfied with the response he will

simply take his business elsewhere.

In many cases the customer's expectation is that no errors be

committed. In this case the target value is zero with zero acceptable

variance. There are two ways of responding to this type of specifica-

tion. Langevin (1977), in describing quality control activities in a

bank where it is critical that no errors are committed, reasoned that

it was the manager's duty to identify and contain all errors before ,
.N

they escaped his realm of responsibility. This is analogous to insur-

ing that all products fall within specification limits without regard '

to process variability or centering on tarpt. This illustrates the

detection/reaction mode of management that is so prevalent in service

industries. Its focus is on containing and correcting the errors.

The second way to respond is to concentrate on the process that

produced the errors, and identify and remove the causes of those

errors. This means adjusting the process to reduce its variability

and center it closer to the ideal target of zero errors. This type of,.-.,

response is known as the prevention/control mode of management. When .*

operating in this mode effort is directed towara continuing quality

and productivity improvement through the control of the process %

variability. p.
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Product Qentatio Ve Protea Qrientation

The traditional view of quality--conformance to specifications--

can be characterized by a product orientation. The Taguchi view of

quality--reduction in process variation--can be characterized by a

process orientation. In a product orientation to quality, the focus

of inspection is on the product and its aim is to determine if the

product is good or bad. The product is being controlled without

regard to the behavior of the process. Efforts to improve the quality

of the output are directed toward reducing the number of parts that do

not fall within the specification limits.

There are two classes of measurements that can be made of a pro-

cess. As mentioned in the previous paragraph, process measurements

are selected to reveal key characteristics of the process behavior.

These measurements usually coincide with key dimensions of the product

in most manufacturing situations, but this is not necessary. In fact,

in most non-manufacturing situations this is not the case. When pro-

cess behavior is measured using key measurements of the final product,

process performance measurements are used. This is best understood in

a continuous manufacturing context, such as the blending of household

paint. The output is a paint with a certain chemical composition.

Process performance measurements would include a chemical analysis of

the product, its vi-. sity, and its color. When process behavior is

measured using measurements that are not directly related to the final

product, process state measurements are used. In the paint example,

process state measurements would include the flow rate of various com-

ponent fluids, fluid temperature, and mixing chamber pressure.
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Gunter (1987) summarizes Taguchi's approach to quality in two

fundamental concepts. The first fundamental concept is that quality

losses must be defined in terms of deviations from the desired value

rather than conformance to engineering specifications; and that this

loss must be measured by the cost incurred by the entire society and

not just at the point of defect detection. Taguchi's definition of

quality clearly demonstrates the customer orientation that he places

on quality. This is in contrast to a producer orientation to quality

that only considers the cost of scrap, rework, and warranty and repair

costs. The second fundamental concept is that quality has to be

designed into the product, not inspected into the product. Taguchi

then gives three design stages: systems design, parameter design, and

tolerance design.

Gunter (1987) illustrates Taguchi's loss function using the dia-

gram shown in Figure 2. The horizontal axis is the parameter value

and the vertical axis indicates the value that is lost. The target

value for the parameter is marked in the center with a T, and the

upper and lower specification limits are symmetrical about the target

and are marked with USL and LSL, respectively. The solid line graph

indicates the traditional understanding of quality loss. As long as

the parameter value is within the upper and lower specification

limits, no value is lost. As soon as the parameter value exceeds

either of the specification limits, however, one hundred percent of

the product value is lost. The parabolic dashed-line graph represents

the way Taguchi understands quality loss. The shape of this loss

function is usually difficult to impossible to determine yet it

illustrates a very important point--that any deviation from the target
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value will result in a loss in product value, and that this loss grows

rapidly as the parameter value moves away from the target value. p..

It is obvious that these two contrasting views of quality have a

dramatic effect on management and employee behavior. The work envi-

ronment under the traditional approach to quality can be characterized

by problem solving behavior that is triggered by increasing defect

rates or some other undesirable event, and is usually an endless

sequence of "fire fights." If there are no trigger events, management

and employees are quite content and no effort is taken to do anything

to change or improve the process, The work environment urder

Taguchi's approach to quality, however, can be characterized by prob- %

lem solving behavior that is triggered by changes in process control

charts. If the process is unusually unstable, this problem solving

behavior may be quite frantic at first. But as various causes of pro-

cess variation are identified and removed the pace begins to slow, and

more resources are available for process improvement efforts. if

there are no trigger events, management will continue to experiment

with the process in order to identify and remove additional causes of

variation.

SummaS

In summary, a good definition of quality emphasizes process con-

trol rather than product control. It stimulates never-ending improve-

ment efforts by promoting the prevention/control mode of management NV

rather than the detection/reaction mode of management. The main char-

acteristic of a good definition of quality is its recognition of the

necessity to reduce process variability rather than reduce the number

of detectives--consistency of performance versus comformance to speci-



iS

fications. Product quality consists of product species, product func-

tion, and certain product service attributes. Analogous aspects of

service quality include service level and service performance. Ser-

vice quality can also be characterized by a readiness to serve, hard

functions and soft functions, and primary and secondary services. The

Taguchi loss function illustrates the economic incentive to pursue

never-ending quality and productivity improvement.
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CHAPTER 3
The Quality/Productivity Relationship

An increase in service quality causes an increase in operational

productivity. This concept is crucial to the survival of any business

enterprise, and it is counter to the intuitive understanding most

people have of the relationship between quality and productivity. The

sole purpose of this chapter is to provide irrefutable evidence of the

validity of this idea. It is not merely the idea that quality and

productivity can increase concurrently; it is also the fact that an

increase in productivity can be the natural result of successful

efforts to increase quality as long as quality is defined in an appro-

priate manner and an appropriate improvement methodology is employed.

Quality is one of the foremost concerns on the minds of consumers

today, and this makes it a major concern of business managers. This

fact is reflected in the use of the quality idea in many advertise-

ments. Consider, for example, the following statement from a commer-

cial for the Bank Appoaline: "Quality service that you wouldn't

expect from a bank this personal." Consider also the claim by Regis

Salons, "We listen before we cut." Consumers are looking for service

that is done right the first time, and service companies know they

must deliver in order to remain competitive. The question remains:

how can this be done without damaging the status of the business in

other areas?

In today's highly competitive market, a service manager cannot

afford to jeopardize his overall position for the sake of quality

alone, even if improved quality offers the promise of a growing cus-

tomer base. He must also be concerned about profits if his firm is to
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survive. He must know how to manipulate quality and productivity as

well as time and cost in his effort to maximize profits. The typical

approach is to treat time and cost as independent variables and

quality and productivity as the dependent variables. An increase in

productivity may be achieved by investing in faster production')

equipment or by merely urging the operators to work faster. The first

action results in increased cost and the second action may result in

decreased quality. Each of these outcomes is anticipated, and the

manager weighs the expected profit against the increased cost and the

effects of lower quality. On the other hand, an increase in quality

may be achieved by purchasing more accurate equipment, by increasing

output inspection, or by urging the operators to work slower and more

carefully. All three actions will result in increased cost and

decreased productivity. These are also expected as necessary costs

for improving quality.

The typical manager limits his control over these four variables

to time and cost. What is not generally known is that a manager's

philosophical bent toward quality and productivity will allow him to

treat these two as independent variables as well. This idea will be

given more consideration later, but first an answer to the following

question will be developed. What can a service manager do to improve

the competitive position of his company?

Typical Ffonrtq to Impov Copttv Position ,

In general, a service operation can be thought of as transforming 0

information Just as a factory transforms raw materials. The informa-

tion comes into the system from the customer. It may be as simple as

making a deposit in a savings account or as complicated as a request
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for a multi-million dollar advertising campaign. The information

enters the system and is transformed through the conversion process

until it results in the desired output. In the case of the savings

account deposit, the customer's expectation is simple and well

defined, and the bank is confident in its ability to deliver. All the

customer wants to see is the correct increase in his account balance.

In the case of the ad campaign, however, the customer's expectations

will be less well defined and the advertising agency will have some

doubt as to whether it can satisfy the customer. The customer may

expect a permanent increase in his market share but only receive a

temporary increase in sales.

Continuing with the savings account example, the input Ur raw

material for the bank's processing system is the information on the

customer's depcsit slip. The deposit slip should contain all the

information necessary to complete the transaction and this information

should be correct. The bank has very little direct control over how

well the customer fills out his deposit slip. One way the bank can

control the quality of this information is by verifying it with the

customer prior to completing the transaction. This is an inspection

of incoming raw material and always damages productivity. A bank, or

any other service operation, has little hope of improving its competi-

tive position through this type of improvement effort. A better way

to improve the quality of incoming information is by improving the

deposit slip itself and/or providing better instructional aids for the

customer in a effort to prevent input errors from occuring. The

emphasis on prevention is the key to achieving significant improve-

ments in competitive position.
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Capital investments in advanced processing equipment are always I

prompted by competitive pressures. This is just as true in service

businesses as it is in manufacturing. The difficulty with this

approach to improving competitive position is that it is only tempo-

rary. The advanced equipment is equally available to all competitors.

Once the initial risk has been taken by one business and the competi-

tion observes the competitive advantage, they would be foolish not to .7

follow suit. It is evident that the mere acquisition of new equipment

is also not a means to achieve competitive advantage. What distin-

guishes one business from another in the area of competitive position

is the manner in which they use their available equipment. Deming

(1982) asserted that too many businesses consider acquiring new equip-

ment without first realizing the full potential of their existing

equipment. Statistical process control is the tool that enables

equipment to be employed to its full advantage.

Every business enterprise has a fixed amount of time with which

to work. In a capital intensive industry it is desirable in many

cases to use all the time available; work three shifts a day, seven

days a week. In service operations the time available for profitable

work is determined by customer demand. A bank may attempt to improve
p

its competitive position by using its time differently than other

banks. For example, the Marine American National Bank in Champaign,

Illinois offers service from 7:00 AM to midnight, seven days a week.

If they have judged the market correctly, this move will improve their

competitive position. But, again, this is only a temporary, static

improvement in competitive position. Other banks can follow suit if

they see a substantial shift in customer demand. Like equipment, it
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is the ability of a business achieves the full potential of the time

available to it that determines the strength of its competitive

position.

Another resource available to managers is people. It is to a

manager's advantage to have the best people possible. One way to

attract high quality people is to offer a better salary than the com-

petitors. This is analogous to purchasing more sophisticated process-

ing equipment. An excellent training program is another way to ensure

that the people are the best qualified to do the job. This, however,

is also the goal of each of the competitors. Although a company's

effectiveness in acquiring and retaining high quality people will have

a considerable impact on competitive position, this too may only be r

temporary.

What avenue, then, is available to a manager that will ensure a

continuing competitive advantage for his company'? The answer to this

question lies in a correct understanding of quality and how it is

achieved through the use of statistical process control techniques.

Quality control has long been associated with product manufactur-

ing. The products usually take the form of material goods. The manu-

facturing processes involved include metal casting and cutting, weld-

S
ing, assembly, inspection, and testing. Quality criteria come from

the part blueprint in the form of dimension tolerances or test speci-

fications. Part quality is measured in terms of defects, functional

failures, and dimensions that fall outside specifications. All of the

quality control textbooks are written to a manufacturing audience

using manufacturing examples. With the increasing concern for quality

in the service sector, service managers naturally turn to their manu-
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facturing counterparts to see now they are managing quality. What

they see, in the vast majority of cases, is product oriented control.
S

Product control reflects the traditional philosophy of quality and has
P.

a direct impact on how the four major variables in a conversion pro- MI

cess (quality, productivity, cost, and time) interact with each other.

This chapter is concerned with the relationship between qality

and productivity. It is easy to see how time and cost must be mani-

pulated in order to increase productivity, so this topic will remain

untouched. That is not so easy to see is how quality must be manipu-

lated in order to increase productivity. This is due to the preva-

lence of product control in manufacturing. ,.

Product Control

Product control is characterized by defect detection and contain-

ment. It frequently employs 100% inspection of the process output to

ensure that no errors are passed on to the customer. Product control

is mainly concerned about the product characteristics being within ,W

specified tolerances. It classifies a part "good" if its dimensions

fall within tclerances or if the number of defects are below the max-

imum allowable. A part is labeled "bad" if it does not comply with

specifications. The system plans for a certain amount of scrap and

rework. Records are kept on scrap and rework rates. If these rates

get too high, top management gets concerned and starts motivating the

production manager to do something about them.

It is easy to see from this brief description of product control

just what impact it has on productivity. In order to maintain an

acceptable level of outgoing quality, considerable effoit must be 0

applied to the inspection process. This effort is nonproductive.
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Rework is also nonproductive because its efforts are expended on some-

thing that should have been done right the first time. Scrap is
I

simply throwing part of the production effort away. All three of

these a.ivities reduce the organization's productivity, but they are

all considered necessary for the sake of quality when considered from

a product control point of view.

Consider, for example, the production of notebook paper. Dark
34,

pieces of fiber occasionally occur as blemishes in the paper. rLe

company may decide to sell two grades of paper. The low quality paper

will sell at a reduced price because they will not bother to sort out

the blemished sheets. The high quality paper will cost more because
I

of the extra expense involved in detecting and containing the blemish-

ed sheets before they are packaged. It is this kind of reasoning that

leads obviously to the conclusion that quality always costs more, and

this thinking is still largely accepted by consumers. They are

willing to pay more for quality. Consider the competitive advantage a

company would have if it could provide superior quality at less cost.

Service managers also take note of the various initiatives taken

by manufacturing companies to improve productivity. Frequently these

initiatives take the form of capital investment in higher capacity 4
I

machinery or more sophisticated automation. The use of work standards

and production quotas are also efforts by manufacturing to increase

the productivity of their work force. A recent improvement in pro- .

ductivity enhancement involves the use of quality circles or some

other worker participation program. These efforts may give promising

results but are not nearly as effective as quality improvement through

the use of statistical process control. W. Edwards Deming (1982) says
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that specifications and work standards are, in fact, a detriment to

quality and productivity. ?(-r, Zimmerman (1985), vice president of

United States Fidelity and Guaranty Company in Baltimore, offers the

following promise to companies that pursue quality improvements

through statistical process control. "The opportunities for cost-

effective implementation of quality efforts are like a great unexplor-

ed frontier. The companies that are going to make the greatest head-

way from a productivity standpoint are those that explore and expand

their present horizons to accomodate improvement in goods and services

so that quality becomes an integral part of all phases of the service

industry op~nrat ion."

Following the example of their manufacturing counterparts, ser-

vice managers attempted to apply product control to their zoerationE.

Many concluded that their operations were so different froL. nanufac- 4.

turing that quality control techniques simply could not work. They

remained content to continue running their businesses on intuition and

experience. Roger G. Langevin (1977), executive in charge of the

Quality Control Division of The Chase Manhattan Bank, came to this

conclusion in 1977. He said, "The concept of zero-defects, which grew

out of the highly reliable aerospace programs, cannot be applied to

the clerical operations typical of those in most service industries."

The idea that service operations are different is still being

espoused. Carol A. King (1985), president of the Qualityservice Group

in Princeton, New Jersey, said that the techniques used in manufactur-

ing to measure conformance to a standard must be modified before they

can be applied to service operations. She went on to say that indus-

trial techniques of inspecting and testing are only partially helpful
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in measuring conformance to service standards. Others say that final

aualitv carot be insured by inspection since the service is consumed

as it is being provided (Thompson, DeSouza, and Gale 1985). 0

Notice the product orientation of these statements. Carol King

sees quality control efforts as comparing the output with specified

standards. The idea that output should be inspected prior to delivery

to the customer is definitely product control. The object for these

quality programs is to identify and contain errors before they get to

the customer. Langevin (1977) goes so far as to state this explicit-

ly. He says that quality control is detecting and correcting errors

before the product leaves your span of control.

In spite of the difficulties involved in applying product con-

trol, some companies have done so and consider their efforts effective

quality control. The program at the Consumer Goods Distribution

Center of the Fram Corporation in East Providence. Rhode Island is

just such a program (Martin 1985). The distribution center was con-

cerned about the number of line items in error on orders shipped from

their warehouses. They inspected a random portion of filled orders

before they were loaded on the truck in order to make sure the items

contained in the crate matched .he items listed on the packing list.

When they found an error they sent it back to the responsible worker

for correction. This was their corrective action plan. They monitor-

ed each work group's performance with p-charts. The ultimate goal was

to force the error rate down by periodically lowering the goal as each

group showed improvement. They did realize some improvement using

this technique, but it was due solely to the operators increasing

their attention to detail. Although this is important, their approach
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to quality control did not help them find other causes for error and

additliuaal opportunities for improvement. Their goal was to reduce 3

S
the line item errors on outgoing shipments to 0.5%. With the correct

understanding of quality they would see the logic of striving for zero

errors. A similar program is in place at the Materials Handling Parts

Distribution Center operated by the Eaton Corporation (Janas 1976).

A service operation is obviously different than a manufacturing

operation, but certain analogies can be made that help relate the two

processes. The product of a service operation is the effort put into

doing something for the customer. It may be the compiling of a

monthly checking account statement, a hair cut, or a set of recommend-

ations to solve a technical problem. The processes include adminis-

trative, clerical, and the mental processing of information. The

quality criteria can be defined as the errors to be avoided, response It

time, or customer turnover.

It is unfortunate that the quality control programs of manufac-

turing proved to be such poor examples. Service industries were in 4%

the position to start their quality improvement programs with the cor-

rect philosophy. Since it is very difficult, if not impossible, to

inspect the final product before it is delivered to the customer, ser- V.

vice industries could have avoided the trap of product control with

its error detection and containment approach to management. Most ser- %,-

vice industries by now have experienced product oriented quality pro- "$

grams, so they are in the same position as most manufacturing indus-

tries, because most American manufacturers still have not realized the

error in their quality philosophy. They both have to change the qual-

ity philosophy of their organizations. To do this, it requires
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relentless, lon- term effort by the tor manager in the organization.

The top manager must change his philosophy first, then make sure

everyone else, all the way down to the janitors and temporary office ,

help, change theirs. The correct understanding of quality is what

causes productivity to increase with each successful effort to improve

quality. %

Statistical Process Control

The correct understanding of quality does not associate quality

with conformance to specifications. It avoids 100% inspection of the ,

final product. !he correct understanding of quality is contained in

the approach to quality control called statistical process control.

The effort is not applied directly to the control of output quality,

but it is applied to the control of the process. It does not matter

what kind of process it is or what kind of errors the process can pro-

duce. Statistical process control is applicable to all processes:

typing, answering the telephone, responding to customer complaints,

turning the diameter on an engine bearing surface, assembling elec- V

tronic components on a printed circuit board, d -.Iivering office mail,

and so on. Statistical process control provides vital information

about the process performance. Out-of-control signals on the process

control chart indicate unnatural variation in the process. The cause •

of this variation is called a spca cas because it is only present

occasionally. Special causes are relatively easy to identify because

the process control charts provide a rough indication of when the

event occurred. Once a special cause is identified corrective action

can be taken to remove it from the process. Special causes are not

part of the processing system. They are imposed from outside the
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system and it is generally within the power of the individual worker

or immediate supervisor to take corrective action. According to W.

Edwards Deming (1982), fifteen percent of process variation is due to /

special causes. Each cause of variation removed from the process will .

decrease the chance of producing undesirable output. A process that

is in statistical control has the potential to produce higher quality

output than when it is not in statistical control because no special %

causes of variation are present to increase the variability of the Yr

process, More will be said about causes of variation in the next

chapter.

Once all special causes of variation are removed, the process

control chart will show that the process is running in statistical

control. This does not mean, however, that the process is producing

100% acceptable output. It just means that the process is operating

under a constant system of c cses of variation, The source of

this variation comes from what is called common causes. Common causes

of variation effect the process continually in the same manner. These N'

causes are more difficult to detect because the control charts cannot

indicate when and where to look. However, once a common cause is

identified and removed, the control chart serves to verify and main-

tain the corrective action, Effective corrective action will appear

as an out-of-control point on the control chart in the direction of

process improvement. This improvement is maintained by recalculating

the chart control limits and operating the process at its improved A,-"'V
performance level. There are many techniques available that help

identify common causes of variation, They all come under the heading

of problem solving techniques and intimate experience with the process
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is always helpful. Some of these techniques will be discussed In the

next chapter.

Common causes of variation are part of the processing system

itself. Deming (198?) estimates that 85% of the variation in a pro-

cess is due to common causes. Even if the operator or supervisor knew

about the problem, they would be powerless to do anything about it

because a fundamental change in the system is usually required to

eliminate a common cause of variation The workers are only able to

function within the system as it is provided to them by management,

and they can only be held responsible over that which they have con-

trol. The workers do not have control over the design of the system.

They cannot change operating procedures or regulatory requirements.

Only management is able to do work on the system that will result in

the removal of common causes of variation.

For every cause of variation removed from the process, whether it

be a special cause or common cause, the quality of the output will "N

increase. The examples that follow will illustrate that a concurrent

increase in productivity is also realized because every cause of pro-

cess variation is also a source of waste and inefficiency. Once a

manager is convinced of this fact he will be motivated to continue ,

0
process improvement even after the output is totally satisfactory. A

sufficient decrease in process variability will also cause additional

-:avings. It will eliminate the need for all final inspection of the

output, iework due to errors, and scrap. The only inspection required

will be what is necessary to maintain the process control charts; and

as performance improves, even this sampling frequency will decrease.

0
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The definition of quality developed in the previous chapter

establishes the ground work for quality improvement and process

improvement activities. The following examples will show how statist-

ical process control has been applied in companies that have the cor-

rect understanding of quality, and how they have experienced a con-

current improvement in both quality and productivity. Both a manu-

facturing and a non-manufacturing example will be used to make this

point clear.

Qaa.e atudies: Quality anLk Productivity I ment vla E FQ

The first example is taken from Sullivan (1984). When making an

assembly from a number of separate parts, tolerance stack-up is always

a concern. If a company is operating under the "conformance to speci- .

fications" definition of quality, parts will be produced over the

entire range from the lower specification limit to the upper specifi-

cation limit, and a disproportionate number of parts will fall just •

inside the limits due to rework activities that catch and repair non-

conforming parts. Tolerance stack-up recognizes the fact that parts

just inside the lower specification limit will not fit properly with

mating parts produced just inside the upper specification limit.

Tolerance stack-up was especially evident at Ford in their door fit-

ting operation. It was common operating procedure to have a door fit- S

ter on the assembly line adjust hinges, bend door frames, and shim

weather strips to achieve the proper fit. This was an expensive oper-

ation requiring a skilled operator, since the door fitting actions for

each car were unique.

If each of the components were produced near the designed target

value with little variation there would be no tolerance stack-up pro-
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blem and the door fitting operation could be eliminated. Statistical

process control was applied to the production process of each of the
S

component parts and Ford was able to reduce the variability to such a

degree that they have eliminated the door fitting operation and
U, -

realized a considerable savings in production costs (Sullivan 1984).

The second example is taken from Baker and Artinian (1985). Ford

operates an export supply company out of Ontario, Canada called

Windsor Export Supply. In this operation the crating anA shipping

services are performed under contract by other companies. Windsor

Export Supply was experiencing an increase in the number of freight

bills that were rejected for payment by their audit system. In addi-

tion, several of the shipping companies were becoming dissatisfied

with excessive delays in receiving payment. Some of the shippers even

threatened to not accept any more work if the situation was not

improved.

A project team was assembled to solve this problem and their

first action was to diagram the bill processing system. With this

understanding of the system they developed three objectives: reduce

the time taken to pay the shippers, reduce the number of phone conver-

sations with the shippers concerning overdue payments, and reduce the

time taken to audit and correct payments to shippers.

It was possible to monitor the process using a number of differ-

ent measurements. Each set of producer-user interfaces could be anal-

yzed using statistical process control. They decided to use the num-

ber of days elapsing between the date an invoice was received by the

Windsor Export Supply traffic office and the date the payment check

54 -N
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was issued by the accounts payable office. They selected this

measurement initially because the data was easily obtainable.

The effects of process improvement efforts are shown in the

process control charts in Figure 3. The portion of the chart to the

left of the vertical line labeled I represents the behavior of the

process before any corrective action was attempted. This portion of

the chart serves as a base-line against which the effects of subse-

quent actions can be evaluated.

The project team was formed at the point in time represented by

line i. Since the process was in statistical control the team con-

cluded that no special causes of variation were present. The output

of the process, however, was unacceptable so they proceeded to search

for a significant common cause of variation. With the aid of an

Ishikawa cause-and-effect diagram the team was able to analyze several

reasons why so many bills were being rejected by their mechanized

audit system. These reasons were, keypunch errors including incorrect

carrier codes, incorrect dollar amount, and a truncation of the last

two digits of the billing number; filing errors; missing carrier/

vendor codes; and lost or misplaced bills.

A major revision of the processing system was required to improve

0the overall performance. The process performance after the implemen- C

tation of the new system is shown on the portion of the charts to the

right of line 2. Notice that the control chart goes out of control

below the lower control limit due to the changes to the system. In

this case the new system is a special cause of variation and the out-

of-control points verify that it was effective. An ineffective action

would nut have caused a change in the chart and the team would have to
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search for another reason for the high reject rate. The continued use

of the chart will insure that the process continues to operate at its

improved level. The control limits should be recalculated using the

new data so that any tendency to increase the processing duration can

be revealed as an out-of-control condition and corrective action taken

immediately.

The average number of days required to process a bill was reduced

from fifteen days to six with an associated reduction in the varia-

tion. The proportion of bills rejected by the system has been reduced

from 34% to less than one percent. This was a significant increase in

the output quality. In addition, this increase in quality was

achieved at the same time as an increase in productivity. As of the .-%.

time the article was written Windsor Export Supply had not received a

query tape from their accounts payable department--an event that

occurred frequently and was often several pages in length. Each item 7-'

on the query tape required at least one phone conversation or a review

of microfiche records. Supervisors were spending most of their time

determining what went wrong with each rejected bill. They had little

time for doing anything else. The elimination of this requirement

relieved management of this burden and allowed them to begin managing K

their operation--a clear example of concurrent increases in quality

and productivity.

Notice the change in approach to the problem from detection/reac-

tion to prevention/control. Prior to the change rejected bills were

detected by the accounts payable department and sent to the Windsor

Export Supply traffic office where the management reacted by personal-

40
ly clearing each of the errors. After the new system was implemented
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management was free to concentrate on maintaining control of the

system and preventing further causes for rejected bills.

Process Control Feedback Loop

The key to achieving concurrent improvements in quality and pro-

ductivity is the existance of a process control feedback loop within a

production system. This feedback loop has been referred to in many

different ways but the best is still the three steps given by Shewhart

(1939) in the 1930s--specification, production, and judgment of qual-

ity. He says that these three steps "constitute a dynamic scientific

process of acquiring knowledge.... mass production viewed in this way

constitutes a continuing and self-corrective method for making the

most efficient use of raw and fabricated materials." This concept is

easily related to non-manufacturing activities, or any other activity

for that matter, when it is realized that these three steps are anal-

ogous to making a scientific hypothesis, conducting an experiment, and

then testing the hypothesis.

The hypothesis in the manufacturing sense is that the production

process is aole to consistently produce a part of a specific dimension

within a certain range of accuracy. That is to say that the process

is subject only to a constant system of common causes of variation.

The experiment is the act of setting the controls of a machine and 7,

making a number of parts. The initial hypothesis is tested by measur-

ing the parts produced and judging in a statistical sense whether or

not these measurements could belong to a population with its mean at

the target dimension and at least six standard deviations of its

variation within the allowable specification limits.
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It is just a short step in logic to apply this to a non-manufact-

uring example. A business process is organized for the purpose of

administrating a welfare program, and it is hypothesized that this

process can insure that all regulations are followed so as not to fall

below a specified minimum accuracy rate. The process is put into

operation (the experiment) and records are kept on its performance.

The hypothesis is tested by extracting error data from the records and

judging whether the process output could belong to a statistical pop-

ulation that conforms to the specified accuracy rate.

What is not obviojs in the three steps listed by Shewhart is the

necessity for corrective action, not only when the hypothesis proves

to be false, but also in order to remove special and common causes of

variation. Kackar (1986) emphasizes that process specification limits

should only be tentative cut-off points used to standardize a process. .

As the process variability is reduced, the specification limits lose

their significance. Only with meaningful corrective action can

Shewhart's intention of a "continuing self-corrective method" be

realized.

Statistical process control enters this process feedback loop in

the third step where the hypothesis is tested, The control chart

serves as a continuing statistical test of hypothesis. Every time a 0

point is added to the control chart a comparison is made between the

established process performance and the experimental data. Out-of-

control conditions signal a departure from the established performance

and, in essence, prove the hypothesis false. These signals either

trigger corrective action that returns the process to its established

performance or indicate that some process change has resulted in sig-
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nificant improvement and should be continued. This last event returns 1%

tecycle to the specification stpn where the new process performance

level becomes the hypothesis for the next set of experimental data V

that is collected.

Another way to define the process control feedback loop that

recognizes explicitly the requirement for corrective action is through

the use of the quality control window concept (Dessouky, Kapoor, and

DeVor 1987). Quality control windows are placed at strategic loca-

tions within a process for the purpose of process control and quality/

productivity improvement. A quality control window has five distinct

elements: observation, evaluation, diagnosis, decision, and imple-

mentation that form an iterztive cycle. The Shewhart control chart is

a necessary tool in this cycle. The observation of the process pro- >4

duces data that is evaluated using control charts. Special causes of

variation identified by the control charts are diagnosed using various 47

problem solving techniques and a specific corrective action is select-

ed (decision). Finally, the corrective action is implemented and the , M

results of this implementation become new observation data as the

cycle continues.

Qt o Quality '

The quality/productivity relationship cannot be fully appreciated

without a discussion of the cost of quality. There are four essential r.

categories of quality costs (Aubrey and Eldridge (1981). The first is

internal failure costs, These costs refer to the activities devoted to

correcting defects or errors before the customer has an opportunity to

discover them and complain, The second is external failure costs,

These costs are incurred by those activities required to correct
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errors discovered by the customer. Hidden in external failure costs O

are those costs related to the loss of dissatisfied customers. The

third cost category has to do with the activities related to the

appraisal Qt quality within the system. The fourth category is p

vention costs. Prevention costs are incurred by all the activities

designed to keep failure and appraisal costs down by taking steps to

keep defects and errors from occurring.

Quality activities in most companies concentrate on internal and

external failures because these present the most urgent situation to

management. Aubrey and Eldridge (1981) discovered that about 50% of

their quality costs were due to both internal and external failure,

They realized significant improvements in quality and productivity by

shifting some of this cost to prevention activities. In order to

accomplish this it is necessary to shift attention from what is the

most urgent to that which is the most important in the long run.

Statistical process control is the tool to accomplish this purpose.

Quality costs are traditionally thought of in terms of how much

0
it costs to achieve and maintain quality. Another set of costs do not

typically enter into the equation. These are the costs associated .J

with not having quality. The following example is attributed to DeVor

and Chang (1986). Sony compared the color intensity on television

sets made at one of their United States factories with sets made at

one of their Japanese factories. Virtually none of the sets made in

the U.S. had color intensity that measured outside the specificatio,1

limits yet the distribution of measurements between the specification

limits was nearly uniform. In other words, it was just as likely to

find a set that measured close to one of the specification limits as
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it was to find one that measured right on target. Among the Japanese

sets tested, however, a few were found that fell outside the

specification limits yet the distribution within the specifications

resembled the bell shape of a normal distribution. It was far more

likely to find a Japanese set that measured close to the target value

than it was to find one near the specification limits.

This example is used to illustrate the tact that the U.6. distri-

bution did not resemble a naturally occurring distribution and this

implies that something was done to the U.S. output that was not done

to the Japanese output. Whatever this was, it resulted in additional

cost. It is this cost that is characterized as the cost of not having

quality.

The U.S. factory could be engaged in one of several possible

activities that would result in such an unnatural measurement distri-

bution. Detecting and reworking all of the sets that did not meet

specifications is one way this could happen. The costs incurred in

this activity include excess inspection cost and the cost of rework.

In traditional terms these could be considered internal failure costs,

but they are the costs associated with not having a process that can

be relied on to consistently produce high quality parts--a process

with reduced and controlled variability. It is as if the business of

achieving quality includes making defective items and making them into

good items.

. An unnatural distribution of output measurements can also be

achieved even if the process has a low level of variability. In this

case the process may be allowed to drift from just inside the lower

specification to just inside the upper specification before process
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adjustments are made. This would result in a uniform distribution of

measurements between the two specification limits. Again, an exces-

sive amount of inspection is required to control a process in this 0

manner. In addition, the problem of tolerance stack-up is At

exacerbated,

Another way an unnatural distribution could be realized is

through over control of a well behaved process. Failure to recognize *.

and understand tne nature of inneren variation in the process usually

results in process adjustments when no adjustment is warranted. The 0

operator incorrectly concludes that an observed shift in process

output is due to a drift in the betting rather than due merely to the .,

natural variation on the process. This is over-control and unneces-

sary costs are associated with it.

With the proper use of statistical process control the costs of

not having quality can be avoided and the costs of having quality can a,

be seen as investments in increased productivity.
.A
0-
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CHAPTER 4
The Concepts ana Techniques of Statistical Process Control

Statistical process control is an essential tool around which all

quality/productivity improvement programs should be built. Most of

the textbooks and journal articles, however, are directed toward manu-

facturing applications so the manag:rs of non-manufacturing activities

are left to fend for themselves as far as the application of these

techniques is concerned. In recent years, several successful applica-

tions have been noted in the literature. Managers in all types of

companies are showing more and more interest in statistical process

control because they are feeling the pressure to improve quality and

productivity. The pressure for improved quality is coming from their

customers, and the pressure for improved productivity is coming from

their competition. Managers of nonprofit organizations and government

service operations are also feeling the pressure to improve due to

reductions in staff authorizations and operating budgets. This chap-

ter will take the key concepts and techniques of statistical process

control and explain them in terms applicable to the non-manufacturing

environment.

ThIe Ma n -at Statistical Process Conro

*The meaning of statistical process control can be understood by

analyzing each of the three words separately Pennucci 1983). The

term "process" implies that it is the process that is the focus of

control, not the product. Pennucci (1983) uses the term in-process

rather than merely process to emphasize this fact. It suggests that

the variables affecting the quality characteristics important to man-

agement are controlled during the manufacturing process, This
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approach is in direct rontrast to the make-inspect-sort-rework-scrap",1

cycle that is an impediment to quality and productivity improvemen. "

Statistical process control is applied at the level of the manufactur- 0

ing activity, not at the end of the process when all the mistakes have I,

been committed. By emphasizing quality during the production process

the responsibility for variable control (quality) can be placed on the •

operators of the process, because they are in the best position to A

collect the process data and analyze it on the spot. ..
'he term control" is defined in a statistical sense. it is 0

the control of the average of a product or process characteristic.

The control of this average is maintained within statistically defined

variability limits which are calculated using the standard deviation.

Contrcl implies that each time this average is calculated the same

data population is used. This means that 5o statistical evidence

exits , that would lead someone to suspect that one calculated average 0
".

was s igrniiicantlv different from the next. In order for this to be

-rue, the process that made the parts would have to be subject to a

:onstant system of common causes of variation. This idea will be

extended later in this chapter.
? ,S.'%.

The implications of this contro are far-reaching. it is valu-

ane in a manufacturing environment to be able to make valid predic- •

aiuns_ anout part quality. Predictions need to be made about the cual-

ity of parts that have been made and inspec-ted, about parts that have

un .... ce yet not inspected, and about tarts that have not yet been '

made. These f , rc±*tions -an bi made with cont idence only when the

in controi in a -tatisti-za! ne. Pitt c.55 says that

.%
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the only way to ascertain that a process is in statistical control is

through the use of control charts.

It is valuable to make similar predictions about non-manufactur-

ing process performance. Consider the problem facing a Pizza Hut exe- "

cutive who has promised to serve a personal pan pizza within five min-

utes during the lunch rush. He must be confident in his prediction of

%the- performance of the pizza production and delivery system. This%

confidence must extend to his being able to determine what restric-

tions he must place on this offer to insure consistent success.

"Statistical" means that the process measurements and control

limits are calculated using statistics, i.e., a statistical model for

the process data is employed. The measurements are made using either

variable or attribute data. The statistical analyses conducted during

process control define variations in the measurements as either due to

special causes or common causes. Variations due to special causes are

detected by statistical instability and statistically significant dif-

ferences. They result from forces outside the normal operation of the

system and can be avoided by taking action at the process. Variations u .

due to common causes are by definition statistically stable. They

result from forces that are inherent in the product's design and/or in

the manufacturing process, and can be avoided/reduced only by making

fundamental changes in the operating system.

XanufacturiLg Y Non-Manufacturing Applications

There are four fundamental terms used in a manufacturing context

that have significantly different meanings when used in a non-anufac-

turing context. These are customer, producer, product, and process.

b6i%
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The "make-inspect-sort-rework-scrap" cycle also takes on a different

character when used in the non-manufacturing setting.

In manufacturing, the "make-inspect-sort-rework-scrap" cycle can Vs.

be explained as follows. The production line operates at full capa-

city making a product. Quality inspectors take a sample of the pro-

duct and compare selected product characteristics with the design

specification limits. If the defect rate is too high, 100% inspection 5,

will be required to sort out the defective product. It may be poss- -

ible to fix some of the defective parts, so they are sent to a rework

station where they begin the cycle again. The parts that cannot be

fixed are scrapped.

A similar cycle can be identified in non-manufacturing activities

even though a tangible product is not always involved. Take the

SPEAK-UP! program at IBM for example (McCabe 1985). This program is a

means provided by the company for the employee to communicate ideas, 5-

suggestions, or grievances to top management. It requires that a

reply be written and returned to the employee who originated the com-

munication within a reasonable period of time. The reply is drafted

by the functional area manager that is directly responsible for the

item under consideration, and then sent to a senior manager for signa-

ture. This reply must meet certain criteria and is often returned to

the writer for revision, The steps of the cycle are obvious. The

functionai area manager writing the reply is engaged in a production

process, and the letter is the product that must meet certain quality

criteria. The senior manager or his secretary inspects the letter to-'m,

determine if it meets the quality requirements. In this case inspec-"V

tion of the output is one hundred percent. It the letter does not
'7
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meet the quality requirements it is sent back to the writer for

rework, and the cycle starts over again. In this process it would be

a rare event to have the product (the reply letter) scrapped. All

requests submitted through the SPEAK-UP! program required a reply. It

is much more common to replace or re-assign the individual writing the

letter. This is analogous to a manufacturer replacing a milling

machine with a newer model.

In some non-manufacturing activities this cycle may not be as

obvious, but it is nevertheless present. Consider an employee per- 0

formance appraisal system (Scherkenbach 1985), Throughout the dura-

tion of the appraisal period an employee is working on his perform-

ance, hoping to meet the criteria required for an outstanding evalua-
.""a

tion. At the same time the supervisor is inspecting the employee's

performance. When the evaluation is written at the end of the

appraisal period, the product (the employee's performance) is com-

plete; and the supervisor passes judgment on it as to whether it is

good or bad. If it is less than outstanding the employee will rework

his performance during the next period in a effort to improve. If his

performance is less than adequate, he may be given additional training

or be re-assigned to a position that better matches his abilities. In

the extre._ cabe, the employee is fiied if performance does not

improve. Providing continuing education for the employee may be com- .'

.'

pared to equipment maintenance. In this example it is interesting to

note that all improvement efforts are concentrated on the processing

system (the employee) just as it should be in manufacturing.

Statistical process control and the use of process control charts

will break this cycle and replace it with the "data collection-anal- P
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vsis-feedback-corrective action" cycle that is essential to never-

ending improvement ef-urtb. Exaii1os cf :hiz will be given later with

the discussion on the interpretation of control charts.

The Meaning u the Customer

People ordinarily think of a customer as any one who buys a pro-

duct or service--the one who pays money for what has been done. The

idea of customer must be extended to include anyone to whom a work V

unit provides products, services, or information (Townsend 1985).

Nickell (1985) put it this way, "the recipient of any of your work is

your customer both inside and outside the organization." On an assem-

bly line this means that any work station is the customer of the pre-

vious work station. In an office the people who receive an internal

memo are the customers of the person who wrote the memo. The material

purchasing section is the customer of those who place purchase orders,

and the employee is the customer of the payroll processing section.

Therefore, everyone in any organization is a producer of outputs for

an internal or external customer (Hermann and Baker 1985). The dis-

tinction between internal and external customers is made only to make

the following discussion easier to understand. This discussion makes

it clear that the internal customer should be accorded the same con-

sideration that an external customer receives. S

The internal customer is often treated as a second-class cus-

tomer, however. Every organization is well aware of the imoortance of

the external customer and they go to great lengths to ensure customer

sati,'faction. If the external customer is a large assembly plant,

special care is taken to make all parts according to the customers!

specifications. If the open market is the external customer, a com-

by0



pany will invest in a market analysis before producing a product. A'

Once a product is in production, the marketing effort will continue in

order to insure that the product is meeting the customers'

expectations.

The internal customer rarely receives this kind of consideration.

It is often the case that the requirements of the internal customer

are completely ignored and in some cases even deliberately thwarted.

An example of this can be found in a facility maintenance organiza-

tion. Job planners write purchase requests for required materials.

These requests are sent to the material control section which does the

purchasing. Frequently the material description is inadequate and

this causes difficulty for material control in placing the order with

a vendor. There are also occasions when this causes the wrong mater-

ials to be ordered. In this situation the internal customer (material

control) requires that the product from the planning section (the pur-

chase request) have a complete description of the required materials.

This requirement is known by the planners, yet the extra care and

effort required sometimes falls victim to a more pressing planning

schedule. Writing the purchase requests is usually the last task to

be performed, so it is often done in a hurry in an attempt to complete

a plan on schedule. This demonstrates a lack of teamwork within the

organization and a lack of committment to internal customer

requirements

James E. Olson (1985), president of AT&T, recognizes the impor-

tance of teamwork within an organization. He says if one work unit

passes on something that is poor quality, the next person or next step

in the process is adversely affected. AT&T has been successful in
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promoting teamwork among its work units. The Ford Motor Company

(Hermann and Baker 1985) has also committed itself to improving team-

work within its operations as a means to improve quality and product- .

ivity. They have adopted the same approach to meeting internal cus-

tomer requirements as they have used to meet their external customer

requirements. The first thing they do is to know who the customers

are and what their needs are. Secondly, they insure that available

resources are managed efficiently in order to meet these needs. And I

finally, they require that each work unit be creative, innovative,

and willing to take risks.

With this expanded understanding of the customer, it is easy to S
apply it to any situation. Scanlon and Hagan (1983a) describe any

enterprise as a network of independent processing systems, each having

multiple suppliers of inputs and multiple customers for their outputs.

Hermann and Baker (1985) add that every processing system operates

both as a producer and as a customer.

Product an P ss N

In the previous discussion the term product was used in several

different contexts because it is closely related to meeting customer

needs. With this in mind a product can be defined as anything that

meets an internal or external customer's requirements. In manufactur-

ing, the product is physical with easily defined and easily measured

characteristics. In service industries the product is often intangi-

ble. In fact, in some services such as counseling and advising, the

product is the state of mind of the customer (Hochschild 1983). It is

more common for the product to be defined as services provided. Exam-
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ples of such products and the quality control problems associated with

them were presented in Chapter 1 so will not be repeated here.

In manufacturing, the process is obvious. It includes such

things as casting, molding, cutting, fastening, and assembling. In

service industries the processes are not so obvious. Sometimes the

process is as esoteric as the mental processing of information and

decision making. More common processes include administrative, cleri-

cal, proof reading and verifying, communicating, data processing, and

typing, Dmytrow (i985) defines a process as "some unique combination S

of tools, machines, methods, materials, and men engaged in produc-

tion." A non-manufacturing process usually does not contain all of

these elements. For example. it is possible for the mental processing :

of information to only involve the human element. The materials con- '1

sist of intangible ideas. The tools, machines, and methods may all be ,t

embodied in the human ability to reason. Melan (1987) identifies

three types of processes involved in enterprises that create a product

or service: first, physical processes used to manufacture, deliver,

and support the product or service; second, informational processes

used to plan, develop, manufacture, and deliver a product or service;

and third, management processes that determine the structure in which A

physical and informational processes operate. In manufacturing, the

process is adjustable and the products are consistent. In non-manu-

facturing, however, th process is consistent but each product is ft

often unique kScanlon 9%o0. Take the typing of a letter, for

example. The process of typin.g is the same no matter what is being

typed. The letters that are the products of the typing process, 0-

however, are each distinctly different.

y|
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Non-manufacturing products and pzocesses present unique problems P

for quality control efforts, but the preceding discussion will help to

make the following presentation of the specific details of statistical

process control easier to understand. A statement recently reiterated

by Box and Bisgaard (1987) emphasizes the common nature of these dif-

ferent processes that can be exploited using statistical process con-

trol, They say, "Every process generates information that can be used

to improve it. This is perhaps simple to see when the process is a

machine. But the philosophy applies equally to a hospital ward, to

customer billing, to a typing pool, and to a maintenance garage.

Every job has a process in it, and every process generates information

that can be used to improve it." It is tht- Information that is used

by statistical process control. ,

Another thought worth consideration is that manufacturing pro-

cesses, in general, are easily adjustable; but non-manufacturing pro-

cesses are usually very difficult to adjust. A manufacturing process

is subject to such forces as tool wear, setting drift, temperature of 'S

the work piece, alignment of the fixture, and chips on the fixture.

These causes of variation are easily identified with control charts "*

and easily corrected by the operator on the spot. A non-manufacturing

activity is not amenable to this kind of treatment so this may suggest ,

that statistical process control and control charts are not of any %%

use. A non-manufacturing process is subject to a different set of

forces: inconsistent office operating procedures, poorly maintained

office equipment, inadequate instructions and training, mental

fatigue, distractions, and attention drift. Levitt (1972) exrlained A

the difference between the manufacturing and non-manufacturing

-. ']

.01
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approaches to the process control problem in the following statement:

"Manufacturing looks for solutions inside the very tasks to be done.

The solution to building a low-priced automobile, for example, derives

largely from the nature and composition of the automobile itself. (If

the automobile were not an assembly of parts, it could not be manufac-

tured on an assembly line.) By contrast, service looks for solutions

in the performer of the task. This is the paralyzing legacy of our

inherited attitudes: the solution to improved service is viewed as

being dependent on improvements in the skills and attitudes of the

performers of that service." He goes on to say that "service thinks

humanistically, and that explains its failures."

There is some disagreement among current practitioners of quality

control about the applicability of statistical process control and

related techniques to non-manufacturing or service activities.

Charles D. Zimmerman II1 (1985), who was the vice chairman, service

industries, of the Administrative Applications Division of the Ameri-

can Society for Quality Control in 1985, had the following to say on

this subject: "We found that the concepts of quality control applied

to the traditional manufacturing environment can be easily adapted to ,3

the service industry environment." William J. McCabe (1985), manager
0

of quality planning at the IBM facility in Kingston, NY, agreed. "We .

confirmed that the control chart methodology is widely aDplicable to

nonproduct efforts." Carol A. King (1985), president of The Quality-

service Group in Princeton, New Jersey, disagrees, She says, "Quality

control systems for service operations have special requirements that A
manufacturing s'rstems do not fulfill." Lewis and Boom 1983) have

similar thoughts: "Statistical controls do not have the same applica-
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tion when 'mistakes' occur in human interpersonal interactions and

intangible product attributes." Inspite of this disagreement several

successful applications can be found in the literature and these will

be presented throughout the remainder of this chapter.

Ntu o Variability ia tb Process
S

One of the most important topics in statistical process control

is the nature of variation in the process. Process variation can be

manifest through variations in characteristics of the output or varia-

tions in characteristics of the process. Measurements of the charac-

teristics of process output are process performance variables, and

internal measurements of process characteristics are process state

variables. Data can also be characterized as either variable or

attribute in nature. Variable data is measured using a continuous

scale such as length, weight, temperature, or viscosity. Attribute

data is measured using a discrete scale as in counting the number of

blemishes on a painted surface or simply judging a part good or bad.

No matter what type of variable is used a target value is selected

that represents the best value for that particular characteristic.

Measurements are taken at different points in time and each measure-

ment will differ from the next. The quality of a characteristic is ,,

judged in two basic ways. The first is average performance which is

determined by how close the measurement comes to the target value.

'The second is dispersion oerformance which is determined by the vari-

ability of the measurements about the target value. Closely related

to the tarwet value are the specification limits which define how far

a characteristic measurement can be from the target before it is con- 'C

;idered unacceptable it is worthwhile to repeat that, while the tar- I
0,<-
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get value and variation are related to cuality, the specification,

limits have nothing to do with quality. Morp will be said later about

the nature of variability in the process.

Manufacturing Example

These concepts will first be illustrated using a part measurement

since the application is the most direct in this case, then the con-

cepts will be related to various non-manufacturing process and product

characteristics. 0

Suppose the part under consideration is a crank shaft and the

quality characteristic is the diameter of the bearing surface where

the piston rod attaches to the crank shaft. This diameter is a pro-

cess performance variable and is also a variable measurement as

opposed to an attribute measurement. The bearing surface is turned on

a special lathe and the diameter is measured continuously during the

cut using a caliper that signals for the tool to withdraw when the

target value is reached. The target value is the diameter that will

provide the best fit when mated with the rod bearing. The specifica-

tion limits are defined as a certain value above and below the target

value, for example, 1.025 inches plus or minus .002 inches. The spe-

cification limits admit that the process is not capable of consistant-

iv producing a diameter of exactly i.025 inches and that no instrument

is capable of measuring exactly 1.025 inches. Therefore, the diame-

ters of these bearing surfaces will not be identical from one crank

shaft to anotner for a number of reasons that will be discussed jater.

A crank shaft that measures -lose to the target value is of better

cuality than one that measures close to one of the specification

imits. A -rankshaft that measures beyond one of the specification

-'76--
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limits is not considered usable. If the diameter is too large it can

be reworked, but if it is too small the part is scrapped,

In this example a product characteristic rather than a process

characteristic is used to judge quality. This characteristic is also

a process performance variable as opposed to a process state variable.

it is measured using variable data. The average performance of the t

process is the average diameter and the dispersion performance is the

variation in this average. The target value has bilateral specifica-

tion limits.

A process cbararterit.ti.. in thi- =a= _l wnlld be some measur -

able characteristic of the lathe such as turning RPM, feed rate, or

deoth of cut. Such a measurement is a process state measurement. A

different product characteristic or process performance measurement

that uses attribute data could be simply a count of the number of

crank shafts that did not fall within the diameter specifications.

The average performance of this characteristic would be the average

percent defective and the dispersion, performance would be the varia-

tion in this average over time. Of course, such a measurement con-

tain, very little useful data and contributes nothing to the pursuit

of never-ending Qualitv and productivitv improvement. The target

value may be as optimistic as zero percent detective with an upper

soecification limit equivalent to a lot tolerance percent defective or

a:cept,ede outgoinz ouatity level. However, when considered u.ie the

corre t definition of quality, an uzr-,r speciification limit would not

oe exndicitiv detin,J under the assumoption that the goal is to attain

zero er-,ent defe,:tive with nc varian-e.
.
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Non-Manufacturing Examples

Examples of non-manufacturing activities that can be measured

using variable data are not very common. One such example is the

SPRAK-UP! program mentioned earliei (McCabe 1985). The quality char-

acteristic under consideration was the response time. McoCabe measured

this in units of days but this is still a continuous variable--he just

chose to limit the accuracy of the measurements to unit values. it is

a process state variable rather than a process performance variable, N

since it measures the time the product (the response letter) remains 0

in the processing c.ystem. A process performance variable in this case

might be the number of errors in each response letter or the number of

times the letter had to be returned for rework. No target level was .

soecified as is common in most non-manufacturing activities. A target '.

level of zero, however, could be easily assumed based on their %

continuing improvement activities. No specification limits were given

either, which is also typical of non-manufacturing activities, but

this is of little importance since specification limits have nothing

to do with quality anyway. The average performance is the avorage 0

response time and the dispersion performance is the variation in this .

response time from one week to the next. We will return to this N

example to illustrate additional concepts and techniques of statisti- -,

cal process control.

The target in this case may seem unrealisti: but it is no more

unrealistic that striving for parts that measure eyactiv 1.025 inches

in diameter. Reaching the target is not important in this case. What .- 4

is important is having a goal that will motivate never-ending improve-

ment a.tivities, Theretore, the target vaiue is not the goal and
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tant in the past to impiement -tatistica I rocess control. Manu -

facturers olac a great deal of importance on the product conforming P

to specification limits. In this respect the managers of non-manu-

facturing activities are in a better position to appreciate the con-

:pts o, statistical process control and the idea of never-endin;

imrnrovement than were the managers of manufacturing activities. in

tact, the evolution of quality control in the service industries would

nve een mu,<:.h taster if it had not been for the poor example of manu-

Waturers. yuaiitv (Jontrol practitioners in service industries

observed how ouality control was L'i1 uuu tIn manufacturing indus- .

tr: as and conciuted that it could not be done in their operations

tn~e they weo di fferent. King 4985 noted that "a service nuality

a3strane syttm_ must be designed to go peyond the product orientation

:f tu e ra:n-a!turin-. sytem." But this is the same direction in which

-a a -u .-_ 7- 1- 2 n ity svstems must move. Manufacturing is beginning

rev more and mrc--. on :ro.es control to assure quality, so the

37_rsf o narfoctunQin and service industries wiil eventually

:::-" , ,hu -mpoo, .- .-:ni, and yale 198 -
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problem of tolerance stack-up mentioned earlier. But what about non-

manufacturing activitie-s? How do their oroducts fit towetherU

Consider the facility maintenance example again. The material

control unit can operate efficiently only if it gets error-free pur-

chase requests from planning. The product produced by planning (the

purchase request) will perform best when it is at its target value of .

being error-free. The performance of the purchase request is to com-

municate to the material buyers exactly what material is required and

how much of this material needs to be purchased. It will not perform 0

this function well if it contains errors. A sequence of service

activities can be thought of as producing a set of parts that must tit

together properly in order for the system to operate efficiently.
"5.

What about service operations that stand alone? How is a target

value selected and what does it mean fur the product to work best when

it is close to the target value? Consider the process of a lawyer

providing advice to a client. This advice may be in the form of a
.5',

iegal document or in the form of verbaL instructions. During a coun-

>!Iing :session, the lawyer is producing a particular state of mind in
*5%

his c-. ent. Thi is the product of his endeavors. The target value '.

,a3n- ciat-d with this state of mind is the client's expectation. At ",

oe 'tart ot a counseiilg e ssion, the lawyer will asi hi' client what

; cet t elve irom thin, particular ie]ai. action. he lawyer A

w] seLsc thins ,xpet t ion ir light of hns vncwec , o_ tne iaw, and

Tr ,41 ,d it ne:i-.;-ry to aoJuot his client" -.- xneptttir I:rir, e

iIc I i.P t mav except ,l-r thar, av I v ? , r, r .
'1'

nay . 'r,- 11 e 1-r. either- c e tr . - ',,..
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The lawyer's knowledge of the law and his skill at persuasion

will determine how well he meets the target value. Excessive varia-

tion in his performance will mean that a large number of his clients

leave his office without havirg their expectations realized. These

clients will most likely not return and they will advise their friends

likewise; and, as a result, tne lawyer's clientele will dwindle. If

the lawyer is successful in consistently meeting his clients' expecta-

tions, his clientele will grow. When it is put in these terms it is %

easy to understand that his product (the client's state of mind) will

perform best when it is close to the target value (the client's expec-

tation). This knowledge should cause the lawyer to continually seek

for and remove causes o variation in his performance. Notice there

is no room in this example for specification limits and that specifi-

cation limits would do nothing to assist the lawyer in his quality 0

control efforts.

Another way to look at this case is to consider the client's

expe,:iatior. to not only be the target value, but also the lower speci-

-ication limit. As long as th,- iawyer is able to meet or exceed his

-ient's expectatin:i. 1:0 can consider his performance acceptable and

: 'eren will re -_, ti'=,fied with his state of mind at tihe end ot the

: _--',,n When ta tinaie to meet tha clienr't expectation, hi, er--

U' r'~u'. wjo'id be ri2d, V n- le. ,wi h the iawy,r i-* aie t-

'h: t3 -,zet . : xten t, it won id h- po--, i1'- e- hi -
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rectly assess a legal situation. Even when looked at from this per-

soective, the lawyer's product works best when it is close to the

target value.

Sele:Iion of Kay. Qvaity Characteristics:

Another concept worthy of consideration is the selection and mea-

surement of key quality characteristics. In the lawyer example, a key

auality characteristic might be client satisfaction. The only way the

ia wver could measure this characteristic is through some sort of feed-

back obtained from the clients. The lawyer could obtain this feedback

in at least two ways. He could have each client fill out an anonymous

survey after each counseling session. This type of feedback is often

unreliable and incomplete. Many people would not bother to fill out 4%

the survey, and those who did may not be completely candid. The ones

most likely to provide feedback are those who are extremely dissatis-

.ied. Anoither wav the lawyer can assess client satisfaction is

through observation during the session. At the end of each session,

he could rate his subje,-tive assessment of the client's satisfaction

on a three point scale: dissatisfied, satisfied, or very sati! fie,

fis me surement could also be faulty becaus-e it would be natural for

the lawyer is inject his personal bias.1

,uality ,-nara.:teristics in the previous example are rather limit- 11W

ed and difficult to deiine and mea-ur_ ,bject veiv. It is more common

, :or a service ueration *s have manv measureubie ualitv characteris- 4.

W'... Ie problem in osuc a se. is t eec tin 15ose ,nara-teristic

t-at _ira t .. mc t lmnortant ;om; m . i. bee tc start with a

4,%

a- 
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Export Supply (Baker and Artinian 1985) that was mentioned in an

earlier chapter. They began their quality improvement activities

using the duration from the time a bill was received until the time a

check was issued for payment. This is a process state variable anal-

ogous to the flow rate in a fluid processing system. Within the

entire system several process performance variables were selected for

further analysis if required. A preliminary statistical study of one

of these indicated that billing error rates may be low enough to

reduce the 100% audit of the bills to an audit of a sample at periodic

intervals.

p&la and Q.ozmon. Causes g{- Variation

The use of control charts is the technique employed by statisti-

cal process control to control the variation in a process. To under-

stand how they work it is necessaiy to understand some more about the

nature of variation in the process. As mentioned earlier, the opera- 9

tion of a mechanical process is subject to forces that cause variation

in the cuality characteristics of the output and the same is true of

all non-manufacturing processes, These forces can be placed into two

different categories: apecial caus:es of variation and comn causes

of variation. -V,

These causes of variation will be illustrated using the process •

of roliing a pair of dice. Gn a sin. le die each number from one to

-;ix has an equal probability of oc-uirrina. When two dice are tnrown -

nd the suim tasen, the pos:-ible numbers trom two to twelve have

unequal probabilities of occurring. Iwo and twelve ,an only occur due

to cn :ombination, but there are three wavs the sums of six, seven, *%

and eight can ,-,:ur, 5

,%4
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Let the production system be the pair of dice and the operating

procedure be to shake the dice in a container so they tumble uncon-

trollably, then release them onto a smooth table top. If this process

was performed on a continuing basis and the results inspected each

time, the inspector would have enough evidence to conclude that a fair

pair of dice were being used and that they were being thrown in such a

way as to prevent the operator from having any control over the out-

come. This system would be operating under a constant system of com-

mon causes. The variation in the output from one throw to another

would be explained as resulting from the structure of the system and

nothing else. A list of the c n ; of variation in this system

would include the pair of cubic dice with its six faces marked from

one to six, respectively; each cube balanced so that one face is not

heavier than another; and random, un:ontrc"able motion of the dice

while they are thrown. O

Now suppose the inspector observe-- a auspiciously high number of

twelves occurring. He may suspect tha'T scmething has changed in the

system so that another force besides the set of common causes is

effecting, the outcome. It may be that the system has been altered.

For example, two faces on each die may be marked with a six or each

lie may not be properly balanced. Another cause may be that the oper-

ator is u sing a container to shake the dice in that prevents them from

tu ,.1inr5 cthc:: operator -an control which numbers occur. it may be -

t-,,at the cVerator feels that higher numbers are more desirable, so he

h3 , learned how to shake t-e Ai-e in the container and release them

o the tbe W 4 thot hanginc which face = are up. The first two

ijses c: varia' ion are duJe to oh .e. in the (o:utioII yvstem

j 
;-..
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J tself and the last two causes of variation are due to changes in the

operating procedures. These causes of variation would be classified

as special causes since they are not part of the expected natural pro-

cess variation.

Over-Control adU Under-Control

If such a change were to occur in the operating system, an unsus-

-44o-us inspector may require a great deal of evidence before he would

conclude that something had changed. A suspicious inspector, on the

other hand, would require very little evidence and in some cases may 5

suspect that something is wrong even without sufficient evidence. The

unsuspicious inspector would wait too long before identifying and

removing the special cause of variation. This is under-control. The

Busni icious inspector, however, would stop the process too frequently

looking for special causes and may implement unnecessary changes in

operating procedure. This is over-control.

The use of the concepts of statistical process control and the

control chart technique gives the objective inspector the right kind

of statistical information to ludge confidently when a special cause
-a'

of variation is present in the process. This avoids the dual problems

at aver-control and under-control. The interpretation of the control

charts can be modified to reflect the level of confidence an inspector

wIsnes to have in detecting a special cause before taking corrective

action. if the inspec:tor wants to be 9d% confident, it is likely that

he will nbc som- special causes; of variation He wouid ne con sidered

an unsuspiciou- inspector and this may re-ult in jnder-ontrol. it t

the i nsoector wishes to increase his chances of dete tin- a special -'

;caus of variatian, he,:, ay it v a ccnftdence level Dt 't ,. or even

WI



35%. This, however, will increase his chance of reacting to output

variation that is due merely to common causes. He would be considered

a suspicious inspector and this may result in over-control of the

process. ".'

This example is directly analogous to any manufacturing or non-

manufacturing operation and illustrates the difference between special

and common cause., Af process variatiuri. The illustration, however, -V

has one shortcoming. It does not contain a definition of a desired

quality characteristic. Suppose the desired outconj is seven. It the

system is operating as designed, the outcome of seven is likely to

occur three out of every twenty-one tries. The chance of being close C.

to seven (six, seven, or eight) is likely three tries in every seven. 0

This is all that can be expected from the current system and the first

duty of the operator is to insure that it remains consistent. In

A
order to improve the outcome of the process (get more numbers near a

seven), something would have to be done to change the system itself-- S.

something that would alter the constant system of common causes. This,,

illustrates the idea that the operator of a process is in a position •

to identify and remove special causes of variation, but it takes a

radical change in the system to effect removal of common causes of

varition. This action can only be done by management.

,,Qto Iharts

Statistical process control offers several control :hart tech-

n.ques that may be used to identify special causes of pro-ess varia- 0

tion and .mintain statistical control of the process. Examples at the

use of these charts are common for manufacturing a-tivities, so the ,-.

reT arier of this rhapter will use oniy non-nanufacturing ex3mpies,- to

N d
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illustrate their use. Adequate instruction on the construction or
these charts is also available in other references so will not be

covered here. (See, for example, Grant and Leavenworth 1980 or

Oakland 1986.)

The type of control chart used depends on the kind of data that 0

is available for analysis. Variable data is analyzed using the X-bar

and R control uharts which are employed as a pair. rhese charts pro-

vide the most diagnostic information about the process and are the

:est ones to use. Several charts are available for analyzing attri-

bute data. These are the c-chart, p-chart, u-chart, and d-chart,

First it will be necessary to introduce two additional terms: A

iefest or nonconformity, and defective. A defect or nonconformity is

a fault with the product or service that may or may not make it unfit

tor use. Every nroblem caused in a rearrangement move is considered a

tefect in that move. A product or service is considered defective if N-

it has one or more Jefects. When a purchase request has an inadequate

r rt description, it contains a defect and is considered defective

inti ccc detect is corrected. In this case the single detect causesz-
1t

tes recest to be unf-it tor use. in the case of oflice

rearranaemenc moves- I Ic-b-, i b- , eaca- problem encountered is a

an(e1t, and each move that contarn= ! rrblesm: is considered a defective

Ms; twever in that enample iT tock a specifies number of oroblems

:n one mcve 1cr that move to b,.',.de,ed unacceptable. Each move

may ca ,out-ain a number of ditirret ;rohlcm- or defect,.

The pehd it used to control the traction detective in a %

Aamre. e. Inc letptive it'ms in the sample may each ,ontain one or

i
.cre defectts hut tnis= information is ,.t tak en JiT ,im 3 ccun' , sr( ' nho



s-chart loses some of its diagnostic ability, The d-chart is a sim-

plification of the p-chart. It is a control chart for the number of 5;"

defectives in a sample rather than the fraction defective. The

c-chart, on the other hand, consirers the frequency of occurrence of .5

each type of defect. It is a control chart for the number of defects.

INot only are the defective items removed from the sample, but each

occurrence of a defect is counted and analyzed. It is common for the

sample size to consist of one item. The u-chart is a variation of the

S
c-chart and is necessary if the opportunity space for the occurrence

of defects varies from one sample to the next. It is a control chart

for the number of defects per unit. t

Each of these charts has associated with it an average pertorm- .

ance ivel and upper and lower control limits. Tanle 1 lists the

formulas associated with each control chart, and Table 2 gives some of

the control limit factors for the X-bar and R control charts. These

limits serve as a statistical confidence interval around the average

performance and statistically significant conclusions can be made V

about each data point on the chart. A concise set of rules for inter- "N-

preting these data points are given in Figure 4 (Nelson 1984). if any

of these rules are violated, it can be concluded that a special cause

of variation is present. If this cause of variation indicates an -

increase in variation, it must be identified and removed. If it

indicates a decrease in variation or an improvement in performance, it .

must be identified and continued. S

The contrul -harts are used to show that the process is either in ,

statistical control or out of statistical control. A process that is

S
In statis3ticai control is under a constant system ot common cauAes. A

C le



Table 1
Basic Control Chart Calculations

X-Chart

Statistic = X = sample average

Center Line = X = average of sample averages

Upper Control Limit = x + A2R

Lower Control Limit = X - A2 R
Sample Size = n <, 10

R-Chart

Statistic = R = Range

Center Line = R

Upper Control Limit = D4 R

Lower Control Limit = D3 R
(Typical values for A2 , D 3, and D4 given in Table 2.)

uj-Chart
Statistic = p proportion defective

Center Line = p

Upper Control Limit = D + 3 - p)
n

Lower Control Limit = o - 3 A i p)
n

Sta ti t = no = number -o aefectives

-enter L 1ne =nD .

-I r - -- 1N

%

cr=er :cnzrc± Limit . 3 n ri - 0)

Lorer n=nt ri tint = no -3 B - w

-L... - ubr -- ~-snr:~:clui

-- :47

- -- 2.-q . .... - m v *~

.7.

j •-



A..

I

Table 2

Control Limit Factors for K Chart
(Grant and Leavenworth 1980)

Samnle X Control Range Range
Size Limits LCL UCL

2 1.88 0 3.27
3 1.02 0 2.57
4 0.73 0 2.28
5 0.58 0 2.11
6 0.48 0 2.00
7 0.42 0.08 1.92

8 0.37 0.14 1.86
9 0.34 o. 18 1.82

10 0.31 0.22 1.78
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process that is not in statistical control has one or more special

causes of variation present.

Following are several examples of the applications of these

charts to non-manufacturing activities. In these examples significant

concepts of statistical process control will be highlighted.

Xnkar ad E-Chit Example~

The first example will be a return to the SPEAK-UP! program V

(McCabe 1985) used earlier. Here is a quick summary of how the progam %

works. An employee sends an informal letter to the program admin-

istrator who types the letter and insures anonymity. This letter is

then sent to the appropriate functional manager who writes a reply for

the signature of a senior manager. Once the reply is signed it is a

returned to the program administrator who sends it to the employee.

The critical quality characteristic for this process is the response

time. If the response is not timely the employees will lose confi-

dence in the system and in management.

Each reply letter had to met the followina criteria: admit mis-

takes, describe changes, answer all questions, not be defensive, be

short, be written in the style used by the senior manager.

Management began its study by examining the historical data and

noticed that some functional areas took longer to reply than others.

They took a sample of five response letters each week from their files

for twenty weeks to set up the control chart shown in Figure 5. The -<

*ontrol chart for the first twenty weeks showed statistical control

meaning that no special causes of variation were operating on the sys-

tem. This indicated that management action would be necessary it

imnrovement was desired. The average response time of fourteen days

- 93
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was too long, so management did two things. They began tracking and

publishing the average response time for each functional area to pro-

mote some healthy inter-area competition. The second thing they did

was to set up a workshop for those responsible for writing the replies

so they would know exactly what was required. The run below the aver- $
age between weeks 20 and 30 reflects a significant decrease in the

average response time during that time period. The same is true from

week 34 and on. Weeks 32 and 33 indicate another out-of-control con- "

dition 'two out nf hr-? noints beyond two standard deviations from

the mean) meaning a statistically significant difference in the

average response time had occurred. The cause of this variation was

that the trained managers were on vacation and their assistants, who

had not been to the workshop, were writing the replies.

The charts as initially set up showed statistical control for the

first 20 weeks. The response rate tracking and workshops were special

causes of variation in this process which caused the X-bar chart to go

out of control below the average. (A run of eight or more points

either side of the mean is an out-of-control signal.) In this case

the change was desirable and maintained. The change in the control e

chart verified that the corrective actions were effective and the pro- 1.:l

cess was operating at a lower average response time. Since this was

true, the mean and control limits should have been recalculated. This

would have made the out-of-control conditions at weeks 32 and 33 even

stronger.

Results aL ImrovLement Efforts ,

Now a few comments about the way they collected and analyzed the

data. A -Amnle on live rPcporze letters was taken each week. When

95 -
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taking a sample it is important that all items in the sample come from

the same process; meaning that the same system ot causes of variation

was in effect for each item in the sample. This system of causes may

comprise both special and common causes. To accomplish this it is

important to take all elements of a sample close together in time--

preferably consecutively. (This is effective at detecting abrupt,

sustained shifts in the mean. A more distributed sample may be

required if gradual shifts, or sporadic and short-lived shifts in the

mean are suspected. ) It is also important that the _a-ples do not

represent a mixture of different processes. in this case each func-

tional area manager was a separate process so the data was a mixture.

This would explain the high mean on the R-chart which indicatfe a

great deal of variability in the process--each separate process adds

to the system of common causes of variation. Although McCabe achieved

significant results it would have been desirable to separat the

streams of data--one stream for each functional unit. Of course this

requires more work but may be necessary to achieve further

improvement.

Another item to be considered in this example is the matter of

productivity. This is not mentioned by McCabe but the response time

improvement was due to a reduction in the number of letter revisions

required. Of course this will give the functional area managers more .,

time to do other thiing_ cz' their productivity will improve if they use

this new-found time wisely. The senior managers snould also --cpG--

fence an increase in available time since they would not have to

review the reply letters as carefully to insure acceptability.

- 96 -
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This example was used earlier to illustrate the "make-inspect-

sort-rPwork-scrap" cycle. Let's see how the use of statistical pro-

cess control changed this counter-productive cycle into the "data

collection-analysis-feedback-corrective action" cycle. Data collec-

tion and analysis were being performed at the time weeks 32 and 3

arrived and some functional area managers went on vacation. The anal-

ysis showed the out-of-control condition and revealed the reason.

Corrective action insured that assi.3tant managers were also trained.

During this process, however, it was necessary to do some inspection

and rework on the unacceptable letters, so the old cycle was not com-

plete!y abandoned. As additional causes of variation are identified

and removed, it may be possible to discard the counter-productive'S

behavior altogether.

Earlier in the chapter it was said that the target value for this

process was immediate response. No upper specification limit was men-

tioned, but in most similar cases where response time is important, an

upper limit is either set by company policy or law, so it most likely

existed in this case as well. The closer the response time is to the

target value, the better it will be at performing its primary func-

tion--facilitating .cm,%nication up and down the levels of management.

Communication is em .c etiective when feedback is immediate--as in a

goo ta,ce-t--face t,- j-icn. The specification limit .ters the pic-

ture only tc asesc the *aoability of the system. More will be said

ab-i* process c:.~rl " >ater,

,: ':hac__5Z l e

The case of olfi-e rrran:,ement moves UMcCabe i965) is an exam-

pie of the uce ct cha:, . he number of problems encountered on

-97- -
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each move were plotted on the chart. This is analagou:3 to plottin7

the number of defects found on a printed ciicuit board. This chart is

shown in Figure 6. They used the first twenty moves to establish the

chart control limits. The average number of problems per move was

4.3, and the upper control limit was calculated to be eleven problems

per move. A number of contractors were involved in performing this

service, so the improvement strategy was to motivate the contractors

to improve their own performance. If a contractor caused more than

eleven problems in one move he was put on notice, and if this happened

a second time he was removed from the list of contractors to be

called. This new system was phased-in during the period indicated on

S
the chart between weeks 20 and 36. One contractor (move 45) was put

on notice after the phase-in period, and after that virtually all pro- a

blems disappeared. New control limits were calculated once the system

showed significant improvement. This new limit was used to maintain r.
'a

process performance.

A contractor who caused more problems than the upper control

limit on the chart was considered to be a special cause of variation.

There was something about that contractor's performance that was dif-

ferent from the others. The company did not try to determine the

cause of this problem--they left that up to the individual contractors

who did a very good job of eliminating problems once they knew it e

meant retaining their job.

In this case all problems were lumped together. One useful fea-

tute ot the c-chart is that various types of problems or defects can

be charted individually or in smallar groups. This gives the chart

more diagnostic ability. The solution action (putting a contractor on

98 -

" or iI



p c CJhart

L

UC LL

E 4-

5 10 15 A' 5 3o 35 40 4 5 3 5 5 uS

Move Nrnb.?rPhase-irn

Fgure6
Rh2rraigement X ov

A IL



W~. RUR -Ar-. 'VF-. r7 P- -. L, -777, ' t

noticel was simple in this case and it worked, It did noct require any

problem solving effort. Some problems are more difficult to solve,

and the increased diagnostic capability of the c-chart if individual

problems are kept track of is valuable.

p-Chart Example

McCabe (1985) also gives an example of the use of a p-chart. The

problem in this case was +he number of purchase order documents that

contained errors. This information was collected for a twenty-week

period and used to construct the chart shown in Figure 7. The average

error rate for the first twenty weeks was 5.9%, but the process in

force between weeks 23 and 29 was clearly not the same process that

was used to calculate the chart parameters. Although a special cause

for this improvement was not identified, the average and control

limits were recalculated to reflect the performance of the new pro-

cess. After that was done one out-of-control condition appeared which

revealed that vacations again were the cause.

These examples demonstrate a very important point. In each case

management knew something was wrong and needed improvement. The typi-

cal response to this knowledge might be to admonish the buyers in the %

purchasing department tAbe~ore careful when making out the purchase

orders, for example. Marcum 1985) provides the following insight:

"In times past, the quality practitioner wac sometimes somewhat limit-

ed in his understanding of how to analyze the problems that were being

bi,,ught to liZht by the statistical data system. He might not have P
understood the meaning of the 'root cause' of a problem. And even if

he did, he probably lacked the time and training to track the problem

back to its root cause. However, without this type of analysis, the

-100-
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chances of resolving real problems were very slim: the end result of

corrective action investigations was frequently, 'operator respon-

sible--operator reprimanded. '"

The control charts provide a means to fo,:us corrective action on

the root cause of a problem. Buvers who are filling in for someone

else who is on vacation should not be reprimanded far an error rate

that is too high because they have assumed an extra workload and are

doing some work with which they are not familiar. The tocus of :or-

rective action shouli be on preparation for vacation pericds so the

workload will not be too high and the replacement buyers more prepared

to assume the unfamiliar tasks. "

Fault Diagnosis

The service manager does not have the same means available to

correct his process as does a manager of a manufacturing activity.

Often times it requires more imagination on the part of the service

J manager to effect meaningful changes in his processes. Too often they

rely on improving the attitude and ability of the performer and ignore

the possibilities available through improvements on the system as a

whole. This is analogous to what many manufacturers have also done.

When faced with a machine that is n,.)t meetina their requirements, they

are inclin-nd to replace it if they cannot improve its performance.

Manufac-turing and non-manufacturing managers each have available

the same set of tools with which to analyze their oroblems Among

these too -s are the Ishikawa cause-and-effect diagram, Pareto r

analysis, simulation, ani design of experiments.

The Ishikawa cause-and-effect diagram (Kindlarski 1984' and

Fareto analysis are both useful in locating the most effective area at

*0":
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is also very useful in solving problems revealed by other methods such

as statistical process control. Examples of the use of these two

methods are in Chapter 6,

Design of experiments is valuable when analyzing a system that is

affected by a number of variables, and thE individual effects of these

factors and how they interact with each other are not known, The

application is direct in most manufacturing cases, but it is mu,-h more

difficult to experiment with service operations in which the perform-

ance of people takes the place of the performance of machines. Human

performance is usually affected by a complex set of i.tnan i ..e vari-

ables that cannot be adjusted at will, It is to_-lt:e tod llu.-t the

operating characteristics oi the system as a whole, however. Thi.7

would involve actions such as a change in operating DrOc.-'it.;e, change

r
in a form. or a change in office layout or equipment. These changes

are more extensive and require more effort than simplv chnmging the

operating parameters of a machine and measuring the effect. Changes

in procedure require a period of training >efore the true effects of

the changes can be measured. And once a change is made it is nearly

impossible to reverse it to what it was before in order to try a dif-

ferent experimental combination.

To alleviate some of the difficulties in applying design of

experiments to service operations., computer simulations of the opera-

tions can be used. These models can then be used as the subjects of

experiments to determine the most likely area tu change. As shown in

(hapter 6, if the variation in the servi,-e time is reduced, so is the

average time a customer expects to remain in the system.
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tion. In makics pnriv -i,:ai meas,:rements, a i. the cranl snaft examnie.

the a,,curacy of the mea-urln instrumert 4-_ one igniI icant :ause nr

variation. This cause of variation may not be as apparent in norn-

manufacturing activities ,. Take. for example, the measurement or a

neri.c of time as in the SPEAK-UP! rec_-ronse time case. The measure-

ment instrument in this case was the date on the employee's informai

letter and the date recorded by toe program administratcr that the

reply was returned to the employee. It is easy to imagine various

sources of inaccuracy in this measuiement process.

in manufacturing, process capability is a measure of how consis-

tent the process is at making product that falls within the specifi-

cation limits. Put another way, it is a measure of the confidence one

can have that the orocess will manufacture parts that conform to the

,specifications. This measurement is calculated using the standard

aeviation of the quality characteristic measurement. A process that

is capab'e to six standard deviations (a capability of six sigma) is

% likely to produce product within speci1ications 99.7% of the time if-.

*he tl oress average is centered on the target value and the specifica-

,on. are bilateral and symmetrical. Another as-sumtion ascciated

j with this fiz ure i , that the quiitv measurements :ome irom a normal

r -t u t ] aio]. This is not al wavs true. Ine measurements ccucd come

4% Scorn any distribution. The ,rocess must also be in .tatir;ti,-,:i -3n-

% trot. Fnis hi> ty ay <aunt goo-, but it mean. that three cart_

C't o Pvery tu-.n- are? iikoiy 71n he unac-eptab~e and (= sidierable

", a < i ... .. ..}? r q ', r d o r,}lJe-h1-rbes- rer.air- , -_eztt q In a ri tr-ee
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of special causes of variation. Many manufacturers are now strivinF

for a defect rate that is measured in parts per million, and a proces-.

that is much more capable than six standard deviations is required.

!he content of process capability takes on a somewhat different

meanin2 when applied to ,ervice operations. Most of the time the ,ar-

;et values in a service operation can be expressed by the two phrases

"the mare the better," or "the less the better." If one is consider-

:ng errors- in a document, the phrashe less the better" is appro-

priate. if one is considering the amount of service provided for a

t-o-t fee, the ohrase "the more the better" is most appropriate. Simi- V

lt situations exist in manufacturing as well. For example, if the

characteristic is strength or durability the more of this there is the

bett.r. If the characteristic is blemishes on t painted surface the

le=: there are the better. Rarely does a non-manufacturing activity

have a quality characteristic that has bilateral, symmetrical specifi-

cation limits. In contrast, this is common in manufacturing.

One example of the capability of a non-manufacturing process is :%

D
given in Chapter 6. The quality characteristic is response time and

the upper limit on this response is five days. The target value is V

zero so the shorter the response time is the better. The process cap-

ahility in this case is a reasure of how likely the proces is t

respond before that five day deadline expires. If the process capa-

bility is high this means that management can be very confident in

promising a response before five days have passed. It the process

capability i= low, management would be very hesitant to make any

promises.

- i05- 5
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In the previous example the process cap.b iiity was easy to mea-

sure. But what does it mean to measure the capability of a process

that consists of human performance? Take the process of typing, for

example. There are two important quality characteristics: speed and

accuracy. Speed is measured in words per minute and the faster it is

the better. Accuracy is measured in errors committed and the fewer

there are the better. The Drocess consists of a human operator and a

keyboard. There may be a lower specification limit on the speed, say

50 words per minute; and associated with this speed would be an accur-

acy level, say in this case zero errors. The statistical analysis

typical of manufacturing orocess capability studies does not apply.

It is possible to make some predictions about the typist's capability

by measuring his average performance and the variation about that

average; and estimating how likely it is for the typist's speed and

ac.:ompanying accuracy to fall below the lower specificaiton limit.

There is something more personal about the idea of having confidence

in a orocess like tnis. This kind of confidence goes beyond the ster-

il, statistical analysis. A manager may be confident in a typist's

ability even is his typing ability is currently below the lower speci-

fication limit, This confidence has to do with the manager's subjec-

tive assessment of the typist's ability and motivation to improve.

These elements cannot enter into the capability assessment of a mech-

*inical process.

In any type nf human performance, the act of measuring that per-

formance will have an effect on how well It is done. Consider the

typist again. He may perform better when his typing speed and accur-

acy is being tested than he does while doing his routine typing. A
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manager may see a discrepancy between the typist's measured capability

and his apparent capability. The ianager would subjectively assess

his apparent capability by observing hrw many typed documents are pro-

duced and how accurate they are. He may also observe the size of the

typing backlog on his typist's desk. In this situation the apparent

capability carries more weight than the measured capability because

the manager's confidence is built on his subjective assessment, not on

the objective outcome of a typing test. He may compensate by getting

documents and letters to his typist as early as possible; or, if the

situation is severe enough, the typist may be fired or reassigned.
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CHAPTER 5
Implementation of Statistical Process Control

Although Shewhart control charts are simply techniques to be

applied in a quality/productivity improvement program, the whole phil-

osophy of statistical process control affects all the surrounding

quality/productivity related activities. Therefore, there are a num-

her of activities that must occur before statistical control charts

are employed, and there are also a number of activities that should

occur as a result of the proper use of these charts. The entire

implementation process can then be divided into three distinct stages:

Stage l, define the system; Stage 2, apply the techniques of statist-

ical process control; and Stage 3, cause the quality/productivity

improvements to propagate to surrounding activities.

Stage I

Stage 1 takes care of the preliminary work required before the

techniques of statistical process control can be employed. This stage

consists of seven tasks or steps:

1. Select the processing system to analyze.

2. Define the system boundaries.

3. Define the flow across the system boundaries.

4. Define the suppliers and customers of the system.

5. Operationally define quality requirements for iesources

coming into the system.

Define or obtain customers' quality requirements tot

resources leaving the system.
]t

7. Diagram the internal sequence of operations.

IS
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The first task ,selecting the processing system may seem triv- g

ial. It is often difficult, however, to limit the scope of analysis
3

to something that is easily managed yet substantial enough to offer

significant results, Fhis is the purpose of the first step. ft is

also important for another reason. The system selected for analysis

should be owned by the manager who will be using the quality control

system. The concept of ownership is crucial to process management

because the basic criteria of ownership is having the authority to

make changes in the system (Melan 1987). This authority may be as

restricted as simply following procedures and executing tasks, or may

be expanded to include greater levels of autonomy. Even under the

most restricted sense of the term an operator still retains ownership

over the manner in which he follows procedure and executes tasks.

It may be necessary to make a tentative decision on the system to

analyze, then go on to the remaining tasks in Stage 1. The definition V

of the system will be refined as the analysis progresses through the

subsequent steps. Consequently, the work done at each step is always

subject to change.

Defining the boundaries of the system (Step 2) will determine

what the flow is across these boundaries (Step 3) and who the external-S

suppliers and customers are (Step 4). These boundaries will also add

further definition to the system selected in Step 1. A good place to

start is with the complete unit that is owned by the manager doing the

analysis. Many separate processes may be included if the unit is

large or complicated, so it may be necessary to focus attention on one

process at a time. in this case the boundaries would be drawn around N

the work units or ta-sks that form one process only. An analysis mav

-109-
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begin with the entire functiona unit, then confine itself only to

those processes revealed by the initial analysis that require the most
I

i mprovement.

The boundaries of the system also define the producer-user inter-

faces that will be the subjects of analysis further on in the imple-

mentation process. Baker and Artinian (1985) list the following as

elements of the producer-user interface: producer processing system,

prc-ucer inputs, producer outputs, producer output requirements, user
I

processing (receiving) system, user input requirements, producer's

feedback loop (customer satisfaction), producer's feedback loop (pro-

cess control). Each of these elements are incorporated inz this imple-

mentation process.

The flow across the system boundaries (Step 3) refers to the flow

of resources. This is analogous to the flow of materials supplying an

assembly line or the flow of fluid in a chemical refinery as it passes

from one process to the next. The term "resources" is used because of

its generality. The resources used and produced by non-manufacturing

operations are much more varied than those of manufacturing. The flow

of resources in non-manufacturing may indeed consist of materials such

as finished documents and forms, but it may also consist of verbal

exchanges of information.

The flow of resources into the system are of two basic types.

One type consists of those resources that the system adds value to by

performing its assigned tasks. An example of this may be a building

design that a contractor transiates into a construction cost estimate.

Ite seconnd type of system input are those resources that the .sstem

recuires in order to transform the tirst type Li input. In the con-

"I'
'
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tractor example these inputs would consist ot such things as the

information contained in Means Construction Cost Estimation Guide and

the personal experience of the contractor.

The flow o! resources out of the system are simply the products

of the system.

Step 4, define the customers and suppliers, follows directly from

the results of Step 3. It is very likely for an operation that is

internal to an organization to receive inputs and produce outputs

without Pvpr having an idea who their suppiiers are or who their cus-

tomers are. This is an unfortunate situation which increases the

importance of this step. Deming (1982 has observed that simply know-

ing 4ho the cutamers are and understanding their needs and expecta-

tions can Lea, -) Quality improvement.

iTe operaticiai definition of incoming resources (Step 5) adds

objectivity to the measurements that are required for statistical pro-

,sesS control. An example of a definition of quality that is not oper- %

ational would go something like this: verbal work requests received

from customers will contain a complete description of the work

required. An operational definition would go like this: the work

description on a verbal work request will contain answers to all the

questions on the supplied checklist. An operational definition

defines how a particular quality characteristic will be measured.

This definition will be used to inform suppliers of the system's qual-

ity requirements and also to assess the performance of each of the

system suppliers.

Step 6 also requires operational definitions of quality. In this

case, however, the quality requirements of the customer need to be
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defined. Sometimes it may be possible to simply ask the customer what

his quality requirements are. If the customer is also using statisti-

cal process control this information should be easily obtainable. If 1

he is not, his reply may not be in operational terms so it will be up

to the manager of the system to translate these customer requirements

into operational quality definitions. In some instances it may not be ,

possible :o communicate directly with the customer, or the customer

nimself may not have a clear notion of what his quality requirements

are. If this is the case the system manager will have to define the

customer requirements on his own. This is a crucial step. because

without these definitions the manager will not be able to assess

whether or not his system is meeting his customers' requirements.

A diagram of the internal sequence of operations (Step 7) serves

as an analysis aid. This diagram will show all the processing steps

and the system boundaries. All external elements to the system

required to identify producer-user interfaces will also be shown.

When this step is complete it may be apparent that the system should

be redefined and the boundaries redrawn, As further analysis is con-

ducted on the system, this diagram will assist in locating specific

problem areas that may require individual attention. If such an area

is identified it would become the system to be analyzed and the pro-

tess would start all over again.

Scanilon and Hagan (1983b) provide the following insight that sum-

marizes the steps of Stage I: "Basically speaking, instant quality

and productivity improvement could be achieved if each employee of the

company knew the answers to the following questions: What is my job?

Where do I fit in general terms in the organizational structure? Who

-l12-
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do I receive my work from? What do they do? Why do they do it? How

do their errors affect me'? After I finish my work task, who receives

the work? What do they do? Why do they do it? How do my errors -4.

affect them?"

Stage 2

Stage 2 covers the actual use of statistical process control on %
.%

the system that was defined in Stage 1. It consists of five steps:

i. Collect data. ._W

2. Analyze the data.

3. Bring the process into statistical control by removing

special causes of variation.

4. Maintain statistical control using the control charts. t

5. Improve the process by identifying and removing common

causes of variation.

When collecting data on the system (Step 1) it is important to

give careful consideration to the quality characteristic that will be
,5.

measured. To begin with it may be best to use data that is already

being collected so the implemention of statistical process control is

less tramatic to the established system. Usually there is a lot of

room for improvement in a process that has never been under statisti-

cal control; and even if the quality characteristic being measured at

the beginning is not the best, improvement can still be realized. The

quality characteristic should be one that has a direct relationship to

the needs of the customer.

Aubrey and Eldridge (1981), executives of Continental Illinois

National Bank and Trust Company of Chicago, describe the selection of

quality characteristics in terms of quality deviations. Quality devi-

-%ON
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ations are specific problems encountered in the work process. They

collect all the possible quality deviations for the system that is

being analyzed. From this list they select key quality deviations

that significantly affect the customer or that are costly to correct.

Measurements of these quality deviations are then developed and they

begin to collect data. The following question should be answered when

selecting these key quality characteristics: What is it about this

process that is critical to its success?
I

People in general do not like to have their performance measured

and this characteristic is even more prevalent in service industries

where performance measurement is more personal. Scanlon and Hagan

(198:a) list three important reasons why measurements are necessary

and then offer an admonition. The first reason for measurement is to

establish where an organization stands in relation to its standards in

order to identify and justify improvement actions, The second reason

for measurement is to establish a base-line against which the results

of any improvement actions can be compared. And the third reason is

Just the opposite of the second--to identify when specific problem

areas arise in the system. Now the admonition--they warn that the

"lack of measurement always penalizes the good performer and rewards t

the bad. in addition, measurement is necessary if all the advantages

of statistical process control are to be realized.

The data collected may be either variable or attribute. it is .

better to use variable data whenever possible since the X-bar and

R-charts are more diagnostic than the attribute charts. It may be

potslbie to collect data that directly represents a quality character-

istic of importance to the customer. This type of measurement is

-114-

m . t ~ '' 0 ~ t t ' *i* t-------------" ~



called a process performance meac ; -- "s-

sible to measure any quality chara A -- . ... cra

service transaction since the proci - -- -. a: is I

produced. In cases like thi7 it v *.. " r .ev char-

acteristic of the process and use thi- . r r . - rna-ure for the

product quality. This type of measurement ca .e : a pro-ess state

measurement.

The data samples must be collected in a rational manner. Samples

of variable data should be taken from consecutive units of output

except when abrupt, but short-lived shifts in the mean are suspected.

Samples of attribute data should be taken from the same size opportun-

ity space. Data from two or more different process streams shcl ld not

be mixed. Each separate process should be analyzed individually, The

controlling criteria in determining the rationality of a sampling

method is that the opportunity for a special cause of variation should

be minimized within a sample and maximized between samples. p-

There are two dangers if rational sampling is not assured. The

first is that the control charts may show false statistical control. -.

This is particularly true on the X-bar and R-chart. The introduction

of additional variation into the system may cause the average varia-

tion on the R-chart to be higher than it should be and this will cause

the control limits on the X-bar chart to be too wide. The second

danger is that the control chart may signal a special cause of varia-

tion when none exists. Effort could be wasted searching for a special

cause of variation in the process when a simple change in the sampling

method is all that is required.
I
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The data is recorded and analysed using appropriate Shewhart con-
tro!.

trlcharts (Step 2). Five of these charts were presented in

Chapter 4 X-bar and R-chart, c-chart, p-chart, u-chart, and d-chart) ,,

and their use will not be repeated here.,

The first task in analyzing data with control charts is to brin-

the system into statistical control by removing special causes of var-

%

iation (Step 3). This may be a 2on. process or the charts may show
0

nals when one oc-cur:-. "his in itself is a valuable piece o! informs-

aion because it eliminates the tendency of a zealous manager to over-

c-ontrol the process and it prompts a complacent manager into action

0

when it is nio stat An intimate understanding os the oeratin Drocae-

dures ot the pro,ess are required to solve many o tha m roblems

."

rev.eaed through the control charts he operator of the rocess is

the one who knows the process be t an tcan probably identify a process

rane tihat ociurr the samlin me time the control chart showed an out-

of-cntrol condition. Thi -our e of information nees t be exploit-

6

d and the best way to do ThiE to train the o erat r in the use o!ifr

t-ical)itr s cntro and vlace the acontrol hrt in his hands.

ontolthenpro-satatndit pontro trouh the use o ntrol Chart

-o 4 itiusgests that thi-a ine s smething tht doe nat end once a-l
teeled thro e ntr have bren Made. The freuen,: of samr in

th n h nw tepoesbs and ca prbbyentif aproces

ma7e htr currce e but the sces7 t.eiorman e must mcnitored -onou-

ua.cy orol nc i improvement f in. are ncs. tohis nbe _x

han te et aytodot i i< to tri h rtr n te us ot

p-

ta.na poescoto.ndpaete:oto'cZti hshns
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mean that cas nf .l. be maintained if their zurpose- has been

replaced by a better qiuality measurement. it is possible to conclude .-

that a particular process measurement just does not represent the

:haracter of the process that is most important. Such a measurement

should be abandoned and Staze 2 started over, or it may be necessary S
to go back to Stage 1 and redefine the system to be analyzed.

Once statistical control is achieved, improvement action needs to 'U

be redirected toward common cause-, of variation (Step 5W. Many

methods are available for the identification of common causes of vari-

ation and they all fall under the headings of problem solving and par-

tici pative management techniques. Some of these methods include %

brainstorming, nominal group technique, ishikawa cause-and-effect dia-

grams, Pareto charts, fault trees, design of experiments, simulation, .''-

cuuaity control circles, and other worker participation programs.

Improvements in the process can be achieved in two ways: first, the

identification and removal of common causes of variation; and second, U,

the ,creation of special causes of variation. Actually the removal of

a common cause of variation will also show up on the control chart as *,

an out-of-control condition. However, the deliberate introduction of

speciaL causes of variation into the process is a form of experimenta-

tion. The control c-harts operate as the barometer of the system to

reveal it anything real has happened as a result of the new change, A

significant improvement in process performance will appear on the ;

chart as a sustained shiit in the process verage. As soon as enough

iata Points are collected under the improved system new control limits
%

,hould be calculated and additional --pecial cau ses of variation looked 4'*

for.
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Tos:s ma,; -".-Pm cortraai,_torv, m-inc toe tir - St ev ne ~

removal of special cau-ses of van at on and this_ last Step ma'; reve-_aa

0
tew special *:auses or_ variation. Ths ar bDe explained bv usidng the

metaphor oa: a radio signal be in- trans mitted through a tsp or

,tat io. T'he set of spec ,_ial an,! -ommon cauisP' of variation is the

f ield of static or naise through whic:h the signal must pass. A s toe

falise tv ei iue t o these caus es of variation is; d,, -reased, a weaK.7 r

-set ot special caunsE at variation willI make their arrearance.

Thl improvement fnrtart should be continuous because every caus;er

of variation removed :rom the process removes a cause of waste and

neffi. Iic ie ric" v. ' snown. in Chapter 7., produtivity improvement is a

necess-Arv resuljt of quality improvement. wq

Three:- rue -iven by Price 49I84) are a fitting- summary for this

stageF of the imple,_mentation orocess. I. No inFT.er-tion or measurement

witnau),t recording. 3.No recording without analysis. 3. No analysis-

withiout action."S

The third stage of toe implementation process is the propagation

of improvement efforts throughout the surrounding activities. It con-

itts of two stp.The I irat Step is a continuation of --e ia-st step

clS bletause the idea otf never-ending improvement is sr or

tant. 7he secnd step consis_,ts of commnicatinz, the input quality

e,eaulreme-%t -+Dth system to the A demonstration o! toe

tenof ir--: of statistical procecsa coDntral! mar be -Iii that i.- nnce-;sary -

.C P prop t the s upi e rs t o be-Tinr t he same -at -ts in teir tsot

may v~ b- z 2 r to tr7ain the, 3upir in aZ -r sai T i al pro -

n inr i nj W3 J k t hen1; t1h Lui9,h o n,- o-r tw i: morVemen ic, 1v te
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-HAPTER 6
1-1,gj tudy:

A 'knrited States Air Force C-ivil Engineering Scuadron

This case ,study ,-ill begin with the sequential applicition of the

stezos described in chanter 5 to a single work procePss. Reiali that

z_.-me steno., can be condjucted .:oncurrenitlv. At other times it may be

ne-_esay to go through a sequenc:e of steps several times before mov-

ngon to the: next step-1 Thez following account will serve to demon-

Str -ate coeof the thinking proceoiseE that must oc:ur at each zter

ra-ther than trying 'to consider all. possible contingencies. Each step

will 'De keot separate and distinc-t from the others by labelirg each

t e n_!- itbgis There will be occasions when more than one itera-

tio3r throug~h a series of steps will be required. Trn such a case each

s-enp will only be labeled in the first iteration. Oubseouent itera-

t :on- wil I tnct nave labeled steps. Actual exlamples will he used in

mot ases-. Howev7er, the steps '-hat require policy change or the

excenive nvolvemenrt of the managers will be dealt with in a hypo-

tnetcli Anner. This is necessary because the organization being

:5tudied did not comnit resources totefault diagnosis process nor

did they make any covittment to identify and implement possible

cnanswe_- to their pro:esse-..

Due to the nature of the first part of this chanter only a limit-

ed numbe.r of the contingenc-ies possible in the impementation of sta-

zisi~a~orces cntolcan bo addres7 sed. Theretf-re, the last -)or-

tion -)f the c--hapter will present in somewhat less detail several other %l

:esIrom within tn.:- -ame organization.Thswiliutre fw

acac~nc ao~tsofthe imo3Ieniertatio,- proces.

%*
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A ni tea' Stat- Ar Force ,1 i1 en1ineering squadron wa -e +cte 

for this case study. This organization was selected for two reasons.

First, the author has a direct working knowledge of a civil engineer-

ing squadron's operations. Second, a large amount of the work per-

formed by a civil engineering squadron is in the category of support

operations.

Stage 1--The System

To set the stage for the application of statistical process con-

trol it is necessary to have a basic understanding of the unit's mis-

sion and its organization. Of course, this is sonathing a manager

should already understand, but this knowledge should not be taken for

granted since it is essential to the success of a quality improvement

program.

The civil engineering squadron on a United States Air Force base

is responsible for the acquisition and maintenance of all the instal-

lation's real property facilities. This includes land, pavements,

stri-ur <, and public utilities. A large portion of the squadron's

is taken up in administration. Being constrained by annual

b:uset mitations, it is necessary to carefully evaluate every

request for maintenance, modification, and new construction. The
I

motivation is to insure that adequate funding is available throughout r

the fiscal year so that the primary mission of the base is not jeo-

pardized due to lack of maintenance or insufficient support facili-

ties. Specific regulations govern the use of these funds by designat-

ing certain amounts for specific purposes. The civil engineering"VV

squadron als3o prepares requests for Congressional aooropria ions

needed for the acquisition of large taciiities.

-121-

" j '. g?'," .' , ,¢j, ¢2'gj.j.jc¢ ,,j,'¢" ":". "2,"*", " "j ","€":" " ' d



I

The operations branch is responsible for ali aspects; ot the

delivery of the service to the customer. Although the actual work or

service provided by the squadron is performed by individual craftsmen

in the shops, the administrative support activities are largely

responsible for the efficiency of the organization, whether this be

the organization's actual efficiency or the customer's perc-piion of

its efficiency. The control point for most of a civil engineering

sQuadron's administrative support activities is the production control e

section. This section i9= part of the operations branch. In addition

to production control it consists of the following functions: custom-

or service and the service call desk, programming, and scheduling.

The production control function is the hub of most of the information

flow in the squadron. It not only coordinates the activities within

the section, it also controls the flow of information to other sec-

tions within the operations branch and the rest of the squadron.

Figure _ shows where the operations branch and the production control

.:tton fit in the overall organization of the squadron. Figure 9

diazras the relationships between the various functions within the

oerations branch and oewLeen the branch and its immediate external

e nvi r anment.

inere may be !some confusion over the use ot the word "customer"

sc a brief note is wrranted. The obvious customer is the person or

unit that rereives the work performed by the craftsmen. In most

. ......... .... ik_:. will be clear without any speciai treatment, b.ut iT
ami;wuttv ts eoxible the term external cuCtomer wi I b- ued.

An ,te type at :f o mer that will be re4erre: to 1 one that i

J _ ) 3I
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........ ~....to the organization so the term internal cust.me_ will he

used in this case.

Step i--Select the system.

The operations branch was selected since it manages most of the

activities involved in the delivery of service to the customer includ-

ing a major portion of the support activities, It handles a large

volume of work and maintains a direct working relationship with many

other functions, not only those within the squadron but also with

functions outside the squadron. It is also large enough to include

several complete processes.

Step 2--Identify the boundries.

The boundaries around the operations branch are shown in Figure 9

as a bracket across the flow line(s) between entities. They are drawn

so that every function under the management of the Chief of Operations

is contained inside.

Step 3--Identify the flow across the boundaries.

Figure 9 also shows the flow across the boundaries of the opera-

tions branch. This flow consists of information in most cases. There

are only two exceptions. Part of the exchange between the shops and

the external customer consists of physical labor, and part of the

exchange between material control and supply consists of materials.

In all other cases information is the raw material and the finished

product; and the transformation of this information is the work pro-

cess. Note that in some cases the information takes the form of

Spoken word either delivered in person or by telephone, and in other %"%,

cases the information comes in written form. In any case the quality V
-

. - 125-
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4iti inmormzati4or, will ha a di rectiat on, thle eft cient oper a -

tion of the rest of the squadron.

Step 4--Define who your suppliers are_anM who your customers ar.

This must be done for each activity. Many of the ex,-hanges are

two-way. In other words, the roles of customer and eupnlier switch

depending on the direction of the exchange. For example, when an Air

Force Form 1445, Purchase Request, is sent to materia -nrr-, t

ial control is the customer of production controt. t -4e-.r w en, n

material control sends a bill of materials to production :: lc tey

become production control's supplier.

In order to narrow the scope of discussion at this point, one

S
specific activity will be selected to serve as the focus of discus-

sion. This activity will be the processing of job orders. This is a

fertile area for study because it comprises the largest volume ox work

perfcrmed by the squadron and it is the source of many customer com-

plaints. Improvements in this area will be easily recognized as

in-reases in both actual and perceived quality and operational

ef ficiency,.

The raw material for this activity comes from the external cus-

tomer in the form of a request for work. Several means are available

for the customer to communicate this request. This information is

processed by the operations branch and the final product is delivered

tz the external customer in the form of work performed by the shop.
S

1t is interesting to note that the external customer acts both as the ,,

initial supplier of raw material and as the ultimate recipient of the

product. his is the case in many service operations, that the

initial supplier is also the ultimate uner (Baker and Artinian, 1985.

-1 i5-'



The job order form, Air Force Form !*79, is produced y procduc-

tion control using the information supplied by the external customer.

Aft-r processing this information the job order could go to one of two -

units. It could go directiy to the shop for them to do the work; or,

if the job is sufficiently complex, the form would go to planning

first before going to the shops. If the request for work is not auth-

orized it will be returned to the requestor with an explanation. The

internal customer of production control for this process is either the

shops, planning, or the external customer again.

When -Lne shops finish a job, the job order form is returned to

production control with additional information. Production control

processes this information for accounting purposes and stores the form

for historical record, In this particular process the shops are the

suppliers and the accounting system is the customer. Anyone who needs

the historical information stored in the file is also a customer.

Step 5--Operationally define your quality requirements for incomingresources. !

The incoming resource is the information from the requestor about

the work that needs to be performed. The quality requirements for

this information are given in the form of a checklist as shown in

Table 3. This checklist is used by the individual at the customer

service desk at the time a request is made. Its purpose is to insure

that the correct information is received and that this information is

complete.

There is a variety of information on the job order form that is

entered by the customer service specialist at the time the request is

made. Some of this information identifies the work requestor and some

-127-
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V|

ustomer Service Checklist *

Name and Girade of Recuestor.

Is the requestor the facility manager?

3, Building number and address. If the work is outside get a
comolet description of its location.

4. Room number or location inside the building where the work is
reau ired.

5j. equestor's office location, phone number, and alternate
point of contact.

I
6. Get a complete description of the work that is required.

a. is it a repair, maintenance, or a new requirement?

b. Is the nature of the problem clearly evident to the
requestor or does the requestor merely observe a symptom the of the

problem?

c. If it is a symptom, can the requestor surmise what the
real problem might be? Ask the following leading questions if
appropriate:

--If the symptom is a leak, is the leak water or some
other substance. Is the leak from the ceiling or from the wall or
floor? Could the leak be due to a roofing, plumbing, or air condi-
tioning problem?

---If the :symptom is a noise, is it due to an electric
motor, fan, air conditioning compressor, appliance, steam lines, or
heating unit?

--if the symptom is simply that an item will not
function get the requestor to describe what has been done in any
attemot to make it work.

d. What is the extent of the problem? For example, how
much of an area is involved? How many units are inoperable? Are there
any backup systems? How does the problem effect the unit's operation?

7. Assign a job order number, job priority, and estimate job

compietion time, and give this information to the requestor

. Place the job order form in the appropriate zone box or route

it to planning through production control.

- i.- " iJ



identifies the work to be done. The shoes an d.,cr Dlanning, the inter- ,

nal customers of this proce(ss, need this information to be complete

and accurate. Effort is wasted if the craftsman has to visit the work

site to learn something about the job that could have been obtained

from the requestor at the time the request was made.

Step 6--Define or obtain your customer's quality requirements for your
outgoing resources.

There are two aspects of the work that define the quality

requirements of the external customer, The first is that the physical

results of the work be satisfactory. This is difficult to define

operationally because it depends on the type of work that is perform-

ed. in some cases it may be the appearance that is important to the 0

customer and in other cases just the fact that the item operates is

sufficient.

-he second aspect of quality of concern to the customer is the

response time. In most cases the customer is satisfied if the work is

done when promised. At the time the request is made the customer ser-

vice specialist gives the customer an estimate of when he can expect

the work to be accomplished. This estimate is based on the priority

of the work as Judged by the customer service specialist. There are

three priorities: emergency, urgent, and routine. The response tine S

for each priority is mandated by regulation. Emergency jobs must be

completed within one day of initial request. Urgent jobs must be com-

pleted within five days and routine jobs within 30 days.

The time the request is made is entered on the form by the cus-

tomer service specialist and the time that the work is completed is

entered by the shop foreman or craftsman. The time lap!se is monitored S

-1219- S
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"y -oduc:tiop. con trolI and al! J obs t -rt have no,,-tbeen iljet-O T,

prescribed time are classified as; delinquent and are reported t o

manazement.

Ste-p 7--Describe the seinea~ r aa

Figure 10 gives a diagram of the job order toroce_,s flow. The

pro.7ess begins with a work rec ,uest hv an external customer. I h 4

inf-or-mat io cis trcse Sy produv :n c ont rol .The jot) order form it

f iile4 o-ut tv t he ccsto tmer 7),7,1 a se i 7tt woo) rec:eived, the

ruet T0i 1r-r t Mn t r,,p, ern~a~ , u s t ome r o ns i,;

ot o TclicWir,: -,3mpn n ,rb- r of the rea-uestor:

~escrot o otne re~uire: -, >: :t -:,j :*o. tine nature of

t'oe wcrk to be De r tor -ec '2 3, the tyn--% of rnat.r-

ia~s reouired. T. the WCFK secsoe ervice

oe c ia i i zt may v ahl~ I c eter m mmciat~elv Or it May be

eturnec! to the reqeJ-sto at a~t aeatter re iew byahge

of ficia. to dee,:r4rin7 3u ,hIrrat J cn.%

-he customer rtervi -e ipta. --t a=-_igr.E an ident ifi4cation number

..o toe icb ordLIer. determine_- the locb roitand informs the exter-

na1 zutor" whe~n he i-an exoect the wor'v t o h. 2-mlihe The cl--

o me r 3,nr v I (e speci 4al 4St t hen es-timae the tme i t will take the s_,hop

tr3 do, the, job_ and the size of crew reouired;. hke also dec-ide:- w h he r

the recjst reoiesaddi tional rIanninz. A Do o rde-r lo c is4 mai-

ta mied to, loznure alrequest-= are rcpned to in a t _ me Ly uanner .

Acr to ;:rc-< w can 2-diecl t.7 the thn r take a

_131trori in_ oIzz. if ~ oci drec Iv to t. --nor the shop

I aremno la~- no te ,cu t he iob pr ior it anr d ma ket the a sc 3igr i me r- J

,I crJi nq c) r -r i- h n a v r wr, , r
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Production control records the cost information in the accounting

, vstem and tiles the form for luture reference. Production control

aiso monitors the status of uncompleted job orders and keeps a record

of ail! those that are delinquent. Trhis information is made available

t step management and the external -Aistomer is kept apprise,' of the

ituat on.

T hiL- ends Stage 1. It provides the information about the operat-

n environment that is necessary to understand the process in static-

ti.ca! terms and apply thp techniques of statistical process control.

k -- Appiy statistical process control to the process.
eP i---Qolect data oni the process.

,he f'rst thing a manager has to do is choose the measurements to S

be usec. Any measurement of proces, performance will behave in a sta-

tisti7ai manner and be amenable to the concepts and techniques of sta-

listical process control. The measurements chosen, however, will have

a direct influenc:e on the qality of the process information received

tirouh the use of statistical process control. It is important to

.h rr ess measurements that have a direct relationship to the

u.omer .uaiity requirements. This may not be Known at tirst but

e iiminarv pr oce-sing ot the data and the act of applying statis-

S i pro- .con r l refines the understanding of the Drc'e-ss and may •

prrmpt~a :nre n orocess measurements.

It is a ;-ned idea to begin with a measurement that is alradv

Staken. 7herp r - two main ,vanta-,t= to this apprcach ani one

nMIor tant lis.avanta F. Fi r'st, the *At3 is readilv avat abe. Imi'

make- - e1 -y to -etab i'h ,i ro,:,- hitory ayainst whic res nt.

.r_ ~c:,ar - . .£ w-, . 's rhe ef e,
.  

.¢ nv rrs.,-ss c 'r >es -an -"b 7Tm- I
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aae nn0 S few tas-:k il I n ot nav to bealde-J tro Ine T- m

onera tion0S that may imoede the impiementation ofstatis=tical process

c onLtr olI. The introduction of a new proces s measurement may also 0

re,:u-ire Someone to perform ani alddjtional task that11 may not be needed.r

1he disadvant'age is7 that existing data is u-mall'; not ciete n a

Manner cor'i-stent with the repquirementsz of stati-;ticai nr-es on-

tr. n othezr woas rocess sampling may be irrational aInd,/Or the x

2:Djput could be from a Mixture of processes. D r.D >m in- 2Q33 ott fe r -

ed a tound olece of advi7e on this matter. "There is too much talk of0

th nedfor ne-w machi nery and- a-utomation. Most people have not

na rne.?d t o u, e wha t t hey ha ve . His-statement is direc:ted toward the

ac~iuisiti on of new capital equipment but it is also arplicabl-e to the -

accui-cition of anything new. There is~z a lot of information available

cretmeasurement s that is not ,)ein7 used, Statistical Process

:Ot rol is a way to earn how toget t-he moszt information out ou

-aia:b-aoze data. First a pre liminary analysts of the available data '

I be cnut-..

Ith _z -3e of job order nrocessins;-, the duration between the Cob

Qr-:cuest and the time the 4o ac cmltebso special conc-ern to

r,3nasme nt . 'nt 4lnfocrimation is- available in two forms. A summary ot

de2L ;auent: job orders; by job priori ty is presented to mana.7ement oc),-e

aweek. This= summary ie the number of routi ne, urgent. and emer-

or ordjer: that were dc'linqju-T-t at tniat ti i t may also-

anuoe sme A4- 5 z arout2c- that are of Daricua:nee1t

ma na -Ime nt. q is data c-.an be co;~rAto be the number ofI dIetec:ts;

.- ouc o thee ditf fc-ent tyru urt n, wzea w.--)th o:wo : 1 n. s 1:
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-.nalogzous to counting the number and tyoes c-f defects on 3 molded

plastic part. Since this is an attribute measurement a c-chart for
I

number of defects would be most appropriate.

Another form this information is available in comes from the

individual job order forms. Each form contains the job priority, the

time the request was made, and when the job was completed. The mea-

surement of interest is the time lapse between the time the request

was made and the time the work was completed. More work is required

to extract this information in a usable form but it provides more

information about the process so the extra work is Justified. This is

a variable measurement so X-bar and R-charts can also be used. The

unit of time used for this measurement was "day". If a job was com-

pleted on the same day it was requested, the duration would be zero.

If it was completed the next day the duration would be one.

The data sample consisted of all the job orders completed each

day and the information was recorded consecutively according to the

day it was completed. The following information was collected from

each Job order: the job order identification number, job priority,

the shop to which the job order was assigned, the date received, and

the date the job was finished. The time lapse was calculated by sub-

tracting the date received from the date completed.

Bar charts and Pareto charts were constructed as shown in Figures

11 through ib to give a better understanding of the data and how it

was distributed.

Figure 11 shows ths distribution of job order.= by priority.

Notice that the majority of the Job orders are urgent and that routine

job orders comprise a very small perc-,ntage of tne work. Therefore.

• 2.i
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it is reasonable to ignore the routine job orders at the beginning and

concentrate all analysis efforts on urgent and emergency job orders.

Each shop exists as a separate processing system so they should

be analysed separately. Shops differ in a number of significant ways

that would hopelessly confound the data if their production streams

were combined. One difference is that each shop does a different type

of work. Some shops have many simple repair jobs while other shops

have more complex repair jobs. The plumbing shop, for example, gets a

high volume of calls to unplug toilets and fix leaky faucets. For the

most part these jobs require little diagnostic activity and can be

completed in a short period of time. The refrigeration shop, on the

S
other hand, receives a large number of calls to repair units that are v

reported to be not working correctly. A large portion of the crafts-

man's activity is involved in diagnosing the problem. Once the prob-

lem is tentatively identified, replacement parts may have to be picked

up at the shop or ordered through material control. The craftsman

then tries out his solution to the problem. If he has diagnosed the

nrobiem incorrectly the process will have to be repeated.

Figure 12 shows the average response time for emergency and

urgent job orders for all shops, A visual inspection of this chart

e-rves to confirm our belief that each shop generates a unique stream
ii

of resonse time data. Eleven shops are included on this chart and

each is identified by a three digit code. The meaning of these ccdes -

will be explained shortv once -ho field of interest have been reduced.
1%

The "Other" category includes five shops that rarely receive Job

orders of any kind,

1 )'7
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It is :.1-.o true thar some shops have -a higher volume _cirjb order

calls than others and that some shops will have a higher concentraticn

of emergency calls while others will have higher conoentraticns --)f

urgent or routine calls. Figure 13 shows the ditributico ci o,

orders by shop and by priority.

instead of analyzing all of the shops iu trhc-e w:2. :

largest volume :f work were selected. The Pareto c hr Ii -

and cs were used to make this choice. Figure 14 s :

lion of emergency job orders for each shop and iru r.

distribution ot urgent job orders. The shops are iisted in or r m

tre one with the highest percentage to the one with the iowe

Notie that the sequence on the emergency job order chart is di:±erent

from the sequence on the urgent job order chart. However, by analyz-

ing the following five shops, 451, 453, 463, 468, 471, over 67 percent

o the urgent job order volume and over 70 percent of the emergency

iob order volume would be included.

A similar chart was constructed for routine job orders to be used

tor future reference. See Figure 16. Notice on this chart that the

majority of the routine job orders are received by four of the shops.

In fact, it would be reasonable to begin an analysis on shop 451 alone

since it receives more than 50 percent of the routine job orders.

Step 2--Analyze the data using appropriate control charts.

The five shovs listed anove were selected for further analysis.

Shop 451 is the carpenter shop, 45:j is the piumbing shop, 46.:] is.= the

refrigeration shop, 468 i!s the heating shcp, and 471 is the interior

electric shop. Two X-bar and P-charts w(-.re constructed tor each of

S1 39-
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these five shops using existing data--one chart tor emergency and

another for urgent job orders. These are shown in Figures 17 through e

22. Not enough data existed to adequately analyze the emergency S

response time for four of these shops (shops 45:3, 463, 468, and 471)

so these charts are omitted.

Each point on the chart represents four job orders completed in
,%

one day or over two or more consecutive days. None of the charts as

indicate that the processes are in statistical control. In other

woras, one or more special causes of variation are active in each of

these processes. It is possible to identify and remove these causes

of variation to orovide more stable performance. It would be a pro-

cess performance with less variation, higher quality, and better •

productivity.

Notice that the lower control limits on all the X-bar charts are

less than or equal to zero. There are several reasons for this to ,

occur. The main reason is that the lower control limit was calculated

to be less than zero and this was meaningless since all the data is %

constrained to be greater than or equal to zero. This introduces some Z

unnatural behavior into the control chart analysis. Another reason is

due to the roughness of the measurement. Data accuracy is limited to

the nearest unit value, i.e., days. This hides some of the natural •

variation in the process. Measurements made in units of hours would

be more amenable to control chart analysis. A third reason is due to

the process not being in statistical control. Excess variation in C5

the process will cause the control limits on the X-bar chart to be too

wide ,causing the lower limit to extend below zero. One final reason

-an be demonstrated in the control -harts in Figures 20 and 22. .here •

%W
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I

appears to be at least two data poulations in each of thes e 0re- I.

cesses--one data population due to a set of causes that produces
I

excessively long response times, and ancther population due to a set

of causes that produces reasonable response times. If these two sets

of causes could be isolated, action colld be tafrn to improve the each

process.

It should be noted at this point that the fact tnat the lower

control Limit is less than zero should not be a general cause for
concern. As each process is improved and the response times ecome

shorter and less variable, the center line on the x-bar chart will get

closer to zero and1 the likelihood that the lower control limit will be

less than zero will increase.

Step :3--Brin the proess into statistical control by removing special
caMis of variation.

:he urgent chart Figure 18) for shop 451, the carpenter shop,

show-s the most control with only one point, sample number 7 on the

OP-char
l , being out, of control. Since the R-chart gives the measure of

va ria L,. and determ1nes the control limits for tho X-bar chart it

is important that it show statistical control before any attention i

.iven to the X-bar chart.

o,: i n sample n. ber 7 n this chart was reonsibl' for the

i.: rea-e in the r-nmoe. A discurssion with the (-hiet cPecurces and

E->irements r-e-_-,ve~e f that this was due to a delay in receivino an

- ]art It wa net pacsibie to empov n y rormaL fault ciiag-
na osic thniiues to idenrif' theerea-o fur -ths esav beL:an e the

.. ip..o. (erat ion~s chas not to commit an; resources ttl refort.

":. taditi r ;c],tlon was taken : ur,:ev.ent this tyn , m notr , lem tram

IA-nc ta '
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recurring, However. the Chief of Resources and Requirements did dis-

cuss several possible reasons for the delay and some possible correc-

tive actions. This, in tact, completes the first step in a format

fault diagnosis process. The most important step, however, is identi-

fying which is the actual cause and then formulating and implementing

some corrective action. This latter portion was accomplished only as

a paper exercise and not in reality. The results of this effort fol-

low immediately.

The delay could have been caused by an error in the ordering pro-

cess in material controi. Several possibilities were discussed, The

order form could have been lost either in material control, in the

shop, or in transit. The wrong part could have been ordered due to a

communication error. This could be due to either an inadequate des-

cription on the order form, failure to communicate the part descrip-

tion correctly to the vendor, or an error by the vendor that resulted

in delivery of the wrong part.

A possible corrective action would be to keep this part in the

material control stock. This would certainly prevent this particular

delay from recurring but the cost might be too great. In addition, if
5

this type of repair is infrequent the part maintained in stock may

deteriorate or the corporate memory may not recall that such a part

exists in stock the next time it is needed. This action was dismissed

because it did not correct a root cause of the problem. It only cor-

rected one symptom. The same problem could occur for the same reason

over any number of different parts.

Another possibility is that the delay was invalid. This would be

the case if the craftsman made a temporary repair that removed the

-V52-
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urgent condition. In such a case the completion time for the urgent

job order should reflect the time the temporary repair was made, not

the time tae permanent repair was completed.

A possible corrective action would be to change the policy for

ciosing out job orders. It is reasonable that an urgent or emergency
S

job order could be considered complete as soon as the emergency or

urgent condition was removed, even if the repair was only temporary.

A routine job orner could be initiated to handle the permanent repair

when ail the necessary parts are received.

Another possibility would be to increase the reliability of the

distribution system to prevent delay or loss. Related to this would

be an increase in the reliability of information transfer. There are

many possibilities for error in this communication process.

One final possibility considered vendor reliability. If a more

responsive parts supplier could be found it would be possible to

reduce the delays due to this cause.

The response time measurement is a process performance variable.

It serves as an indication of how well the squadron is providing job

order service to the rest of the base. This measurement also has a

direct relationship to the customer's quality requirements, so it is a

valuable measurement to maintain. in order to diagnose some of these

potential causes for delay, however, it will be necessary to apply

statistical process control to more specific points in the process.

Tie measurements at these points will be process .tate variables. .%

Prcces: .tate variables will be more closely related to potential

probiems than the re.nonse time. Measurements s-uch as the vendor

response time ant vendor reliabi lity would be proces state vartable.

ii .
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These could be measured by counting the number of errors in each

delivery or calculating the percentage of items in error. The

instances of miscommunication when making an order is also a process

state variable. No process state data, however, is currently being

collected on the job order process.

The solution to the material delay problem and the process of

bringing the urgent control chart for shop 451 into statistical con-

trol might go as follows. All the individuals involved with the pro-

cessing of the job order that experienced the problem would meet to

discuss why the lob was delayed. This meeting may take the form of a

brainstorming session or the more structured approach of the nominal

group technique. Once a sufficient number of possibilities have been

generated they would construct a cause-and-effect diagram as shown in

Figure 23. The result of the discussion could be a consensus of opin-

ion pointing to the Job order policy as the root cause for this parti- 5

cuilar delay.

The group might agree that managemennt should implement a change

to this policy -n ti- irant and emergency job orders could be closed

after temporary repairs have been made. A new routine job order would

then be initiated to handle the remainder of the work when all mater-

ials are available. 5F

The control charts would then be monitored for a period of time

to look for any indication of change. This change may appear as a

special cause of variation on the control chart. This would reveal

itself as an out-of-control condition on the low side of the R-chart

or an indication of a downward shift in the mean on the X-bar chart.
Oa

On the other hand, it may only appear as a stabilization of the ,5k
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Policy to keep a job open
even if temporarily fixed

Job order stayed
open until partarived
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p .

Figure 23

Cause-arid-Effect Diagram
for Delinquent Job Orders
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R-chart. If the process remains in statistical control for a period

of time new control limits should be calculated.

The action described above did not make use of any process state

variables nor require the implementation of a new process measurement.

The cause of the problem was relatively easy to identify in this case,

bit this is not typical. More difficult problems will be more elusive

and may require some trial-and-error before pinning the actual cause

down. The trial-and-error process can be facilitated with the use of

statistical process control. A potential trouble spot in the process

can be analyzed with statistical process control using a process state

variable, and management effort can be directed toward improving that

portion of the process while observing the effect on the response time p

charts.

In discussions with management, the special cause described above

.Seemed to be reasonably correct and they agreed that the change should

be made. The benefits of such a change were discussed. They recog-

nize that considerable effort is used to explain the reasons for

delinquent job orders and if one of these reasons was eliminated the

time saved could be used on more productive activities, No immediate

effort was made to initiate this change, however.

If management change had taken place it would have been proper to

remove point 7 from the control chart in Figure l8 and recalculate the

control limits. Figure 24 shows this ne'; chart. There are no out-of-

,ontroi conditions, and the control limits and center lines are ali at

lower values. Continued use of this chart will provide more sensitiv-

ity to - gniticant procecs changes and it will help management main-

tai the newly implemented changes,
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Also discussed was the possibility of implementing some proces,

state measurements at key points in the process. One such measure was

mentioned earlier--the percentage of errors in each delivery by each P

individual vendor. Statistical control at this point would provide a

means to compare one vendor to another and identify changes in vendor

performance. Such changes would identify any number of possible

sDecial causes, and not all of these could be attributable to vendor

error. Some delivery errors most likely would be due to poor communi-

cation between the shops and material control, between material con-

trol and contracting, or between contracting and the vendors.

The goal of all of this effort is to bring the job order response

time into statistical control for each shop. The identification of

special causes of variation, such as poor communication, and the use

of statistical process control on this process state variable are all

aimed at reducing the variability of the response time. This may

require several iterations through the first three steps of Stage 2

before statistical control is achieved.
I

Step 4--Maintain statistical control through the consistent use of the
control cairts.

Of course, once statistical control is achieved in any one of the

measurements it should be maintained throuzh the continual u-.e of the

control c-harts. This means taking action whenever an out-or-control

,-ondition presents itself. Each out-of-control condition i- an invi-

tation to find another means to improve the :oni-tenc_-voI Te --I roze:.

which would result in better output quality and greater proluctivit.r

• <'V
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- ~ A Mp~T r + .- -.~ ~ rn~ An

only t ho2se act ions t hat ;hcw part icul1ar Pro-mis nIre e t o

i mle me n t sd.

A simple simulation wa:- denpced for the orotess-ing cl emergency

iob order-- througzh t he :arpentter F.-lo, 3chozD V51. A -tieuej-n,7 model was

.seAl w itr. Fois=son irrivals and zer --rallv dis-trib red Servi-ce time.;

Tne re:--±"ts oft two trial' rur,-=- are sh own in 1-able 4. Trial 1. repre-

~-rtt poes s it is cu,-rre~ntly oo)erartin-. Trial 2 snows. trhe

ol an impro~vement i n response time coun-sstency. Notice that a

r Ksdjtion in the process variability reut in nearly; a 40%

imzrcveme-nt in the expected amount of time a job ordelr s Pends i the

;vztem w4ithou+ actuaI iy reducing., the average response time. 1his

oro -ts orlu7,ive evidence that the process andl workers do not

n-~sariy aveto work fas te-r to accomplish an improvement in their

avorsige emerge-ncy rlob order respon-se time. A mere improvement in

onsis oncv, acco pished *by insuring that excessively long delays are

prvnc willi res-uit in dramatic imorovements. S i mpl e simu lat ions=

as this c-an serv as -ices tor managemnent in directing their

i m r reme nt to r t.

SDimulation does. have- its limitations, however. The larger the

;vst-M. is temore co mplicaqted the -s-imulation model will he. It lIE

alto if clt to simulatez thie ettects of management, changes on workter

1-1t t;Je,4 and mot, iv73tion, and, thes:e var iabl11es are espeocial Ily critlical1

r. ~miist~~v orceses. There are? other variabies in non-manu-

-i-lr~ tivities that are simplyv not amenable t-o adiurltment. it

-2 nms To ibe o m, -o a.d J.i t th e degree of a tt enn 'n a
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worker nays to hi4s work yet lack cf at tent ion -i -a z-3

errors.

StazS

Step I-:-Continually refine the proceP ;s

in order to zoroceel to Sta-o :3 a manager must be conf-ident with

,h ::ttst,:a control o--f his 'cwi T here are three basic-

love ic of confiidenc--e a manager can have in his process:es. T he f irs t

ve o-f conf -de;nce is indic-ative ot a managei who has not made use of

~t ti 't .-al nrcce -s -con trol. His- corifidence about, the performanc-e of

Lroce Sses ~sreflected in, the following statement. 'i do not know

n,; nr e are So manv del iniii-pnt 4 oh ores" Te second level of

~ i m i a t v e o f a m n s r w h o i s u s n s a t i s t i c l~ o r c s 5

cont'rol and has zcrocesses that are in s:tatistical control. He is able

.o &a V I know whyv we have tni- mny ol,-inquent Job orders." The O

tc~d lvelo::cmIde~e s ndicative ot a manag er wvho ha radae use

cf :ttctclpo s Ontrol for- a Ion;s time and has been anie to

MI evemn Y Sio1it Ian t Commorn c a ises- - c "r ia ti i 'n hi 1s pr o cesses.

W-h > l idn-c-, "11 know why we d-, not have an,;a~irun

rt isnt ncsay toc re ac-- h is final leveIr confi TI~ I T.,

4r P, 7'F cor M s T vi ric Ti " n r
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The planning section produces two key products. One is the Air ,

Force Form 327, work request. Planning receives the work request from
I

production control. The work request contains a brief description of

the work. The planner makes a rough estimate of the cost of the job

and submits the work request to the proper authority for approval.

The approval authority is based on the cost or the work. The more the

project costs, the higher ranking the approval authority must be. The

range of approval authority extends from the Chief of Production Con-
I

trol through the installation commander and as far as the Department

of Defense and Congress.

The second key product of the planning section is the Air Force

Form 332, Work Order, and several other documents that comprise the

completed work order package. A completed work order package contains

detailed plans for the project, purchase requests for the correct

amounts of all required materials, and a job phase calculation sheet

that describes the work sequence in detail, including duration esti- %

mates for each phase.

The following oxample is given to demonstrate various difficul-

ties encountered in gathering and analyzing the correct data. One

process performance variable being monitored by management was the

number of work orders on job stoppage status. hi- n:moer was resort- %

ed weekly at the Uomander's Updat m'-et nS ,  A work order i= placed

o naj.7 .. i -om .in has oc-urred that cau ea toe work to be

interr-upted. i- it a k-; element i, the ruerom e r et otic oT

.,'aI. it or ti ervice ie re- iv D trm to civ: I enr:ne'rIno

w , r .... n - .W ..n * o stand. idle tb., wory, _ j eft n a crate

11 o.i- t r wz ic-h oitter :al: e,'i. c]ans'i ~a~e inovevier,.-e :cr "ir p':--'

- i n aI
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faiit.Thle loniger the lob i-- on job stoppage tre gre:ater thc am

t ii'7 -ritation, and dissatisfaction becomes.

This = organi 'atin behve as most organizations do whewn it cojmes

-0 r'-rm-jlin rhia ryn-- of variable. As long as the number- eci worel

-rcr n ."Cb s-tOprage s-ees low manag ement is -ontent, bujt i f thisE

in, in tor I - risE, mnanagemen)t demands explanations and -corrective

ac.-t ic)n whe t t.,r his is actuallIy needed or not. T*hoire .4- .,suacly

litl ayoe an 4o -to or~ t the? ;)rchiem so the best that can be

offerend to mana-ementil are excuses, and the wor-st that can arein 2. S

* ha' iistir 13oncealet- to a : tme.

Soat~tic~ orcecscontol as aolied to tois varia ble knwing-

N ~ ~ ~ 'a th t:- was a rozorrmnemeasure for the work order process.

* Lo~rrsewas to gai n a better understandJingj of this measurement so

.,5tn no~el applied and ovrcnto re-

-- an~ p ~ wuwas the, shift in then motivation n

a Tr L 1 o&r 3evrt' in the ranztin Inste--ad of t he

>r 4 f rI 1-nn and atnc t hose direc-tly involve,,7d

be> ~ -na1 in' corrective ac-tion and h-ave a coDmple-te

inz ir -h,2 au r 1tlhu increaoe .
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identified thirteen separate types of defects that could occur in one

week's worth of work. These are listed in Tabitt 5.

Figure 25 shows a portion of the c-chart constructed using this

data. The chart does not show any extreme points (points beyond the

control limits), but the control limits are wide because there is a

large amount of variation in the data. The process is basically in

sEtatistical control up to about week 25, but there are two out-of-con-

trol conditions followin- this that are indicated by sustained runs

above and below the mean. The first out-of-control point is week 30

which is the end of a run of eight points below the mean, and the two

points that follcw are also out-of-control conditions. The probabil-

ity of this o:curring by chance cten points in a row below the mean)

is lecs than one out of a thousand. (This i-s a Poisson distribution

with mean of 7.,4. The probability of one point being less than 7.84

a s obtained from a Poisson table is about 0.476. The probability of

t ten points in & row is, therefore, (0.476)"0 which equals about

Q .. 0Q) The second out-of-control condition begins with week 39C1

which is the end of a similar run above the mean. This presents

- Qrong statistical evidence ot a .;ustained upward shift in the proess

mean that lasted for at least .tixteen weeks. The probability of this

ccrr ing b hnce is less than one in ten thousand. 7he oroba ht-

i tv oI b-irt, :7reater than or equal to 7.-84 is (). 34 from the Poi!sson

tables. 'h.? Trobability oI sixteen points in a row is 9.,i4>1 or

S. C >94 . Cth nut-ct -.. ntroi jonditions implv that .e-ia cau-es or

variation ore .3t work in tha croes. Unforturateiy, an -xamination

"o ,r.e o: ce records and dicutni ant wiJth the perccnnel who were %

invroived fatiled to reveal what these cau:ses might be,

- [6 '-
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Reasons for Job Stoppage

Table 5

I. Waiting for materials. .

2. Waiting for contractor to complete a task.

3. Continue work only as required,

4. Lack of scheduled man-hours.

5. Stop due to inclement weather.

t. Waiting to regain access to a facility.

7. Job reprogrammed for a later date.

8. Returned for additional planning.

9. Waiting for decision to continue.

10. Waiting for Consolidated Maintenance Squadron (CMS) to

complete a task.

11. Waiting to receive equipment to be installed.

12. Waiting for concrete to cure.

13. Waiting for Army assistance.

N

b.

I

I
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Figure 25
Work Orders on Job Stoppage per Week

Due to 13 Reasons
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Sinothin.. conclusivecul, b e dtermined from the control,'

chart, a Parato analysis of the data was conducted. This Pareto chart

is given in Figure 26, Almost 40 percent of the job stoppages were

due to material shortages. On further discussion of the reasons for

delay, it was discovered that several of the reasons listed did not

indicate poor service delivered to the customer but was in fact a

favor for the customer. An important item to consider in analyzing

the data is that it must measure what it is intended to measure. The

problem in this case was that the quality characteristic was not

adequately defined. Work orders were considered to be on job stoppage

as long as the work order was still open and no progress was being

made durin the week in cueztion. No regard was given to the reacon

for this a:tion. The third most frequent reason !or stoppage--ron- r
tinue wors only "a- required"--wais actually a work order that provided

Scustomer , sveit:: tye of ai,--tance over a relatively lone

e Ttn(, :17_h assistance wa-s only provided when the custom-

re. Ac other times the work order was placed on job stop-

a,: . wa- Ciear that :o!ntin, these as defects was not correct.

In: Ltanufatrn settin-s it r) often dif-iult at fir -t to dii- %

... .. t e , atween Cit :5 ie ' and wnat is not defective

I to:m ant to c tareful> an i L v h,vc at 4 h be's" - -

tX lV ce t 
257. crl :Lt yr: WArt_ i t to mearrn n t>i- c.aser the " ' ac

a ra

I"L. 1 J 7 r. a ntd eu re, -n:,
m w rn

V
t" AITJ. i ns -a r , '3

,e e" e e . e a

4
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E 3. As required
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Figure 2b5
Distritutiun cf Reasons for Job T'toppage
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the job.

Theze reasouns- we re removed from thtata bDacs. ant anot:oir -ror

r Un Th i s c-h ar is -,zown in, PiE-,r e L, Althoug h no e xtre-me nit

oerforzanz m:5 ocr r e d. Week :'f indicates a; ain that some toro-es

arecasig henumbIfer ofwork order thtaeon )t5Or a~t

lesthan the :revious average, qnd an unvrard -<itIt in t he nr occr e

average asevident between weeks 39 and '50. (Actually there are

tw_ abo~ve -he mean durnr7 this period bec:ause week 41 is below

to-e mean. ihe re~mov.al of-, the four inoorrect reasons for delay did

ntsuosran-til v cososne the: statistical behlavior of the control coast

oagsio, n- secial causes-- for --hanges- were discovered.

An ~"~r'item to be considered is the fact that one week's

rat , s no)t comnpletely :nTdeoendent from the previous week':- data

berace mny wrk r- rmi on thie Job stoppage list for more ta

A cnto niv the new wo-rk ordiers plac:ed on. Job stoppage eacb

wee ecmn~ecthi dp~A.r§t he resulting :-ohar-t -- <-lnw in

'-cr No ustanedruns oureither above or- below 'thieme

on 7 :p 1 1,-creae is i nd :a~' fl\ -i 0,v o.-
0

rci aAt

WO~i 7. tl yaot1flrC t p- tha!,t a -tm'? -a-s wa n0eto at

~ tie tat ause th avraec ~ emoranly s~t war: lfzrT

---- -' 1 .ime ot h :a2'-pr -. ,l xn tos*je
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Figure 27,

Work Orders an Job Stoppage per Week.
Due to 9 Reasons .

(As required, access, CMS, and equipment removed.) ,
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Due to 13 Reasons
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4 Xt y po ints were- zero. A Foiss on disFtribution with a mean ol albout

one wcuid be expected to havet about orne-tnird ot its points on Zero so

tis not )ossible to say that a - eciai cause of variation is at

work. By removing the dependienc, in, the Iala the chart '-:ano more

;en- ittvc to sp-cial- cauise ofl var ia t iocn, yet still mea=ured th e

desired proess nefrac. Ufruaey t was not possile to

~odcta i-ethoud i h rocess to determine the causp tor

his out--of-rcontrol '_ond'it ion. e exa mple does, however, serve to

illustr a te how s nt at is ticalI rrc-ess_ control can be used to isentify

__ peciai c-ause ct varia3tion ia t r'2 on the process. anrA this

clue~~~~~~ cle aaei.n ooracet to begin an investigation, ta.

or. _-tr nTrroou]ttlve eItlcr du 10oe--oto by managemepnt.

Use Ladlditiocnal co)nsideration when collectin-7 thisr type o f diata is

.n.t sz':k odermav -ro placed on job i.toropage Tror more than one re

r.Si ~ th'esr or job ntoppage is the? dat that is de sired,

4.t i s i mi-ort a n that all reasons for lob stoppage a'-e recorded. Ihis

14- b~ity was discussed with management and threy Sreed that osome

asosthere max be more than one reason for a single work order toIl

Anohersoroach to take is to -orncertra- e on the mos _t prevalent

reasori far 4ob -,toppagze. In ttlizt woCI r' 3 . iolg- aof

r.aiac~~eFlreJ i-I'rc i% is +o -her. ccost tel 'us in .

,a ci r, -iot l~ r rn n r m par, r-to ni w, k,-- n

':7 .7 0

or sra c ~e:9 >
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uu uMaterJiL shoDrtass so the ciaa o-Itaaren

r-ende nt wh ich1 increases the likelihood ot runs in the dat a.PiUC2

shows the chart with rhi= bias remo -.d in zne- same manner that. It was

rewmuves prev'nusly,

Not-ice th.at nlea r Ly halIf of t ,he ~ oi nts i n Fi ure :If) are z-ero.

1)ha.t thi is no sat is t ically i.niican P'x -.

Cj7OeO F,. I . Where t5,i moan =07. To he sai zy/

ttne ou-,mrer 2 Z '2rr co.ints would ha;ve to re great er 'roan

a -7,4 x'-
t h or4 to ttl. It- ind icates- that r hoc' o-ortu niv

fpc Ls th-e n Ce f~ Snzts s-hould bzie ocranaeo .i no st m t

.2A i

nac ni an-arcc asa1 vo toa r n tv o n, t t a - tf'-r 7te

sca aser n chrt~1tt snr is r iv nd n cj,? %. A r

v-er'-"~~~~~~~~~~~~~ 7or s;soin utrc onso o tr otuw

%2 'I of codtoaeapra
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Figure 30
New Work Orders on Job Stoppage per Week

Due to Material Only
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results of improvement efforts prompted by the use of statisti,-ai ro-

re s c:ontrol. it was able to show, however, that non-maniufa,:trinZ ?,

ati V4t4ie-s are amenable to stati-tical analysis and that thf; fir,-.t

r es ulIt t+ su ch analyis, is the initiation of constructive thinking

ahbout ,-mS ..... s~ perfrmance_ , . . and improver.ent, efforts. It wa.- als-o demon-

-tr ted' t hat non-manu actur i i, a Ct vit ie s are ot di simi ar to c,

mar, tf ..... "' .... 4 -- ', n e var40j, ement.s -)f a Drocess- ate

defi 'ned inr th ir broades t term s=.

S f ! ar t " ; , I D r t l u . . .P : t h e s e ir,_. s e i n +t ' e f u ,t'u r e 1 n a a
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The cost of quality can be c-onsidered from two, cer:3pectives; how

much does_ it cost to have a high level of quality and how much doe!lr

cost not to have a high level of qual itv. TFhe costs of niot having

-aivTar ouft-weig-h the c-vsts of improving cualitv throushT' the -)ro-

e r u ,e o01 =_ta3 t-*ic a - p r oc--ess c on t rol.

These _onnepts forms the argument to cpr.vi qrp managemen rt tatsa

sistcalproess nnro 1 is an es-ential manas ement tool. The hi'stnr-

use n: u a±I itv, con t r ol1 -t s~ in manutact u ri c2an ~a

WlzfI-nen-in-2d mana'gers because t he majocri ty of cualI i ty impro ve menit

etrs i n ma nutl1 a-, rri ng are 1till produ&.t :ri ente:d. ct -r rrect-V4
arr~c oca i " '''c ' r i--nt ifc _tltoh r nr,, 2 EcE.2rjen ta t'on

-. 5iJ - ~n L7~~r --- _

Manzfarcuriog ant non-mnufactrineV activ ri~ 3.m soedfr
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