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ABSTRACT

Field trials for life estimation differ in essential respects
from laboratory trials for the same purpose in that the pay-
chological reactions of the users play an important role,
specially when the users stand to- g by tampering with
the date. The method of samplireand of estimation have
been disoussed, both when only complete lives are used
and from fruncated normal and exponential populations.

Introductioa

The method of fiefd:trials is used wherever the reactions of the users play
a significant role. It is usually concerred: with the physical conditions of a
store or of a user as measured by various physiological factors or. psychological
reactions as elicited by a questionnaire. These trials need careful control re-
garditig strict adherenoce to laid down procedure and careful measurement or

-recoeding of opinions,

The method of field trials for life estimgdion normally belongs to the same
class. In oertain special situations such as aré being discussed here, it not only
requires eareful control and recording, but may require careful control of the
behaviour, aotions and habits of the trial-subjects. This contingency arises
when the 1ifé of the store to be estimated affects the trial-subjects, in some
way, and they stand to gain by tampering with it. The store itself is not con-
demned, it arouses no psychological aversion, it does not fail in its performance
requirements. Still, the facts are distorted to suit the personal ends of the trial-
subjects.

As an example, we may congsider the estimation of average life of the
common clothing items by the soldiers. These items gre purchased by a. soldier,
but as a consideration for the cost he has to incur, he receives 4 fixed annugl
clothing allowance. Though not stated anywhere, it ig but natyral to suppose
that the clothing allowance is based an annual elothing requirements . by gn
average soldier. If the estimated lives of b items dagrease, the requiremept
increases, and in all fairnegs, the clothing slesvance sheuld increase too, A
deliberate attempt thus m’gebe made to distet facts by willful damage, or
neglect or careless use, or gven deliberate substitution of new stares by older
oneg,

~ Only a very strict watch can detect éueﬂ faoté ifjmay‘éccw,,éﬁhd by f)rompt_
detestion, reduce the possibility of further attempty gt distoftjon. - »
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Replacement lif>
Replacement life (L) iz defined as follows:

When the total number of users-of the store (N) is divided by the replace-
ment life (L), it results in a correct est}mat\eeﬁthe total replacement demand, or
annual requirements (R) ‘Thus

R =N/L
! %,L#N/Ryeal‘s. . - ne Q‘Y se (1)

If the sealesf issue is B, 4.e., 5 items of the store are used at-a t1me and if
each item lasts an aWevage. of 10 years, there isa deman’d of 5itemsin 10 years;
or 1 item jn'2 years: Thusthéusmaal requirenient is § item on' the average pex
person, The replaeemant life as defiwed is then -

=== ; :’.'.—...—. = 2 . N
L=XN(R T years N

a3.it should be as stated ‘above,

A combimation of stratified and nested samp}mg will. generally he  found
appropriate. Thus, i an organisation like the army, the emfire ozganisation
may be divided into fivaatrata: (1) infantry, (2) artillery, (3) armoured corps,
(4) EME Workshops, and (5) Supply and Ordnance depots. A number of units
belonging to each stratum spaced alt over India may be chosen, and in each
unit, a number of soldiers may be chosen at random., " K

‘ It is best to choose the number of soldiers from each stratum in proportlon
“%o the strength of the stratum. This number may then be distributed in propor-
tion to the strengt;h of the units chosen. ~—

Estimation of life

Supp”se the trial to continue for a fixed time. Durmo this time the trial-
subjects are to use only trial items. If one item has worn out a replacement is
issued, and observations on the replacement issue also recorded.

It should be possible to mark each trial item ' with a serial number. In tha.t

case, the exact period that an item has been in use can be obtained. Let this

‘\p°nod be P ;j%qin respect of the ith stratum; jth unit, kth trial subject and

the gth item used by him. Of course, the items that are not.yet-worn out at

the termination of the trial are left out. If the scale of issue, i.e.," the : number of
items in use by a trial subject at a time be A;;z, then the replacement life

Pijrg
i)k
Generally, however, the scale of issue is fixed. At lea.st it is so for the army.
Hence Aije = A

Taking an average over all the items used by all the trial subjects of the
Jth-unit of the zth stratum, we have
=L Kpo ‘ 3)°
L‘] re == A'mij /P;]kq » . .e .. (3)

Lyjrg = o e (2)

A
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Where the total numbor of trial subjects mvolved in the Jth umt of the «h
stratum is me 5.

The variance is

¢ 1 fr“\“ ‘(kz(';?’i) kq)zl, "
L;; A m; <‘/ Pijhq — ‘mz - (
Lk,'qd % J -
If there are # umts ina stra.tum we have

L. = ) 1 and .e .o .e (5)

nﬁ.a m"] _o
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where ‘ © is the variance between the units in the ¢th stratum.

If N; is the strength of the sth stratum, and N is the tofal strength and
there are S strata, then we have

...._'if:: L ... and .. .. m
2 1T < N 2 i |
g ————-\—-——z o .o LX ] 8
L.. =8 4L NL." "o 9

Estimation from a truncated distribution

The fixed time that a trial continues is based generally on considerations
of the life of the longest wearing store e.g., if boots are the longest wearing items
with an average life of two years, the trial may last about four years. During
this period, certain boots will wear out and be replaced, it is even possible that a
few first replacements will also wear out by the time the trial terminates. On the
other hand, it is quite likely that a few pairs of boots that are issued at the
start of the trial are still in use and not worn out by the time the trial terminates.
In case the number of the replacements for which the lives are available are
less than the number of original issues that are still sérviceable at the termi-
nation of the trial, it will be advantageous to use the method of estimation
applicable to a truncated population, by ignoring the replacement issues.

On, the other hand there will be stores like leather laces, socks, ete. that
- are also in the trial. Many replacem»nts will usually be necessary by the time
" the trial terminates. Inclusion of replacemsnt issues in the data will certamly
give more information, and hence those of the Teplacamonts that are still in
use at the end of the trial may be ignored. The estimates are then based on
complete lives only, and the usual method of analysis apphes -
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In the former cases, i.¢.; Where estimation from a truncated distribution.
leads t6 moreprecise estlmateo, we have to assume the form of the distribution.
This form may be normal or exponential. Estimation from both types of popu-
* lations will be considered Liere. These provide estimates of mean and variance

for the second stage units, e.g., an infantry unit.

Truncated normal dxstrlbutlon

There is a considerable amount of htera.ture in respect of estlmatmn from.
a truncated normal distribution. We shall consider here a simple mode of esti-
mation.

Let us cbn,sider a normal distribution with mean m and standard deviation
¢ truncated at X,

Fi¢. showing normal distribution.

Let o and S’ be the observed mean and standard deviation of a sample
from the truncated distribution, truncated at X, and let z and S be the corres-
ponding estimates from the sample from the untruncated distribution. Let the
total number of items in the sample be N, and the observations be available on
n out of N. Hence the area under the distribution from 0 to X is n/N and
the area beyond X is (N-n)/N. Then we have

_ x (z-—m)? ( 1 e—m
g —— 942 § —= 2
v V2mc © * e ) A/2n6? ’ de.
—<c0 : : . —a0 .
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‘ —_ N S
- =z + 5 3/'1' .
where T is the pomt on the standa.rd normal cutve correspondlno to X on the

actual curve, and g, is the ordinate of the standard normal curve at the point 7'
Therefore, an estlmate of the mean m for the untruncated population. is
‘ (10)

~

given by
N
z=12 + ———; B Yr .
If o is unknown, an estlmate S for cis obtained from the truncated sample

]

which is then used in (10): P
To obtain an estimate of o, we proceed as follows '
X ’ / X -
(-, 2 1 (w—m)= / }' 1 (x—vm)’ d
4 — s — e g J e “35.42
g = J‘I"' Py ] dm/ Vovom € 2.0 iz
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| If 8’ is the observed standard deviation for the truncated sample, “an
e’ is its population value, we have

!/ 7 4
o' = p — p?

o.a(i__% T yr ) —-QMG%T?/T ‘l‘mz‘—(m—_z:% 03)1')?

i

- N N,
=d ( 1 =Tyr =y — @ 1

Hence the estimate S’ for ¢’ can be written as

: _ |
S = 8 ( 1 — Tyr N _.ZX;?fT) .. Ces (12)
or 8 = 8" (1_i"_ Tyr— V2 g‘-*T) a3
. n n? _ '

| S determined from équa.tion (13) can now be put in eqn (10),0 obtain- x.
An example -
Let N = 100; n = 85.
o’ = 58; 8’2 = 148. ,
The area to the right of X, the point of truncation is N — n/]_\T =0:15.
Hence T = 1-036433; gy = 0-2332.
Uéing these values in eqn (13), we get
82 = 230- 89.
Using this value of S in eqn (10), we have
z = 62-17.

Since it is apparent that the estimates #and S in respect of the untruncated
populativn should be higher than o’ and 8’ corresponding to the truncated
pepulation, the values appear reasonable. ' '
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“ Pruncated exponential 1isiribution
Let the exponential dictribution be
df = e A dx, >0
Tt is ea;sy to see that ’ _
Ez) = A . v e O ¢ 5

Using the same nota.tmn as in the case of the truncated norms! dbtrwbu-
‘tion, we find the maximum hkethFd estimate for A to bel .

"Mz, = X ie. the trial is termlna,ted a8 500N a3 the nth lipm fa.xls we haVP

n—-l o B =
R\ 2w+4N—n+nm ) ~Aa~M 4w R

"Fhe maximum likelihood estimate of variance is given by*

S an
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A i ) .
Using the estimate A forA, the estimated value of X can be deternined
and compared with the actual truncation point. B

An example
As befcre, let
N = 100; n = 85,
7' = 58; 82 = 148.
X
‘e 2 =0-15

Or, X = 1-897 .
Substituting in eqn (15), we get

s\\ Zx, +(N—n)X
= » -

A —
15 % 1-897A ' -

= 58 -}

A 85

‘ A :
5 A = 89-15

using the eqn (17) for estmating ¥ (1) we have

- A2 :

A A 89181
Voy=— — X T 1000 — 0715

.. N (l~—e Q ,

=935

I B A .
This estimate of A is very high compared to 2 of 58. V A 1 935
and much less than 82, whereas it is to be expected that this value should
be higher than 148. It is, therefore, clear that the exponential distribution
does not provide a good description of the data in this case.
Discussioa : )
~Infield-testing, the user element is present, and this case differs in essential
respects from that in which the user effect is absent, e.g., in the laboratory
testing for estimating the life of electric glow lamps. In such cases, since a user
generally uses many other stores, some of which are complementary and others
competitive, the life cannot be “stated unrelated to the other stores in use.
Thus, the life of a pair of socks is higher if used along with a pair of new boots
than with a pair with cracked insoles. It is essentisl, therefore, that the other
stores be standardised. ~

It is of course ngcessary that the trial stores be homogeneous. In peace
time, under nermal conditions, there is not a great heterogeneity in the material.
- However, under special conditions, e.g., when cottage industry is deliberately
eneouraged and thereby heterogeneity is introduced, a separate trial to estimate
the lves of such stares is desirgble. '
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It may be observed that in a trial of the type envisaged here, even theugh
the material may not be heteregeneous; the variations are large as a result of
- differing nature of duties o the users. This fact:necessitates a large sample size.

- It is .also to be observed that in clothing stores, another factar responsible
for Jarge variation is washing of the steres whether dhobi or salf-washed.
However, the practice in a unit being more or less uniform, this factoris.not
important.

‘For items that have a ghort life expectation, the exponential form of the
distribution may be appropriate. However, in their case, generally lives of
many replacements are available and hence it is not necessary to assume a
truncated distribution. In long wearing items, since variations in the nature of
duties of users are superimposed, it is likely that nermal form of the distribution
will be more appropriate.

It may be noted that the users generally keep one or two items in reserve
to be used whenever the occasion demands. If these items that are kept in
reserve could be identified, it would be possible to weight the lives of the items
in terms of the-length of use, and obtain a more precise estimate. However, this
information is rarely available, Hence the assumption that the scale of use equals

. the scale of issue is the only possible course open, and it does not vitiate the
results. _' ' S

The life as determined here of course -depends on the scale of issue, How-
ever, as long as the scale of issue is fixed, the estimates are valid. It is to be
observed that in an organisation like the army, the scale of issue is seldom,
changed. ’
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