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NATIONAL PRODUCTIVITY COUNCIL

" The National Productivity Council is an autonomous organisation
registered as a Society. Representatives of Government, employers,
workers and various other interests participate in its working. Estab-
lished in 1958, the Council conducts its activities in collaboration with
institutions and crganisations interested in the Productivity drive. 44
Local Productivity Councils have been established practically all over
the country and work as the spearhead of the productivity movement.

The purpose of NPC is to stimulate productivity consciousness in
the country and to provide services with a view to maximising the utili-
sation of available resources of men, machines, materials and power; to
wage war against waste; to help secure for the people of the country a
better and higher standard of living. To this end, NPC collects and
disseminates information about techniques and procedures of producti-
vity. In collaboration with Local Productivity Councils and various
institutions and organisations it organises and conduets training pro-
grammes for various levels of management in the subjects of productivi-
ty. It has also crganised an Advisory Service for industries to facilitate
the introduction of productivity techniques.

NPC publications include pamphlets, leaflets and Reports of Pro-
ductivity Teams. NPC utilises audio-visual media of films, radio and
exhibitions for propagating the concept and techniques of productivity.
Through these media NPC seeks to carry the message of productivity
and to create the appropriate climate for increasing national producti-
vity. This Journal is an effort in the same direction.

The Journal bears a nominal price of Rs. 2.00 per issue and is
available at all NPC offices. Annual subscription (Rs. 12.00 to be sent
by cheque in favour of National Productivity Council, New Delhi) is
inclusive of postage! Subseription for three years, however, can be paid
at the concessional rate of Rs. 32.00.

Opinions expressed in signed articles are those of the authors
and do not necessarily reflect the views of NPC.

Unless otherwise stated, all materia! in the journal may be free-
ly quoted or reprinted, but acknowliedgement is requested, together
with a copy of the publication containing the quotation or reprint.
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Suddenly, a star exploded., W Turning i
its spiderwork of iron and steel, the 200 ft. wide saucer-shaped ‘eye’ of the radis telescope at Jodren
¢ looked desp into black space and recorded: the star had exploded FIVE MiLLION YEARS AGO!' N
‘ing so deep into Space as to question time itself such radio telescopes are revealing to us the breathtaking,
‘en frightening, dirmensions of space and time, gathering astronomical data that are making space travel a fast
19 reality, @ Into the fashioning of the 2000 ton Jodrell glant went the most advanced technique and
:dge of welding and 838 cutting, M 1t is this precise knowledge of industriai gas and its diverse applica-
that Indian Oxygen affords Indian industry.

INDIAN OXYGEN LIMITED ocw



Productivity up by 41",

Method Study proves the
Indian worker to be as efficient
as the worker in the U. K.

As a part of our continuous efforts to increase our pro-
ductivity, recently we undertock a detailed Methed
Study of a specialised operation performed in our factery.
It was revealing to find that even in a very well organised
and efficient organisation such as ours, there could be
room for further improvement. The results of the Study,
when applied, boosted our productivity in a certain
department by 4§95,

This proves that the efficiency of the Indian worker
is as good as that of his British counterpart,

T. 1. CYCLES OF INDIA

MADRAS
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Imagine & world

Can you imagine how podr the
world would be without satel
Your food would [ose its savour;

there would be no pape: ta
write on; no leather for shoer;
no glass to replace the broken

windew panes; no medicine
for the ailing.

in olden days man used common
salt 25 an article of currency and
commerce, but the scientists of
today have turned it to richer and
more varied uses. Ouc of it chey
produce such basic heavy chemicals as
scda ash, caustic soda, bicarbonate of soda,
magnesium chloride and bleaching powder.
These chemicals are used In the manufacture
of paper, leather, glass, soap, textiles, phar=
maceuticzls, and other useful commaodities.

From the boundless sea as its ore mine,
Tata Chemicals recover salt and other
marine preducts to convert them
into alkalis and heavy cthemicals
so essential 1o Indian
industry.

Tata Chemicals Ltd

BOMBAY HOUSE, BRUCT STREET, BOMBAY [



Kebuilding s
ancient land
of ours

RAZA BULAND SUGARCO. LTDG,
Rampur (U.P.)

Where we make the finest quality white
erystal sugar made anywhere in India!

ORISSA CEMENT LTD.
Rajgangpur (Orissa)

Ml Where the most up-to-date equipment
and the latest production methods make
possible a large output of highgrade
refractories, to meet the needs of ail
types of furnaces in the Steel, Cement,
Glass and large number of othe
Iindustries. <7
bt
DALMIA CEMENT (BHARAT)LTD.
Dalmiapuram (Madras State)

Where we are busy steadily producing
increasing quantities of cement, one of
the essential industrial products for all
development projects. for helping bulld
the brighter tomorrow of our dreams

DALMIA ENTERPRISES IN NATIONS SERVICE



Quality is Productivity’

THIS Frrra Seecial Issue oF THE NPC PRODUCTIVITY JOURNAL DEVOTED
entirely to the theory and practice of quality control has been con-
ceived in a somewhat wider perspective, as having implications and possi-
bilities far bevond SQC as a productivity technique; for the major handi-
cap of the Indian economy that holds up the very processes of growth is
the lack of stability in the quality of goods and services produced. Our
countrymen have in historical times preduced goods of the highest quality
but for reasons which are worth studying it has not been possible to main-
tain consistently the standards of quality of which we are otherwise cap-
able. We have thus in ourselves the potentialities of a first-class economic
power, and it is the burden of this thesis that SQC in its own humble
way can make an effective contribution to the realisation of this poten-
tiality. New markets can be ereated both at home and abroad, for markets
are essentially made through quality consistently supplied. Thus we can
see broadly the far reaching implications of Statistical Quality Control
in terms of foreign exchange, employment opportunities, optimum utilisa-
tion of men and materials and machines, workers’ education, the quality
of management, rationalisation of administrative procedures and so on
ad infinitum. The fact of the matter is that SQC is in fact being so widely
applied. The Government of India in the Ministry of Labour and Em-
ployment got an SQC survey done of the functioning of the Works Com-
mittees in the city of Bombay.

SQC in the Public Sector

While the example given above is significant in terms of the possi-
bilities of Statistical Quality Control, the normal application of SQC has
been in terms of the guality specifications acceptable to the market and
building these specifications into the product through materials and pro-
cess controls. In view however of the ambitious expansion of the Indian
economy, it would be probably wiser for us to start with relatively ad-
vanced ideas and to understand the market in somewhat wider terms as
covering the public sector and the organisation of the public gervices,
mhere must be some means by which the people judge the quality of the
various services that are being done for them by public zuthorities; and
this judgment of the people is fed back into the system to ensure stan-

gratefulness to the Indian Statistical

» The editor cannot sufficiently express his : t I
Institute for the very generous help they have given in ;nakmg a_very laree
amount of excellent material available for publication in this special issue of the
Journal, Tt is really their collaboration which has made 1t possible for the Na-~

tional Productivity Council to bring out this publication,
405



406 LIKE A STEERING WHEEL

dards of continuous quality performance. So far, the public sector, parti-
cularly the public services, have been considered as above or apart from
the market place. SQC may probably help us in bringing a large part of
governmental activity within the ambit of the market economy, in a
fundamental or classic sense of the word.

Like a Steering Wheel

In a special article published in this issue of the Journal, Dr. Desh-
mukh has compared SQC to “a steering wheel fo an automobile on the
road... SQC can be an ever-vigilant and active, scientific ally in clos-
ing up the tolerance range, in improving quality...and help decrease
production costs...” In the industrial context with which we in NPC
are principally concerned, productivity acquires a meaningful significance
only in the context of Quality Control, for productivity without quality
has no meaning whatever. In reality, quality control includes within
itself the two essential attributes of productivity: one which is obvious
enough in the very terminology of quality conirel and the other which it
is really designed io ensure, namely, the production of quality goods and
services, not only in the most economical manner but also to ensure their
continued output by the most economical and at the same time the most
effective methods. Quality Control may as well be called the SCIENCE oF
ECONOMY,

While the professionals in the field of SQC know the variety of
uses that it can be put to, it is otherwise not sufficiently realised that SQC
would be of considerable service in the determination of machine capabi-
lities, the isolation of low efficiency factors particularly among
machines, the upgrading of worker efficiency through training,
selection etc. A case study has been published in this issue of the Journal,
which proves by SQC methods the difference between training and lack
of training. Probably among the most important results of SQC research
would be the realisation among the managerial and administrative classes
of the need of worker training and education, if the full possibilities of
SQC are to be realised.

Quality and Worker Education

In an article published in this issue of the Journal Dr Lokanathan
has drawn pointed attention to this aspect of the problem. One of the
reasons why, in his opinion, the quality of Indian goods is low or highly
variable is because of the absence of education among the workers and
the large body of consumers: “...we have to create conditions in which
the worker becomes appreciative of quality, appreciative therefore of
the maintenance of quality...In a fundamental sense quality goods can
only be produced by quality men. .. One of the revolutionary changes that
has not received sufficient notice is the fact that in the United States a
large body of workers are high school boys and girls, Probably the best
prospect that we can look forward to is a like transformation of our
working force. In faet, that will be the best indicator of social and eco-
nomic growth.”
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APPLY SQC TO SQC

A Present to the People

Dr Lokanathan has also drawn attention to the rather sad fact that
Indian manufacturers in the first instance produce goods of the highest
quality, which indicates what is really possible. The first bateh of goods
creates a market; the second shakes it, and the third destroys it. In fact
the history of the Indian economy since the days of Discriminating Pro-
tection is the rapid appearance and equally rapid disappearance of mar-
kets for new produecis which showed glittering possibilities in the frst
instance, followed by almost a meteoric decline, the real cause being
loss of faith in the quality of goods produced. The loss in terms of gainful
employment for millions of our young boys and girls can only be ima-
gined but is certainly directly traceable to the failure to apply consistently
the established techniques of quality control.

Of course there has been progress in this direction for which NPC
can claim a legitimate though modest share in the credit for the produe-
tive reorientation of the Indian economy. We in NPC cannot, however,
claim to have done anything more than a bit of spade work, very much
needed of course and something essential to build upon. Probably we
would benefit by the NPC Chairman’s advice: “...In the context of mod-
ern economics, for a build up of large scale markets, it is of the highest
public interest that manufacturers should produce goods which may be
called a Present to the People...it is a present to the people that makes a
market.”

Statistics and Quality Control

The analysis presented above shows the vast scope and profitability
of the application of SQC techniques to the working of industry but a
word of caution appears necessary. It has often been seen that either
due to fancy or just because an organisation happens to be in command
of superfluous resources, statistics come to dominate quality control. This
is both an undesirable and a wasteful situation, for the main point is to
make statistics as Dr Pabst has put it ‘a servant of industrial enterprise’,
There is a real danger that statistics might become ‘a cruel and dominating
master involved in its own complexities’ What often happens is that
the files of large-scale industrial enterprises become full of a mass of sta-
tistical detail which are impossible to use and are infact not used in prac-
tice, Statistical methods used must be simple and efficient and must be
so designed that action could be rapidly taken on the inferences, which
stand out markedly from the presentaticn of statistics.

Apply SQC to SQC

The main idea of SQC is to tackle problems directly and frontally.
If SQC itself means an ultra-refinement of methods, we shall need to
apply the principles of SQC to SQC itself. The techniques associated with
statistical quality control originated from the realisation by the managers
of industry of the wastefulness and the costliness of the old methods of
inspection “after the event”; and what the fatigued inspector passed, the

407
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FEIGENBAUM THEORY

consumer’s wife at home condemned. She did not come back to the count-
er to register her protest; she just did not come and the market was lost.
What the managers of large scale industry were in need of was some
economically effective method by which they came to know the quality
specifications of the housewives and other large scale consumers of their
products, so that by using statistical techniques, they could build in the
guality specifications into their products and at the same time ensure by
the same statistical techniques that the flow of the products did in fact
conform consistently to the quality specifications, designed for the pro-
duct, within known tolerances. This meant that the whole process from
end to end, step by step was productive and maintained at the optimum
level of productivity, but if SQC itself became costly, it would cease to be
a productivity technique because its cost-raising attributes would offset its
cost-reducing capabilities. The fact is that SQC must pay and is supposed
to pay many times more than what it costs, just like Work Study.

Feigenbaum Theory

This in fact is the idea behind Feigenbaum’s Theory of Total Quality
Control referred to in an interesting article by Mr Shourie published in
this issue of the Journal. Feigenbaum’s idea can be briefly stated in his
own words:".... the determination of quality—and consequently of
quality cost—takes place throughout all stages of the production

cycle. The twin objectives of better product quality and lower

quality cost cannot be achieved by concentrating upon any one
phase of the cycle alone—inspection, design engineering, reject trouble-
shooting, operator education, or statistical analysis—important as each
phase is in its own right. Doing the job adequately requires instead a
programme of total quality control. This kind of technically oriented
programme integrates, from design through shipment, the many quality
elements in the product cycle...” So conceived and operated, total quality
control in fact saves two types of costs: failure costs, caused by defective
materials and produects that do not meet the producer’s own quality speci-
fications; and appraisel costs including expenses for maintaining the pro-
ducer’s quality levels by means of formal evaluations of product quality
through a series of inspections etc. The only bonafide costs in SQC thus
incurred are for the purpose of keeping defects from occurring in the
first place. Included here are such elements as quality control engineer-
ing, employee quality training, and the quality maintenance of patterns
and tools.

An Integrated Productivity Technique

NPC Executive Director’s exposition of the system of total quality
control gives a simple explanation of how the system works: “...it extends
either way into the markets from which a firm buys its materials and
machines, to the markets in which it sells its products. And a whole
system of feed back is organised by which instead of wasting resources
on checking, inspecting and repairing, the requirements of the market are
built into the product .,.. this idea of total quality control also involves



IMPORTANCE OF SQC

fundamentally a general upgrading of the entire range of personnel asso-
ciated with purchasing, processing and selling. Statistical quality control
1s thus an all-inclusive fully integrated productivity technique.”

Importance of SQC

Quality control has of course acquired great significance in the con-
text of the need to earn foreign exchange particularly in the hard-currency
areas and the extension of our markets in neighbouring countries. The
hard currency markets are, it is well-known, highly sophisticated markets
which have developed standards of quality of their own. If Indian goods
are to be saleable in these markets they must conform to the high quality
goods of those countries, As Mr Shourie has pointed out, foreign markets
can add a new dimension to the Indian economy, thus creating employ-
ment for our artisans, eraftsmen, young boys and girls who are acquiring
new skills and learning new techniques. SQC will enable us to create
and capture these markets.

SQC is also important in this country because of the extraordinary
variability in raw materials, in machines and above all in the quality of
men that use the machines. What we need is not a few high quality men
working zlongside a large number of persons of varying capacities and
attitudes but a marked upgrading of the average quality at the working
level, because in the ultimate analysis the raising of living standards in
this country would depend not on a few show-pieces of divine quality but a
large mass of goods produced for the large mass of the people, of a quality
which they can with assurance take for granted. It is only then that
the economy will acquire that self-generating dynamism, which is the
main objective of the Development Programme.

Quality Control !

409
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Statistical Quality Control

- CD DESHMUKH!

Statistical Quality Control, or SQC for short, means statistical
methods of control developed by industry for the purpose of attaining
economic control of quality of product in mass production. It is one of
the weapons in the armoury of Productivity Organizations, concerned
with factors such as improving uniformity of quality and fitting quality
as precisely as possible to uses, rather than directly reducing cost of
production. It has been demonstrated, nevertheless, that the institution
of SQC leads to a significant reduction in cost, vig avoidance of rejections
and wastage or over-fulfilment of specification as a counterpoise to un-
equal quality or standard of product. The maintenance of SQC helps
keeping the above losses to the minimum. It is like a steering wheel

to gn gutomobile on the road.

.

THE CONTROL OF QUALITY involves the
specification of what is needed—the
production of goods according to speci-
Feation and the inspection of the goods
to test if they satisfy the specification.
Statistical techniques, developed during
the first-half of the present century, can
indicate to a fairly precise extent the
limitations on the attainment of uni-
formity of quality or product; help to
attain  uniformity as delimited; and,
finally, to evaluate the quality of the

product in the least wasteful way.

In his book, Statistical Method fr
the Viewpoint of Quality Control, W
ter A. Shewhart, acknowledged as th
father of SQC?, has pointed out how d
ing man’s known history (includin
proto-history and archaeology) stre
ing over 1,000,000 years, evidence
some conscious attempt to attain quali
of implement dates only from sc
10,000 years ago, whereas the techniq

i. The author, known popularly, on account of his long record of dis-

tinguished
in India,

public service, as Sir Chintaman, is really the pioneer of SQC
peing associated with it from iis very commencement.

He

is even at present intimately associated with the SQC Movement being

Chairman of the SQC Policy Advisory Committee.

Dr. Deshmukh has

held high positions in the serviece of the State:! he has been Governor of

the Reserve Bank of India,

Finance Minister of the Government of India,

Member Planning Commission, Chairman University Grants Commis-

sion ete.

At present he is Vice-Chancellor of Delhi University and

President, India International Centre.

2. It would be a matter of touch
PRODUCTIVITY Journal that Dr.
and before leaving for his country,

ing interest to the readers of the NPC

Shewhart was recently here in India
he has sent a special message to this

Quality Control issue of the Journal which is printed at the end of this

article.
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CD DESHMUEH

of mass production, characterized by
interchangeable parts, can be {raced
back over only the last 150 years. More-
over, the initial efforts, based on exact
science, were directed towards the pro-
duction of piece parts to exact dimen-
sions. The concept of ‘tolerance’ was
introduced only in 1840 and of a range
of tolerance in 1870. These concepts
were the first-aid in reducing the fruit-
less cost of trying to do the impossible,
tlllei:; is, irying to produce things exactly
alike,

Setting limits of tolerance, however,
must necessarily be accompanied, to be
effective, by methods of inspection
which would be the least expensive,
that is, the cost of which would not be
greater than the savings secured by
minimizing the number of rejected pro-
duct or parts of a product.

Where the manufacturing process
consists of the production and final
fitting together or transformation into
numerous parts, it is clear that statisti-
cal inspection must be brought to bear
at each stage. This process, indeed, be-
comes inevitable where the one-and-
final tests for strength, chemical com-
position, blowing-out time (e.g. of a
fuse), capacity to explode (e.g. of a
hand-grenade) and so on are destruc-
tive of the product itself. This consi-
deration necessarily implies the inspec-
tion of samples. It is here that statisti-
cal techniques, based on the theory of
chance or probability, offered a solu-
tion, somewhere towards the end of the
first quarter of the twentieth century
and SQC was born,

What gave a fillip to the movement
was the development of industrial
standardization organizations all over
the world, the consciousness of stand-
ards entailing the consideration in an
increasingly intensive way of minimiz-
ing rejections of sub-standard products
as well as minimizing cost of inspec-
tion.

411

SQC relies on the following propo-
sition: that experience in the control
of guality provides a practical techni-
que for detecting and eliminating as-
signable causes of variability in the
production process until a state of sta-
tistical control is reached wherein pre-
dictions based upon the assumption of
randomness will prove valid. It helps,
by elimination of assignable causes of
variability, to make the most efficient
use of raw materials, maximize quality,
minimize cost of inspection and losses
from rejection,

In specifying quality and the range
of tolerance, the limitations on com-
mercial conditions of production have
to be borne in mind. Moreover, speci-
fication, production and inspection have
to be coordinated, in the words of
Walter Shewhart, so that, ‘in fact, the
three steps may be thought of as a
scientific experiment in which the ob-
jective is the attainment of the most
efficient use of the available material’.
SQC can thus be an ever-vigilant and
active scientific ally in closing up the
tolerance Tange, improving the quality
of goods and help decrease production
costs. Its optimum utilization involves,
on the one hand, the enlightenment in
this respect of the growing generation
of industrial leaders, so that they will
recognize the potential contributions
that statistical theory and techniques
have to offer; and, on the other hand,
introducing highly trained statisticians
into industry, as also ‘creating a statisti-
cally minded generation of physicists,
chemists, engineers and others who will
in any way bave a hand in developing
and directing the production process of
tomorrow’,

Despite its theoretical advantages it
was not till the time of the Second
World War that SQC was seriously
adopted and developed for industrial
production. Since then it has made con-
siderable headway in the USA and in
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Japan and, to a lesser extent, in Europe,
In India it attracted little attention,
principaily because economy and effi-
ciency were at a discount in the sellers’
market that prevailed as an aftermath
of the War. It was against this back-
ground that the Indian Statistical Insti-
tute and the Indian Standards Institu-
tion invited, under joint sponsorship,
Dr, Walter A. Shewhart to India to give
an exposition of the importance of SQC
in industrial production to industrialists
and others interested.

Dr. Shewhart’s visit, extending over
some months, introduced SQC as a con-
cept and a possible practice to India’s
industrialists, but hardly any of these
realized its significance. An association
to promote SQC was established in Cal-
cutta, but for many years this associa-
tion remained dormant. However, in
the meanwhile, a few forward-looking
industrial enterprises had introduced
some sort of SQC in their organizations
and a few Indians, who had studied
SQC in foreign countries, were in a
position to help in training Indian SQC
technicians. The Bombay branch of the
Indian Statistical Institute, for instance,
started training courses in SQC within
a short time of Dr. Shewhart’s visit and
helped to create some interest in SQC
in Bomoay’s industrial world. The main
Institute in Calcutta had been taking
active interest in SQC and the applica-
tion of statistical methods to industry
since 1945, when the first training
courses on SQC in India were organized
by the Institute.

In 1954, on the advice of the Statisti-
cal Adviser, backed by the Ministry of
Finance, the Prime Minister constituted
a Statistical Quality Control Policy Ad-
visory Committee with the writer as its
Chairman, in order to promote the
movement and to arrange systemati-
cally for the training of industrial em-
ployees at various levels, as well as
technicians, in SQC. The Committee in-
cludes as its members both statistical

STATISTICAL QUALITY CONTROL

scientists and academicians as well as
some prominent Indian industrialists,
representatives of the Indian Standards
Institution and the National Produc-
tivity Council. A year earlier the In-
dian Statistical Institute had established
a SQC unit in Bombay with the help
of a special grant from Government.
Two more field units were added on
the formation of the Committee, one in
Caleutta and the other in Bangalore,
and a branch of the last one was later
added at Coimbatore.

During the last eight years a great
deal of promotional work in SQC has
been dene in India, largely as the direct
result of the stimulus given by the
Policy Advisory Committee, In Janu-
ary 1955 the Indian Statistical Institute
organized a conference in Caleutta for
the discussion of technical matters as
well as questions of policy and in 1936,
when three foreign experts on SQC
were available at the Institute, repre-
sentatives of all the SQC units assembl-
ed in Caleutta for a departmental re-
view of the position.

Prof. Barnard of the Imperial Col-
lege of Science and Technology, who
drew up a report on the conference,
pointed out at the outset that the term
SQC as used in India denotes what is in
UK called ‘industrial statistics’ or ‘sta-
tisties in industry’ and that in UK and
also, to some extent, in the USA the
phrase SQC refers to certain of the
simpler statistical controls, while in the
application of statistics, especially in
Indian conditions, it is often the more
advanced methods that are called for.

Training in SQC was put on a syste-
matic basis as a result of the conference
and the publication of its report. The
training courses included courses not
only for workers and foremen but also
for managers, leading technical person-
nel!, engineers and technologists. The
importance was recognized of ensuring
that those who give instruetion in SQC
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should have continuing first-hand ex-
perience of its application. Improve-
ments were also suggested in the acade-
mic or scholastic courses in mathematics
or statistics,

Towards the end of 1955 a SQC unit
was established for ordnance factories by
the Ministry of Defence of the Govern-
ment of India, with functions such as
introduction of SQC methods in process
control for the ordnance factories, the
progressive taking over of their coordi-
nation work of the Works Inspection
Sections and the investigation of the
compatibility of specifications.

Skipping the intervening period, it
seems worthwhile referring to the Re-
port of Work and Review for the period
January 1959 to September 1961, pre-
pared for the consideration of the SQC
Policy Advisory Committee, since this
will shed light on a number of important
aspects of the development of SQC in
India.

To begin with, the results of the SQC
promotional work will be clear from the
fact that whereas in 1955-56 the number
of factories served by the various SQRC
units (now eight, those in Delhi, Baroda,
Madras and Kerala having been added
during the last two years) was 32, in
1961-62 it was 78. Inadequacy of trained
staff is beginning to appear as the pre-
dominant cause of retarding progress in
this respect, although the position has
been steadily improving in recent years;
against the normal workload for a train-
ed technical assistant of 2.5 factories, we
have now already only 2.4 factories,

General promotional work consists
of the holding of conferences, lectures
and talks, followed by visits to top ma-
nagements in their offices to persuade
them of the value of SQC. The holding
of training courses for industrial per-
sonnel has served to awaken *he interest
of managements, whilst managers alsc,
convinced of the value of SQC, often in-
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fluence other managers to give it a trial.
Special set-backs, for instance, ¢ fall in
exports, often give an impetus to SQC
in the search for remedies.

Another encouraging feature, con-
cealed in the slow progress of member-
ship statistics, is the building up of their
own SQC organizations by factories
withdrawing from membership. An ana-
lysis of the membership figures follow-
ing investigation through questionnaires
has indicated other remediable causes
of lack of interest, such as want of sup-
porting staff in the factory, actual oppo-
sition from middle management, lack
of sustained management interest gene-
raily.

The National Productivity Council
has been an increasingly active ally in
the spread of SQC as part of its produc-
tivity drive. Many foreign experts,
supplied under the various technical
assistance schemes, have helped to bring
more industrial organizations to adopt
SQC. Nevertheless, the total picture is
not yet satisfactory from the operation-
al point of view.

Experience of the working of the
SQC units indicates certain priorities
for operation and plan purposes, al-
though a more thorough investigation
based on prescribed standards for and
details of reporting will be necessary
befere reliable conclusions can be drawn,
The problem that comes to notice most
frequently is, appropriately enough, the
study of quality, and very close to it are
others such as dimensional control, pro-
cess control and process capability. The
utilization of resources appears to be of
comparable importance, although it is
generally regarded more a problem for
Industrial Engineering than Quality,
Reduction of waste, whether irrecove-
rable scrap or scrap recoverable by re-
work, is more traditionally a function of
quality control. Problems come up both
as a result of reference from manage-
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ments as points of trouble, as through
selection by the staff of the SQC unit as
matters of profitable study which are
not always recognized as problems by
the management. Incursion by the SQC
staff inte the field of management ac-
counting, dealing with the broader as-
pects of business efficiency, would
strengthen SQC work, but this requires
both greater confidence by management
and greater technical resources on the
part of the SQC units.

As for actual techmiques used, the
most frequent single technique employ-
ed is the control chart with which the
history of SQC began. The variations
of manufacture involve cause and effect
analysis and this is followed by indica-
tion of appropriate steps for rectification.
Work sampling and work study have
been used largely in examining the uti-
lization of resources, particularly in tex-
tile mills and engineering establish-
ments. Other less common techniques
are the ‘design of experiments’, a matter
yet hesitantly supported by engineers
and technologists. Work study and ope-
rations research have long been in use
by the units, although their recognition
as highly specialized management tech-
niques is only a recent development in
Indian industrial circles.

The SQC units are financed by the
Government of India on a deficit budget
basis, through a grant-in-aid to the In-
dian Statistical Institute. The payment
for service rendered by indusfries serv-
ed is not yet on an economically ade-
quate scale, and the time has perhaps
come for placing this matter on a more
business-like basis. But this raises the
question of a dependable flow of the
supply of suitably trained man-power,
In the past the rate of expansion of SQC
was held up for lack of trained personnel
and the position is not much better to-
day, since they are required not only for
strengthening the SQC units but also
for the basic quality control work in the
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member-factories advised. Within the
last year or two a large number of young
men, mostly statisticians, have come
forward for specialized training in qua-
lity control, but it will be at least three
years before these men become really
useful either to the units or to industry.
For more experienced personnel India
continues to be dependent to a certain
extent on senior foreign experts, who
are hard to come by. :

The problems of promotion, payment
for services and supply of trained man-
power are inter-connected and it is not
easy to establish a balance as the work
expands, In the USA as well as in Japan,
initiative in the adoption of SQC had
come from industry itself, though with
guidance from scientists and techno-
logists. In India there is yet little sup-
port from industry—and it is still for
the specialists to approach industrialists
to convince them of the significance of
SQC and to demonstrate and advise.
General promotional work such as the
holding of conferences or seminars has
been and is being tried and in this the
NPC or LPCs and the management
associations can render yeoman service.
There is also a place in promotional
effort for the National Society for Qua-
lity Control, established soon after Dr.
Shewhart’s visit, but not active, owing
to a number of organizational prob-
lems, until recently. It is this body which
should undertake the main responsibility
for general promotional work through
periodical  conferences, conventions,
exhibitions, discussion groups, lectures
by experts, publication. of a journal,
maintenance of a technical library, ac
ing as a clearing house for experience i
the application of SQC, preduction
circulation of films demonstrating 1
application of SQC in Indian indu
and the like activities,

The SQC Policy Advisory Commi
tee will be holding its meetings in dif
ferent industrial cities in India so as
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diffuse interest in SQC. They have also
decided to hold a conference in Bombay
next July for the purpose of interesting
managements in SQC.

Other decisions for strengthening
the SQC movement included coordina-
tion of the work of the SQC Policy
Advisory Committee with that of the
Project Coordination Committee set up
by Government with a view to explor-
ing the possibilities of introducing SQC
in the public enterprises with which the
Coordination Committee was concerned.
The Committee recognized that in the
initial period the expansion of training
programmes and giving to them the
necessary tone as well as strengthening
the SQC units with personnel of the
requisite calibre, would have to depend
very largely on Government assistance,
but it was felt that this would be a pro-
fitable investment in that productivity
would be increased and any augmenta-
tion of subsidies at this stage was sure
to bring benefits to the economy several
times over, in due course.

The association of NPC with the Ad-
visory Committee is bound to be a
source of increasing strength, There
need be no question of overlapping and
encroachment and apprehensions on this
account, The training programmes of
the NPC were usually arranged after
consultation with the SQC units and
there is room for making closer such
consultations and contacts to the mutual
advantage of the LPCs and the SQC
units.

There is yet a great deal to be done
in regard to the collection of information
about the function of SQC systems in
the Indian factories and to review the
whole work. There is no doubt that
progress of SQC in Indie has been un-
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even and inadequate because of piece-
meal application of statistical guality
control methods instead of adopting u
comprehensive approach. By contrast,
in Japan it is reported that 60 percent
of the factories, having 100 or more em-
ployees, have f{full-fledged SQC pro-
grammes in operation. There, SQC con-
sciousness is aroused by lectures, semi-
nars, quality marking schemes, export
promotion schemes, all of which call for
the maintenance of quality and the em-
ployment of refined techniques of SQC.
Indeed, unlike the old days, the main
emphasis in Japan is on total quality
control and the national conscicusness
has been built up for making ‘Made in
Japan’ synonymous with ‘Quality’.

In the world generally there has been
an extensive increase in the use of mod-
ern quality control techniques and in the
development of formal quality control
programmes. Side by side there has
been a considerable production of lite-
rature in this field with respect fo spe-
cialized applications of statistical me-
thods. Edward M. Schrock in his book,
Quality Control and Statistical Methods,
in the preface to the second edition, says,
‘It is becoming apparent that as im-
portant as statistical and other specializ-
ed techniques may be, they will not in
themselves assure the success of a qua-
lity control programme. Proper organi-
zation and sound administration are es-
sential to the success of such a pro-
gramme (and most other programmes},
Groups attending quality control con-
ventions and conferences have been
showing an increased interest in how to
start quality control programmes and
how to make them effective’. 1t is very
true that optimum results from SQC, as
from any other employment of produc-
tivity, can only be secured by enlighten-
ed and efficient management.



Walter A Shewhart’s
Special Message
to
NPC Productivity Journal
Special Issue on Quality Control

IN 1047, SOON AFTER INDIA ACHIEVED HER INDEFENDENCE, I was invited by Professor
PC Mahalanobis, Director and Dr. Chintaman Deshmukh, President of the
Indian Statistical Institute and Dr. Lal C Verman of the Indian Standards Institu-
lion to introduce statistical quality contrel to India

During that first visit 1 travelled all over India visiting dozens of industries,
talking to industrialists and businessmen, lecturing and helping fo start work at
various centres. I stressed the great promise for this technology and its value to
a newly developing country setting out to industrialize rapidly.

Statistical Quality Control is a technology to improve and maintain quality
and lower costs of manufactured progducts. Naturally our first efforts must be
to train workers. In this, from the very beginning, the Indian Statistical Institute
has been playing & notable part in training statistictans to undertake the work.
With the establishment of whole-time operational SQC centres at various places,
such as Calcutta, Bombay, Bangalore, Baroda, Delhi, Coimbatore, Madras, Ernakulam
under the auspices of the Institute, steady advance is being made in spreading
the use of SQC in indusiry. This is very gratifying to me.

This is my fourth visit to India and naturally, I am tempted to survey what
has been done and to suggest what [ fcel should have been accomplished. 1 am
very pleased with the operational units and training centres and their excellent
work. I had hoped for even greater progress. In many fields, such as textiles it
seems fruitful results have been achieved Tollowing the adoption of quality control.
There are many other fields where {here is great scope for further work and pro-
mise of very profitable results. 1 have a feeling that even the industries in India
which claim they use quality control do not make use of the latest developments.

From my experience with the guality control organisation in U.B.A., 1 believe
India would have gained greatly by having a strong national society and a national
magazine to provide a common meeting ground and a channel of communicating
technical experience to one another.

In a country like India, badly needing foreign exchange, a drive for exports
assumes national urgency and importance. But exports can be expanded only on
the basis of the assured high quality of the exported products. For a period fol-
lowing the war, when there was shortage of all goods, anything would sell, irres-
pective of quality. Now it s o more so; there is keen competition to contend
with and consistent quality must be maintained to hold the market. Japan is very
conscious of this and has made wise use of quality control to assure better quality
at a lower cost.

By these remarks I do not mean to criticise India, but rather to make a
few helpful suggestions for the improvement of the quality of the products of a
country very dear to me. 1 shall always, therefore, watch with the keenest inter-
est the growth of the productivity and quality control movement in India. May
it develop fast and on sound lines.

gd. (WALTER A. SHEWHART)

Calcutta
12 February 1962.
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Quality Control
in

The General Perspective of the Indian Economy

PS LOXKANATHAN®

Quality Control, or SQC as it is now called due to the application
of statistical techniques to the performance of industry, has so far
been known only as a productivity technique. It is really a powerful
mechanism by which we can create and expand markets, both at home
and abroad. The real inhibiting factor in development is the small
size of the market in India and the comparative failure to create a
sizeable market abroad. Really, Indian industry needs genuine quality
control more than any other economy, for expansion along desired
lines, whether in the private or in the public sector, depends ultimately
upon the markets served by new economic activities. The size as also
the nature of the markets are determined by the quality of goods

consistently produced by the old as also the new industrial units.

PART FROM THE SOCIAL NEED FOR
growth, which SQC as a producti-
vity technique will subserve, it will also
serve another national imperative of
saving in terms of raw materials. As
the economy expands, current shortages
which are helding up expansion in seve-
ral directions will become acuter. It is
not sufficiently realized how SQC can
go a long way in securing economies of
materizals all along the line, for it is in
essence an anti-waste device, operated
with such scientific thoroughness that
at less cost in terms of inspection and
the like, a larger wvolume of assured
quality goods flow on to the market,
fuller utilization of rtesources being
made at every point in the industrial
process. The feed back is so systemati-
cally organised and statistical charting
so simply yet so effectively done at ail
stages from arrival to despatch of goods

* Chairman NPC.

that processing gets almost automati-
cally corrected, as it were. In the con-
text of our social and economic circums-
stances, it looks a somewhat idealistic
solution, but any analysis of the econo-
mic situation would show that this is
exactly what we need; and that it is
possible in the short period. It is a
Must for survival of private industry
both in the context of the emergence
of democratic forces, as also the recent
upsurgence of competition in several
spheres. Quality in that case becomes
the condition for survival.

Yet we have to acknowledge that in
the industrial sphere, progress in qua-
lity control is inhibited by the fact that
aggregate demand far exceeds the ag-
gregate supply in practically every
sphere of the economy. Inflation is the
enemy of quality control. Quality gets
short shrift in a market where every-
thing can sell. Standards have there-
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fore to be enforced. We have to build
up institutional safeguards to ensure
that producers keep to standards. Pro-
bably the best safeguard might well be,
as it is actually becoming in developed
countries, that a firm maintains its own
quality control department. The Ame-
rican army, in making its purchases,
makes a pretty simple enquiry whe-
ther the supplier firm maintains an SQC
department of its own. The army has
established its own quality standards,
which have become world famous and
are in fact being applied in civilian in-
dustry on a fairly large scale. The big
firms in their own turn concentrate their
purchases from firms, maintaining qua-
lity control staffs, so that a regular
movement has been set up. It has be-
come cne of the requirements of the
market; and firms advertise that they
keep to standards and have their own
SQC!

It is in the social interest that we in
India organise a movement of this cha-
racter, for the tragedy of the Indian
situation is that we in the first instance
produce goods of the highest quality,
which shows the potentialities of the In-
dian producer and artisan, but the qua-
lity progressively deteriorates. Probab-
ly it is not so much now as it was in
the inter-war period, when a large num-
ber of new industries came into being
under difficult political ecircumstances.
Nevertheless, the case of one of the big-
gest pharmaceutical firms comes to my
mind, for it is typical of what used to
happen and what yet remains a dark
spot on the face of our economy. Seve-
ral decades ago, a large scale pharma-
ceutical firm produced goods of the high-
est quality standards. A market imme-
diately came into being; even an expors
market developed. In any case the
domestic market came to be dominated
by indigenous products, British and
even Japanese medicines receiving a
setback. But the whole market rapidly
disappeared because the second and the

PS LOKANATHAN

third and the fourth batch of goods pro-
gressively deteriorated till a level was
reached when the medicines produced
by the pharmaceutical company were
really not useable. Things have im-
proved since then but we even now find
for example that a company would in
the first instance make absolutely first
rate blades: the first packet for presen-
tation to the Prime Minister would be
of outstanding quality but those to be
presented to the public would not be
as good and later on, the blades would
become unuseable. The fact that the
firm had the machinery which co
produce blades of quality presentable
to the Prime Minister is important be-
cause if the firm has the machinery, the
technique and the material to produce
that quality of goods, there is no reason
why that quality should not be made
for the people, since in an inflationary
market people are prepared to pay even
fantastic prices for imported high qua-
lity blades. In the context of modern
economics, for the build up of large
scale markets, it is of the highest public
interest that manufacturers should pro-
duce goods which may be called a Pre-
sent to the People. A present to the
Prime Minister is of course lovely and a
matter of grace and charm but it is a
present to the people that would make
a market.

This brings me to the point which I
am particularly anxious to emphasise in
the context of our need to earn imme-
diately the largest possible foreign ex-
change that we can. Our economic and
political interests demand urgently that
we Replace Aid by Trade; and lack of
assurance of quality is a major bottle-
neck in the expansion of exports. Here
also the tragedy is anomalous. The
sample shown to the foreign buyer is
par excellence; and he is very much at-
tracted. Quality has brought him to
our market and it is only quality that
will keep him and bring more of his
kind; yet the short-run advantages
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>ught by individual suppliers through
deterioration of quality have hbrought
about a wholly unnecessary diminution
in our export possibilities. Quality as-
surance through a systematic applica-
tion of SQC is probably the biggest
booster we can provide for our exports,
The hard currency areas are highly
sophisticated markets with developed
standards of quality of their own. If
we want to develop export markets, we
have to accomplish the same revolution
that Japan has done through quality
control: namely, a total reversal in the

ary connotation of Made in Japan.
Now it stands for something solid and
worthwhile. The very words Quality
Control are written in the Japanese law
on Standardisation; and it is enforced
on exports! We have to do likewise for
survival,

The second but not less important
field of urgency in respect of quality
control is the small industry sector, for
the big firm has necessarily to live by
its name and the slightest deviation
from established quality standards will
knock the brand off the market, but it
is not so in small scale industry, parti-
cularly in our country. Once again,
quality is not to be understood in the
handicraft sense of being characteristic
of one specimen, but of a continuing
flow of goods of assured quality. It
occurs to me and probably it is a very
strong point that a very large—probab-
ly, very, very large—expansion in the
markets of small scale industry can be
brought about in the short period, if
large scale manufacturers had some
institutional safeguards of assured qua-
ity supplies (of standard specifications)
from small established producers. As
the Japanese experience shows, sub-
contracting is extremely profitable to
the big producer, for he finds it a lot
more economical, financially and organi-
sationally, to get from outside the large

1ss of small things that enter into the
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assembly of a modern product and its
packaging. Probably, a very practical
course would be for the Small Scale
Industry Organisation to provide among
the common facilities in the growing in-
dustrial estates, a small well-staffed
SQC unit, which would in the first in-
stance sell its services cheap or even
free but in a time shorter than we can
imagine, it will pay its way.

We must now think more deeply.
One of the reasons why the quality of
Indian goods is low or highly variable
is because of the absence of education
among the workers and the large body
of consumers. We cannot blame them,
for our economy has for long periods of
time provided little education and hard-
ly a standard of living for the mass of
the people. Appreciation of quality is
not inborn. It develops. We have to
create conditions in which the worker
becomes appreciative of quality, appre-
ciative therefore of the maintenance of
quality. This is no criticism of the
working class. In fact it is a justifica-
tion indirectly but powerfully of the
need to improve working and living
standards, if we are going to improve
the guality of our goods. TUnless work-
ers are used to quality goods, they will
not over a long period produce quality
goods. In a fundamental sense, quality
goods can only be produced by quality
men. To expect that quality goods
could be produced under dirty working
conditions by persons living in dirty
surroundings is an expectation that is
not only not in good taste but also not
realisable in practice One of the revo-
lutionary changes that has not received
sufficient notice is the fact that in the
United States, a large body of workers
are high school boys and girls, Probab-
Iy the best prospect that we can look
forward to is a like transformation of
our working force. In fact, that will be
the best indicator of social and economic
growth.

———————



Simplified Application of Statistics
1n
Industry

WriLiaMm R, Pabsr, JR. *

The achievement of simplicity is almost never a simple thing. In
the design of complex products, simplicity is a costly goal that requires
great planning as to how to achieve the necessary functioning in the

most direct way.

In the electronics industry, for example, simplicity

and reliability are usually considered to be related and attainable only
in the mature design, the meodels and prototypes being anything but

simple.
is @ product of maturity.

IN SrtaTisticar QUALITY CONTROL, Sim-
plicity is a desirable goal. It might be
expressed in many ways: how to achieve
the same degree of control over a pro-
cess or over a manufacturing establish-
ment in the most direct way; how to
achieve the same function with fewer
calculations or by using the same infor-
mation more efficiently; how to make
statistics a servant of the enterprise
that portrays, examines and helps to
resolve the problems for the technical
decision-makers rather than a cruel and
demanding master involved in its own
complexities.

The goal of simplicity is to make
the application of statistical methods
maximally useful at minimum ecost.
This means that the problems to which

* Chief Statistician, Bureau of Naval Wea-
pons, USA. The author has held distin-
guished positions at Government level and
in Universities of the United States. He
is known in India for the excellent work
he did as Adviser to Government of India
on Quality Control,

So it is in letter writing and in many of the arts.

Simplicity

statistics are applied be the most im-
portant from the viewpoini of the enter-
prise as a whole, that the statistical
methods used be simple and efficient,
and that action be taken on the basis
of the statistical findings.

A brief review of the development
of simplified statistical tools for use in
quality control is presented. These
methods have been called by man
names: rough and ready, quick «
dirty, and simple but not simpleminded,
There are many other simplified me-
thods proposed under various slogans:
“sampling inspection with no caleula-
tions”, “control charts with no caleula-
tions”, and many others. If one were to
take these captions at their face valuz
one might expect the statistical part
quality control to be very simple in-
deed. This, of course, would be most ad-
vantageous if it would help to focus
attention on the important problems to
be solved rather than on the methods
to be used in solving them,
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The published work dealing with
simplified methods is so enormous that
it is possible in this review to select only
a small portion of the available material.
The attempt is made to spread this se-
lection over the wide spectrum of tools
commonly thought of as appropriate to
the broad quality control funection. Four
general classifications, by no means mu-
tually exclusive, seem appropriate.
These are (1) control charts (2) sampl-
ing plans for attributes (3) sampling
plans for variables, and (4) non-para-
metric methods.

control charts

Simplification in eontrol charts stems
largely from the attempts to use medians
and ranges to replace the mean and
standard deviation, the use of range be-
Ing now almost universally practised.
Clifford! has described these approaches
in his article, “Control Charts without
Calculations”. He proposes control charts
in which the values for each item in the
sample are plotted and the middle or
median value is easily identified and
circled. The range of the sample is then
measured mechanically by the distance
between the highest and lowest plotted
points and transferred to a frequency
distribution chart for ranges. After a
number of samples have been plotted,
the median range is determined and con-
trol limits for the medians of the sam-
ples and for the ranges are established.
The method eliminates the usual data
sheet and the arithmetic involved in cal-
culating averages and average ranges.
The method is also applicable to the
identification of strata within the sampl-
ed population by proper identification of
the individual points. Clifford alse dis-
cusses the elimination of the usual chart
records after a process has been esta-
blished. The operator is furnished with
limits for the median and the range and
is allowed to test the conformance of

1. A Bibliography of all references is given
at end of this article.
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each sample with these limits without
plotting. Charts are reinstated, should
more than one sample in 20 indicate an
out of control point.

Farrell® suggests an essentially simi-
lar procedure by using the mid-range
and range of the samples as well as the
median and the range as alternates to

the usual X and R chart. The mid-range
is the average of the highest and the lo-
west value in the sample. Farrell makes
a strong case for efficiency of the mid-
range and range method in locating
disturbances in the process and wild
shots, despite its admitted lower effi-
ciency during a state of statistical con-
trol. Simplification of computation is
found in the mid-range and range me-
thod since only the highest and lowest
values in the sample are used, once to
measure their difference and once to
obtain the average.

Farrell has also proposed control
chart methods when the underlying dis-
tributions are badly skewed and are not
amenable to the usual control chart pro-
cedures. In using the range, mid-range
method for these badly skewed distri-
butions, semi-log paper is used to replace
the arithmetic paper to assist in plott-
ing the geometric ranges and mid-ran-
ges. The advantages in ease of computa-
tions apply as in the normal case,

Ott and Mundel® in their article enti-
tled, “Narrow-limit Gaging” provide an
alternative to the usual variables control
charts by setting attribute gages inside
the tolerance limits, Operating charac-
teristic curves are provided for dif-
ferent sample sizes n, different accep-
tance numbers ¢, and different extents
to which the gages have been moved
inside the tolerance t. The method fol-
lows essentially that developed by Dud-
ding and Jennett. The advantages of the
method are primarily in the absence of
measurements needed for the sampled
units and the ease of record keeping.



422

The method is, of course, much better
in efficiency than using attribute gages
at the tolerance limits. There are psy-
chological disadvantages, however, that
might be encountered in tending to
drive a process to unnecessarily tight
limits. The method does provide protec-
tion at nearly the variables level with-
out the necessity of measuring indivi-
dual values or calculating beyond coun-
ting.

Madiscn and Ostle? have developed
a chart in which the individual sample
values are plotted, following in part the
work of Howel5, This chart is called the
Maytag Double Line Chart, The chart
has two sets of limits, the outside limits
being the specification limits, and the
inside limits being measured from the
specification limits by a multiple of the
estimated standard deviation, The follo-
wing two conditions apply: the process
is considered satisfactory when (1) all
the sample values fall within the speci-
fication limits and (2) when they do not
all fall in the interval on one side bet-
tween the inner and outer limits. The
method is an interesting application of
the modified control chart procedure.
Madison and Ostle provide a comparison
for power with usual control charts, Al-
though this method does not agree close-
1y in power with the mean range charts
under conditions of control and for large
shifts in process average, it does have
desirable qualities in ease of application
and understanding.

Control charts have also been ap-
plied in a two-way classification for
the control of a process having
two closely correlated characteristics.
Weis® provided an example of such
an application to the re-set time
and ftrip time of cireuit breakers,
where control charts previously ap-
plied on each characteristic tended in
the correction of process for cne factor
to throw it off for the other. The charts
developed are parallelograms and the
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average points are not plotted in time
sequence as in the normal control chart,
designation of the order of points being
necessary if analysis by time is to be re-
tained. Jackson? has also explored the
subject of the control charts for correla-
ted variables and uses a control ellipse
set at a given probability level (in this
case 95%). It is pointed cut the result
obtained is the same as in Hotellings’
T? control charts, in which one over-all
measure is obtained for each pair of
sample values. Behnken® suggests some
interesting and simplified approaches in
the use of control charts for trends.

sampling by attributes

The simplest procedures for sampl-
ing by attributes are identified with
Binomial Probability Paper (BIPP), first
introduced by Mosteller and Turkey?
This is a special kind of graph paper
by means of which sampling plans by
attributes can be determined, attribute
tests of significance made, and compari-
son between observation and specifica-
tion resolved. Use of the paper is based
upon the observation that distances from
any point are measured directly in stan-
dard deviation units. Given any point
it is possible to directly determine its
difference from assigned standard in
standard deviation units and by means
of usual tables to convert these standard
deviation units into significance levels.

Hicks!? has given five typical prob-
lems that can be solved by means of
BIPP paper as follows: a. To deter-
mine whether an observed number of
defective items in a sample is signifi-
cantly different from an assumed pro-
cess average., b. To determine confi-
dence limits for a population fraction
defective p’. ¢. To construet a p chart
with varying sample sizes. d. To de-
sign a single sampling plan. e. To com-
pare two variances to substitute for the
F test in analysis of variance, Obviously
there are many other problem types
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such as the comparison of two fractions
defectively that can be solved simply by
use of this device.

It must be pointed out that consider-
able simplicity has already been intro-
duced into the attributes side of quality
control through the use of collections of
sampling plans such as the Dodge Ro-
mig tables and the Mil Std 105 tables.
For most problems where attribute sam-
pling is applicable, it is easy to find by
use of the presented operating charac-
teristic curves to find an atiributes plan
suitable for the purpose even where the
admiristrative framework of the Mil
Std is not used. Once the plan is adop-
ted, only a comparison between the ob-
served number of defectives and the
acceptance and rejection numbers need
be made.

Note must also be made of the con-
tinuous sampling procedures for inspec-
tion by attributes as developed by H.F.
Dodge and his colleagues. These plans
are based upon a procedure wherein the
fraction inspection of the items presen-
ted is reduced on the basis of the qua-
lity of material presented. These plans
have been studied and extended by
others. Ireson and Biedenbender!! pre-
sented the background and development
of the Inspection and Quality Control
Handbook H-106 entitled “Multi-level
Continuous Sampling Procedures and
Tables for Inspection by Attributes.”
These plans provide for a reduced
amount of sampling when the process is
better than that established as accep-
table.

sampling by variables

Tables for sampling by variables
have been available for a long time.
Their use requires calculation of the
sample mean and the sample standard
deviation or an estimate of it. As in the
case of wvariables control charts, the
range has come to be used increasingly
as the basis for estimating the standard
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deviation. The Bowker and Goode
tables were first available, and those of
Ordnance Standard 80 were developed
as a simplified version. In developing
the Army tables for Ord-M608-10 Storer
and Davison!? presented a complete set
of variables tables based on the range.
They reported on this under the title
“Simplified Procedures for Sampling
Inspection by Variables”. Both the Navy
and Army plans have now been super-
seded by the Mil Std 414 (Sampling Pro-
cedures for Inspection by Variables for

Percent Defective) which presents a

complete set of plans comparable to
those of 105 based both on range and on
standard deviation (both known and not
known) with alternative means of ecal-
culation.

Many attempts have been made to
simplify the use of variables inspection
plans. Greenwood" has developed a
mechanical device for using sampling
by variables. The machine makes pos-
sible a decision in accordance with the
new Mill Std. 414 without need for
computation of the acceptance criteria.
In using the device to judge the con-
formance of a lot with assigned AQL,
a sample is selected from the lot and
measured in accordance with establish-
ed practice. The mean of the :ample
is then determined and the standard
deviation is determined usually from
the ranges of subsamples of five. ‘The
mean and estimated standard deviation
are then plotted with the help of move-
able scale arm to determine whether
the results fall within the preplotted
acceptance region for the assigned AQL.
The device can be used equally well for
single and for double-sided specification
limits. It saves computation steps and
the commarison with acceotance criteria
furnished in the tables of Mil Std. 414.

Another effort at simplification of
variable acceptance plans has developed
from the use of nermal probability
paper. This has been dramatized by
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Chernoff and Lieberman!t in their
paper, “Sampling inspection by vari-
ables with no calculations”. The wo-
caLc procedure is essentially one in
which the variable measurements ob-
served in testing a sample are plotied
on a normal probability chart first in
order above the zero axis, and then plot-
ted spread out across the chart on axial
points depending upon sample size. If
the plotted points fall on a straight line,
the population is judged to be normally
distributed, the standard deviation is de-
termined from the slope of the line and
the median from its midpoint. Tables
are provided for various sample sizes
showing the maximum percentage of
defectives allowing the acceptance of
lots of given quality.

The Jetec-11 (Joint Election Tube
Engineering Council Committee on
Sampling Procedure)!® has developed a
median quasi-range method of variables
acceptance sampling. This method has
appeared in many of the election tube
specifications. ~ Acceptance limits are
given in the specification for the median
based on the desired upper and lower
limits for the lot average. Similar limits
are also given for the quasi-ranges based
upon the desired lot standard deviation.
The particular guasi-ranges {highest
minus lowest, next to highest minus
next to lowest, third highest minus
third lowest) used are those with the
greatest efficiency for the given sample
size. The operations for each lot in-
volve making an array of the sample
data, so that the median can be quickly
identified and the quasi-range computed
by one subtraction. These are then
compared with the limits to determine
the acceptability of the lot.

The Hamilton Standard Lot Plot
plan introduced by Shanin!® was deve-
loped as a simplified version of variables
acceptance plans and was intended to
be distributed free, in that the decision
to accept or reject the lot was depend-
ent upon the type of parent distribution
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selected. In the operation of the plan
a sample of 50 pieces is selected from
the lot, and the sample is divided into
a number of subsamples and a histo-
gram is constructed. Depending upon
the appearance of the histogram, the
limits of the population are derived
from the calculated mean and standard
deviation and are compared with the
tolerance limits to determine the ac-
ceptance of the lot. This method has
been widely used in the aircraft indus-
try. The plan is easily explained and
used and is appealing in its visual port-
rayal of the sample histogram. Its statis-
tical characteristics have not been well
explored. Shaffer” has developed the
operating characteristic curves for plans
of this type for normal distributions in-
cluding “the special case selected by
Shanin.

Various methods have been present-
ed to simplify the operation of the lot
plot plan.” One of these is the lot tem-
plate method given by Hill"® in which
lot distributions for different degrees of
non-normality are prepared for use by
the lot histograms. Another method is
called a “Mechanical Lot Templet”
developed by Elis!® which provides a
series of 121 possible 50-piece distribu-
tions each with a different degree of
skewness. The histogram from the lot
in question is matched with one of these
prepared distributions, and from it the
1ot limits are determined. If the lot
limits are outside of specification limits,
the percent outside limits is immediate-
ly read from a table. The accuracy of
the templet method has not been deter-
mined, although comparison with the
1ot plot method using means and ranges
suggests no great difference.

non-parametric methods

Recentlv a whole new class of sim-
plified methods have been made avail-
able to quality control practitioners
under the general title of “auick and
dirty” methods. These methods usually
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involve only the ranks of the observa-
tions or the signs of the observations.
Ranks involve arranging the observa-
tions in algebraic order and assigning
the highest one a rank of one, the next
highest a rank of two, and so forth.
Signs involve only determining whether
one observation is higher or plus rather
than lower and minus, or, when obser-
vations are not numerical, whether one
object is better or poorer than another.
These methods are easy to apply com-
pared with the standard variable proce-
dures of the test or the analysis of vari-
ance. They also involve no assumptions
concerning the normality of the under-
lying distribution from which the term
“non-parametric” stems. It has been
increasingly clear from the theoretical
work that these methods are never
much poorer than the standard methods
even when an assumption of normality
is tenable, and that they are sometimes
much superior especially when the dis-
fribution is non-normal or unknown.
Most often they deserve the title “quick
and clean”,

These methods are described by
Wallis?® in “Rough and Ready Statisti-
cal Tests” and by Bradley? in his two
articles entitled, “Some notes on the
theory and application of rank order
statistics”. Dixon and Massay?® have
an excellent chapter in their Introduc-
tion to Statistical Analysis as do Wallis
and Roberts.?®* The literature is exten-
sive as Siegel® indicates in his organi-
zation of this material.

A thumbnail sketeh of some of the
methods is given as follows:

signs: Two materials, inspectors,
conditions or other characteristics are
to be compared. Pairs of observations
are available under similar conditions
for the two objects covering the range
of conditions for which the comparison
is to be made. A count is made of the
positive and negative differences het-
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ween the two things being compared.
If the number of plus and minus signs
are equal or nearly so, there is no rea-
son to believe that the population from
which the pairs are drawn are not
equal. If they are different, the signifi-
cance of the difference can be deter-
mined. Tables are available to test
the significance of the difference for
the number of pairs involved. For in-
stance, on 28 lots of materials the com-
pany inspeectors found more defectives
than the government inspectors in paral-
lel samples on seven lots, whereas gov-
ernment inspectors found more defec-
tives on the other twenty-one lots. The
probability of this difference happening
by chance alone is found to be between
one and five percent so that the hypo-
thesis that the company inspectors are
as observant as the government is re-
jected. This test has many important
applications in determining in a plant
where more intensive controls will be
useful,

runs: A series of observations is
examined to determine whether the ar-
rangement is random, differences bet-
ween the successive observations being
scored as plus or minus. A run is count-
ed as a number (one or more) of like
signs together. A number of runs
greater or less than critical values is
evidence of non-randomness. This test
may be used in detecting trends up or
down in the series. The series of obser-
vations may be observed with respect
to time or some other characteristic.
For instance, a number of white and
black balls may be arranged in order
by size; each series of white or blacks
(including a series of only one) being
considered a run. If the whites are big-
ger than the blacks, they will tend to
be grouped together and the number of
runs will be small. For instance, in a
sample of ten whites and ten blacks, a
count of seven or fewer runs would be
evidence of such a difference at about
the 5 percent level.
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rank: The white and black balls
can also be compared by ranks, scoring
a rank of one for the smallest, two for
next smallest and so forth. The sum of
the ranks of the white balls can be
compared with the sum of the ranks
of the black. Tables show that the
chance of the sum of the white ranks
being less than or equal to 79 is .026,
or being equal to or greater than 134
is .026. Thus, if the ranlk sum is less
than 79 or greater than 134, the white
population is different from the black
at about the 5 percent level of signific-
ance. A similar test, the H test, can be
applied when there are more than two
classifications or groups of objects and is
essentially similar to the analysis of
variance.

life of equipment

Goodman® in “Methods of measur-
ing useful life of equipment under ope-
rational conditions” describes a simple
method for comparing the longevity of
two or more objects or equipments. The
method depends upon a replacement
policy for worn-out items by switching.
Suppeose, for instance, that it is desired
to compare the service obtained from
light bulbs of two manufacturers. When
the bulb of one manufacturer {ails, it is
replaced by one of the alternate manu-
facture, and vice versa, 1f the system
is started with an equal number of bulbs
of each manufacture, then the relative
Iongevity after a sufficient period of re-
placement is given simply by the pro-
portion of bulbs of that manufacture in
use at a given time. After the replace-
ment policy has been in use for a suffi-
cient period of time, the result is in-
dependent of the form of life distribu-
tion of the equipment and is hence non-
parametric. For instance, if switch poli-
cy is utilized in a factory having a total
of thirty bulbs in use, and it is found
after a period of time that 11 of manu-
facture A are in place and 19 of manu-
facture B, then the relative longevity
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of A is11/30=.367, and that of B is 13/30
is .633. The significance of these esti-
mates can be compared with their stan-
dard error which is given as approxi-

mately ~ (.367) (.633) /30=.088. If the
total number of replacements is known,
then it is also possible to estimate the
length of time of service of each item.
The fact that it is not necessary to iden-
tify or keep records of the individual
items when the switch policy is utilized
makes it easy administratively.

simplified approaches

The question now is posed as to
where simplified methods relate to the
development of a quality control sys-
tem.

During 1958 in India I had the oppor-
tunity of working in conjunction with
the Indian Statistical Institute with
more than a hundred of the newly deve-
loping enterprises in that country. This
afforded a workshop in gquality control
that covered some thirty different indus-
tries and the entire subcontinent. The
objective was to lay the foundation for
the development of effective use of sta-
tistical quality control methods to as-
sist in increasing the productivity of In-
dian industry. In nearly every plant
we visited, a potential increase in pro-
ductivity of 10 to 40 percent was consi-
dered attainable through effective qua-
lity control and in many cases these exr-
pectations were realized in actual fact.

The procedure adopted consisted pri-
marily of survey wvisits to the plants
with follow-up letter reports detailing
the particular ways in which quality
control methods might be applied or im-
proved. A positive approach was taken,
A check off list indicating those areas
where quality control had been effective
in the United States; namely, in the re-
duction of serap, elimination of rework,
defect prevention, maintenance im-
provement, control of incoming material
quality, control of outgoing quality
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levels, was used not so much to indicate
where quality controls might be used,
as to find where they might do the most
good. With limited resources of quality
control skills available, it was desirable
to make the biggest gains first. In faet
the emphasis was more on the problems
to be tackled than on the methods to be
used, since these in most cases were in-
deed obvious. The measure of success
of the quality control procedures were
their contribution to the increase in pro-
ductivity, and not merely in the use
of the methods themselves. Some one
described this as applying quality con-
trol methods to quality control itself.

Typical cases where quality control
might be effectively applied were found
repeatedly in nearly every plant. The
most typical situation involved a differ-
ence in scrap, output, productivity, or
rework between parallel productive
units. For instance, among ten contrae-
tor units in a foundry, the acceptance
rate for one contractor group averag-
ed about 92 percent for a six month
period in contrast to less than
60 for some of the other groups. Inci-
dentally this information was available
from payment records but had not pre-
vicusly been utilized in a positive way
to bring up the level of the lower group
to that potentially availeble. It is easy
to see that the production of the entire
foundry, using the same men materials
and plant might have been increased
by as much as 25 percent by bringing the
lower group up to the attainment of the
upper one. Therefore, the quality con-
trol effort was directed to the metal-
lurgical, psychological and training
needs required to balanca these parallel
resources, In the jute mills differences
in individual weaver efficiency focused
attention on the need for training and
incentives to raise the produectiviity of
the lower group. In the jute mills, toc,
differences among the spinning frames
in “ends down” provided a starting point
for corrective action. Assembly and
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subassembly lines in the sewing ma-
chine factory were found to have great-
ly different scrap rates; so did the dif-
ferent heads on the automatic glass ma-
chines, Sign and rank tests are invalu-
able for making judgments of this kind.

Another typical problem was ihe
difference in inspection standards among
the different inspectors. It was easy to
spot the inspector on one side of the
conveyor belt throwing away {wice as
many defectives as his partner, even
after their positions were shifted. One
inspector in the sewing machine plant
rejected four times as many completed
machines over a period of months as
another in the group of ten final ins-
pectors. In general, inspection seemed
to be more poorly engineered than any
other production operation. Multiple
comparison charts are nearly always
necessary in getting reasonable consis-
tency among inspectors.

In most plants the best starting point
for a quality control operation seemed
to be the evaluation of outgoing pro-
duct. For it was possible to thread back
cause-effect relations through the pro-
duction process to isolate the major
causes of trouble. This starting point
has many advantages in that it tends
to focus controls at those process points
where greatest gains can be expected.
For instance the sewing machines has
more than five hundred parts, but among
these less than a dozen were found to
be the most troublesome in contributing
to rejectable machines. By correcting
these and bringing them under control,
it was possible to make significant gains
in productivity, whereas a broadside at-
tempt to use control charts on the thou-
sands of dimensions would have exceed-
ed quality control resources and tended
to focus attention on methodology ra-
ther than on results. Similar practices
applied on incoming materials of course
extended the chain of control back
through the suppliers of material,
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Another starting point wag the scrap
and reject pile, for the information here
could be almost immediately used to
isolate causes and to establish controls
at the strategic points in the production
chain, This approach was especially im-
portant in the foundries, the soap fac-
tories and the potteries.

Quality control and statistical deve
lopments where they had been started
were not always free from dispropor-
tion. For in some plants beautifully de-
signed experiments had satisfactorily
found the maximum operating condi-
tions for temperature in glass annealing
only to be followed by simpler processes
that led to secrap rates of more than 235
percent., In the soap industry great at-
tention had been paid to the control
charting of laboratory results where
data were easily available, only to be
followed in the manufacturing plant by
poor handling and cutting techniques
that caused more than half the product
to be returned to the soap kettles. When
attention was {ocused on these larger
simpler problems, rapid and effective
gains could quite easily be made.

The widespread use of control charts
was not always effective. In cne plant
the hundreds of control charts used in
the machine shop which was followed
by sampling inspection did not prevent
the flow of defectives to the assembly
line, but rather seemed to immobilize
the search for basic causes and correc-
tive actions.

These basic problems are more fully
described elsewhere® They point to
the need for simplicity in approuch as
well as simplicity in method. Interest-
ingily the problems of one plant in an
industry to which quality control tech-
nigues might be zpplied appeared to
be essentially similar to the other plants
in the industry. Thus, quality control
approaches for several jute mills were
generalized into one that might serve all
the plants in the industry. This gene-
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ral approach was presented in the form
of briefs outlining a step by step pro-
cedure by which quality control might
be initiated. Emphasis was placed on
problems to be tackled and the results
that might be expected, with less atten-
tion given to methodology. These briefs
did serve the purpose of starting the
use of quality control in many areas on
the simplest terms leaving the more
advanced applications to await the
growth in maturity arising from expe-
rience. Simplified methods were used
where they could be readily understood
kut standard practices were most often
employed.

Were this Indian experience isolated
and unique, it would not merit much at-
tention; but for every problem encoun-
tered in Indian industry, a parallel on
perhaps a different level can be found
in the American experience of the last
decade. Indeed the American groups
of statisticians and engineers with whom
I have reviewed this experience have
been struck by the similarities with
their own.

conclusion

An enormous bag of simplified tools
is available for use in quality control
applications. Within the framework of
an operating quality control system, it
is possible to use these effectively to
reduce the amount of paper work and
to reduce costs of the gquality control
system. The dangers are that the sim-
plest system may be none at all, and
the advantages of a quality control sys-
tem may be lost, the simple methods
may degenerate into simple-minded
ones.

The quality control system is like the
complicated machines under develop-
ment. The first attempts to construct
the machine, the breadboard model, is
like the initial attempt at organization
of the data flow and the determination
of the basic quality control practices.
As the machine is developed, improve-
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ments can be made in many of its com-
ponents to simplify the operation with-
out sacrifice of function or performance,
As each part of the machine is simplified
and developed, an overall simplicity is
achieved. Depending upon the ma-
chine, this may take years of effort.
Similarly with a quality control system,
the first concern is with an overall
framework where approach and purpose
are more important than method. It is
after this framework has been stabiliz-
ed, that useful gain can develop from
the application of simplified method.
This is the aspect of simplicity that
needs to be developed in the quality
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simplified tools into a simplified system.

The workshop opportunity in India
indicated that these simplified tools es-
pecielly the sign test and the ranking
methods were extremely useful in spot-
ting weaknesses within the plants and
directing attention to them. The me-
thods were also useful in avoiding the
situation of over-concentration on small
and spectalized problems that were more
interesting from a statistical viewpoint
than to that of longrun company ad-
vantage. However, the first attempts at
application utilize standards methods
for the most part firming the founda-

control area for too little attention has tion upon which simplification can
been paid to the organization of these develop.
e —————
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Total Quality Control

HD Suourie*

Recent productivity literature is full of & new idea that is being
popularised by Armand V Feigenbaum as Total Quality Control. It is
a new concept of integrated quality conirol engineering, which seeks
to build-in quality into the produet from end to end; that is to say
from a sampling of incoming thaterials on a scientific basis through ail
the processings to the final handling and transportation. Actually,
this field of total quality control extends much farther at both ends;
it extends either way into the markets from which a firm buys its
materials and machines, to the markets in which it sells its products.
Instead of wasting resources on checking, inspecting and re-
pairing, the requirements of the market are built into the product
that is processed, and further back, the product specifications deter-
mine categorically the level of acceptability of materials. Total qua-
lity control is therefore a system by which the specifications of the
market travel back by an organised method and are translated into
the specifications of the materials that enter into the product and the
machines that process the product. Further this idea of total quality
control also involves fundamentally a general upgrading of the entire
range of personnel associated with purchasing, processing and selling.
Statistical quality control is thus an ali-inclusive fully integrated

productivity technique.

T WOULD BE RATHER AWKWARD FOR US
to claim that NPC has put forth this
concept of total quality control, for the
idea of quality is inherent in producti-
vity. Production of defective materials
is cer