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1. Of Shewhart's quality control charts, the p-chart is specially convenient on ac-
count of the simplicity with which the requisite observations can be made. Depending on
whether the tolerances specify a superior limit, an inferior imit, or both, to the measure of
tho characteristic concerned, a single “'go” gauge or "no go'* gauge or the two together will
servo the purpose. In the sequel, we shall bo concerned with the lnst case; it will be
comparatively simplo to work out our suggestions with regard to the first two casea.

The population of measures of the characteristio will be assumed to be normal, If
the samplo sizes are say n, points rep ing the number of “‘defectives” in samplea
of n lalling beyond the control limits at np+3+/yipg (p being the probability of a defective
under controlled conditions) indicate lack of control.

One drawback of the ordinary p-chart is that an out-of-control point does not indi.
cate whether tho population mean or the population standard deviation (s.d.) has altered.
Usually, & change in the mean points to the need of resctting the machine, while a change
in the s.d. points to a change of process, which may mean a change of the operator, or the
material, or the condition of temperature eto. or a change of machine characteristica. It is
therefore necessary to distinguish between the two typea of changes.

Among attempts dirocted to overcome this drawback is an elaborate paper by Stevens
(1048), whero it was suggested that one “’go’” gauge and another “no go’ gauge (not necessarily

djusted to the tol limits of fe but suited solely to purposes of control)
should be used. If ¢ and a bo the numbers of articles \lhl(’h fail the two gauges respectively
in & sample of n, then Stevens ds ¢—a ag an ‘indi * of change of the population

mean and c+a that of o chango of the population s.d.

Hero it ia desired to examine how measurements, instead of mere enumoration of the
two categories of “‘defectives”, defined by tho “go™ gauge and “‘no go” gauges respectively,
could be used for the purpose of distinguishing between the two types of changes.

2. Inpractico, the p-chart is always preceded by X and R charts for a duration until
controlled lition is ined. We shall thoreforo assume that tho mean p and the s.d. o
of the (normal) population have been eatisfactorily estimated. Without loss of generality,
wo may take the mcan as zero,

Simplilying tho problem further, pending a more complete treatnient in futuro, we
shall suppose that tho gauges are adjusted to the two quartilcs. These quartiles divido the

® At prosont in tho University of Rangoon.
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population into three sections which we designate as 4, B and C. Tho notations used are
defined aa follows ;

@, b, ¢ = numbers of obscrvations in a sample of » falling in the acctions A4, B, C
respectively,

z, = semi-iuter-quartile rango,
9= z—2,,forz > 7,
23 = z4z, for z<—1,,
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The value of F can be found by a referonce to the Incomplets I'-Function Tablea.
3. Let us firat consider changes in the lation mean, The tial point in

Stevens’ indicator c—a is that each observation is given tho same weight. Wo shall construct
a similar “indicator” by giving different weights, namely |zc] or |z4] according as the
observation falls in section € or A. This new indicator X corresponding to Stevens’ ¢—a,
is then given by

X = I |z|—E|z;| = Zz4Ez—{c—
% frol ~leal = Zat Ee—le—alz,

sinco z,'s are negative and 2’ positive.
It is likely that X, based on actual measures, will yicld better results than Stevens’
indicator ¢—a, but & comparison of the ‘powers’ of the two will not be undertaken.

Tn calculating the mean and variance of X we utilise the fact that the random variables
z are independent of the random variables ¢ and g, since & measure z, falling in the section ¢

say, does not depend on the total number ¢ of them falling in €. Further, z's aro independent
of ono anotber, We thorofore have

E(X) = E(c}p'so+ Ela)'ra—= Ele-a)
= (#"10—=)E[(c—a)].
amn
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17 the probabilitics of z falling in tho sections A, B, C be p, g, 7 respectively (p+g+¢ = 1),
E(c—a) = n(r—p). and Var (c—a)=n{{p+r)—(p~r}]).

Inourcnse p=r = :l{ and heneo E{X) = 0.

The variarce of X is given by

ViX) = o} = s[x z+‘.:x—(e-u)x,]
¢ 4
= E[S a4 Sxapt B+ Srgbe—aiel—
4 c 4 4
in) w
—2},(:—1()Ez—?tl(o—n)§x+2§rc}‘;z‘]
t]
= ;I"w + ; (Il'w-zn) —%l‘"m
= no'Q

where 0 = é[? +§v! - 27‘:' D], & constant independent of » and o,

4. Similaly, ponding to Stevens' indi ¢+a for the purpose of detecting
changes in the population a.d., wo may frame another indicator ¥ as follows :

Y =Z|zc|+Z 24| =Zz—Zz—{ctalx,.
c a ¢ a

Y is thue the sum of tho deviations from the mean, The mean deviation is a recognized
measure for the spread of a population and Y differs from it in being the sum instead of the
mean. Stevens’ indicator ¢4-a is nono other than the proportion defective of the ordinary
chart whero the defectives avo marked off by tho two gauge-limits, Lovked from this point
of view, an out-of-control point on a (c+a)-chart may not be go indicative of a change of
population 8.d. as Y is.

Proceeding exactly as beforo
EY)= ;(I":c"”x) = 227(1)_:_'] = noll sny.
E(Y") = Eleliot+Efelo—1)p, ¢+ El)jta
+E{afa—1)}p %+ 21 Eletay—2rp cElc-+a)+ 2 cElea)
= SiotUto-n {5 +) ~a
Thereforo, Var(Y)= o} = ;[a*F—a’D’ + %(VD—.\',)*.I =na?K  say.

6. Tt should Lo noted that the quantitics D,F,0,H and K aro all independent of »
and @, whilo o'x, E(Y) and oy havo variablo factors depending on » aml o Suitablo tables
for gy, E(Y) and o'y can therefore Lo prepared for selocted values of # and 0.
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rrom the point of view of practical applicationm, it is unnreensary to n.aintain & chart
for X or ¥, Wo may preparo talles of values of ¢ nd 3oy for selected valuea of 5 snd
@, and caleulate {X| and | ¥—E(Y)] only warn u point fulls outside the cantrol limits of the
ordinary p-chart i.0. tho (¢+a)-chart, which is bor* a v matter of rouline, The valuo of p
for such a chart corevsponding to the adjaxtment of the gauges to quartiles is obvivusly §

and thus the control timits aro ;ig\/n.

1f 1 X Jexveeds the fimit 30 g given in the 1ables, wa concludo that the papulation mean
haa shiftedd towards tho positive ur negative direction according as X is positive or negative.
The computation of ¥ may be avoided altogether if we can axsumo that whenever X i signi.
ficant, only the population mesn has changul, sid when' X is not significant the population
8.d. has changed.

Tho suthor hopes to undertake a more complete study of the problem in future
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