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STATISTICAL RELIABILITY
OF THE SAMPLES

Throughout the analysis presented in this study it has
been sought to avoid unqualified assertions that the fi-
nancial characteristics of the sample companies apply
also to all small ssmufacturing corporations in the five
industries. Obviously it would be unjustifiable to claia
rigorous representativeness for samples as small as those
treated here, particularly in view of the fact that fi.
nancial characteristics vary widely from company to com-
pany. Strictly spealing, the findings relate to the sam-
ples alone and not to all small corporations in the se-
lected industries. Yet some statistically-minded readers
will seek to go beyond this limitation, and to appraise
for theaselves the validity of applying the sample campa-
nies' ratios to all small corporations in the five fields.
This appendix, by examining the statistical asignificance
of the two types of ratios used in the study, may provide
answers to same of the questions such readers will ask,

MEAN RATIOS

Most of the discussion of accounts payable and notes
payable in Chapter 3} was biased on arithmetic mean ra-
tios. 1/ In the following examination of statistical re-
1liability the movement of the mean ratio of accounts pay-
able to tctal assets will be used for purposes of illus-
tration. The test employed is Student's t-test s which
need not be discussed here in detail.2/ The test has been
applied to 3-year averages (192%-28 and 1934~36) of the
mean ratios given in Tables B-7 and B-8 in the Data Book
(see footnote 2 of ippendix A, above). The formula used
is as follows, with R, representing the average of the

mean ratios for 1926-28 and X, the average for 193%4-36,
£d,* and Xd," the sum of the squared deviations from
X, and Xg, snd n the number of companies in the sample:
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The application of the t-test is based on the assump-
tion that the standard deviations of the two universes
are the same, Although the standard deviations of the
samples rose from the earliier to the later period, this
increase does not necessarily invalidate the underlying
assumption. The change was largely due to the fact that
a few companies reported ratios of 1 and over in the 1934-
36 period. In both groups of years the ratio of accounts
payable to total assets was sufficiently normal for all
companies in each sample to make it possibl. to apply the
t-test with a reasonable degree of confidcauce. On the
other hand, the distribution of the companies according
to their ratios of notes payable to total assets was er-
ratic, and did not warrant the use of the t-test. It is
for this reason that only the ratlo of accounts payable
to total assets was tested statistically.

In the various industries' mean ratios of accounts
payable to total assets (1926-28 average) 3/ the percent-
age movements that would be necessary for statistical
significance at the 5 percent level are found to be as
follows.4/ In other words, if the baking companies' ra-

All Larger Smaller
Companies Conmpanies Companies
L]
dakinz 258 204 s
Men's clothing 24 22 45
Furniture 54 25 85
Stone-clay 38 50 54
Machine tool 50 » a9

tio (all companies) moves by 25 percent or more we may
say that there are only 5 chances out of 100 that this
change results from sampling errors.

The probability that the upward movements of the
ratios from 1926-28 to 1934-36 were due to sampling er-
rors 5/ are indicated by the following figures, repre-
senting the nuaber of chances out of 100.6/ Where these
figures are 5 or below the statistical reliability of the
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z:a"cmlu less then 0.1} 90 less than o
Furniture 1 2 n
Stons-clay é 5 3%
Nachine tool less than 0.1 & less than 0,

ratio movements falls within the 5 percent limit, 1,
statistical reliability of 3-year averages of mes, ratios
is of course greater than that of the ratios for any sin.

gle year.

RATIOS OF AGGREGATES

Not all of the analysis in the text of thia stuqy
was baged on arithzetic mean ratios, Aggregate retio,
were also used, computed in the following fashion, Fop
the sasple companies in a given industry in a given yeur
the ratio, say, of ourreant asseis to current liabilitie,
was obtained by summating the current assets of all the
companies, summating the current liabilities of a)) the

Ples were small (asssts less than $250,000), with the re-
sult that there was relatively 1little chance of afew
large companies dominating the picture, It is true, how-
ever, that in the aggregate ratios the larger companies
in the samples have more weizht than the smaller ones,

Therefore where these ratios are used it should be borne

it is a difficult, if not imposaible, undertaking to make
such a judgment for an aggregate ratio. In the present
situation, however, it is possible to reach rough apprax-
imations of the statistical reliability even of aggregits
nuo-,l because certain Supplementary information is
available,
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Two ways are open for gauging in a ge

the statistical reliability otgt.hs aggugﬁt?::%lﬁ:szm
puted for the identical sample of continuing companies,
snalyted in Chapters 2 and 3. Jne method is to observe
whether there is a ,jear-to-year consistency in the vari-
ous retios, Tho other is to compare the ratios of the
identical le of continuing companies (covering the
years 1926-36) with those of the identical supplementary
sample derived from the 1930 drawing (covering the years
1930-35), and to analyze the cbserved differences.

The year-to-year consistency of the ratios found for
the ssmple companies is one of the strongest defenses of
their statistical reliability. Observation of the basic
tabler in the Data Book shows that the ratios rarely fluo-
tuated erratically; most of them remained stable, followed
a cyclical course, or moved gradually upward or downward
over the ll-year period. Such consistency of movement
govi::: good reason for trusting the picture shown by

L] .

If a particular aggregate ratio is found, for exam-
ple, to rise gradually but steadily over the entire 11-
year period, the movement can be regarded as reliable ev-
idence even if it amounts to less than, say, 10 percent
of the ratio, and even if the standard error of the mean
is relatively large, If we assume that, as a result of
chance fluctuations, the ratio was as likely to fall as
to rise from year to year, the probability that it would
rise consistently oyer the ll-year period would be in the
neighborhood of (3)10 or 1 in 1,024, regardless of its
standard error. Hence, even if the ratio had a large
standard error of the mean in a given year, its indicated
movement might atill be reliable.8/ If its movement fol-
lowed a consistent pattern there would be a large proba-
bility that it was significant. This is the principal
reason why it may be held that the statistical "scatter"
of the data does not seriously affect the major conclu-
sions drawn from the analysia,

It can be shown also that, given aggregate ratius to
total assets from two independent sample: (say the 1926
and 1930 drawings), and making several qualifying assusp-
tions, we can compute the standard deviation of the ratio
for the 1926 sample by means of the following formula. 9/
In this formula R stands for aggregate ratio, d for the
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differences between the aggregate ratios for the two ga.
ples (they overlap for the years 1930-36), A for the to.
tal assets, in dollars, of each particular company in the
samples, and the subscripts 26 and 30 for the identica)
samples of continuing companies derived from the 1926 agq
1930 drewings, respectively.

The formula rests on the fact that an aggregate ra.
tio can be reduced to a weighted mean ratio, the woights
being the denominators of the component mean ratios. Freg
the dispersion of the differences between the two samples'
ratios of aggregates for the same years we can derive an
estimate of the dispersion of the individual company re-
tios for which the ratio of the aggregates is the weight-
ed mean. In other words, we can estimate the standard de-
viation of the mean ratio of the universe from the stand-
ard deviation of thess differences (I!‘d in the above for-

mula). This standard deviation of the mean ratio for the
universe yields the standard deviation of the correspond-
ing ratio of aggregates when comsideration :s glven to
the weights implicit in these ratios of aggregates. Since
we inow the asset-size distribution of the companies in
the two samples we can derive, for any given mean ratio
in which total assets are the denominator,10/ the weights
necessary to convert the mean ratio into the correspond-
ing aggregate ratio. These wejights are represented in the

above fcrmula by the ratio of £(A?) to (EA): that is,
the sum of the squares of the total assets of cach par-
ticular campany divided by the square of the sum of the
total asszts of all the companies in the sample.

In the derivation of the formula three assumptions
were made. First, it was assumed that the 1926 and 1990
sazples were dramn from the same universe , and that they
therefore furnish estimates of the same characteristica.
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Second, it was assumed that in each industry the asset-
sige distribution of the companies in t.hoz samples is
the trus distribution - that 1s, the distribution pre-
vailing for the universe of emall mamufacturing corporas-
tions in the particular industry - and did not change
over the period 1930-36. And, finally, it was assumed
that the standard deviation of the mean of a given ratio
for the universe of small manufacturing corporations in
; par;.tcuhr industry was the same in each of the 7 years

It cannot be maintained that all of these assump-
tions accord strictly with the facts. Wo know, for exam-
Ple, that the companies in the 1926-36 identical sample
were in existence for at least 11 years, and that those
in the 1930-36 sanple were in existence at least 7 years.
Therefore the record of success of the former is somewhat
better than that of the latter, a fact that stands in con-
tradiction to the first assumption. Again, althouzh the
asset-size distribwt ioan of the saanle campanies may have
been the true distribution at the time of the drawings,
it certainly shifted somewhat over the periods of depres-
sion and recovery in the years 1930-36. The second of
these exceptions is relatively unimportant, but the first
may be aignificant; if so, it would have the effect of ex-
aggerating the standard deviation of the aggregate ratio
camputed by our formula.

Of the ratios of aggregates used in this study, that
of inventory to total assets has been chosen for the pres-
ent test. This ratio is shown in Table C-1 for the con-
tinuing companies in each industry and for the 1926 and
1930 drawings. Froa the data in this table, and from the
1936 asset-size distribution of the companies in thz two
drawings,ll/ the following estimates of the standard de-
viation of the gate ratio of inventory to total as-
sets (1926 sample) were derived, by means of the formula
Just described: baking .0l13; men's clothing .019; furni-
ture .016; stone-clay .018; machine tool ,018,

We may assume that a range equal to four times the
standard deviation - two above and two bslow the aggre-
gate ratio - constitutes the ratio's fiduclal 1limits;
there are only about 5 chances out of 100 that the true
ratio lies outside these limits., At the 5 percent level
of significance these fiducial limits, in percent of the
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average 1930-36 aggregate ratlo for the 1926 sample are
as follows: baking $29; men's clothing $11; furniture
$12; stone-clay £22; machine tool 19, These percent-
ages are intended to provide some notion of the general
magnitude of the movessnt in the given ratio that would
be necessary for statistical significance. The standard
errors of these aggregate ratios are fairly large, but
other studies in preparation under the Financial Research
Progras indicate that they are not unusually large for
samples of financial statements data.

When the ratios were analysed in the text (particu-
larly in Chapter 3) we took the precaution of aweraging
the annual ratios for the first and last three years of
the 1926-36 period. This procedure not only revealed ary
upward or downward tendency in the ratic over the 1926-36
period, but also served to narrow the fiducial limits by
approximately 4O percent. Since the fiducial limits for
the inventory to total assets ratio run less than 30 per-
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cent, the corresponding limits for the average of three
anmual retios would be less than 20 percent. In men's
clothing a 7 percent change in the ratio would probably
be significant.

It needs to be emphasised again, however, that the
fiducial limits calculated in the first section of this
appendix for selected mesan ratios used in the text are
of a far higher order of reliability than those pre-
sented in this section. The chief purpose of the pres-
ent discussion 1is to outline a method that offers some
promise of msasuring the statistical reliability of ag-
gregate ratios where the scatter of the denominator is
vowmn.





