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QUALITY: THEORY
ANDPRAcnCE
Introduction

Quality technology is a term used
to mean the tools, techniques, methods, and
metrics that help us to plan, design,
manage, control, and improve the quality of
products and services. This technology is
especially important now; because modem,
worldwide markets make strong demands on
suppliers.

This paper discusses the history and
roles ofquality technology, and summarizes the
contents ofthisissue oftheAT&T Technical
Journal.

AT&T currently is engaged ina major
way in the application ofquality technology to
all aspects ofits business. This theme issue
offers a sample ofrecentactivities ofthe qual­
ity-technology community. Articles from
several areas ofAT&T give the reader anidea
ofthe ways quality technology contributes to
the work at AT&T.

The issue is intended to serveseveral
audiences. Quality technologists should gain a
perspective ofhow theirdiscipline is usedin
ourcompany. Members ofthe technical and
managerial communities will see how quality
technology can contribute to theirendeavors.
And, the growing population ofstudents, engi­
neers, and scientists might find that work in
this field is challenging and rewarding.

Evolution of Quality Systems
Quality systems are understood to

have traversed four phases: inspection, process
control, quality improvement, and quality by
design. These phases generally overlap.

In the first phase, the manufacturer
relied on inspection as the laststep before ship­
ping the product; because inspection is
imperfect, customers knew that they should
inspect the product before accepting it.

Process control also usesmeasurement
and inspection butincludes them inthe manu­
facturing cycle. Now, process parameters,
parts for the product, and partial assemblies,
notjust the finished product, are measured.
Statistical methods determine how many mea­
surements constitute an adequate sample and
how to tell if a process is incontrol, or if an
entirebatch is considered good.

Quality improvement goes even further.
No longer is inspection or process control to
acceptable levels the objective. Rather, process
control and inspection data are analyzed to
determine the source and causes ofthe errors,
and the processes are improved to diminish the
introduction oferrors.

Quality by design embodies all this and
more bydesigning quality into the product and
into the manufacturing process, starting with
the initial concept ofthe product.

The degree to which anindustry or an
individual enterprise emphasizes one phase or
another inits current quality system depends
onthe maturity ofthe industry and the com­
petitive posture ofthe enterprise.

For instance, industries such as auto­
mobiles and consumer electronics, which are in
competitive, worldwide markets, contain busi­
nesses that have advanced to the third phase,
quality improvement. Those that did not make
the transition have failed or are about to fail. In
those failing industries, corporate strategies
thatemphasize inspection or statistical process
control donotyield competitive costs or com­
petitive products. This is incontrast to



software-intensive industries, where quality 
methods still are primitive. Here, much empha- 
sis still is placed on inspection and process 
control. 

The transition from one phase to the 
next is generally a two-step process. The first 
step involves the development of new technol- 
ogy, which may be product, process, or quality 
technology. The second step is the implemen- 
tation of new quality systems that meet the 
needs of or take advantage of the new technol- 
ogies. For successful implementation of new 
quality systems, proper training is a necessity 
This is sometimes helped by forming awareness 
and implementation teams, commonly called 
quality circles. An example or two may help. 

Before the advent of large-scale- 
integrated (LSI) circuit technology, functional- 
ity in electronic systems was achieved by 
extensive interconnections of simple, active 
elements with wires and circuit assemblies. 
This was the case for relatively simple con- 
sumer products, such as radios, and for 
complicated systems, such as computers or 
transmission systems. 

Although sophisticated hardware and 
software redundancy was used to enhance a 
complex system’s reliability, the reliability of 
such products was largely affected by the qual- 
ity of the manufacturing processes that 
produced them. Often, the predominant defect 
was attributed to poor soldering. With such 
technology, high-quality products are produced 
through careful and complete control of the 
manufacturing processes, augmented by small- 
sample inspections. 

With the arrival of LSI, the functional- 
ity of electronic systems is largely contained in 
semiconductor structures, such as micropro- 
cessors, or in related software. For the 

semiconductor components, reliability is deter- 
mined by selecting robust design rules and 
architectures, and using robust process-design 
techniques. 

The physical nature of semiconductor 
components is such that many failure mecha- 
nisms have activation energies that can be 
accelerated in time in predictable ways by heat- 
ing the components above their ambient 
temperatures. Furthermore, within a substan- 
tial range of increased temperatures, the raised 
temperature does not harm components that do 
not contain incipient defects. New quality test- 
ing and reliability estimation methods have 
emerged to meet new needs that take advan- 
tage of these new characteristics. 

For software, an entirely new disci- 
pline called software engineering has emerged, 
attended by its own emerging quality technol- 
ogy. Structured development methodologies- 
handbooks of well-defined procedures for 
developing the product-are found to have sig- 
nificant effects on both quality and productivity 
Closely related to these methodologies are 
software quality-assurance plans. Often, these 
plans are integrated with or are subsets of the 
development methodology. 

Testing and inspections currently loom 
large as vehicles for controlling and assuring 
software quality. Inspections range from infor- 
mal peer reviews and formal peer-level 
inspections to formal design-process and prod- 
uct reviews. For large software systems, 
integration testing and system testing account 
for as much as half the total development costs. 
In cost-of-quality accountings, a large part of 
these costs are regarded as quality-appraisal 
costs. 

Just as computer-aided engineering 
(CAE), computer-aided manufacturing (CAM), 
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and factory automation are regarded as vehicles 
for improved productivity and quality of hard- 
ware, so too are computer aids and automation 
improving the quality and productivity of soft- 
ware. Automatic code generation, self-testing, 
and standard, reusable software modules are 
examples of this technology. 

Currently, quality management princi- 
ples are being extended successfully to service 
industries and to other domains of industrial 
enterprises. Integrated quality systems have 
emerged that address the entire product life 
cycle, from market research and product plan- 
ning at one end to delivery, billing, and product 
support at the other. 

Evolutlon of Quallty Technology 
Quality technology was born in the 

United States in the 19th century and nurtured 
at AT&T in the 20th centw. The rudiments 
of quality control began in the American 
armories in the antebellum period of the 19th 
century. The stimulus was the desire to 
develop production methods for small arms that 
would allow interchangeability of parts in the 
field. This led to the concepts of tolerances 
and gauging. After the Civil War, the same pro- 
duction techniques were adopted and improved 
by sewing machine manufacturers led by Singer 
and farm machinery manufacturers such as 
McCormick. 

The next major innovation in quality 
technology did not come until the period sur- 
rounding World War I. This was the Ford Motor 
Company’s use of the assembly-line method of 
mass production. By implementing techniques, 
such as systematic materials handling, 
machine-tool design and placement, factory lay- 
out, and final inspection, Ford was able to 
increase the production of Model T motorcars 

from a little more than 10,000 in 1909 to 
almost 600,000 in 1916. At the same time, he 
reduced the price from $850 to $350. 

The history of quality technology from 
the 1920s to the present often appears as 
major events in the history of AT&T, and God- 
frey tells this story in fascinating detail, in this 
issue. A brief summary will suffice here. 

tions was the control-chart method for 
statistical control of manufacturing processes. 
Previous approaches to quality control focused 
on product inspection with the inherent ineffi- 
ciencies that result from separating the good 
from the bad and junking or reworking the bad. 
Here was an efficient technique for controlling 
the production processes that determine prod- 
uct quality in ways that minimize the resulting 
defective content. The methods were docu- 
mented in the 1931 text, Economic Control of 
Quality of Manufactured Product, by Walter 
Shewhart of AT&T Bell Laboratories. It con- 
tained chapters on the presentation of 
statistical quality and on sampling methods and 
distributions, including novel results on non- 
normal assumptions. 

The next major innovation arose out of 
work done by AT&T engineers and statisticians 
for the War Department during World War 11. 
Key quality technologists, such as Harold 
Dodge of Bell Laboratories and Joe Juran of 
Western Electric, were on special assignment 
in Washington to assure the quality of material 
for the war effort. Out of their work came the 
sampling inspection plans that, after the war, 
were published as the MILSTD (military stan- 
dard) series. This series of inspection plans 
was adopted by national and international stan- 
dards bodies, and its lineal descendants are still 
used throughout the world. 

One of the first important contribu- 



In Thls Issue 

organlzathmally dlvhk Into four groups. One 
group ghfes 60th hlstokal and current ovewkws 
of the research and development In quallty tech- 
nology at A7&T and its applkatlon to quallty 
systems wlthln the corporation. For example, 
Godhey's paper pmvhks an hlstorkal perspec- 
tive by traclng the evdutlon of quality technology 
wlthln A7LW In another paper, Sumite presents 
AT8l's quallty system In the context of the com- 
pany's post-dlvestnure mlsshm and strate& 

lnagroupofaftkksdevotedtothe 
quality process, Petbbhn plovldes a pmscripdlon 
for the deslgn of quality systems. Eckel descri6es 
the quality-management m e s s  In A7Ws Uet- 
work Systems llne of buslness, whlk Secor and 
Rolwtmon Wve Into the speclal characterlstlcs 
of the s~re-development  pmcess. 

sampllng of the Important advances In quallty 
technology: robust deslgn, statistical rellablllty 
and In-process lnspectrons. 

The t o p b  In thls Issue IogrCally and 

Anothergroup of papers presents a 

The artlcle by Kackar and Shoemaker Is 
a primer for the new, powerful methods of mhst  
product and process deslgn. Hooper and Amster 
present ment advances In stat/stkal rellablllty 
theory and tods. And, Fowler describes a newly 
developed methaldogy for In-process Inspec- 
tlons for both sofhvare and hadware. 

appltcatlons of quallty techndogy to real prod- 
ucts and processes. 

Phadke presents two case studks of 
applylng mbust-deslgn methods. One case 
Involves a productlon pmcess-mtef bits used 
to drill printed wlrlng boards for ekctronk 
assemMkt+and uses robust deslgn to maxlmlze 
thelr useful Ilk. The other case study Involves 
the deslgn of an dectronlc clrcult. 

nWman-/mlves vefy-large-scak-lntegfated 
clrcuits, whlle anotherdy lnglls-&scri6es the 
met- used wlthln m T  to track the quallty of 
software. 

A fourth group of papers deals wlth 

An aftk/e-by Goksel, Seklno, and 

After World War 11, AT&T quality 
technology was introduced into Japan. The 
Civil Communications Section (CCS) of the 
General Headquarters of the Supreme Com- 
mander for the Allied Powers was organized 
to rebuild the devastated Japanese tele- 
communications system and to improve its 
quality. Adequate telecommunications capabili- 
ties were considered by the high command to 
be necessary for the internal security of the 
country. 

CCS arranged for Western Electric 
and Bell Laboratories engineers, under the 
supervision of Frank Polkinghorn of Bell Labo- 

ratories, to prepare and deliver a course on 
quality fundamentals to executives of Japanese 
equipment manufacturers. The course was 
given three times and today's leaders of the 
Japanese electronics industry were students of 
those classes. 

In 1956, Western Electric published 
the Statistical Qualib Control Handbook. The 
book was innovative in two ways. First, it was 
written for shop-floor managers in ways that 
they could understand and implement. Second, 
it emphasized engineering and operational 
activities to control quality, rather than product 
inspections. 
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Subsequent innovations include: 
multistate, sequential, and skip-lot sampling 
the Quality Measurement Plan and Universal 

SUPER and STAR reliability prediction and 
analysis software 
and experimental design theory and 
methods. 

Sampling Plan 

These and other recent contributions 

The knowledge and techniques derived 
are covered in Godfrey’s report. 

from quality disciplines described in this issue 
will contribute to the high quality, low cost, 
high productivity, and high customer satisfac- 
tion that have become fundamental 
requirements for competing in a global 
marketplace. 
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