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ABBTRACT

With a renewed émphasis on Management of Quaiity, the guestiaon of
callecting and quantifying Cost of Quality (C0Q) has assuméd
special significance. [t is realized that arganizationa intend-
ing to launch quality improvement programs need to first deploy a
suitable COQ system tc support and direct the quality {mprove-
ment process, Although the various components of coQ i.e.
prevention, appralsal, external and internal fallure costs have
been recognized for a long time, it is only recently that the

various issues connected with 1t have been aystematically stud-

led.

In this paper we take a comprehensive look at the €0Q issues and
the kind of anawers that research has yielded. More

gpecifically, we are Interested Iin the analysis of the following

questions:

1H What are the various elements of gquality costs and how are
they classified Iinto COQ Comﬁonents? What are the company

practlices regarding these?

i) What are appropriate indicators of COQ? In general, haw
much do companies spend on quality, as reflected by C0Q

indlcators?

i11) What are the relationships between the COQ Components? How

* do they influence the CO{?



iv) What are the effects of COQ on wunit product aost and

product profitability?
' )

V) Can suitable analytical model be developed to predict the
effect on COQ of changes in company efforts on preventlon

and appralsal?

vi)  How shauld a quality cost system be zet up?

The above isszues are analyzed in detail. The resultsz from pre-
valling research are reviewed in seeking answers to the above
issues. Finally we summarize the conclusions drawn from the

2tudy.



COST OF QUALITY - THEIR DETERMINATION AND RELATIONSHIPS

-PROF. MANGESH G. KORGAONKER

With a rapld growth in the introduction of highly advanced, new
manufacturing technologlies known for thelir precision, and a
growing appreclation of the competitive role of quality by
organizations worldwide, the management of qualit} i1s receiving a
kind of top management attention, perhaps never before wiltnessed
in the pa;t. As managements attempt to grapple with the quality
problem several new approaches to quality managements, at least
same of them of Japanese origin, have emerged. Examples include
approachea like Total Quality Contr&l(TQC), Company Wide Quality
Contraol (CWQC), Zero Defect (ZD), Total Quality Management (TQM),
Strategic Management of Quality etc. It 1s not the purpose of
this paper to go into the details of these approaches. Neverthe-
lagd, a aomman feature ;f all the approaches 1s the heavy empha-
gis they have laid an the "total involvement" of the organization
in ' the qualtty management process. The aim 13 to take quality.
out from the province of narrow specialist consideration~and view
it from a much broader, ;ompany wide pefspective as a key strate-

gic task.

An improvement aspect of the quality management process in any
organization pertains to the framework and methodologlies adopted
to measure the "Cost of Quality® or (C0OQ:, While the general'

nature of these costs have been known for a long time, little

elge was known about thaese except for dome judgmental estimates.



With a renewed emphasi{s on Quality Management, organizations are
focussing much more attentlon on systematic methodologies to
define, collect, appraise quality\costs, monitor them and. take
corrective actions. Indeed a thorough knowledge of the quality
costa being incurred by an organization is found to provide a

sound basis to direct the quality improvement process within the

organization.

The purpose of this article is to study in detail the various
issues connected with quality costs and the methodologlies avail-
able for their collection, measurements and analysis. Finally an

approach is put forth for setting up a quality coat aystem in an

crganization,

i, What are quality Qostl?

Clearly the key issue in quality cost analysis is "What are
quality costs?" The general nature of these casts have
been known for a long time. For example, Juran [1] as
eafly as 1951 in his handbook titled * (Quality Control
Handbook®" and later in the book titled "Quality Planning
and Analysis™ (2] discussed Cost of quality in the context
of the economics of quality. Similarly Feibenbaum [3) in
his famous book "Tota{ Quality Control”™ devoted a full
chapter to a discussion of quality costs, These early
writings led to a categorization of quality cas;s aa those

relating to tha following actlvities:
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1) prevention
ii) appraisal
ii1) internal failure

iv) éxternal failure

Figure 1 shows the hypothetical relationships of these costs to
the quality effort in an organization propased by Jura [2].
Although }ittle else was known about these caosts for a long time,
the above categorization was in a way, the first necessary step
towards evolving a comprehensive methodology for C0OQ collection,

measurements and analysis.
!

Broadly stated, Prevention costs are those costs expended in an
effort to prevent discrepancies, such as the costs of quality

planning, supplier quality surveys, training programs etc.

Appraisal Costs are those costs expended in the evaluation of
praduct quality and in the detection of discrepancies such asg

the costs of inspection, test and calibration control.

Failure Costs are thase costs expended as a result of

digcrepancies and are usually divided into twa types.

Internal failure Costs These are costs resulting from
discrepancies found prior to delivery of product to the customer

sSuch ag the costs of rework, scrap, and material review.



External fallure These are costs resulting from discrepancies
found after delivery of the product to the customer such as the
caosts assoclated with the proéessing of customer complaints,

customer returns, field services, and warranties.

The Total quality cost is the sum of all these costs. It
represents the difference between the actual cost of a product
and what the reduced coast would be if there.was no possibility of
failure af the’ product_nor defects In 1ts manufacture. As
described by Juran [1]1, it iz *"the gold {n the mine" waitfng to

be extracted.

Figure 2 shows the expected relationship between value of quality

and the quality costs:

F

If however a proper framework has to be created for collection of
the qualify castsa, tpe above categorization per se 13 not
sufficient, It becomes necessary to identify each type of the
cost element comprising each of the above cast category. Only
when these elements are identified and defined with sufficient
clarity, we could incorporate them In the cost collection

procedure,

Fortunately, at least two such attempts are now well daocumented.
These are due to Elridge and Dale [5] and Sullivan and Ovens (61,
,Becausq of their importance to the COQ system we shall review

each of these in depth,



Eleaments of C0Q

Elridge and Dale [5] proposed a detaiied list of cost
elements for collection and quantification of quafity
costs, in a mechanical engineering company prbducing
industrial valves., The manufacturing facilities consisted
of a foundry, machine shop and asgembly area. The focus of
their investigation w%s to highlight tc the senior
management team the need for quality improvement and
geve}op a basis for cost redugtioﬁ projects. Their list ig
largely based on the categories‘defined in the British
Standard BS 6143. Table i gives the details of their cost

elaments.

Table 1: Details of quality cost elements, Eiridge & Dale (5)

Preventian

—-_...__—_—-.___.-...._-......-_—...-—.....—_——-..._..--__—_..—____—-..._-..-__—_—____-...—

: Quality Engineering

i Design and Development of equipment

H Quality planning by other functions

< Maintenance and calibration or production
: equipment

: Maintenance and calibration aof inspection

' equipment

! Supplier agsurance

] Quality Training

' Administration, audit and improvement



Laboratory acceptance tegting
inspection and test

In process i{ngpection

Set up for inspection and test
Inspection and testing materials

Appralsa] < Product quality audits
' Review of inspection data
' Field (on site) performance testing
' Internal testing and releasge
1 Evaluation of field stock
s Data processing
Scrap
Rework and repair
Internal Trouble sheooting

Scrap and rework, fault of supplier
Modification permits, concessions

failure < Reinspect, retest
H Downgrading

Complaints administration
Product liability

Products rejected and returned
Returned material repair
Warranty Replacement

External
Failure

e ee A e —m

Even though the cost element liat proposed by Elrldge and Dale is
quite exhaustive, there may be some doubt regarding their
classification into the four cost categories. The question we
may 'like to asgk at fhis stage is."ln general, does the Table -1
reflect a uniformly observed practice among most or majority of
the , companies regarding quality cost classification? For
example, do all companies claésify quality audit cost as
appraisal cost? What about in process control? Is it always

7}egarded ag prevention cost? Similar question can be railsed in



respect of many other cost elements |igted in Table 1, The
findings of Sullivan and Owens [6) are very pertinent n thig

regard.

4

Sullivan and Owens [6] designed a one Page survey questionnaire
to gather information about the way quality cost systems were
organized and about top management Attitudes towards the sys-
tems. The questionnaire was carried in the April 1083 issue of
Quality Progress, with a mailing of 35000 copies in US & Canada.
Forty of the readers returned the completed questionnaires. Thus
thelir tindings are based on analysis of thesge completed question-
naires. Therefore, there could rightly be Questions about sample
glze, etc. Nevertheless, it was the first attempt to obtain g0me
empirical data on company practices on classification of quality
costas, Because of itse importance, we repfoduce this survey data
on cost Element .classification provided by Sullivan and Owens [61

in Table 2.

It is noticeable In Table 2 that in respect of classification of
many cost elements, the company practices are not uniforn.

Particularly noteworthy are the following cost elements.

1) Qua}lty dats acquisition andg analysis
1) Administrative costs

111) Product review B

iv) Process control

vy éield evaluation and testing

vi) Quality audits

vii) Maintenance/calibration: test/inspection equipment



111> Maintenance/calibration : production equipment

X) Trouble ghooting or fallure analyses
X) " Downgrading
x1) Marketing error

x11) Engineering error
x111) Factory or inspection error

xiv) Relinspect or retest

X)) Scra§ and rework - fault of vendor

xvi) Discrepant Material activity.

Majority

cost elements as either prevention or appralisal and the next five

of the cost

failure. The last three are classified efther as

fallure cost.

The coet elements whgre

elementg as elther internal

there is

failure

relatively 11§

or

of the companies classify the first eight of the

appraisal

ttle or

ambiguity about classification are given beiow,.along with

corresponding cost category.

Cost element

i) Qualiity engineering

ii) Quality planning by functions
cther than Quality

1ii) Training to improve quality

vi) Inspection and Test

v) Ingpection and Test set up

vi) -~ Serap

vii) Rework and repair

viii} Dountime

1x? Complaints

x) Product or customer service

xi) Productes rejected and returned

xi1) Warranty charges

xiii) Recalls

10

‘Cost category

Prevention

Prevention

Appraisal
Appralsal
Internal
Internal
Internal
External

"External

External
External
External

""Prevention

fallure
failure
failure
fallure
fallure
failure
failure
failure

external



xiv) Product liability External fallure

more than half the cost elementg, Thig ig indicntive of ‘wide

variance {n company Practices. 't however we form only two broad

of interna} & external failure then the Bame datg brings out
considerabje uniformity in Company Practices, In that case, we
hardly Notice any ambiguity at all. Thig finding appears tg lend:
credence tgp _tne Proposition that "quality costs shoylg be
collected and qQuantified op the basis-of two rather than four
. categoriegn, If 4-category System ig st to be Preferred,

there 1{g & need tp resolve the ambiguitieg of olassifioation,

brought puyt earlieyr,

It 1g alap Important to note that a significant Percentage ot
¢ompanies do not meéasure some of the cost elements, Notable
Amongst these arez. Produet review, Process control, quality
pianning by-functione other thanlquaiity, field evaluation and
'testing, maintenance/calibration of production equipment, down-
time, downgrading Product gr Customer service, discrepant materi-
al activity, marketing error , engineering error, factory or
instaiiation error, recalls ang Product liability. Fither they
are not .considered very slgnificant by managementg or the cog
Systems have not evaolyvegd to the extent.of being able to capture

all the relevant information.

11



3. COQ Indioators

Assuming that companies'hnv- some system for COQ categorization
and quantification, it would be interesting to know "how muoch do
companies in general spend on quality? f{.e. What totn; co0Q do
they 1inour? To what extent does cCOQ vary across various

industries?”

Although no hard empirical evidence was available in this re-
gard, for a long time in the past Crosby (4), & well known quali-
ty consultant estimated the quality cost to be 15-20% of the
sales. Crosby’s relating the COQ to sales raises an isgue re-
garding the indicator af quality cost. "Do all companies relate
quality ocost to the sales turnover? 1Is the porpontngo of sales

turnover the best indiocatoer of quality cost 7

We may again refer to the survey study by Sullivan and Owens [8].
One of the questions they required the companies to respond
related to the base, {f any, against which the responding company
indexed the quality cost. The choices provided by them were:
Sales base, cost base, labour base, any other base. Figure 3
gives gummary of their finding. Az the figure shows,ymost.compa-
nies. index quality cost against a sales base i.,e. most often
gross séles or net sales. Cost bases-the éecond most popular
category included direct material and labor cost, standard manu-
facturing coet, standard cost of production, manufacturing value

added, cost per unit and cost of goods sold.

The firms wusing labour bases compared quality costs to direct

labour, total labour, standard direct labour, applied direct

12



Iabour, earnings on standard hours, standasrd hours, hourly rates

and earned burden,
f

The wunit bases included gross shipments, net lhipments: units

stocked, and units produced.

Figure 3 Cost bases .
=8ullivan & Owens [8)

40 -1
! 32
jm=———=—— V-
30 -~ :
H ! 22
20 ~! i H 16
' ' : ! 7
10 -} H H mmmmmme o -
Sales Cost Labour Unit

The:' survey 'findings seem tﬁ suggest that it is preferable to
Index the quality cost against multiple bases rather than a
single base alone. Perhaps justifiably so. After all if COQ 1is
tc be meaningful as an indicator of company efforts in quality,
1ndexing. the cost against single base may prove to be quite

inadequate. We know that various indicators like sales, differ-

~

ent types of cost, labour inputs, etc. are influenced by a varle-
ty of factors In organization. At times the fluctuations in them
are qu{te violent and entirely unrelated to the product or proc-
ess quality. (Indexing COQ against a single base couid therefore

result in quite erroneous conclusions).

13



Just how close to reality is the figure of 15-20% of falen
proposed by Crosby for quality cost? This aspect was studied {n
n.aurvey by Gilmore {B). The author selected 35 conlume} product
manufacturing corporations for carrying out his gurvey. Thesge
corporations were known to be collecting quality costs in a form
bath consistent with generally accepted practice and amenable to
Bnalysis and publication. 17 organizations distributed over 10
industry ciassifications regponded. Table 3 gives the industry
classi{fications of the units responding te the survey. Although
admittedly amall, the sample included organizations of different
sizes and with different degrees of quality control effort (as
measured by Production to Quality Control personnel ratio).
Téﬁles 4,5,6 & 7 summarize their findings. Some 'vital
. bonqlusions cpgld be drawn from the dats pPresented in thesge

S AR

tables. These are stated helow:

1) Coste incurred 1in prevention, appraisal and failure asg
~ Percentages of total Quality Costs vary very widely across

the organizations. Only 25% organizations report spending

over '50% of their quality cost on prevention, ;hereas 38%

do’ so for appraisal. Fallure costs are over 50% of COQ 1in

nearly 25% of the organizations.

The data Presented however dhes not help very much in deducing,

even emplirically, a desirable level of spending on prevention and

appraigal activities vis-a-vis failure costs,



14) Going by {industry classitications (Table 5) additional
insight can be obtained. Firmg in two industries namely,
paper and fabricated metals, spend efgnificantly higher

amount on prevention activities. Firms in machinery and

Instrument industry, in contrast tend to incur
significantly greater amount as failure cost, Excepting
Non-Electrical Machinery, n general, firms spend

considerable proporfion on appraisal activity.

iii)i Grogs zales is the most popular base against which quality
‘costs are measured. Manufacturing cost is the next most
Popular bagse. Unadjusted value added 1= not used as widely

as the former two.

Total coste as percentage of szales vary from 1/2 to 8%. OQOver one
half of the companies providing the dats report épending leas
than 5% of gross saies. This 18 in centrast to the 15-20% figure

given by Crosby. bverall average Is about 5% of sales.

The menufacturing cost and value added baseg show quality costs
representing a much larger percentage of each. CoOQ as % of
manufacturing cost varies from 1-12% and a§ % of unadjutted value
added varies from 1/2 - 26%. Cleérly sales and marketing person-
nel would find relationship of CO0Q to 8ales more meaningful
whereas manufacturing management  would find either manufacturing -
cost or value added measures more meaningful. The ranges for

prevention, appraisal & failure costs are as follows:

15



Rangoe ot valuests

% of Sales %X mfg. cost X value
added
Prevention Cost 0.25 - 1 _ 0.35 - 1.7 0.04 - 1.6
Appraisal Cost 0.18 - 3 0.25 - 4.2 0.17 - 8.7
Failure Cost . 0.07 - 5.1 0.10 - 7.5 0.28 -16.1
Gilimore's survey 1s clearly very valuable at least for three

reasons: First, It brings out the wide wvariations across the
industry 1in the €COQ value, in relation to saleg, manufacturing
cost and value added. Secondly, it provides, for the first time
an eﬁpirical range for the value of the COQ and its components as
pe;centage of sales,_cnst and value added. The observed ratio of
_EQQw?to'wééfes.}ﬁr e*ample, is very much lower than the 15-20%
suggested by Crosby. Finally, the study suggests that the compa-
nlgsﬁﬁaﬁmggﬁwghple‘(except in paper fabricaéed metals Industry)
are spending much less on prevention effort than they were be-

lieved to be doing.

Elridge and Dale [5] in their elaborate study to determine the
quality costs also report a COQ to sales ratio of 4.7% in the
first phase of their study and 5.8% during second phase. These

values are much cleoser to Gilmore [B] results.

It may therefaore be appropriate to adopt the Gilmore values as

representative of the industry norm, with an average C0OQ to
Sales ratio of 5% rather than the 15-20% proposed eariier.

Although this value is not expected to be optimal, the optimal

COQ wvalue ftsgelft may vary across the industries, depending upon

i6



speciflc product and process characterigtics, etc.

Interestingly Elridge and Dale (51 sgtudy resulted 1in the

[

following values of various categorlies of quality cost:

1) Prevention Cost to Totai Cost : 3.5%
11> Appralsal! Cost to Total Cost : 14.8%
111> Internal failure Cost to Total Cost : B69.4%
iv) Externa)l fallure Cost to Total Cost : 13.3%
Obviously this particular company studied by Elridge & Dale

spends very little on prevention and appraisal, resulting in

relatively much higher fallure cost.

4, Relationship between Prevention, Appraisal and failure Costs

It has been theoretically proposed In the past that there exists
an obtimum prevention and appraisal effort for an organization.
While economic sampling plans do addfess the Issue of optimal
sampling 1inspection effort, based on limited consideration of
inspection cost and cos; of deflectives, very little is known
about how an overall optimal quality policy could be determined,
that takes into account the various cost elements of the preven-

tion, appraisal, internal and external failure categories.

A first step towards working out such a policy 1s to be able +to
determine the relationships between the various cost categories.
If such relationships could be quantified it would enable a study
of hoy total CO0Q wvaries with chénges in individual cost
categories. This in turn could help determination of optimal
guality policy. Krishnamoorthi [101 and Chauvel & Andre [11]

focus their investigations on determination of these cost

17
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reiationships,

Krighnamoorthi [10) uses the regression approach to determine the
relationships amongst quality costs, He cénside}s the
prevention, appraisal, internal faliure and external fallure
costs as random variables, Jointly distributed, taking difterent

values In different cost systems.,

The random variables represent the components expressed as per-
cent of total quality costs. For his study, Krishnamoorthi used
data from 23 quality systems, from different types of Industry
and from systems in different c2tages of improvement. Some had
fallure cost as high as 96% of total costs, others accounted for
only 32% of total costs. Thefe were also a few data points that

had failure costs ot about 50% of the tdtal.

Figure 4 is reproduced from Kricshnamcoorthi's study. It shows
graphs of external fallure ﬁnd internal failure against 1ﬁput
variables i.e. prevention and appraisal. These graphs were used

to develop regression models.

In Ehis study, prevention and appraisal are used as independent
var;ableé. It Is however known that they are themselves related.
Similarly Internal and External faifure costs ére alsoe related.
This creates problem of multi-collinearity and hence the study
resuits suffer from this problem. However, two useful
reiatiohships have been derived from the regresgion analyeis.
These are : ‘
5.8 288

E = _— 4 -
P A

18



121

] = ==- + 0.,213A

P
E = External .-fatlure Cost (% of C0Q)
I = Internal tailure Cost (% of COQ)
P = Prevention Cost (% of coQ)
A = Appraisal Cost (% of COQ)

2 and A = 13
53 and E = 22.

For exampie, 1f P
|

Hon

It 1t 1e desired to reduce | by 50% {i.e. | = 26, then we write
121
26 = --- + (0.213) (13)
p
and P = 5,2,

The above relétionships show that the external! failure cost is
inversely related to both prevention anq appraigal 1In an
assymtotic manner. This implies that initigl efforts in
prevention and appralsal will yield much greater reductions in
external failpre cost compared to the later efforts and in fact,
increases of effort beyond ascertain level will result in greater
. total cost of quality, due to lower marginal cost reductions of

external fallure. We also observe that the coefficlent of 1/P 1is

smalier. This means E decreases faster with increase in
prevention than with an increase in appraisal caost. However,
most of the decrease in E has to come from A rather than P. So

if external failure hasrtn be reduced, even though & rupee of
prevention produces more reduction in external failure,
prevention can do only so much and appraisal must be increased to
reduce most of the external failure. At least this is what

companies are evidently doing.

The internal faillure cost gets reduced much more by an increas

19
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in prevention than the external fajilure cost. Interestingiy, BN
increase in appraisal leads to Increase in the internal faiflure
'cost, though only slightly. Krishnamoorth! [10] feels that these
models are reasonably reliable and.could be used to see quantum

changes rather than predicting exact value of changes,

We should however remember that while the Krishnamoorthi
equationg do help to quantify the nature of cost relationships,
the specific coefficients which héve been derived are based on
the data set uszed. It might at least be necessary to reestimété
these coefficients, depending on the data set pertaining to the
quality systems being studied.

The equations could be stated in their general form as follows:

K1 K2
E = =-- + --
P A
VIKRAR SARSUMA] LIERARY
K3 : . SIAM TSI ITURE OF MANAGEMEN,
1= -- + K4 A , ASTRAPIR. ANMED ABAL- 350038
P

Here K1, K2, K3 and K4 are constants which hgve to be determined

for the quality system under consideration. .

Krishnamoorthi wused the cost equations derived earlier to
simulate a production system with given production vg}ume, cost
of production, and a given breakdown of the four quality costs.
The study was intended to examine the behaviour of the unit cost
with wvariations in prevention and appraisal. Figure & giVes
the graph of the results obtained. 1t can be seen that there are

optimal prevention and appfaisal levels at which the unit cost i:

20



& minimum.

The resulte of this study go a long way {n quantifying the
quality cosgt relationships. The major problem that s gtill
unresolved 1s the quantification of relationship between
prevention and appraisal, i{f indeed there exists such a well
defined relationship. If this could be achieved, the problem of
determining optimum quality policy would be much closer to

solution.

Annther study which helps gain further insights into quality
cost relationships ig reported by Chauvel and Andre [11]. They
highlight the results obtained through.a "quality diagnosis" of
small and medium French firms (PME - Petites et Moyennes
Enterprises). They selected 54 diagnoses completed between
September 1982 and July 1983. Table 8 gives the <classification
of the firms in the sample. A major strength of this study |is
that the_qﬁality qost(is measured as percentage to sales.

Table 8 Classification of the firme in the sample
Chauvel and Andre [111]

In terms of activity

26% in the construction material sector

20% In buildings and public works activities

18% in mechanical activities

11% in carpentry

8% 1In the chemicals sector

16% In others : medical devices, cosmetics, electricity.
electronics, food products and services.

in terms of salesk

44% less than 25 million francs
48% between 25 million and 100 million francs
8% from 100 million to 400 million francs.

21
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) Figure 7,(11)
Reducing Quality Cost: Prevention Plus Appraisal

e e

Quality cosi 85 perceniage ol sales Qax lree)
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R = 100 x (Frevention + AppraisalQuality Cost)



Figure 8, (11)
Failure Cost: Effect of Company Size
(Number of Empioyes)
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wExchange rate : 1 french franc = approx. ke.3.5.

n _ter

s ork foroe

B1% having fewer than 200 employees
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Figures 6, 7 & 8 give graphs of the fesults obtained from the

gtudy.

”~

1)

111)

iIv)

v)

The major conclusions are:

As 'prevention efforts 1nérease, the total C0Q, measured as
peréentage to sales decreasea in an asymtotic manner.

When appralisal costs are added to the prevention cost, even
though the tota} coQ (as % of sales) decreases with
increase In % of P & A to €0Q, the decrease ls not as sharp
as with prevention'cnsf alone. This situation was due to

heavy Inspectlon systems ueed by the filrms.

Appraisal or inspection efforts, without appropriate
investment in prevention may lead to & feeling of false

security and may generate unnecessary costs.

Quality cost as % to sales decreases dramatically with
increasse in the size of the firms (measured by the size of
the workforce). Thisz 1is perhaps due te the fact that
larger companies are better organized, and probably have
either a product engineering department or quality

department. Secondly, the cost of errors is spread over a

large sales amount.

Whatever the =slze of the company, prevention effort

directly contributes to reducing quality cost.
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An Important contribution of the Chauyve] & Andre study (113 is
the empirical reiationships they have derived between (1) tota)
€C0Q and Prevention cost (11) tota) CoQ and Prevention & Apprais-
al cost. The clear]y asymptotic nature ef the tformer may enable
Us to formulate an analytical] mode! for tota] CoQ acg function of

pfevention cost. The following model would appear to define this

relationship reasonably accurately,

K
X = -
Y
where X = [Tota] C0Q/Sales] ¥ 100
Y = EPrevention Cost/Total CoQl X 100
K = Constant, '

To define the relationship between Total cog and Prevention &
Appraisa] cost, +the flattey Nature of the curve makes {t more
difficult to conjecture an analytica] mode ], However,Chauvel &
Andre Study shows that the total cog continunusly'decreases tor
the valuesg of p & A'coéts (as % of coQy considered'by them 1{.e,
Up  to 45%. Tpe nature gof the curve for !arggr values of p g A
1s not known., ye could infey that the Proportion of p g A to coqQ

costg wi]] have top he at leagt 50%, in an oGptimaij quality polliay,

The ahove_discussions should make 1t sufficiently clear that +the
;Earlier a defect is prevented or detected, the more would hbe the
Saving. For example, according to an estimate by Genera]
Electrie {13, 143, error costs rise by an crder of magnttude €ach
time & Product op components moves a step further along the
production chain, An error that costs $0.003 if found gt the

Supplier Jeye] costs as much as $300 - 100,000 times more, if
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left undiecovered uﬁtll the product is Iin the fleld. Figure 9
gives GE's estimates of the error cost , for a particular product
Be {t progresses through the various stages of the prohuction
line.

Fig ® 1 Esoalation in Cost of Errors down the production line
=Robert Cole {13, 14].
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B, Quality Costs and Profitability

"Does minimum quaiity cost imply maxlimum proflit?*®

Not .always. This {2 becsuse profitabliity of A product is
determivied by &a number of other factors =zuch a8s level aof
competition, volume of production, the life cycle stage of the
product etc. For instance, when alproduct iz in 1ite growth

phagea, its profitability is usually higher than when it reaches

24



the maturity phase, even though quality costs are probably less
in the maturity phase compared to the product’'s growth phase.
Many cases can be cited to illustrate this point, For Instance,
Hifoshi Kume [12] cites the case of video tape recorder division
and the television division - of a Japanese electronics Company.
The data is given in Table 9 below.

Table 9 : Profit and railurq_gggs t A comparison of the VTR and TV

(in millions of dollars)
~Hitoshi Kume [123]

-——uo-————-.———...._-_—._..__......_——-.-__-.___-__...___.___—..._—_--_——-._.._n-—.—-__-_

VTR Division TV Division
Sales Volume, MILLION . £540 %365
Faillure Cost (Ratio to Sales) $17.6 (3,3%) $2.4 (0.7%)
Profit (ratio to Sales) _ $53.6 (10%) $20.8 (5.7%)

——_-_-...._-——-.—_—_——4—__—-—_--...-_—-._...__—.._...--———-——.--—_—-....—____-.._...-_

The other i{mportant points Kume makes about quality cost and 1its

> gugqggﬁgg“f;rm’s profitability are:

i) Minimum quality cost does not necessarily mean
minimum product cost, since the product compriseé
af various other elements. How these elements are
managed determine the total pro&uct cost, and

4

therefore product profitability.

i) Logses due ta faiiure cannot be calculated only by
fallure cost alone. Opportunity loss (for ex. by
way of lost market share, both present and future)
must be also included. Non-consideration of this

may yield erroneous results on profitability.
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111 The cost of marketing resesrch should be included

in the prevention cost.

iv) A product's profitability is determined,. by 1its
"superiority -i.e. quality of 1its design and
techndlqu of manufacture. .This aspect cannot be
easliy evaluated by mere quantification of quality

cost.

v) The important thing about prevention and
appraisal cost is not their total but the way the
money 13 used Iin these activities f.e. quality of
theQe efforts,

8. Setting up a quality cost Program

The foregoing studies focussed on examination, 1n'detail? of the
various issues connected with quality costs. In =zummary these
include: idthe quality cost elements and their categories 11)
the company practiées on quﬁlityr coat c¢clasglification 1ii)
appropriate iIndicators of quality cost iv) company expenditures
on quality vi reiationship among quality cost components and
thelr effect on total cost of quality as well as on unit product

cost, and vi) effect of quality cost aon profitability.

It 1s however obvious that if an organization would like to
launch a systematic program for quality improvement, it. willi
first need to develop and implemept a suitable quality costing
gystem. How is such a program started? We dlscues bhelow B few

key steps in setting up a quality costing system.

1) Determine the need for such a system and follow it up with,
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i14)

iv)

a presentation to management, to obtain support and commit-

_ment, One way s to establish a simple trial program

-where only major cost are gathered, and readily avallable
data are inciuded. Some of the costs may even be estimat-
ed. Usually, results of a trial run willl be epectacular

enough to make management take notice, and become con-

vinced.

Determine the specific quality costs to be collected. The

costs elements and the major cost categories defined earli-

er in the paper may be uzed for this purpose.

Develop a method for collecting the ecosts. This should be

the responsibility of the cost controiier. Either the

existing cost accounting system could be modified to enable

“gelTection of quality costs or, 1f necessary, the present

system may be supplemented by separate forms designed
specially for the guality cost program. It is preferable
to code the various cost elements so that the costs of
preventions, appraisal, internal and external failures are

easily distinguished and sorted. The Controller will then

'provide all the collected quality costs to the Quallity

maﬁagement, for analysis and corrective actlions. Training
programs for concerned ﬁerson;;l, on the proposed quailty
system would be quite‘ﬁseful. |

Summarize +the gquality cost elements. This may be done by
company, by division, by facility, by department, or by

shop. They may a}so be summariéed by type of program, oOr

by total of all programs. This is predicated on the 1Indi-
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v)

vidua! needs of the firm. In summarizing the quality
costs, théle should be indexed against approprimte bases:
for example, sales, manufacturing cost, value added, labour
input. The values of these indices must be analyzed, so
as to work towards optimum quality effort.

It may be useful teo plot the indices which will enable
monitoring of the cost on a continuing basis and set goals
for future. |

It will also be necessary to study how changes in one cost
category affect other categories and the total quality
cost. Increases of failure cost should be specially inves-
tigated, =so as to determine.what kind of prevention activi-
ties could reverse the trend.

The level of detail which will be included in quality cost
report will generally wvary from firm to firm and will
reflect the nature of management commitment to the quallity

improvement process, as well as with the reviewing authori-

ty.

Use the quality cost system to Justify ana support
improvement in esach méjor area of product activity. For
tﬁis reason Quality costs should be reviewed for each major
product ]line, manufaﬁfﬁring area or cost center. Thisz will
facilitate moving towards an optimal quality program at a
minimum quality cost.

The system can also be used a budgeting tpol.

Conduct periodie audit of the quallity cost program te
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determine 1{f the system functions as originally designed
and to see if it g gtil]- conceptually adeguate. Such
audit will thergfore go a leng way In mnintaiqing and

improving the accuracy of the system,

Conclusions

In summary, some important conclusions drawn_from our study

are as under:

1) The four important quaf!ty cost categories are:
prevention, appraisal, internal failure and external
fallure. Each category comprises of a large number of

“ atet €lements. The Company practices are not uniform with

regard to classification of over 50% of the cost elements.
Similarly, a number of thé cost elements are not measured

by a significant proportion of the companies,

ii) Fercentage to sales is the most widely used index of
total cost of quality (COQ). Other indices include per-
centagé cost, value added and labour input. The (€0Q,
measured as % to sales varies from 1/2-8% across compa-
nies, with an average of around 5%. Measured as % of
;anufacturing cost and % of Qalue added, the C0Q varies_

from 1-12% and 1/2-26% respectively.

iii) Costs incurred in prevention, éppraisal and failure
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a8 percentages of total COQ vary widely across orgeniza-
tions. Expressed ag % of sales, they range from 0.25-11;
0.18-3% and 0.08-5.1% respectively. As % of manu{acturing
cost they range from 0.35-1.7%, 0.25-4;2% and 0,.10-7.5%
respectively. As % of value added, they are 0.04-1.6%,
0.17-8.7% and 0.28-16.1% respectively.

iv) Two equations, developed from regression analysis,
may be wused +to predict the effect on fallure cost of
changes In prevention and appralsal effort. These rela-

tionships are:

The symbols have been explained in the text of the paper.
A not of caution however! It may be necessary reestimate
the regression of coefficients, fbr the particular qualit&
system being studied. External fallure cost (as % of COQ)
reduces with increase of both prevention and appraisal,
but major reduction has to come from +the latter: The

-Internal failure cost reduces with increase of prevention,

and increases marginally with increase of appraisal.

5) The total CO0O{ decreases with increase in prevention
effort in an asympto;ic manner. The total COQ decreases
with increase of prevention & appralisal -=effort together
(upto the range of effort for which data was available
.1.e. P & A Cost/COQ<50%). The decrease is however much

more gradual than for prevention alone,.

The COQ (as % of =ales) decreases sharply with increase of

company size (measured by the size of work force).
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6> Minimum quality cost does not always »imply minimum
product cost or maximum profit. The latter depénds on
other factors such as competitive situation, life cycle
stage of the product, "superiority of product design, etlc.
Quality cost should take into account cost of market

regearch and opportunity loss due to poor quality.

7) Organizations, serious about quaiity improvement
program should develop and implement a quality cost system
which will serve as the besis to determine the directors

for qualiity improvement.

8) Finajly, it is not so much the amount of money that 1is
spent on prevention énd appraisal that 1is important.
Rather the way Iin which It is spent 1.e it is the quality
of the prevention and appraisal efforts that is of far

greater consequence than their quantity, per se.
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Table 2:Cost Rloments in Quality eccat Categories

=Burvey by Sullivan and Owens (8)

P A 1F EF F NM TOTAL
Quality data acquisition
and analysis 23 18 8 5 2 6 62
Administrative Costs 24 i2 6 4 1 i1 58
Product review 18 6 1 1 0 17 43
Process Control 12 18 2 1 0 18 S 1
Quality Engineering 28 9 3 2 2 10 54
Quality planning by func-

tiong other than Quality 14 2 i 1 0 24 42

Training to improve
quality 28 0 1 0O 8] 13 42
Inspection and Test i a5 5 1 1 3 46

Field evaluation and .
Testing 7 11 1 3 0 20 42
Inspection and test set-up 5 28 4 1 0 10 48
Quality Audits 23 i5 1 2 0 8 49
Maintenance/Calibration:

test/insp. equipment 15 19 3 0 .0 8 45
Maintenance/Calibration: 11 12 2 0 4] 18 43
Scrap 0 3 36 4 3 i 47
Rework and repair -1 3 35 6 =} 3 53
Downtime 1 ] 11 1 1 27 41

Trouble shooting or
fatlure analysis 5 3 15 11 4 11 49
Reinspect or Retest 1 11 20 3 3 =] 47

Scrap and rework-

fault of vendor 0 7 21 5 3 10 46
Downgrading ] o B8 5 0 30 43
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Cost Elements = =——--r--r---s-ososssssesooosesmsrmmmmems
P A IF EF F NM TOTAL

Complaints 3 2 2 23 1 13 44
Product or Customer Service 1 0 2 23 i 21 48
Products rejectéd and

returned 1 3 - 4 29 5 5 47
Returned material repair O 4 4 27 3 9 47
Discrepant material

activity 2 75 17 5 2 14 45
Warranty Charges ‘ 1 e 1 28 z 114 45
Marketing error ' o 0 5 i1 0 28 44
Engineering error 1 1 10 10 1 25 48
Faculty or installation

erxor 0 0] 8 14 1 23 46
Recalls ] 0 ] 18 i 22 4
Product liability 2 o 1 19 2 22 46
P-Prevention ' A-appraisal IF-internal failure

EF-external faillure F-failure NM-not measured



Table 3:Respondents to Gilmere Burvey (8) '

Standard : No.

of
. Industrial Industry business
Code units
20 Food and kindred Products 2
22 Textile Mil!l Products i
25 ' Furniture and Fixtures 1
26 Paper and Allied Products ' 3
28 Chemicals and Allied Products 3
34 Fabricated metal products, Except
: ordinance machinery and Trans-
portation equipment z
35 Machinery, except Electrical 1
36 Electrical machinery egqulpment
and supplies 2
38 Measuring, analysls and controlling
instruments 1
38 Miscel lanecus manufacturing

industries . i



Table 4: Ex

snditure on Prevention, A

aotivity (% of total COQ and X of Respondents)
-Gilmore (8]

and Failure

Respondents

(%)

Cost
(%)

Respondents
(%)

Cost  Respondents
(%) T (%)
<5 a8
5-8.9 25
10-50 12
<50 - 25
100

Table 5:Total Quality Cost allooation by Industry

=Gilmore [8)

Quality Acti
vity (% of
Total Quality
Cost

Prevention

Appraisal

ACE e,
ViR arg SARTARTL

L

LB oSt armmgrnn gy

1-! j‘ L;" f‘ \;.

AR S g ey

i
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Table 6: Total

uality Cost OQ) as a % of Belected bases

=Giimore

Industry % of Manufac- X of Gress Sales X o umadiieics
(S8IC Code turing Cost Value Added
"""""""""" con coa T T

20 * 0.45 *

26 1 1 1

28 7 2 8

_34 ' 11 3.3 6.5

35 7.4 5.3 i8.6

36 * 6.5 *

38 12 6.2 25.86

Table 7: _Prevention, Appraisal and Fallure cost as % of

Selected bases (8]

Industry % Manufacturing % of Gross ¥ of unadjusted
(8IC Code) Cost Sales i Value Added
P oA Fp a5 R TR
20 ¥ * * * #* »* * »* *
28 0.35 0.25 0.10 0.25 0.18 0.07 1.35 0.95 0.40
28 1.7 4.2 1.2 0.5 1.3 0.4 * * *
34 0.9 3.7 6.2 0.3 1.1 1.8 0.04 0.17 0.20
35 0.6 1.0 5.9 0.5 0.7 4.2 1.6 2.4 14.6
36 * * * 1 3 2.5 * * *
38 0.4 4,1 7.5 0.3 2.8 5.1 0.8 8.7 16.1
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