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ABSTRACT

The purpose of this paper was twofold: 1) to retest the
assumptions of the equivalent-risk class hypothesis, and 2) to identify
a set of business risk discriminatory characteristics.

The equivalent-risk class hypothesis assumes firms grouped
according to industry classifications are both intragroup business risk
homogeneous and intergroup business risk heterogeneous. The findings
and implications of many significant research studies in the basic areas
of corporate finance and investment theory are contingent on the
validity of these two assumptions. Previous attempts to test the
assumptions of the equivalent-risk class hypothesis have had conflicting
conclusions. Further, the methodologies and business risk measures
employed by these test efforts have been challenged. Hence, the lack
of consistency in the results of these previous test attempts and the
general acceptance in the literature of the assumptions of the equivalent-
risk class hypothesis provided justification for a retest of the
equivalent-risk class hypothesis! assumptions,

Before testing these assumptions, careful éttention was given
to both the development of a theoretically sound business risk measure
and the appropriateness of the testing methodology. Neither assumption
of the equivalent-risk class hypothesis was substantiated by the
research findings. These findings strongly suggest industry classifications
of firms are poor business risk discriminators for financial acamedicians

and practitioners.



If the assumptions of the equivalent-risk class hypothesis are
invalid, researchers must find new methods for business risk discrimination
among firms. One such method was presented in this paper.

Thirty-five financial and operating variables (characteristics)
were calculated for firms in two distinctly different business risk
groups. A stepwise multiple discriminant analysis (MDA) program was
applied to this data., The results of the MDA revealed discriminant
functions containing only a small number of size and dividend policy
related variables could corfectly classify approximately 90% of the firms
in the study into their respective business risk classes, Further, in the
presence of size and dividend policy related variables, variables associated
with long and short term capital turnover, profitability, and financial
leverage were poor business risk discriminators among firms. Finally,
the lower business risk firms were characterized by larger size (total
assets) and more stable dividend policies with higher dividend payouts
than the high business risk firms.

The results of the MDA should be encouraging to the financial
community, for they imply firms can be categorized into their respective
business risk classes by observing a small set of financial characteristics.
Further research is needed in this area to develop the implicatiohs of

these research findings into a more universal working model.
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INTRODUCTION

The primary emphasis of this research paper is on firms'
business risk. Business risk is that aspect of a firm's total risk
characteristics which is attributed to the firm's volatility in before
tax operating profits. This volatility in the firm's operating profits
can result from several characteristics of the firm such as stability
of sales, changes in market and production technology, labor force
behavior, quality of real production assets, quality of management,
nature of the production process, nature of the raw materials market,
governmental impacts of new legislation, and synchronization of
operating profits with national and international economic conditions.

Previous research studies in the finance related areas have
given too little attention to firms' business risk behavior. Typically,
researchers have attempted to hold the effects of a firm's business
risk constant by assuming firms grouped by industry classifications are
both intragroup business risk homogeneous and intergroup business risk
heterogeneous. These two assumptions have become known as the equivalent-
risk eclass hypothesis. Thus, by selecting firms in only one industry,
it has previously been assumed the interrelationships between other
financial variables could be analyzed without bias from or need for
specification of the firms' business behavior. Many c¢lassical financial
research efforts on such basic topics as financial leverage and the cost
of capital, valuation of the firm, dividend policy effects on the firm's
value, and portfolio management have assumed business risk could be dealt

with in this manner., Clearly, if the assumptions about industry class-



ification of firms and firms' business risk behavior (the equivalent-
risk class hypothesis) are invalid, the results of these previous
research efforts may become somewhat suspect as to their validity.

Attempts have been made to test the validity of the equivalent-
risk class hypothesis. However, little information has been gained from
these attempts, since their results have been conflicting. 'ﬁence, the
lack of consistency in the results of previous attempts to test the
validity of the equivalent-risk class hypothesis and the preponderance
in the literature of the validity of the equivalent-risk class hypothesis
provide a justification for this research.

The first chapter presents a review of the literature of the B
equivalent-risk class hypothesis, research objectives, and research
methodology. Several business risk measures are discussed and a
proposed business risk measure is developed in Chapter 2. Chapter 3 ;.hqﬂ
contains tests of the two assumptions of the equivalent-risk class o
hypothesis. Then, an examination of key business risk discriminatory
characteristics using multiple discriminant analysis is given in

Chapter L. The final chapter presents a summary of the research findings

and a discussion of possible implications for future research. J



CHAPTER 1

RESEARCH JUSTIFICATION, OBJECTIVES, AND METHODOLOGY

Section A - Research Justification

Empirical hypothesis testing which attempts to examine the
relationships petween a dependent variable and a set of explanatory
variables is subject to erroneous conclusions resulting from problem
misspecitication and/or multicollinear relations among explanatory
variables which may have been omitted., This problem is pertinent in
the financial literature which attempts to study the effects of financial
leverage, growth, and dividend policy on‘the firm's cost of capital. 1In
such studies, attempts are usually made to circumvent these problems by
grouping firms into homogeneous groups with respect to the omitted variables.
Elton and Gruber [1I° [12] discussed the need for homogeneous groups in
economic hypothesis testing and the ill consequences which can occur if
no attempt is made to hold constant the effects of omitted explanatory
variables,

For example, consider a study which is attempting to examine
the effect of financial leverage (as measured by a firm's debt-equity ratio)
on the cost of equity capital (Ke). Further, suppose the firms in the
sample were either very high or very low business risk firms. A scatter
diagram of such firms is shown in Figure 1-l. Firms in the high business
risk group (H) are denoted by a dot (¢), while firms in the low business
risk group (L) are denoted by a cross (x). If no attempt were made to
account for the firms' different levels of business risk, a regression of

Ke on financial risk would indicate & near zero regression coefficient as



shown by the slope of line CC in Fig. l1-1. The resulting conclusion would

be the independence of K, ard financial risk, implying a peculiar risk
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indifference by investors, However, if the data were disaggregated into
the high and low business risk groups and a regression of Ky on financizal
risk were run in each group, K, would be shown to be quite related to
financinl risk as cshown in Fig. 1-1 by the slopes of lines AA and B3 in
the high and low business risk groups, respectively.

A rore striking example of the same problemz can be seen in
Fig. 1-2 where investors attach a high business risk premium on their
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required return on equity capital; hence, the firm's cost of equity
capital (Ke) is very dependent on the firm's business risk, If no
sttempt were made to disaggregate the firms into their respective
busine:zs risk groups, & regression of Ke on financial risk would imply
firms could lower their cost of equity capital (Ké) while increasing their
financial risk as depicted in Fig. 1=-2 by the slcpe of line CC, Such
risk seeking behavior inferred by the slope of CC is atypical. However,
vhen the firms are disaggregated into their proper business risk groups
and the regression of K, on financial risk is analyzed, the traditional
conclusions concerning the effect of financial risk on the firm's cost
or equity capital are confirmed as shown in Fig. 1=2 by the slopes of
lines AA and BB,

Since the late 1950's, considerable research in corporate
finance has attempted to examine the relationship between a fimm's cost
of capital and its capital structure, Such studiec have either included
a business risk variable as an explanatory variable or analyzed firms in
homogeneous business risk groups to hold constant the effect of the omitted
business risk variable, In Wippern's [28] gtudy on the effects of financial
leverage on the firm's cost of capital, he uniquely attempted to select a
fincneial risk explanatory virizble which also incorporated the firm's
business risk, thus allowing him to abstract from finding groups of firms
which were business risk homogeneous. In a similar study, Brigham and
Gordon [i] incorporated an explanatory business risk variable into their
analysis. MNModigliani and Miller's [ié][é@] thought-stimulating works
on the optimal capital structures of firms attempted to hold constant ths

effects of the omitted business risk variable by assuming firms in the



came end-product industry clussifications were homogeneous with respect
to their business risk behavior and by examinirg only firms in the sanme
industry classifications., Zchwartz [?3] , in his attempt: to anaulyze the
effect of financial leverage on the firm's co:t of capital, alco ascuned
firmz could be grouped into homogencous businec: risk groups by the use of
industry clazsification; however, he observed a correlation between a firm's
business risk and its optimal financial leverage. Barges [h] not only
exumined firms in the same industry clacsification, but he also atterpted
to minimize businesz risk bias in his analysis with the use of took,
rather than market, values in calculating his financial risk (debt-eguity
ratio) varisble, Arditti [2] was shaken by his finiing the cost of equity
capital decreased with increased financial leverage., He concluded this
phenoniena was observed because he had omitted an explanatory business
risk variable in his analysis which was positively correlated with the
firm's cost of equity capital and negatively correlated with the firm's
financisl risk, Arditti's findings were identical to the relationships
shown in Fig. 1-2 by the slope of line CC, Earlier research by Weston [éé]
had hinted in the sane direction as rditti's rationzlizatior., Subsequent
research by Baxter [5] and Aronson znd Schwartz Lj] sugported Arditti's
conclusions concerning the onitted buciness risk variable effects on
the firm's cost of equity capital and its level of financial risk.

Tae sppezl for finding groups of firms which are business risk
honiogencous is not confined only to cost of cupital studies. Recently,
Mellcher [13] attempted to identify operating and financial characteristics

of firms which explained a firm's non~diversifiable merket risk in Shurpe's [25}



capital asset pricing model; however, he examined only zlectric utilities
in an effort to hold constant the effects of an ouitted business risk

variable,

Section B = (b jectives and Significance of This Research

| The above mentioned segments of financial research stress the
irmportunce of both finding a theoretically sound business risk measure
for firmes and identifying groups of firms which evince homogeneous
business risk characteristics, This paper not only adresses these two
proglens, but also, an estterpt will be mude to identify a =et of operating
and financial characteristice of firms which will classify firms into
their respective homogeneous business risk groups,.

The objectives of this research are to:

1) Develop a theoretically sound measure vhich will cardinally
measure a firm's business risk.

2) Retest the equivalent-risk class hypothesis that firms
within the same end-product industry classification are
business risk houogeneous, while industry groupings of firums
are business risk heterogeneous.

3) Form groups of firms which are homogeneous according to
the business risk measure,

;) Identify 2 set of operating and financial characteristics of
firms wnich will classify firms into their respective
homogeneous business risk groups.

Previous attempts have been made to guantify a firm's business

risk bty Wippern [27], Gonedes [1L], Rao [?é}, and Bolten Ei]. However,



in these atteupts, little emphasic was placed on providing the
zeasures with a solid theoretical base, Tni: paper, in Chapter 2,
exarines these previousz attempts and presents a business rizk measure
wnich ie developed from the basic concepts of total investor risk.

The significance of developing a sound business risk measure cannot be
overstated, since subsequent testing of the equivalent=-rick class
hypothesis and grouping firms into homogeneous business risk groups
depend on such a measure,

If industry classifications of firms fail to satisfy the
conditions of the equivalent-risk clace hypothesis, studies which
assune fircwe in the same industry arebusiness risk homogeneous may be
sub ject to serious criticism for the reasons wentioned earlier by
Zlton and Gruber [ll} :12] . Tne need for a thorough test of the
eguivalent~risk class hypothesis is Justified, since considerable
finzancial research has assumed its validity. SAlthough previous
rezearchers (Wippern [23?, p. 617; Barges Zﬁ], p. 24) have doubted
the equivaulent~risk clace hypothesis, attempts by Wippern [27],

Gonedes £1§:, and Rao 522], to test the hypothesis hzve resulted in
conflictirg conclusions, These conflicting conclusions denote the
gignificence of further research on the validity of the equivalent~
risk class hypothesis,

Should the assumptions of the equivalent-risk class hypothesis
te false, researchers must be capable of finding other means for classifying
firms into homogeneous business risk groups. If a sound curdinal business
risk mecsure could be developed, homogeneous groups of firms could be

formed and reliance on industry classifications to provide homogeneous



business risk groups could be circumvented. It will be interecsting to
note the similarity between the designed homogeneous business risk
groups and the industry classifications of firms.

Not only will this research cluster firms into homogeneous
business risk groups, but it will also attempt to find operating and
financial variables that ere significant in classifying firms into
their respective homogeneous groups. If such variables exist; financial
analysts and researchers could observe these key variables and obtain
a priori information concerning the business riskiness of firms,
Goodman and Williams [15] employed multiple discriminant analysis to
identify a set of operating and financial variables which classified
firms into standard industry classifications. Mingo and Pinches [?é],
also using multiple discriminate analysis, atteupted to find if a
firm's bond rating could be determined from a set of the firm's
operating and financial characteristics, However, no investigation
has been undertaken to identify firms business risk discriminatory
variables, This aspect of the research could have an impact on the
firancial community in a similar manner as did Altman's [i] research
pertaining to the identification of key financial and operating

variables which predict corporate barkruptcy.

Section C =~ Previous Tests of the Equivalent~Risk Class Hypotheeis

Wippern's Tect:

VWippern [27] was the first to test the equivalent-risk clase

hypothesis which asserts that groups of firms classified by end-product
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industry classifications evince intraindustry homogeneity and inter-
industry heterogeneity according to business riskiness. Wippern

selected sixty-one firms from the following eight industries:

Industry Number of Firms
BaKing o « o o o ¢ o o o o h
Cement o o o o 5 o 6 o o o o 5
Electric Utility ¢« o ¢ o o« o« 17
Industrial Machinery . . . . 6
Domestic 011 4 o o ¢ o o o 8
Paper ¢« « o ¢ ¢ ¢ o o ¢ o o+ o 10
Rubber « ¢ o o o ¢ o o s a4 5
DIrug « o ¢« o « ¢ ¢ o o 0 0o o 6
Total « . » 61
For each firm, he regressed the log (operating earnings before interest
and taxes/share) on time over the ten year period 1954-1963. The
antilog of the standard error of the estimate for each regression
was Wippern's business risk measure for each of the sixty-one firms
in his sample. Using parametric analysis of variance, he tested the
null hypothesis that all eight groups of firms came from the same risk
population; that is, no significant differences in business risk existed
between industries. The null hypothesis was rejected at the 1% level of
significance. The rejection of the null hypothesis favored the acceptance
of the validity of the equivalent-risk class hypothesis; however, as
Wippern noted:
"This test, however, indicates nothing about the nature

of the observed differences. The conventional analysis of
variance gives no indication of whether the rejection of the
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hypothesis is attributable to only one or two of the classifi-
cations., In seeking to obtain more conclusive evidence it is
desirable to determine whether the proxy uncertainty measure of
each industry differs significantly from that of each other
industry so that the existence of distinct risk classes may be
demonstrated or refuted." 1
To test the above mentioned possibility that the null hypothesis was
rejected because of one or two highly heterogeneous industries, Wippern
: /
performed twenty-eight pairwise Scheffe interval tests to check for
significant differences between each possible pairing of industry
classifications.2 The results of the Scheffé’interval tests indicated
only the following industries demonstrated any significant difference
in business risk:
1) electric utility and machinery at the 1% level,
2) electric utility and oil at the 5% level,
3) electric utility and drug at the 5% level, and
L) electric utility and cement at the 25% level.
Wippern observed from these results:

"The electric utility industry is one which is most
frequently thought of as having a high degree of homogeneity
among firms within the industry and one whose characteristics
differ markedly from those of firms in other industries. Yet,
on the basis of the proxy-uncertainty measure adopted, the
industry risk-class assumption does not even diffgrentiate
between electric utilities and some industrials."

/
Because of the above mentioned observations and the fact that not one Scheffe
interval test between pairs of manufacturing industries indicated any

significant difference in interindustry business risk, Wippern rejected

the validity of the equivalent-risk class hypothesis.

l. Wippern [Z’B s P. 17,
2. For a description of Scheffé'interval tests, see Guenther [15@], PpP. 360-366.

3. Wippern [Zﬂ, p. 19.
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YWippern's results are questionable for several reazons,

1) The business rick measure for each firm was the volatility
of operating profits (operating earning: tefore interest and
taXeS) per share., Such a business risk measure is not an
appropriate proxy of a firm's business risk since the
volatility of this measure can occur from the firm's
financing decision as well as its business riskiness. This
argument is further pursued in Chapter 2 of this paper,
Aleo, Davis, Dunn, and Williams [Q] have shown the use of
per share observations for interfirm comparisons is not
appropriate. Wippern stated the validity of his findings
wag contingent on the appropriateness of his business risk
neasure:

"Given the validity of the proxy-uncertainty
variable employed, the statistical analysis provides
clear evidence that industry groups do not provide
an adequate basis on which to insure homogeneity of
basic business uncertainty.”

2) The necessary conditions for a parametric analysis of
variance test of intergroup homogeneity were not substantiated
by Wippern. These necessary conditions are:

a) the observations come from normally distributed

populations, and

b) the populations represented have uniform variances.5

i, Wippern [27], P. 19,

5. For more on these asswrptions, see Freund [13], pPP. 395-397, and
Kirk [17], pp. 60-63. _



13

Wippern could have tested for intragroup normality with
"goodness of fit" tests and intergroup uniform variznces

with either pairwise group F ratio tects or one of several
total group homogeneity tests.6 Had a parametric analysis

of variance test been inappropriate, Wippern should have used
a nonparanetric test,

3) Vippern's sample was too small, sixty-one firms, Two industries
had eix firms, two industries had five firms, and one industry
had only four firms. Such emall industry samples lowered the
power of Wippern's test; that is, lowered the probebility of
rejecting a false null hypothesis.7 Wippern was aware of
this possible source of error.

"There are two possible reasons vhy a greater number
of significant differences amony industry varizbility
measures were not found., The first is that the null
hypothesis of no differences iz, in fact, true. The
second, however, 1s that the power of the test is not
sufficient to avoid, in certain cases, accepting the
null hypothesis when it is, in fact, false. This
second situation may well affect the results of the
test. The sample sizes of the baking, cement, and
rubber industries are very small, and the power of the

tect to discriminate between these combinations is
correspondingly low."

Freund [13) explains the uce of both "goodness of fit" tests (pp.
337-342), and F ratio tests (pp. 324-327). Kirk [17], pp. 61-62,
discuzses several total intergroup uniform variance tests.

For more on the power of a test, refer to Jiegel l?#], pp. 8-10.

Wippern [?i], p. 19,



Gonedecs' Test:

Gonedes' [14] caiple con:isted on eight industry classificationsz
(paper, tteel, cosmetics, department storeu, air transport, special
machinery, textiles, and publishing houses) with ten firms in each
industry. He Juctified the significance of his research by
challenging Wippern's [éi] work. Gonedes, contending Wippern had not
substantiated the appropriateness of a parametric analysis of variance
test in his paper, employed a Kruckal —Wallis nonparametric one way
analyzis of variance by rarks test.9 He calculated for each firm the
relative deviation between the annual growth rate in the firm's EBIT
for each year between 1957 and 1968 and the firm's compound growth
rate of ZBIT over the 1957-1968 time period. Thus, Gonedes determined
ten bucsineir riszk measure: for each of hic eighty sample firms, Measuring
businel. risk in cuch a manner and erploying the Kruckal-Wallis tect, he
tected both for intraindustry homogeneity and interindustry hetevrogeneity.
With his eight intrainduztry teste, Gonede: found only two inductrie.
(textile: end depsrtment stores) intrainduztry homogeneous at the 1%
level. 4ggregating industry data and tecting for interinductry
heterogeneity, he found the eight industry groupings of firms were
heterogeneous at the 1% level of significance; a finding which sub-

stantiuted partial assumptions of the equivalent-risk clace hypothesis.lo

9. A thorough presentation and description of the Kruskal-Wallis test
is given in Tiegel [24], pp. 184-193.

10. Ruo 22|, p. 1763, noted if the steel industry had been deleted from
Gonedet™ industry claszifications, interinductry heterogeneity would
not have been substantiated by a Kruskal-Wallisz teut on the
remiining seven induztrier. Rao reported no test results on this point.
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Howcver, since iuntr.industry homogencity could not te established,
Gonedsas concluded:
"The erpirical results we presented are not wholl

consistent with the eguivalent-risk class hypothesis,"

Although Gonedes based the cignificance of his research on
the cppropriateness of Wippern's methodology, he made no attempt to
test the anpropriateness of his nonparametric methodology. Hud
Gonedes shown the basic assurptions of a parametric snalysis of
variance test (observations from normal populations with uniform
variances) were seriously violated, his use of the less powerful
nonparametric test would have been justified. 5So one question is,
was a nonparametric test appropriate?12 Also, as discussed in
Chaptef 2, it is doubtful if the Gonedes risk measure is u legitimate

ro’ usiness risk,
Xy Tor busi g risk

Rao's Tect:
Rao [?27 replicated Gonedes' [i%]work ucing ninety-seven

Indian firmes from the following five industries:

11. Gonedes [i%}, p. 167.

12, In all of Gonedes' &nalysis of variance tests, he was working with
populations of egual observations. Under these conditions,
failure of the populations to be normally distributed or to have
equal variances does not seriously affec¢t the validity of_a parametric
an?lysis of variance test (Guenther [}6 , P. 63; Kirk j}]], pp. 60~
63).
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Industgz Number of Firms

Paper o « ¢« ¢ ¢ ¢ ¢ ¢ o o« o 11

Cement ¢« ¢ o ¢ ¢ ¢ ¢ ¢ o o 11

Textiles o« ¢ ¢ ¢ ¢ o o o o 8

Electric Utility « « o« « o 35

SUBAr o s e o o o o e o o o 32

Total « « « 97

He randomly selected his five industries, but he non-randomly
selected his firms in favor of larger firms. Rao's study covered
the six year period 1958-196lL. Interestingly, his results were
exactly opposite to Gonedes' results; that is, Rac concluded intra-
industry homogeneity existed, but not interindustry heterogeneity
(both tests were to the 1% level of significance).

Like Gonedes, Rao made no attempt to justify the appropriateness
of the use of a less powerful nonparametric test, Further, he accepted,
without any theoretical support, the validity of Gonedes! business risk
proxy. Strong general conclusions from Rao's work are difficult to make

since he non=-randomly biased his sample in favor of larger firms,

A Comment on These Tests:

It is apparent from the research by Wippern [27], Gonedes [1)._;],
and Rao [22] that no definite conclusions on the validity of the
equivalent-risk class hypothesis can be made based on these conflicting
research findings. As will be discussed in Chapter 2, the business
risk measures employed by these earlier researchers were questionable.

In no study was an effort made to justify the appropriateness of the
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methodology (parametric or nonparametric) employed. These facts
intensify the need for thorough re-examination of the equivalent-risk
class hypothesis. It is hoped this research will make a significant

contribution to the body of knowledge in this area.

Section D = Methodology

The study sample of this research will contain one hundred
forty-four industrial firms., Twelve industry classifications, which
contain at least twelve firms, will be randomly selected from all
possible industrial classifications on the COMPUSTAT TAPES [ﬁ].lB
From each of the twelve classifications, twelve firms will be randomly
selected. The study sample will be presented in Chapter 3.

A theoretical development of the business risk measure will be
given in Chapter 2. Each firm's before tax operating return on total
assets (Ka) will be calculated for each of the ten years 1963-1972.
Then, K, will ber}ifga:ly regressed on._time over the 1963-1972 time

period for each firm. The standard error of the estimate of this
- - .

regression equation will be each firm's business risk measure.
Having quantified each firm's business risk, the assumptions of

the equivalent-risk class hypothesis will be tested in Chapter 3. An

attempt will be made to use a parametric one-way analysis of variance

technique to test the null hypothesigﬂthat‘;gdustrial firms grouped by
. e 1k

industry classifications are intergroup business risk homogeneous,

13. Industry classifications on the COMPUSTAT TAPES [é] roughly
correspond to the Bureau of Management & Budget's Standard Industry
Classification (SIC) Codes [254].

1L. For a discussion of parametric analysis of variance tests, see
Guenther [16], Chapter 2, or Freund [13], Chapter 1k.



18

A rejection of this null hypothesis would imply intergroup heterogeneity,
thus supporting this assumption of the equivalent-risk class hypothesis.
The null hypothesis will be tested at the 5% level of significance,

Power tests will also be performed at all significant levels to determine
the probability of rejecting a false null hypothesis., If the null
hypothesis is rejected at the 5% level, pairwise F tests will be
performed on all possible pairwise combinations of the twelve groups of
firms to indicate which group/groups was/were business risk heterogeneous.

Then, the one hundred forty-four firms will be rank ordered
according to their measured business risk from the highest to the lowest
business risk firm, If intragroup business risk homogeneity exists, as
purported by the assumptions of the equivalent-risk class hypothesis,
one would expect firms in a particular industry group to be clustered
within a narrow interval in the rank ordered scale (1 - 1L}%). These
industry group clusterings will be presented and the relevance of these
group clusterings to the intragroup homogeneity assumption of the
equivalent-risk class hypothesis will be discussed.

In order to justify the use of parametric techniques, the
assumptions of group normality and uniform variances must be performed,
Since the twelve populations sampled will have equal observations (twelve),
these assumptions must be seriously violated for the use of parametric
techniques to be abandoned.15 However, if nonparametric methods must be

employed, a Kruskal-Wallis one way analysis of variance by ranks will be

15. See Footnote 12 for support of this argument.
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performed to test the null hypothesis of intragroup and intergroup
business risk homogeneity.16

In Chapter li, two groups of firms will be formed. One group

will consist of forty high risk firms; the other group will consist of
forty low risk firms. Each group will be subdivided into two samples:
an original sample of twenty-five firms and a holdout sample of fifteen
firms. The appropriate parametric or nonparametric analysis of variance
test will be used to verify the business risk distinctness of these two
groups. Then, a set of thirty-five financial and operating variables
will be calculated for each of the eighty firms in the two business
risk groups. A stepwise multiple discriminant analysis (MDA) program
will be applied to the thirty-five variables of the fifty firms in

the original samples from each risk group to:

1) develop discriminant functions (comprised of linear
combinations of the thirty-five financial and operating
variables) that will discriminate between high and low
business risk firms, and

2) determine a set of key business risk discriminatory

variables among firms.l7
Such a MDA program will begin by selecting the best discriminating
variable and incorporating this variable in two linear discriminant
functions (one function per risk group). This process will be reiterated
and additional variables added to the discriminant functions until the

discriminatory powers of an additional variable in the discriminant functions

16. Reference to this test is given in Footnote 9.

17. Refer to BMD Biomedical Computer Programs [1@], program #BMD O7M,
for a presentation of this technique.
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becomes marginal. At this poing, the program will terminate, and

both the discriminate functions and their ability to classify firms into

their respective risk groups will be read out. In order to test the

ability of this set of financial and operating variables as business

risk discriminators, the discriminant functions will be applied to

the holdout samples of fifteen firms from each of the two risk groups.
After the above research has been performed, a summary of the

research findings, the significance of the findings, and the implications

for future research will be discussed in Chapter S.
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CHAPTER 2

THE BUSINESS RISK MEASURE

The emphasis of this paper is on testing the assumptions of
the equivalent-risk class hypothesis and on finding a set of operating
and financial ratios that will help classify firms into homogeneous
business risk groups. Hence, the selection of a viable business risk
measure for each firm is fundamental to the purpose of this research.

This chapter examines business risk measures which have been
used in previous studies relative to the equivalent-risk class hypothesis
in Sections A and B, Another possible business risk measure is discussed
in Section C. Finally, the business risk measure used in this study is

presented in Section D,

Section A - Wipoern's Measure

Wippern [}j} selected a sample of sixty~one firms from eight
industries, He measured business risk for each firm as follows:

"The variability of the operating earnings per share for each
firm is measured by the antilog of the standard error around the
logarithmic regression of annual earnings observations over the ten-
year period 1954-1963. The antilog of the standard error of a
logarithmic regression measures percentage variations around the
line, The measure of dispersion is taken around the regression
of income on time to avo%ﬁ the influence of earnings growth or
decline on variability,."

Hence, Wippern regressed the log of each firm's earnings before
interest and taxes (EBIT) per share on time over the ten year period 195h~ -

1963 as shown below:

1. Wippern [13], p. 16.

23
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1og(EBIT/Shr.)i a, +b,t, + &5 (2-1)

i i)
195k, eee, 1963. The antilog of the standard

for the ith firm, where j
error of log(EBIT/Shr.)i in Equation 2-1 was Wippern's measure for each
firm's business risk.

Wippern's use of the variability of EBIT/Shr. as a measure for
a firm's business risk is somewhat questionable. A firm's EBIT can vary
from year to year as a result of the firm's total business risk complexion
such as variations in market conditions affecting the firm, economic
environment, competitor's behavior, operating effectiveness of the firm's
assets, quality of the firm's assets, government regulations, quantity of
sales, or technology pertinent to the firm's production process. Assuming
a firm's total assets and shares outstanding remain fixed, the variability
in EBIT/Shr. which results from these variations would be a legitimate
proxy for business risk. However, a firm's EBIT may vary over time as a

result of changes in the magnitude of the firm's total assets. If such

changes in total assets were financed by identical changes in the firm's
total liabilities, the accompanying variability in EBIT/Shr. would not be a
legitimate business risk proxy; instead, the variability of EBIT/Shr. would
have occurred because of the financing decision of the firm. Hence, since
the variability of EBIT/Shr. could result from both the firm's business risk
characteristics and the firm's financing decision, this measure is not a
suitable proxy for interfirm business risk comparisons.

Further, a recent study by Davis, Dunn, and Williams [5] argued
the use of per share observations for interfirm comparisons is not
appropriate. They noted:

"For example, one could study the data available for the oil
industry in 1967 on the basis of the number of shares outstanding in
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either 1967 or 1972. Since both are studies of 1967, one might
intuitively expect the same results in either case. Unfortunately,
this is not so. Not only do the obvious statistical characteristics
such as univariate means and variances of the per share variables
change, but so also do regression and correlation coefficients
between these variables. The mean and variance changes may not always
be critical, but changes in the relationships among variables are
certainly very important. Furthermore there is no simple way to
compare correlations computed on the basis of two different years.
Such a correlation is influenced by the number of shares which each
company has outstanding at the time of the analysis."2

For the above mentioned reasons, Wippern's business risk measure
) PP

was not employed in this research.

Section B - Gonedes! Measure

Gonedes [6] randomly selected eight industry classifications,
taking at random ten firms from each classification to make his total study
sample of eighty firms. Then, he measured for each firm the relative
deviation between the annual growth rate in the firm'!s EBIT for each year
between 1957 and 1968 and the firm's compound growth rate of EBIT over the
1957-1968 time period. Equation 2-2 depicts this risk measure.

R., - K.
BRit = it i

’ | (2-2)
i

where Rit = the growth rate in the ith firm's EBIT in time period t, for
t = 1957, esey 1968’ and

Ki = the compound growth rate in the ith firm's EBIT over the ten
year period 1957-1968,

Thus, Gonedes calculated ten business risk measures for each of the eighty
firms in his sample.
Gonedes' business risk measure avoided the suggested shortcomings

of Wippern's per share risk measure. However, Gonedes' measure (which was

2. Davis, Dunn, and Williams [5], pp. 12h1-12)2.
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heavily based on a compound growth rate in EBIT over a specified time period)
may be a poor proxy to use for interfirm business risk comparisons because
such a measure is arbitrarily dependent on the beginning and the end of

period EBITs from which each firm's compound growth rate in EBIT is calculated,
That is, the denominator in Eqn. 2-2 for each firm in dependent on the end
years of the study (1957 and 1968 in the Gonedes study). Had Gonedes

selected another time period, say 1956-1967 or 1958-1969, then the denominator
of each firm's annual business risk measure would probably have changed,

Since any B,, in Eqn. 2-2 is very sensitiye to changes in Ki’ such a change

it
in the study end years over which Ki is calculated would vastly alter each
year's assessment of a firm's business risk. Hence, Gonedes' conclusions
lacked the powers of external validity since they were very contingent on the
beginning and ending years of the study from which his business risk measure
was calculated. Apparently Gonedes felt somewhat ill at ease with his risk
measure since he noted:

"It should be emphasized that the surrogate of business uncertainty
which we chose to employ is one of several surrogates which may be
utilized with respect to business risk., We recognize that different
measurement methodologies may provide foundations for implications 3
which are diametrically opposed to the implications presented below."

Further, using the Gonedes business risk measure, how could

interfirm business risk assessments be made if one or more of the denominators
in Eqn. 2-2 were either very near (or equal to) zero or negative? Gonedes
did not elaborate on these possibilities. Because of these objections,

N

the Gonedes business risk measure was not used in this research.

3. From Gonedes {6], p. 165.

L. Rao [li} used Gonedes' business risk measure for a different sample of
firms over a different time period, so the same arguments apply to Rao's
risk measure as apply to the Gonedes risk measure.
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Section C =« Bolten's Proposed Business Risk Measure

Bolten [3] has suggested a business risk measure similar to a
coefficient of variation. The business risk (BRi) for the ith firm is

shown in Eqn. 2-3.
n — 2
Z (Xgy = X)%/m
BR. s t=1 (2 3)
5 -
X,
i

where i; = average expected EBIT for n years, and
(X4 - §)2 = squared deviation of the ith firm's actual EBIT in year t
from i; » and n = number of years for which BR, is calculated.

Thus, Bolten's risk assessment is a measure of a firm's dispersion
of actual EBITs about the average expected EBIT relative to the average
expected EBIT. Since this measure relies on the researcher's subjective
estimate of the expected EBIT for every firm in each year of the study
(in order to calculate X, for each ith firm), independent researchers

i
analyzing the same firms over identical time periods could conclude

differing business risk measures for each firm. Such differences among
researchers exposed to the same historical data would make research findings
concerning the equivalent-risk class hypothesis using Bolten's risk

measure contingent on the researcher's subjective estimate of the expected

EBIT for each firm. For this reason, Bolten's business risk measure was

not chosen for this study.

Section D «~ The Business Risk Measure Used in This Research

As mentioned earlier in this chapter, any research pertaining to
the equivalent-risk class hypothesis is very contingent upon the theoretical
soundness of the business risk measure employed. A business risk measure

should have several attributes.
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1) The measure should be a legitimate proxy of the fimm's
performance variability over time attributable only to the
firm's business risk environment.5
2) The measure should allow firms to be ranked (at least ordinally).
Such rankings would allow for the classification of firms into
homogeneous business risk groups. Then, the financial and
operating characteristics of firms in these homogeneous risk
groups could be examined for structural relationships which
may help explain firms' business riskiness.
3) The measure should be objectively measured. That is, it
should not be dependent on subjective estimates which can
vary among different researchers,
Previous attempts to quantify a firm's business risk (Gonedes [6],
Rao [11], wippern (13}, Bolten [3]) have used some measure of the volatility
of the firm's operating earnings before interest and taxes (EBIT) as the
business risk proxy.6 Since EBIT is the firm's operating income before
interest charges, its volatility (if properly scaled for the firm's size)
seems to be a legitimate business risk measure. The volatility of EBIT must

be scaled for the firm's size to allow for interfirm business risk comparisons.7

5. For a thorough discussion of "“the firm's business risk environment"
see Bolten [3], pp. 2h1-247.

6. Also, most classical finance textbooks refer to measures of business risk
in this manner. See Quirin [10], p. 299, VanHorne [12], p. L6, and

Weston and Brigham [L], pp. 311-313.

7+ For more on the scaling of measures to firm size for interfirm comparisons,
see Davis, Dunn, and Williams [5], p. 1247, and Altman and Schwartz [1],
p. 605.
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The volatility of & firm's before tax operating return on total assets
(E3IT/total assets) is a measure which accounts for both a firm's
vurizbility in EBIT und size (total assets)., Thus, if the volutility of
firzs' tefore tax operating returns on total assets could be quantified,
interfirm business risk comparisons and rankings could be made,

Further, the volatility of EBIT/TA has theoretical appeal &s a
business risk measure from the firu's owners' (equity shareholders) viewpoint. .
The firm's after tax return on equity (Ke) can be shown to be a function of
the firm's before tax return on total assets. The following financial
definitions and symbols are given:

Ke* = after tax return on the firm's commcn owners' equity,

NI = after tax return available to common eguity shareholders.

NW

net worth of the firm (common equity at par, surplus on
comron equity, and retained earnings).

T+ = total assets of the firm:,

D = total debt of the firm.

=
n

total interest expense of debt to the firm.

Kgq = average before tax cost of debt to the fimm,

EBIT = fim's operating earnings before interest and taxes,
K, = firm's before tax operating retwn on total assets,

X = firm's corporate income tux rate on total taxable income,

From these definitions, it follows that:

T: = Nd + D, (2-4)
end K = NI/NA, (2~5)
and NI = (E8IT - I)(1 - X), (2-6)
and K, = 1/D, @-7)
and K, = EBIT/T:. : (2-8)
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Substituting Ean, 2-6 into Egn. 2~5 yields
*
K, = BEBIT - I)(1 - x)] /N . (2-9)
However, solving for EBIT in Eqn, 2-8 and for I in Egn., 2~7 and substituting

these vulues into Egn, 2-9 results in

K, = (E(a(Tl) - Kd(Dﬂ - x])m . (2-10)
Replucing T: with N4 + D (from Egn, 2-L) in Eqn. 2-10 produces an expression

K.* = (E{a(m + D) = Kd_(D)][l - x])/m. (2-11)
Reducing Egn. 1-11, -

Ko = E{a + (D/W)(K, - Kdﬂ [1 - xj . (-12) -

The net worth of the firm (NJ7) is commonly referred to in the literature as
the firm's totul equity (E). Thus, Eqn. 2-12 is the familiar expression
* ™

K, = [Ka + (D/E)(K, - Kdﬂ [1 - }E’ (2-13) .
Eqn, 2-13 depicts the important functional relationship between the firm's
after tax return on owners® equity (Ké*) and the before tax operating return
on total assets (KA), the debt-equity ratio (D/E), the average cost of
debt (K3), and the income tax rate (X) applicsble to taxable income (EZBIT - I).
Holding the firm's debt-equity ratio and tax rate constant and then differentisting

Eqn, 2~13 with respect to K, yields

*
A%e . (1 +p/E)(1 - ). (2-14)
AXe

Or, the chunge in Ké* which accorpanies a change in Kj is
Ak, = (1 + D/E)1 - X)(AK,). (2-15)

Thus, given a level of financial risk for the firm (D/E) and tax rate (X),

then IEqn, 2-15 shows the sensitivity of a change in Ké* to a change in K,.
in Investor's total risk for assuming an equity position in a fim

may be considered the volatility of Ke*' Taus, the more volatile Ké*, the

more uncertainty, or total risk to the investor., The volatility in Ke*
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results from both the firm's financial and business risk. Then, given the
firm's financial risk (D/E) and tax rate (x), the volatility of Ke* results
from the firm's business risk. From Eqn. 2-15, the more volatile Ka’ the
more volatile Ke*; therefore, the volatility of Ka appears to be a
legitimate proxy for a firm's business risk.

Hence, for this research, & quantification of the volatility of Ka
will be the business risk measure employed. Since Ka is scaled for the firm's
size, such a business risk measure would be suitable for comparing the
business risk among firms.

Borrowing from the literature in investments, several volatility
measures applicable to common stock prices could be applied to measuring
the volatility of Ka.8 The standard deviation of Ka with respect to its
average value over a specified time period is an appealing measure of
volatility; however, such a measure would be biased against firms which
have experienced a rapid growth rate.9 Thus, the volatility measure should
be insensitive to the time trend (or growfh rate) of Ka. To overcome these
growth effects on the volatility measure of a firm's Ka’ this study will
quantify each firm's business risk as the standard error of the estimate
(SEi) of the regression equation,

K = a, + bit + eit, t = 1,..., 10 (2'16)

ait i
where t = time period,

K = the ith firm's Ka in time period t,

ait

;4 = error term in time period t for the ith firm,

8. Refer to Norgaard [8], Altman and Schwartz [1], [é], and Pinches and
Kenney [Q] for a review of such volatility measures.

9, See Norgaard [8), pp. 1073-107L, Footnote 6.
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The ten-year period 1963-1972 will be examined, For each firm, Kait

will be regressed on time over the ten-year period and SEi (the standard

error of the estimate) will be calculated as shown in Eqn. 2-17,
1

o A2k
;2:1 (Kait — Kasi)

SEi =
n=2

s t’-'l,...’n ; n=10, (2-17)

A

where K ., = the estimate of K ., in time period t.
ait ai

t
A firm's business risk measured in this manner appears to
satisfiy the three attributes mentioned earlier of an ideal business risk
measure, That is, the proposed business risk measure (SEi):
1) has a solid theoretical base evincing its legitimacy as
a proxy for a firm's business risk,
2) would allow firms to be ranked both cardinally and ordinally

according to their business riskiness, and

3) is objectively determined.
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CHAPTER 3

THE TESTS OF THE EQUIVALENT-RISK CLASS HYPOTHESIS

The purpose of this chapter is to thoroughly test the classical
equivalent-risk class hypothesis which asserts that firms grouped by
industry classifications are intragroup homogeneous and intergroup
heterogeneous with respect to their business riskiness. The significance
of the validity of this hypothesis was discussed in Chapter 1. Previous
research in this area (Wippern [1]_.], Gonedes [6], Rao [1(3) was also
discussed in Chapter 1.

The study sample of one hundred forty-four industrial firms
from twelve industries is presented in Section A. Using the business
risk measurement developed in Chapter 2, the one hundred forty-four
firms! business risk measures are then presented in Section B. The
parametric analysis of variance model used to test the intergroup
heterogeneity assumption of the equivalent-risk class hypothesis is
discussed in Section C, and tests of the model's assumptions are analyzed
in Section D. The results of the tests for intergroup heterogeneity are
presented in Section E. In Section F, the intragroup business risk
homogeneity of twelve industry groups was investigated. The research
findings of Sections E and F are summarized and compared to the findings
of previous research studies on the equivalent-risk class hypothesis in

Section G,

Section A = The Study Sample

Twelve industry classifications from the COMPUSTAT TAPES [?]

were randomly selected. These industry classifications closely corresponded

3k
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to those classifications of the Bureau of Management and Budget [é]. For
an industry classification to be included in the study it had to contain
a minimum of twelve firms with complete financial data reported on the
COMPUSTAT TAPES from 1963 through 1972, The twelve industries of this
study are shown below,

COMPUSTAT TAPE

Industry Industry Code No.
Metals - Misc, 1000
Food -~ Meat Packers 2010
Textile Apparel Mfg. 2300
Paper 2600
Chemical & Chem. Preparations 2899
0il - Integrated Domestic 2912
Tire & Rubber 3000
Steel - Minor 3311
Electronics 3670
Auto Parts 3714
Air Transport Ls11
Conglomerates 9997

From each of the above twelve industry groupings, twelve firms were
randomly selected, provided each firm selected had complete financial
data reported for the ten year time span 1963-1972. The total study
sample was one hundred forty-four firms. The study sample is given

in Appendix A-1,
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Section B = Quantification of the Firms' Business Risks1

Before quantifying each firm's business risk, the before tax
operating return on total assets had to be calculated from COMPUSTAT
TAPES [2] data for each of the ten years (1963-1972) as shown in Eqn, 3-1,

K - EBITit
ait ""H'— ’ t = 1963, eoey 1972 » (3-1)
it
where Kait = the ith firm's before tax operating return on

total assets in year t,
EBITit = the ith firm's earnings before interest and taxes
in year t, and
TAit = the ith firm's total assets in year t.
Then, K ., was linearly regressed on time over the ten year (1963-1972)
period for each of the one hundred forty-four firms in the study

according to Egn. 3-2.2
A

Kait = 8

4 7Byt =10, 10, (3-2)

where é;it = an estimate of the ith firm's before tax operating return
on total assets in year t,
a, = the ith firm's regression constant term, and
bi = the ith firm's regression coefficient term,
Finally, each firm's business risk was measured by the standard error

of the estimate (SEi) in Eqn. 3-3.

1. The theoretical development of the business risk measure used in this
study was presented in Chapter 2, Section D.

2. The regression program used was the ECON, OLS ECONOMETRIC ESTIMATION
PROGRAM [3].
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L A o 1/2
X (Kait - ait)
sg, ={.t=t , ot
ne-2 n

i P H (3-3)
10 observations (years),

where Qeit = the estimate (from Egn. 3-2) of the actual K ;. (from
Egn, 3=1) for the ith firm in year t.
The results of this regression analysis of the one hundred
forty-four firms in the study are given in Appendix A-2, Tables 1 - 12,
From Appendix A-2, it should be noted that no significant _
linear correlation between K, and time existed for approximately =ixty

percent of the firme in the ctudy Thls result was not surprising since

one would expect a firm's Ka to either 1) fluctuate about some average
value, or 2) secularly increase in boom years and secularly decrease in
recessionary years. Either of these two situations would result in a

low linear correlation between K, and time; hence, a statistically
insignificart F etatistic. Also, if secular trends in K, exist over the
ten-year time period, one would expect the error terms to be autocorrelated.
Thus, a good number of firms (upproximately 1k percent) in the study had
Durbin-iatcon statistics which at least indicated autocorrelation may have
existed.3 Regariless of either the statistical significunce of the F
statistic or the presence of autocorrelation, the standard error of the
estimate (SZ) remains a legitimate proxy for a firm's business risk

(volatility in K, over time).

3. A firm statement on autocorrelation in each regression equation cannot
be made since ten is such a small number of observations. However,
either a very high or a very low Dubin-Watson statistic indicated
autocorrelation may be suspected, For more on this discussion, see

Yamane [12], pp. 809-813,
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Section C - The Parametric Analysis of Variance Model

This study contained twelve groups (industry classifications) of
firms, each group containing twelve firms (see Appendix A-1). If the
assumptions of the equivalent-risk class hypothesis are true, each group
should evince a mean business risk distinct from the mean business risk
of any other group. For example, the metal group's mean business risk
should be different from each of the other eleven groups!mean business
risks. The same should hold true for the other eleven groups. Also,
within any group, business risk homogeneity should exist. If either of
these two conditions (intergroup heterogeneity and intragroup homogeneity)
do not hold, the assumptions of the equivalent-risk class hypothesis are
not validated.

The F test:

An ideal test of the intergroup heterogeneity assumption of the
equivalent-risk class hypothesis can be made using parametric analysis of
variance (ANOVA) if the assumptions of the parametric ANOVA model can be
substantiated. For example, suppose k independent groups of firms are taken
with n fimms per group. The total number of firms in the analysis is N firms,
where N = nk., Further, suppose the business risk for each ith firm in the
jth group is given as xij’ for i = l,.ee9yn8nd j = 1,...,ke A parametric
ANOVA of the validity of the equivalent-risk class hypothesis could be
employed if the following assumptions are true:

1) +the X, .'s are independent,

i3
2) the Xij's are continuous random variables,
3) the Xij's in each of the k groups are normally distributed, and

L) the variances in each of the k groups are the same,
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Assuming these assumptions hold, a parametric ANOVA would proceed

in the following manner. The grand nean (3(;) of the N firms' business

riskes ic
k n
X = Z Z X N. (3"2*)
T J=1 i=1 i‘j/

The total variation of all N observations sbout the grand mean (')'('f) is the

total sum of squares (SST), where,

k n
ssT= ). 2 (x4 = YT')e . (3-5)

It can be shown that the total sum of squares is comprised of two components:
the between groups sum of sqQuares (S3B) and the within groups sum of

squares (SSW).h The between groups sum of squares measures the portion of
total variation attributable to variations between the k group means and the

grand mean agshown in Eqn., 3-6.
K. - o5
SSB = n (x, =~ )5, (3-6)
;o

vhere n (the number of observations in each jth group) is the

same for all k groups, and
— n

X. =
3% 2 X, [n. - (3-7)
Z %/
3'(-5 in Eqn. 3~7 represents the group mean business risk of the jth group.
That portion of the total variation ( SST) attributable to variations

within the groups (SSW) about the groups' means is expressed in Eqn, 3-8.

4, For a proof of this statement, refer to Ed.ward.s[4-], pp. 112-115.



SSW = }: z (xiJ - '}'c':j') . (3-8)

The degrees of freedom (df) associated with the total sum of
squarez (3ST) in Egn. 3=5 is N = 1, The between groups sum of squares
(sSB) in Egn, 3-6 has k - 1 degrees of freedom and the within groups sum
of squares (SSW) in Egn, 3-8 has N = k degrees of freedom, The between
groups mean sjuare (MSB) and the within groups mean square (MSW) are
estimates of the between groups and within groups variances, respectively.
These variance estimates are shown in Eqns. 3~9 and 3-10,

MSB = 8SB / (k~1) . (3-9)

MSW = SSW / (N-k) . (3-10)

Fc is defined as the ratio of the between groups mean square to
the within groups mean square., Algebraically,

F, = MSB / M3 . (3-11)
F, has an F distribution with k = 1 and N = k degrees of freedonm.

Parametric ANOVA employs & one-sided F test to check the null
hypothesis (Ho) that no significant differences exist between the k groups!
mean business risks, Once the &X level of the test has been specified,
the criterion for accepting the null hypothesis (Ho) is to accept H  if
Fo &F ka1, Nk « ITF D> F

C ="K A, k=1, N-k
alternative hypothesis (Hi) that significant differences do exist between

s then H, must be rejected and the

the k groups' mean business risks must be accepted. The K level of an F test
is the minimum probability of rejecting Ho when Ho is true., A table of the

F distribution is given in Guenther [7], pp. L86-L99.

5. For a more thorough discussion of parametric ANOVA and the associated F
test, refer to Freund[ 5], pp. 395-40L4; Guenther[ B, Chapter 2;
Guenther[ 7], Chapter 7; Kirk[9 ), Chapter 2; and Edwards[4_], Chapter 7.



The o Level and the Power of an F Test:

When engaged in statistical hypothesis testing, the researcher
must be cognizant of either rejecting a true Ho or accepting a false Ho.

If a true Ho is rejected, a Type I error is committed. If a false Hb is
accepted, a Type II error is committed, of is defined as the probability
of committing a Type I error, and JB is the probability of committing a
Type II error. The probability of rejecting Ho when Ho is false equals
(1 -46 ) and is called the power of the test.

When an ANOVA F test is used to test the intergroup business risk
heterogeneity assumption of the equivalent-risk class hypothesis, the null
hypothesis (Ho) of the F test is that the industry groups are intergroup
business risk homogeneous. Only an acceptance of Ho refutes this contention
of the equivalent-risk class hypothesis. Therefore, an F test o{ level of
5% would allow for a more conservative rejection of the intergroup business
risk heterogeneity assumption than would an F test X level of 1%. For this
reason, the 5% level of o was chosen for this research.

A second reason for using a 5% level in this research was the power
of the F test. As  is decreased, the probability (JB ) of committing a
Type II error is increased and the power of the test (1 -J? ) is decreased.

Therefore, at the 5% level, the F test is more powerful than at the 1% level.

Section D - Testing the Parametric ANOVA Assumptions

In the previous section, the four assumptions of the parametric
ANOVA model were enumerated. Each of the one hundred forty~four business

risk measures was calculated independently; therefore, the assumption of
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observation independence was met, Also, since the risk measures were
continuous random variables, assumption number two was also met. This

section deals with the normality and equal variance assumptions.

The Normality Assurmption:

The normality assumption assumes the business riék measures of
the twelve firms in each of the twelve industry groups are normally
distributed about their respective group means. To test this assumption,
each group was subJjected to a chi-square goodness of fit testf; The mean
business risk i} and estimated standard deviation (SJ) of each jth group of

the twelve industry groups were calculated according to Eqns, 3~12 and 3-13,

respectively.
e n
Xy = 1=1 xij’n , for n =12 and all j = 1,...,12, (3-12)

n —2 "
s, =|3 (%, - X[ (n-1)}, for n=12 and all §=1,...,42. (3-13)
I i R E R

These means and estimated standard deviations are shown in Appendix A=3,
Then, for each ith firm in each jth industry, the unit standard deviations

(Yij) of X;4 from i; was calculated as shown in Egn, 3--lll.7

. (3~1%)

These calculations are given in Appendix A-L,

5. Freund[5), pp. 334-338 and Guenther[‘ﬂ, PP. 316-321 discuss this test
in detail.

7. Refer to Appendix A-2 for the business risk measure xij of each of the
firms in the study sample,
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The goodness of fit tests of the twelve industry groups are
contained in Tables 3~1 through 3=12, Five intervals were chosen as
shown in column one of the test tables, Column two is the probability (pl)
of a unit standard deviation occuring within the Ath interval if the
business risk measures for the industry group are normally distributed
with group mean X_J' and standard deviation SJ’ (These probabilities were
obtained from Guenther [7], pp. L480-L81.) Column three is the expected
number (e X) of unit standard deviations in the th interval where

eg = (pl)(n), n=12, (3-15)
The actual number (Fl) of unit standard deviations within each of the
intervals is given in Column four. The difference (fl - el) between the
actual and expected unit standard deviation in each ﬂth interval and this
difference squared (Fl - e,‘)e divided by the expected number (el) of unit
standard deviations in each fth interval are given in Columns five and
six, respectively.

The calculated chi-square statistic (Xc) for cach industry

group was determined by Ean. 3-16.
2

XC = liz:l (?l - x)e/ € » (3-16)
Where 1 = interval number and m = 5 Intervals.

Given an 0( level, the null hypothesis (Ho) that the twelve observations

within a jth irdustry growp ere normally distributed with mean '5(-3 and

stacdard deviation $j was accepted only if xc2 £ Xd? m-3- Any significant

Xca at either the 5% or 1% levels are noted in Tables 3=1 through 3-12,

(These significant points in the chi-square distribution were obtained

from Guenther [7] p. L83.)
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TABLE 3-1 «~ Goodness of Fit Test for Metals = Misc.

Interval (a,b) in| Interval 2

Unit Std. Probability (£, = ¢)

Deviations Pl(aé)(i ij) ey fl fl - e e
1=1, - @ to -1.5 .07 8y |o |- .84 .8, X

«Ul,
1=2, -1.5 tO - 05 .22.‘ 2.88 h 1.12 .hh 2 .
1=3, - .5 to .5 .38 L6 | 3 |-1.56 .53 X 05,2 = 9%
1=, 5 to 1.5 o2k 2.88 | S 2.12 1.56
1=5, 1.5 to o .07 ABuh {0 8L RN
" _
X c = 4,21
TABLE 3-2 = Goodness of Fit Test for Meat Packers

Interval (a,b) in| Internal (¢ )2

Unit Std. Probability 1%

Deviations Pl(asxiij) ey fl fl - e €y

2
1:1’ - O to -105 .07 . n8h 0 - .Bh .Bh X .01,2 = 5099
1-2, "los to - .5 ozh 2088 5 2.12 1.56 2 21
1=3, = .5 to .5 .38 Lsé |y |- .c6 .07 X 05,27
1=h, 05 tO 1.5 .2h 2088 2 - 088 027
1=5, 1.5 to @ .07 Bh {1 .16 .03
X2 = 2,77
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TABLE 3-3 ~ Goodness of Fit Test for Textiles
Interval (a,b) in| Interval 2
Unit Std. Probability (£, - &)
Deviations Pl(asxijsb) ey fl £, - ey Sl
1=1, - OO0 tO -1.5 .07 08,4 ‘ 0 - .8,4 .8’.]. x2 01 2 = Sc99
Uy
1=2, “1.5 to - 05 0214 2'88 5 2.12 1.56 x2
1=3’ - .5 to 05 .38 hosé 3 —1.56 .53 .05,2 - 9.21
1=, .5 to 1.5 o2l 2.88 3 .12 J01
1=5, 1.5 to 0o .07 Bh| 1 .16 .03
2
X c = 2097
TABLE 3-); <« Goodness of Fit Test for Paper
Interval (a,b) in| Internal (f. - e )2
Unit Std. Probability 1 1l
Deviations Pl(asxiij) €y fl fl - e ey
1=1, -~ © to -105 .07 .81& o - 08,4 Oeh x2 Ol 2 = 5.99
. ’
1"2’ -1.5 tO - .‘5 .2h ’ 2.88 2 b 088 027 2
1=3, = .5 to .5 .38 bs6 | 9] hab| w32 (X g0 =2
1=}, .5 to 1.5 2l 2.88 0 -2.88 2.88
1=5’ 105 to w 007 .8,4 1 .16 003

X, = 8.34%, significant at
5% level
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TABLE 3~ =« Goodness of Fit Test for Chem. & Chem, Preparations

Interval (a,b) in| Interval (5 )2

Unit Std. Probability 1 ° e]

Deviations Pl(asxijsb) e fl fl - e e
1=1, - © to -1.5 .07 8y | o] -.8L .8l G 012" 59
1=2, "105 to - .5 .2}4 2.88 3 '12 ‘01 2 ?
1=3, - .5 to .5 .38 L.56 8 3.hh 2.60 X .05,2 = 9,2
1=k, .5 to 1.5 .2k 2.88 | O | -2.88 2.88
1=5, 1.5 to .07 By 1 = <03

o = 6.36", significant at
5% level
TABLE 3-6 = Goodness of Fit Test for O0ils

Interval (a,b) in| Internal (£ )2

Unit Std. Probability 1™ %

Deviations Pl(asxiij) ey fl fl - e e
1=1, - © to -1.5 .07 8y | o | - .84 .8l x° 12 = 5499
1-2, -1.5 to = .5 2l 2.88 | L | 2.12 | 1.56 o
1=3, - S to .5 .38 L.56 | 5 oliks +Ok X 05,2 " 7%
1=k, .5 to 1.5 o2l 2.88 | 2 | - .88 27
1=5, 1.5 to .07 8L ] 1 .16 .03

X2 = 2,70

=
c
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TABLE 3«7 =~ Goodness of Fit Test for Tire & Rubber

Interval (a,b) in| Interval 2

Unit Std. Probability (f; - &)

Deviations Pl(asxijsb) ey fl 1- ¢ e
1=1, - © to -1.5 .07 8y | 0| - .84 .8l X o1.p " 55

L4 3
1=2’ -1.5 tO - .S .2,.[ 2.88 h 1.12 .’-lh 2 ‘
1=3, = .5 to .5 .38 L.56 | 6 1.4k L5 X" 05,2 " 7+2
l=h, '5 to 105 02).‘ 2.88 1 -1.8.8 1023
1=5, 1.5 to o0 .07 .8).[. 1l 016 003
2
X', = 2.99
TABLE 3-8 <« Goodness of Fit Test for Steel

Interval (a,b) in| Internal (£ )2

Unit Std. Probability 1~ €

Deviations Pl(aixiij) ey £y - e ey
1=1, - © to ~1.5 .07 S lo | -8y .8 X2 1p " 5499
1-2, =1.5 to - .5 2y | 2.88 |1 112 | b .
1=3, = .5 to .5 .38 bs6 | 3 | -1.56| .53 X 05,2 = 72t
1"",-1, .5 to los 02).& 2-88 ,-l» 1.12 -hh
1=5, 1.5 to 07 .8l 1l .16 .03

XC = 2.28
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TABLE 3-9 «~ Goodness of Fit Test for Electronics
Interval (a,b) in| Interval
Unit Std. Probability (f; - &
Deviations Pl(asxijsb) e fl £ - e e
11, ~ @ to -1.5 .07 8L | o | - .8 .81, x2 12" 5
. J
1=2, =1.5 to - .5 2L 2.88 6 3.12 3.38 2
1=3, - .5 to .5 .38 L.56 2 -2.56 1.LL X ,05,2 © 9.
1=k, .5 to 1.5 2L 2.88 | 3 .12 .01
1=5, 1.5 to .07 .84 1 .16 .03
—
X c = 5070
TABLE 3-10 - Goodness of Fit Test for Auto Parts
Interval (a,b) in{ Internal (¢ )2
Unit Std. Probability 1- %
Deviations Pl(asxiij) e fl £, -¢ e,
1=1, - © to -1.5 .07 8L fo - 8k 8L 01.2 " 5.99
. L4 2
1-2, -l.s tO - .5 .2h 2'88 3 .12 .01
1=3, - .5 to .5 .38 L.56 | 6 1,14 .15 X 05,2 " 73
1=b, .5 ’CO 1.5 .2,-‘ 2.88 2 bd 088 027
1=5, 1.5 to o .07 Bh |1 .16 03
X = 1.60
c
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TABLE 3-11 - Goodness of Fit Test for Air Transport

Interval (a,b) in| Interval 2

Unit Std. Probability () - &)

Deviations Pl(asxiij) e fl f1 - e e
1=1, - © to -1.5 .07 By Lo | -.8u| .84 "2.01 XY
1=2, ~1.5 to - .5 2k 2.88 | i 1.12 b3 2 ’
1=3, - .5 to .5 .38 b6 | 2 | -2.56 1.k X" 05,2 = 9-Z
1=L, .5 to 1.5 2L 2.88 6 3.12 3.38
1=5, 1.5 to .07 84 0] - 8L - 8L

x2c = 6.93%, significant at
5% level

TABLE 3-12 = Goodness of Fit Test for Conglomerates

Interval (a,b) in| Internal (£ )2
Unit Std. Probability 1° 4
Deviations Pl(asxiij) e £, | £ - ey e,
1=1, - ® to -1.5| .07 o | -.8u|  uen X =599
. UL,
1"'2, -1.5 to - 05 0211 2.88 3 .12 001 2
1=3, = .5 to .5 .38 bs6 | 6 | 1.k A5 (X o5, " 7022
1"11, 05 to 1.5 12,.1 2-88 2 - 088 ‘27
1=5, 1.5 to o .07 Byl 1 W16 .03
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Unfortunately, the powersof the chi-eqguare goodness of fit
test wereweak since the number of observations (n=12) in each industry
group was small, Therefore, only conclusions about approximate normality
could be made. The tests revealed a significant xc2 at the 5% level in
only three industries (paper, chemical, air) and no significant Xca at
the 1% level, Therefore, it was concluded the business risk measures
in each of the twelve industry groups were "epproximately” normally

distributed and the normality assunption was substantiated,

The Equal Variance Assumption:

The equal variance assumption assumes the variances of the
twelve industry groupe are the same. To test thils assurption, the

variance (S 2) of each of the twelve industry groups was calculated by

J
squaring each standard deviation (SJ). These group variances are listed
in Appendix A-3, A Cochran test of equal variances was performed on the
twelve group variances to test for homogeneity. This test employes

the use of a Cochran statistic (C) calculated according to Egn. 3-17.

2 kK 2
C =8, (largest) [ 2 s, , (3-17)
J 1 9
where k = the number of group variances tested with n observations per group,
Given an (X level, 1f C £ C K. o1’ then the null hypothesis (Ho) of equal

k group variance is accepted., Otherwise, the k group variances are not
homogeneous, (For a distribution of Cochran's statistic, see Guenther [il,
pp’ 52h'525¢ )

The twelve group variance Cochran statistic (CT) was .3662,

With degrees of freedom k{(12) and n-1(11), CT was significant at the 1%
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level; therefore, H, was rejected, This result was not startling since
the largest group variance (textile) was 23.67 and the smallest group
variance (oil) was ,78. However, since the twelve industry group variances
were heterogeneous {violating the equal variance assumption of the
parametric ANOVA model) the need existed to determine all homogeneous
and heterogeneous variances, To accomplish this task, sixty-six paiwvise
F tests of equal variances were performed.,

With such a palrwise F test, the homogeneity of two variances

can be tested by calculating an F statistic (Fij) as shown in Egqn, 3-18,

I S (3-18)

The numerator of Ean, 3-18 is the larger variance of the two variances,

FiJ hes an F distribution (Appendix A-1) with ny -1 and n, ~ 1 degrees

J

of freedom vhere n; and “J are the number of observations from which
2
Sie and SJ » respectively, were calculated, With an A level of significance

specified, if F, 4F , then accept the null hypothesis of

J d/2,ni-1,nJ-l
equal variances; otherwise, reject Ho and conclude the two variances are
not the same.9 Unlike the one-sided F test used to test the null
hypothesis of eugal group means in the parametric ANOVA model, the F
test for equal variances is a two~sided model.

Using pairwise F tests for equal variances as a grouping

criterion, the twelve industry groups were clustered into homogeneous

variance subgroups. In Table 3-13, the industry groups were both row

9. A thorough explanation of the pairwise F test for equal variances is
given by Guenther[7], pp. 233-2Ll1.



i ! ! : ; | | : ’ :
Variance (s¢) ; .78 1.28 1.53 ° 1l.5% 1.62 1.89 ! 2.k9 ! 6.06 6.7k : 8.38 '@ 8.67 1 23.67 i
Industry {_Oll _iChem, !Metal _ Steel | Paper | Congl.! Alr ! Meat | Auto P Elect. ' Rubber; Textile
e a s LT T . T e
- 011 o 1165 11,96 ¢ 1.98 | 2,07 ; 243 . 3.20 ! 7,77 | 8.60° | 10.75 1112 30. 36
—.—a.-....—L....._.-«-.f-.-':o-s ——— - L e owmees - -——. . .
v 2o \ ! % | * *% e
Chemicals ./ff;jg/{ 1,19 | 1l.20 1.26 | 1.h7 { 1.9% i b2 | 5.23 6. 53 . 6.75 f 18.h3
' 7 ; | . N T
Metal - Misc. e RO} 106 1y L.2W [ 1.63 | 3.97 | .39 ."_5“ﬁ8 ‘_-imézn;_;%?_F?_
| ' e i : J ; i * ; e
Steel -’ ool L5 L.22 ) 1.6l 3.92 i Me3h 4 5_‘*§ _--5_.5_2) LA0e32 ]
- Subgrp, ; Subgrp.. Sungp. Subgrp. ; , ' * * * ) *% A -x-x-!
Paper A B < D G ooo1ari sk oy 3075 ¢ ka5 | 5.9 5.37 ¢ k654
Conglomerates Elect. | Air :Congl, ; Ol1 : . ' 1l.32 , 3.20 3.55 L.u3 ! 4,59 ¢ 12.521%
v : i Tt '|“‘“""""'} TETE Ty T T T : - H
] . M ,
Air Transport | Rubber {Meat !Air Chem, | ; : 1 2443 2.69 3.36 | 3.3 9.&3%
1 : . ot .- Lad - l '-‘—-—-—.-a- P~ S at pn w - PRI f e mTme e . -—;
Meat Textilegs Auto |Meat Metal i ! : 4 B i1 1.38 1.43 3.9
i R T -
. *
huto Parts Hlect. seet | b LTI ves| vee] 3l
- ] ; ! '
Electronics Rubber Paper { ! ' 1.03 | =2.82
i —— e . P8 — . .
' | i SN el e b tall
Rubber & Tire N . Congl. : ‘ 2,73
- ...". . we wae . — -—4{—--- - — : - e e mar de e ———— - - a et e e o —— -t~ 1 .- ...J-.—n’_...—..._.‘
Textile Apparel | Alr | |

Flo1,11,11 = 5.33
F,05,11,11 = 3.48

#* Significant at 1% level
* Significant at 5% level

TABLE 3-13

Peirwise F Tests for Variance Homogeneity

2
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and column rank ordered from the lowest variance group to the highest
variance group. The entries in Table 3-13 are all sixty-six possible
pairwise F ratios. With a 5% A level, only four equal variance
subgroups (A, B, C, D) existed. These four subgroups are shown at
the bottom of Table 3-13. To confirm the variance homogeneity of
these four subgroups, the Cochran statistic for each subgroup was

determined and tested for significance at the 5% level in Table 3-14.

TABLE 3-1li =~ Cochran Tests of the Equal Variance Subgroups

Subgroup A Subgroup B Subgroup C Subgroup D
Electronics Air Conglomerates 0il
Rubber Meat Alr Chemical
Textile Auto Meat Metal
Electronics Steel
Rubber Paper
Conglomerates
Air
Cp = .3812 Cp = .2684 Cc = .5801 Cp = .2239
C.03,3,11=-6025 C,05,5,11= .4118/ C 05,3,11= .6025 |C g5 7 11=.3154




sk
The Cochran tests in Table 3-1l confirmed the intragroup
variance homogeneity of the four subgroups A, B, C, and D. Hence, for

these four subgroups, the uniform variance assumption was substantiated.

The Appropriateness of the Parametric ANOVA Model:

The test results of this section have shown both the business
risk measures in each of the twelve industry groups were approximately
normally distributed about their respective group's mean business risk
and each of the four subgroups (A, B, C, D) was intragroup variance
homogeneous. Therefore, the use of a parametric ANOVA model to test the
intergroup business heterogeneity assumptions of the equivalent-risk
class hypothesis in the four subgroups was statistically justified.

Had not the appropriateness of the use of the parametric
ANOVA model been substantiated, the subsequent ANOVA F tests and
conclusions could be questioned in a manner similar to Gonedes! Bﬂ

criticisms of Wippern's [11 work, 1©

Section E = The ANOVA F Tests for Intergroup Heterogeneity

A parametric ANOVA F test was applied to each of the four
equal variance subgroups from Section D. With an ANOVA F test for each
subgroup, the null hypothesis (Ho) that no significant differences

between the subgroup's members' mean business risks existed was tested.

10. It should be noted, even when the normality and equal variances are
violated, the parametric ANOVA model may still be appropriate if
the k groups all contain the same number (n) of observations. That
is, the F test associated with the ANOVA model is very robust with
respect to these two key assumptions given equal group sizes.

(Kirk [9], pp. 60-63; Edwards [L], pp. 152-153; and Guenther [§],

pe 63). .
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The F tests were conducted at the 5% level of significance for the

reasons cited in Section C of this chapter. Then all possible pairwise

F tests were calculated within each subgroup. If the intergroup heterogeneity
assumptions of the equivalent-risk class hypothesis hold, the null hypothesis
of each pairwise F test should be rejected at the test's o level (5%);
otherwise, it must be concluded no significant difference in the mean

business risk between the two industry groups in the F test existed.

Minimum Powers of the F Tests:

As discussed earlier in Section C, the power of a test is the
probability of rejecting a false null hypothesis. A high power of the
test implies greater test reliability. To determine the power of an
F test employed in the parametric ANOVA model, the statistic ¢ is

calculated in the following manner°11

[‘“/“’ & 32] / & (3-19)

where Bj = XE'- X; . (3-20)

In Eqn. 3-19, n is the number of observations in each jth group
(assume By =N, = eee = nk), k is the number of groups in the ANOVA
F test, and 6 is the standard deviation of the population from which

the k observations were taken. X; and Y; in Eqn. 3-20 are the jth

11. Refer to Guenther [é], pp. L7-50 and Kirk Eﬂ s PPs 107-109 for
a more detailed discussion of the power of an ANOVA F test,
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group and total k group means defined in Eqn. 3-7 and Eqn. 3-4,

respectively., The ¢ statistic has a non-central F distribution with
(k-1) and (nk-k) degrees of freedom. Given the ¢{ level of the ANOVA
F test, ¢ , and degrees of freedom, the power of the F test is found
from a table of the non-central ¥ distribution.12

The larger the value of ¢ , given degrees of freedom and ¢l ,
the more powerful the F test. This is logical since as (1) increases,
the B."I terms are getting larger :;melying greater differences between
the k group means. The larger the differences between the k group
means, the higher the probability H, (the null hypothesis of equal k
group means) will be rejected in the ANOVA F test.

The power of the ANQVA F test is very sensitive to the
population's parameter 6 . Since 6 is usually unknown, using the nk
observations' standard deviation (ST) about YT— as an estimate for G
can produce an erroneous F test power if G # Sp. To circumvent this
problem, the Bj terms in Eqn. 3-20 are usually defined as multiples
of & . Then, ¢ becomes a pure arithmetic number since the 6 term
in both the numerator and denominator of Eqn. 3-19 can be factored out.

If the maximum difference between any two of the k group
means is a§ (where a is any real number), then the minimum power of
the ANOVA F test can be determined if the Bj terms are chosen such that

¢ is calculated according to Eqn. 3-21.13

12. These tables are quite voluminous, since a distince non-central F
distribution exists for each different k-1 degree of freedom. A
set of these tables is given in Guenther {§], Appendix Table 6 for
(k-1)=1 through (k~1)=8 degrees of freedom.

13. Refer to Guenther [§], pp. 48-49 for a derivation of Eqn. 3-21.
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e
2k . (3-21)

Table 3-15 shows the minimum powers of all ANOVA F tests used
in this study for three possible maximum differences ia¢, 1.256 ,

1.5 6°) between any two of the k group means with ﬂi‘= 5%.

TABLE 3-15 -~ Power of the ANOVA F Tests

Maximum a | 16° 1.2507 1.5 ¢’
Min, Min. Min.
k Group in F test (b Power (b Power (b Power
2 1.732| .65 fl2.165| .83 {[2.598| .94

3 1.414) .55 fl1.768| .74 {{2.12 | .88

4 1.225{ .48 |{1.531] .66 | 1.85 | .85

5 1.095{ .42 [/1.369{ .63 {1.65 | .83

6 | 1.000] .40 [ 1.250{ .61 [{1.50 | .79

7 .923| .38 [f1.157] .57 {1.38 | .77

J
Sp = 2.60 (nk estimate of 6 ) o= 5%

The powers of all F tests in Table 3-15 could have been
increased had the number of firms from each of the twelve industry groups
used in the study exceeded twelve. However, to obtaiﬂ industry group
samples larger than twelve firms would have been quite difficult without

decreasing the number of industry groups in the study since most industry
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groupings on the COMPUSTAT TAPES {2] have twelve or fewer firms with

comparable data reported for the 1963-1972 time span.

F Tests' Results:

After an ANOVA F test was applied to each of the four uniform
variance subgroups, all possible pairwise F tests were conducted within
each subgroup. A table of the F tests! results was then constructed for
each subgroup similar to Table 3-1lh. In this table, the industry groups
in the subgroup were rank ordered in both rows and columns from lowest
to highest industry group mean business risk. The entries in the upper
right diagonal side of the table are the calculated F ratios of the
ANOVA pairwise F tests between the industry groups. Significant F
ratios at the 5% test level are noted and industry groups which did not
evince intergroup business risk heterogeneity at the 5% level are
clustered at the bottom of each table in the red brackets. From these
tables, it was clear which industry groups did not conform to the
equivalent-risk class hypothesis assumption of intergroup business risk
heterogeneity.

From the ANOVA chart in Table 3-16, the null hypothesis (Ho)
of equal industry group mean business risk was accepted when the F
test was applied to the entire subgroup A. The pairwise F tests'
results in Table 3-17 indicated no significant difference in the mean
industry group business risk existed either between textile apparels
and electronics or between tire and rubber and textile apparels; however,

tire and rubber and electronics were distinct. The pairwise F tests!
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results were more reliable than the F test conclusion in Table 3-16,

since from Table 3-15, the power of any pairwise (k=2) ANOVA F test

is greater than the power of any ANOVA F test for k> 2. Therefore, each

industry group in Subgroup A was not business risk heterogeneous.

Subgroup A ANOVA F Test

TABLE 3-16 ~

Source ss | aF| Ms F F o5 2,33
SSB 63.32 2 | 31.66
2,33 3.29
SSW Li8.03 | 33| 13,58
SST | 511.35 35

TABLE 3-17 -~ Pairwise F Tests for Subgroup A

X

h
v

2.94

ho7h | 6.18

Industry Group

Rubber

Textile| Elect.

J

Tire & Rubber

// .| F.05,1,22 = 430
/) 1.0h | 7.k

Textile Apparel

// # Significant at 5% level
/A 077

F—

For Subgroup B, the five industry groups did not exhibit

homogeneous business risk (Table 3-18).

However, within B, two business

risk homogeneous sets of industry groups existed as shown in Table 3-19.

One homogeneous set consisted of tire and rubber, auto parts, air

transport, meat packers, and electronics.

The other homogeneous set



was meat packers and electronics. Thus, the intergroup heterogeneity
assumption of the equivalent-risk class hypothesis was not validated

in Subgroup B.

TABLE 3-18 - Subgroup B ANOVA F Test

Source " ss | daF | Ms ¥ 105,155

SSB 80.29 L | 20.07
SSW 355.52 | 55 6.46
SST l,h35.81 59

3,305 | 2.54

# Significant at 5% level

TABLE 3-19 - Pairwise F Tests for Subgroup B

X, 2.9h | 3.12 | h.a12 | L.36 | 6.18
Industry Group Rubber | Auto Air Heat |[Elect.
/ ——
Tire & Rubber ,{j;f:/ .03 | 152 | 1.65 | 7.39" | F 05,1,22 = L.30
S
Auto Parts ﬁi;/ 1 1.32 1.uh 7.hﬂ* % Significant at
% 5% level
Air Transport f;>i;f; .08 | h.65" eve
Meat Packers _ j:%:;::ﬁ 2.7h
| i
J |

As in Subgroup B, the F test shown in Table 3-20 for
Subgroup C supported the intergroup heterogeneity assumption of the
equivalent-risk class hypothesis., However, when G was examined in

Table 3-21, meat packers and air transport were business risk homogeneous.
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TABLE 3-20 - Subgroup C ANOVA F Test
Source SS dF MS F F, 05,2,33
SSB 36.60 2 { 18.30
5.26% 3.29
SSW 114,86 | 33 3.48
SST 151.46 | 35
* Significant at 5% level
TABLE 3-21 - Pairwise F Tests for Subgroup C
Xy 2,11 4,12 4.36
Industry Group Congl. Alr Meat F 05.1.22 = 4.30
. gy .
%
Conglomerates | 11,10 7.61% * Significant at 5% lev
Air Transport .08

Although the seven industry groups in Subgroup D were business
risk heterogeneous (Table 3-22), four business risk homogeneous sets of
industry groups were found from the pairwise F tests in Table 3-23.

The existence of each of these four homogeneous sets strongly indicated
firms grouped by industry classifications within these sets were not
intergroup business risk heterogeneous as purported by the equivalent-

risk class hypothesis.
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TABLE 3-~22 - Subgroup D ANOVA F Test

Source SS dF MS F F-0<-6.77
SSB 73.20 | 6 | 12.20

7,67 | 2.22
SSW 122.52 | 77 1.59
SST 195.72 | 83

#* Significant at 1% level

TABLE 3-23 =~ Pairwise F Tests for Subgroup D

X 1.22 |{1.85 2.11) 2.60 | 2.65 | 3.63 | h.12
Industry Group 0il Paper | Congl.| Chem.} Metal | Steel | Air
e * 3 * 3
0il /////:// 1.95 | 3.57 |11.00%|10.65% | 29.96| 30.93
/ w
_ Paper ] s | 2.3 | 2.9 | 12.20%] 157
—
Conglomerates ,/<:;:j .89 ] 1.02 | 8.05%| 11.10%
)
Chemical //f:;j: O | h.52*| 7.0%
.,
Metal /// 3,73 | 6.477
| Steel 2z

]
¥

o

Fl05,1,22 = B30 —

# Significant at 5% level | i
! ]

Section F = An Examination of Intragroup Homogeneity

In the previous section, the equivalent-risk class hypothesis'
assumption of intergroup business risk heterogeneity was not substantiated
for the twelve industry groups used in the study. This section examines the
assumption of intragroup homogeneity.

The one hundred forty-four firms from the twelve industry groups

were rank ordered according to their measured business risk (SEi) from
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highest to lowest risk. The highest risk firm (Aileen) was assigned a rank
of one and the lowest risk firm (ITT) was assigned a rank of one hundred
forty-four. This rank ordering is given in Appendix A-6. The rank
ordering was then divided into three risk groups (high, medium, low).
Each of the three risk groups contained one third of the firms in the
study sample (forty-eight firms per group). The high risk group consisted
of firms ranked one through forty-eight; the medium risk group consisted
of firms ranked forty-nine through ninety-six; the high risk group consisted
of firms ranked ninety-seven through one hundred forty-four,

The number of firms from each of the twelve industry groups
in each of the three risk groups is shown in Table 3-24. The industr&
groups were rank ordered in Table 3-2L from highest to lowest mean
group business risk ( i}). The mean group business risk (3?3) and the
standard deviation (Sj) of the twelve firms in each group about 3{3

1k Eight of

is also shown in Table 3-2l for the twelve industry groups.
the twelve industry groups evinced intragroup business risk homogeneity
and these groups could be categorized as being either a high, medium,
or low business risk group., The metal group was marginally intragroup
business risk homogeneous. However, three industry groups (textile
apparel, auto parts, and tire & rubber) were definitely not intragroup
business risk homogeneous.

These findings suggest firms grouped by industry classifications

are not necessarily intragroup business risk homogeneous. Thus, the

1h. The ¥ and S, terms for each industry group are presented in
Appendix A-3.



intragroup business risk homogeneity assumption of the equivalent-risk

class hypothesis was not thoroughly substantiated by these research

findings.
TABLE 3-2ly ~ Number of Industry Occurrences
in the Three Risk Groups
_ Risk Group Intragroup Risk
j | Industry (3) X 3 Sj High Med. Low |Homogeneous Group
1 | Electronics 6.18 |2,89 | 10 2 0 Yes High
2 |Textile Apparel | L.7h |L.87 | © b 3 No None
3 |Meat Packers L.36 {2.46 7 h 1l Yes High
L |Air Transport L.12 |1.58 7 5 0 Yes High
5 | Steel 3.63 |1.24 | S 7 0 Yes Med-High
6 |Auto Parts 3.12 j2.59 | 3 L 5 No None
7 |Tire & Rubber 2.94 2,95 | 3 2 7 No None
8 |Metals 2,65 {1.24 | L kL N Somewhat Med-Low
9 |Chemicals 2,60 {1.13 1 9 2 Yes Med.
10 |Conglomerates 2.11 |1.37 1 5 6 Yes Med-Low
11 |Paper 1.85 {1.27 1 1 |10 Yes Low
12 {0ils 1.22 | .88 1 1 {10 Yes Low
High Risk Group (X ,) Range - 3.51-18.09

Medium Risk Group ( X j) Range = 1.90=3.51
Low Risk Group (X_j) Range = 435-1.89
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Section G =~ Summary of Chapter 3

The research findings clearly indicated for the twelve
randomly selected industry groupings of firms used in this study, the
assumptions of the equivalent-risk class hypothesis did not hold.

The following sets of industry groups were found to be
business risk homogeneous:

1) tire & rubber and textiles;

2) textiles and electronics;

3) tire & rubber, auto parts, air transport, and meat packers;

L) meat packers and electronics;

5) air transport and meat packers;

6) domestic oils and paper;

7) paper, conglomerates, chemical & chemical preparations,

and metals;

8) metals and steel; and

9) steel and air transport.

In each of the above nine homogeneous sets, as much business risk °
variation existed among the industry groups in the set as between the
industry groups in the set. Had the assumptions of the equivalent-
risk class hypothesis been supported by the research findings, no
homogeneous sets would have existed since all twelve groups of firms
would have been intergroup business risk heterogeneous.

Further, three industry groups of firms (textile apparel, auto
parts, and tire & rubber) were found not to be intragroup business risk
homogeneous. This finding refuted the intragroup business risk

homogeneity aspect of the equivalent-risk class hypothesis,



These findings supported the conclusions of Wippern's [Lg
work. Although both this research and Wippern's employed a parametric
ANOVA model to test the equivalent-risk class hypothesis, several
differences in the two works should be noted. First, Wippern did not
give a theoretical justification of his business risk measure. A
theoretical framework was developed to justify the business risk
measure used in this research (Chapter 2, Section D). Also, as
discussed in Chapter 2, Wippern's risk measure has been questioned as
not being a legitimate business risk measure. Second, as noted in
Chapter 1, Wippern selected industry groups with an uneven number of
firms in each group, making the power calculation of Wippern's F test
quite difficult. Both by designing his test in such a manner (uneven
group sample sizes) and by not testing the assumptions of the parametric
ANOVA model, Wippern's work became subject to skepticism. Thus, both by
selecting equal sample sizes from each of the twelve industry groups
used in the study and by confirming the assumptions of the parametric
ANOVA model, the efforts of this research cannot be subjected to the
same criticisms as was Wippern's. Further, Wippern did not employ
pairwise F tests to find homogeneous business risk clusters of industry
groups of firms. Had he used such pairwise F tests, his groupings would
have been shaky since the powers of his F tests in some cases would have
been quite poor due to such small group sizes.

Gonedes [6] and Rao El@ Jjustified their works on the possible
inappropriateness of Wippern's parametric ANOVA model, although neither
justified the use of their less powerful nonparametric techniques by

invalidating the parametric ANOVA model assumptions. Since the use
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of the parametric ANOVA model was shown in Section D to be appropriate,
the Gonedes and Rao method was not applicable. Thus, stronger conclusions
can be made from this research than from either Gonedes' or Rao's work
since parametric techniques are more powerful than nonparametric
techniques.,

The invalidity of the equivalent-risk class hypothesis indicated
by these research findings suggests financial researchers must both find
means of grouping firms into homogeneous business risk groups not
contingent on industry classifications and develop new methods for
business risk discrimination among firms. These topics will be further

discussed in Chapter L.
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CHAPTER L
AN EXAMINATION OF BUSINESS RISK CLASSIFIER VARIABLES

USING MULTIPLE DISCRIMINANT ANALYSIS

From Chapter 3, it was shown industry classifications do not
appear to be reliable business risk classifiers of firms since the
assumptions of the equivalent-risk class hypothesis were not substantiated.
These findings suggest financial researchers and practitioners cannot be
certain a group of firms from any particular industry classification will
be either intragroup business risk homogeneous or intergroup business risk
heterogeneous vis-a-vis a group of firms from any other industry classification.

Then, if industry classifications are not valid business risk
discriminators among firms, does a criterion exist which will allow firms
to be identified according to their business riskiness? It is the purpose
of this chapter to investigate such a business risk discriminatory criterion.
Explicitly, this chapter presents a method for identifying a set of
financial and operating ratios that may be useful for business risk
discrimination among firms.

Multiple discriminant analysis (MDA) was the quantitative
technique employed to identify these discriminatory ratios. A brief
description of the MDA model and the previous applications of MDA in
financial research are discussed in Section A.

In Section B, the one hundred forty-four firms of the study
were rank ordered from highest to lowest according to their measured
business risk. Then, two groups of firms were formed. One group con-
sisted of forty high business risk firms, while the other consisted of

forty low business risk firms, The business risk heterogeneity of these

69
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two risk groups was confirmed by the use of a Kruskal-Wallis nonparameiric
analysis of variance test,

Next, a set of thirty-five financial and operating ratios is
presented in Section C which were calculated for each of the eighty firms
in the two distinct business risk groups of Section B. The rationale
for selecting these variables and a factor analysis of the interrelation-
ships among these variables are also discussed in Section C,

In Section D the forty firms in each risk group were divided
into an original sample of twenty-five firms and a holdout sample of
fifteen firms, A stepwise MDA program was applied to the fifty firms in
the original samples from the high and low business risk groups to develop
linear combinations (discriminant functions) of the thirty-five variables
which maximize discrimination between the two risk groups. The discriminatory
powers of the discriminant functions were tested by classification matrices
for both the original and holdout samples of each risk group. The significance
of the financial and operating ratios which entered into the discriminant
functions, the functions' discriminatory powers, and the firms mis-
classifications by the discriminant function are discussed.

Section E summarizes the results of the stepwise MDA program and

notes the significant research findings of the chapter.

Section A - The MDA Model and Previous Applications of MDA in

Financial Research

The MDA Model:

MDA is a multivariate technique used to classify an observation

into one of g mutually exclusive groups based on a set of m independent
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measured characteristics or variables. The MDA technique assumes:

1) the g groups are mutually exclusive and known,

2) the set of m variables is known for each observation in

each group,

3) the m variables have a multivariate normal population

within each of the g groups, and

L) the variance-covariance matrices for the m variables within

each of the g groups are the same.
Given these assumptions, MDA attempts to develop linear combinations of
the m variables which maximize discrimination between the g firms,

For example, consider two groups composed of n observations per
group with each observation having a set of m variables. Assuﬁing the
four MDA assumptions hold, then an MDA routine would develop a general
discriminant function (y) as shown in Eqn. L-i.

Y= oax, +ax, ... +ax, (L-1)
where a is the discriminant coefficient of the ith independent
variable, Then, a discriminant score could be calculated for each jth
observation according to Eqn. L4-2.

Y "Xyt 8%y b oeee H 8K Ly (L-2)
where xij is the jth observation's value of the ith independent variable.
The general discriminant function in Eqn. L-1 is derived in such a manner
as to maximize the ratio "N of the between groups sum of squares of the
2n discriminant scores to the within groups sum of squares of the 2n
discriminant scores,

Notice, the general discriminant function()d in this example

has reduced the dimensionability of the classification problem from an
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m dimensional plane to a one dimensional plane. In general, when the

number of groups is g (for g>2), then to achisve observation classification,
the dimensionality of the problem could be reduced from an m dimensional
plane to a (g - 1) dimensional plane with the use of MDA. The coefficients
of the first of the (g - 1) discriminant functions would be derived exactly

as in the two group case (maximize N ). The coefficients of the (g - 1)th
discriminant function would be derived from maximizing T given the
discriminatory powers of the first, second, ..., and (g - 2)nd

discriminant functions. Hence, the discriminatory powers of the discriminant
functions are monotonic decreasing from the first through the (g - 1)th

discriminant function.1

Previous Applications of MDA in Financial Research:

Smith[iﬁ] was one of the first to use MDA in investment analysis
to classify securities into investment groupings. He used a Merrill Lynch
classification of securities into either investment, trading, or speculative
groups., Then, he selected thirty-three securities (eleven per group) to be
classified according to a MDA program. From five groups of financial data,
seven financial variables were selected to include into the two discriminant
functions. These seven variables were as follows: dividend yield,
dividend payout ratio, five year earnings per share growth, currgnt ratio,
price earnings ratio, annual sales to shares outstanding ratio, and five
year total asset growth. Smith's analysis correctly classified 88% of the

thirty-three firms., He used no holdout sample.

l, For a more thorough discussion of the MDA methodoloty, refer_to Cooley
& Lohnes[l] , Chapter 9; Tatsuokafll] , Chapter 6; Morrison[_l]_:l s Ppe 130-

133; SmithQ13] , pp. 8-16, and Anderson[2 | , Chapter .
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Altman [i] used MDA to determine financial and operating ratios
that would predict corporate bankruptcy. He selected thirty-three firms
which had applied for bankruptcy under Chapter X of the Bankruptcy Act
during the 1946-1965 time period and thirty-three non-bankrupt firms.
From twenty-two financial and operating ratios, Altman found a discriminant
function which incorporated the following five ratios: working capital
to total assets,retained earnings to total assets, market value of equity
to book value of total debt, sales to total assets, and earnings before
interest and taxes (EBIT) to total assets. Then, applying this
discriminant function to a holdout sample of sixty-six equally divided
bankrupt and ﬁon-bankrupt firms, his model was 78% accurate in bankruptcy
diseriminations,

Whereas Altman's work applied primarily to larger firms,
Edmister [6] used stepwise MDA to successfully determine failure of
smller firms, Using three year averages of financial and operating
ratios and ratio trend analysis, he developed a discriminant function
incorporating seven ratio and trend variables which were 93% accurate
in discriminating between failure and non-failure small firms when
applied to a sample of forty-two firms.

Goodman and Williams [i] attempted to investigate whether
groupings of firms according to financial characteristics were similar
to predetermined industrial groupings. First, they selected eleven of
fifty-seven financial variables from COMPUSTAT TAPES [3] in both 1966 and
1967 to develop a discriminant function in each year to classify firms as

either industrial or utility firms. A discriminant function was developed
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for each year, each being roughly 98% accurate in its classification.
Later, they selected fourteen financial variables to develop four
discriminant functions to classify industrial firms as either chemical,
drug, domestic oil, steel, or electronics firms. For the years 1946-
1967, twenty-one sets of discriminant functions (one set per year) were
developed using the fourteen variables. For this twenty-one year span,
the MDA classifications were 73% correct with the most common misclass-
ifications occuring between chemical and drug firms. Goodman and
Williams did not apply their discriminant functions to holdout samples
in any of the above cases.

Mingo and Pinches [9:] used MDA to classify one hundred and
eighty new higher grade corporate bond issues from 1967-1968 into the
five Moody bond ratings (Aa, A, Baa, Ba, B). They held a holdout sample
of forty-eight issues., They first factor analyzed thirty~five financial
variables for each new issue and identified seven factors; however, they
failed to report the eigenvalues and communalities for the factor analysis.
Only five variables were selected from the seven factors to include in the
MDA model.(No rationale was given for selection of those five variables,)
A dummy sixth variable, subordination of the issue to other debt issues,
was also included, Their model classified fo% of the model observations
correctly and 65% of the holdout sample observations correctly, The dummy
sixth variable, subordination, alone classified 80% correctly.

Recently, Latané and Reinhart [§] have attempted to use MDA to
prove security price-earnings ratios (P/E) do not come from a homogeneous
universe, That is, they showed MDA was a better classifier of securities

according to four groups of P/E ratio annual changes than was a single
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universal multiple regression model (REG). Latané'and Reinhart collected
eighteen financial variables for each security. Data was collected for
two hundred and seventy=-four securities in 1961 and three hundred and
twenty-one securities in 1971. They selected one-third of their observations
for a holdout sample in each time period. Their regression models for
1961 and 1971 made the yearly change in the P/E ratio the dependent
variable and the eighteen financial characteristics of each security

the independent variables. The regression R2 for 1961 and 1971 were

.53 and .39, respec;ively (both significant to the ,001 level)., Their
1961 and 1971 MDA models each had only three variables in the discriminant
functions and the authors did not elaborate on other possible functions.
The percent correct classifications using both REG and MDA models in each

year are given below:

MDA REG
1961 52% L5%
1971 S0% 3%

Although the MDA models were better classifiers than the REG models, the
results are not overly impressive,

It is evident from the above mentioned studies that MDA has
been applied to a wide assortment of financial research in recent years.
However, its application to the investigation of discrimination among

firms in different business risk classes has not previously.been attempted.



76

Section B - The Design of Homogeneous Business Risk Groups

In order to apply MDA techniques, there must exist g
(where g > 2) groups of observations which are both identifiable
and distinctly different. To meet this requirement, the one hundred
forty-four firms were rank ordered from highest to lowest according to
their measured business risk. Each firm's business risk was calculated
by Egqn. 3-3. The rank ordering of the firms and each firm's measured
business risk (SEi) are shown in Appendix A-S5.

Two groups of firms were formed for the MDA program. One
group consisted of forty high business risk firms; the other group
consisted of forty low business risk firms. The forty firms in each
risk group were further divided into an original sample of twenty-five
firms and a holdout sample of fifteen firms, The firms included in
the original and holdout samples of each risk group are noted by
an (X) in either the (0) or (H) columns in Appendix A-5. The remaining
sixty-four unchecked firms in Appendix A-5 were not used in the MDA,

To confirm the business risk heterogeneity of the two groups,
a Kruskal-Wallis (K-W) nonparametric one-way ANOVA test was performed.2
A parametric ANOVA test of equal group mean business risk was not
applicable since both the normality and equal variance assumptions of
the parametric ANOVA model appeared to be seriously violated in this case.
To employ the K-W test, the eighty firms in the two group§ were ranked

from 1 - 80 with the lowest risk firm in the two groups (Atlantic-

2. A complete presentation of the K-W ANOVA test assumptions and methods
is presented in Siegel [12], pp. 184-19L.
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Richfield) ranked 1 and the highest risk firm in the two groups (Aileen)
ranked 80, Then, the K-W test statistic Hc was calculated according to
Eqno h"3 .

K
B, = T(%)' ngl (R§ / N;) - 3(W1) = 59.26 , (4=3)

where, k = 2 = number of groups,
Nj = LO = number of firms in each jth group,
N = 80 = total firms in two groups, and
Rj = sum of ranks in the jth group.
In general, the K-W test statistic has a chi-square distribution with
(k-1) degrees of freedom. Given the oA level of the test, if H X.z,(, 1o
then accept the null hypothesis that the N observations come from the
same population. Since H, as calculated in Eqn. L~3 vastly exceeded
:)CT?OOI,l s the K-W null hypothesis of intergroup business risk homogeneity
was rejected at the .1% level., The power of the K-W test was not
calculated; however, the K-W test has a very high power efficiency
rating (95%) relative to the F test used in the parametric ANOVA model.3
The results of the K-W test indicated the two groups of firms

were both identifiable and distinct as high and low business risk groups.

Thus, the two groups were suitable for the MDA.

Section C -~ Financial and Operating Variables Used in the MDA

For each of the forty firms in both the high and low business
risk groups used in the MDA, thirty-five financial and operating variables
(ratios) were calculated from 1972 data on the COMPUSTAT TAPES Eﬂ « These

variables measured such firm characteristics as liquidity, financial

3, Siegel [12], pp. 192-193.
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leverage, cash flow and debt coverage, profitability, asset turnover,
size, secondary equity market behavior, and dividend policy.

The means and standard deviations of the thirty-five variables
in each sample (original and holdout) of both risk groups were calculated.
Careful attention was given to the variances of all variables in both
original samples from which the discriminant functions were derived.
(The data of the firms in both holdout samples was not used to develop
the discriminant functions since the purpose of the holdout samples was
to serve as an unbiased check on the discriminatory powers of the
discriminant function.) An F test for equal variances was applied to each
of the thirty-five variables in the two original samples, If either the
results of the F test indicated a significant difference in variance at the
5% level or the variances were of a high magnitude, that variable was
transformed for the eighty firms to improve intersample variance homogeneity.
Prior to these transformations, the F tests indicated the variances of four
variables in the two original samples were significantly different at the
1% level and the variance of one variable was significantly different at
the 5% level. After transformations, only the variance of one variable
(loglo(sales/current assets)) in the two original samples was significantly
different at the 5% level, These results indicated the transformations did
improve variance homogeneity. The thirty-five variables used in the MDA

after transformations are shown in Table L-1l.

L. Refer to Weston & Brigham @.6] s Chapter 2 and Van Horne [15] s Chapter 25
for more discussion of the financial and operating variables presented
in Table ,4-2.
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TABLE L-1 =

Variables (Ratios) Used in MDA

Transformation

Working Capital/Total Assets

Mean Mkt, Price per Shr. Common Stock
Price Range per Shr, Common Stock

Common Stock Dividend Payout
Common Stock Mean Dividend Yield
(Annual Capital Expend.)/Total Assets

No. of ¥rs. of Consec. Non-dec, Dividends

EBIT/Fixed Financial Charges

' (EBIT + Depreciation)/Fixed Financial Chgs.

Variable
Number + Variable (Ratio)
g R —
1 | Current Ratio (CA/CL)
2 ! Quick Ratio (CA-INV.)/(CL)
3 '
L Total Debt/Total Assets
5 Long Term Debt/Total Assets
6 Cash Flow/Net Worth
7 Cash Flow/Total Assets
8 Cash Flow/Total Debt
9 Cash Flow/Long Term Debt
10 Cash Flow/Sales
11 Inventory/Total Assets
12 EBIT/Sales
13 EBIT/Total Assets
14 Net Income/Net Worth
15 i Net Income/Total Assets
16 i (Cost of Goods Sold)/Sales
17 f
18 :
19 | Total Assets
20 . Shares Common Stock Traded
21 i
22 :
23 |
24 . Stock Exchange Listing
25
26 Average Collection Period
27 1 Total Debt/Net Worth
28 | Long Term Debt/Net Worth
29 !
30
31 i Sales/Inventory
32 ; Sales/Net Plant
33 ! Sales/Current Assets
34 , Sales/Total Assets
35 ‘

(Cost of Goods Sold)/Inventory

For variables 6-9,
negative ratios replaced
with O and all ratios > 1
replaced with 1.

For variables 12-15,
negative numbers
replaced with O.

Log
10
Logyo

1=NYSE; O=AMSE

Add 1; Loglo
Add 13 Log 0
For variab}es 29 & 30, neg.
numbers replaced with 0 and
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As discussed in Section A of this chapter, MDA assumes the
variance-covariance matrices of the variables within each of the distinct
groups are the same. The test for equality of these matrices of the high
risk original sample and the low risk original sample was not conducted;
however, the transformations should have improved the homogeneity of these
two matrices. Further, the multivariant ANOVA F tests employed in MDA
are robust with respect to this assumption if the original sample sizes
are equal'and the total original sample (the sum of the number of observations
in each distinct group's original sample over all distinct groups) is

5

large.” The original samples in each risk group were chosen such that
these two conditions were satisfied.

Since the discriminant function developed in the MDA were
derived from only one year's data (1972), the question of the stability
(or representativeness) of the 1972 data could be raised. In order to
test for this stability, the thirty-five variables of all eighty firms
(this included both the holdout and original samples of each risk group)
were factor analyzed using a BMDO3M R-type factor analysis program.

If the same common factors emerged from the 1972 data as were present in

previous independent research studies relevant to the identification of

common factors in financial data, then the stability of the 1972 data

5. See Morrison[;i], Section 4.9 for a discussion of the cdnsequences of
unequal variance-covariance matrices when either the original samples
vary in size or the total original sample is not sufficiently large.

6. A description of the BMDO3M program is presented in Dixon [5] s
BMDO3M Section., For a discussion on general factor analysis multi-
variant techniques, refer to Morrison[ll] , Chapter 8, and
Cooley & Lohnes { L] , Chapters L and 5.
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used in the study would be strengthened. Table L-3 shows significant
factor loadings of the thirty-five variables on six common factors which

[

evolved after factor rotation.' The six common factors explained 79% of
the total variation of all thirty-five variables. An interpretation of
these six factors is given in Table L-2. Although Factor 6 had only one

variable (price range per share of common stock) with a factor loading
2 +7s the mean price per share of common stock loaded high (~.55) on

Factor 6. In addition, two firm size variables (loglo(total assets)

and loglo(shares traded)) loaded high on Factor 6; hence, Factor 6

was designated a market behavior and size factor.

TABLE -2 = Factor Interpretation

Factor Number Interpretation

Return on Investment

Long Term Capital Turnover
Short Term Capital Turnover
Financial Leverage
Dividend Policy

Market Behavior & Size

ownETw N

7. Only variable factor loadings > .7 were reported in Table 4-3,
since such a loading implies the factor accounted for approximately
50% or better of the total variation of the variable.
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TABLE -3 - Varisble Factor Loadings

p— — o ——

Factor Number

1 2 3 L4 5
Variable # | Variable

1k et Income/Net Worth .90
15 Net Income/Total Assets .88
13 EBIT/Total Assets Jo8L

29 EBIT/Fixed Financial Charges .81

30 (EBIT + Depr,)/Fixed Fin.Chgs. .72

32 Sales/Net Plant -.88

10 Cash Flow/Sales .80
11 Inventory/Total Assets =79

3L Sales/Total Assets -T2
35 Cost of Goods Sold/Inventory -s93
31 Sales/Inventory -.90

33 Sales/Current Assets -.88

5 Long Term Debt/Total Assets -93

L Total Debt/Total Assets =92

28 Long Term Debt/Net Worth -.91

27 'Total Debt/Net Worth -,90

22 Mean Common Stock Dividend Yield «90
21 i Common Stock Dividend Payout .86
25 i Cons.Years Non-dec. Common Stk.Dive <75
18 Price Range per Shr. of Common Stk. -.71

Note: Only factor loadings > .7 reported




83

The variables associated with the six rotated factors which
resulted from the factor analysis shown in Table L=3 closely resembled
those variables associated with six of the seven common factors of a
bond classification study conducted by Mingo and Pinches[}] o Also,
the factor identifications of several of the variables of this study were
very similar to the results of another recent study by Mingo and Pinches[jé}
dealing with the stability of variable-factor associations over time,
Thus, the factor analysis supported and strengthened the stability

question about the use of the 1972 data in the MDA.

Section D « MDA Results

The forty firms in each of the high and the low business risk
groups were subdivided into an original sample of twenty-five firms and
a holdout sample of fifteen firms. The original samples were used to
develop discriminant functions, while the holdout samples were used to
serve as an unbiased test of the discriminatory powers of the discriminant
functions, The firms in the original and holdout samples of each risk
group used in the MDA are denoted in Appendix A-5. The thirty-five variables
(Table L~1) for each of the eighty firms used in the MDA were then
calculated.

A stepwise MDA program was applied to the thirty-five variables
of the fifty firms composing the two original samples to develép sets of
two discriminant functions to be used for the classification of firms

into either the high or low business risk groups.8 The discriminatory

8. The BMDO7M stepwise MDA program was used in this study. A
description of this program is given in Dixon [5] s Section BMDOTHM,
"Stepwise Discriminant Analysis."



8L

powers of these discriminant functions were tested at each iteration of
the program via classification matrices for firms in both the original
and holdout samples,

The initial phase of the stepwise MDA program was to calculate
the sample means and sample standard deviations of the thirty-five
operating and financial variables (ratios) in the original and holdout
samples. Then, at each iteration, the program selected as the variable
to enter into the two discriminant functions that variable with the
largest F ratio.(F to enter) of between to within original samples’
sum of squares both given the set of variables already included in the
discriminant functions and providing the F to enter ratio was 2 1.2,
Also, at each iteration, any variable was deleted from the two functions
if its F ratio (F to exit) of between to within original samples' sum
of squares (given the set of variables already included in the
discriminant functions) was less than 1.0, The multivariant ANOVA
F ratio of between to within original samples' sum of squares was
calculated after each iteration (the addition or the removal of a
variable from the discriminant functions). Thi; F ratio was used to
test the null hypothesis of equal original samples! multivariant
centroids in the k dimensional space, where k was equal to the number of
variables in the discriminant functions after the iteration. The two
discriminant functions and a classification matrix for both the fifty
firms in the two original samples and the thirty firms in the two
holdout samples were reported after each iteration. The program

terminated when both the following conditions existed:
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1) the F to enter ratio of each variable not included in the

discriminant functions was less than 1.2, and

2) the F to exit ratio of each variable included in the

discriminant functions was greater than 1.0.
Upon termination, the program reported the classification of each of
the eighty firms into either the high or low business risk groups. The
classification of a firm was based on the minimum Mahalanobis distance in
the two discriminant scores! dimensional space from the firm to the high
and low risk original sample centroid.

Table L-li shows the results of the stepwise MDA after the final
iteration. Only one variable (loglo(sales/inventory)) was entered and
later removed from the discriminant functions. After the final iteration
(#15), thirteen variables were in the discriminant functions. These
functions correctly classified all fifty firms (100%) in the original
samples and twenty-two firms (73%) in the holdout samples. This class-
ification was considerably better than the 50-50 chance classification
in each set of samples.

These results were significant. They suggest MDA can be useful
in identifying a set of business risk discriminatory variables.,

Optimal classification in the holdout samples occurred in the
fourth iteration with twenty-six of the thirty firms (87%) in the high
and low business risk groups' holdout samples being correctly classified,
With the first four entered variables in the discriminant functions,
9L% of the original samples were correctly classified and 91% of both
original and holdout samples were correctly classified. As seen in

Table L-4, after the third iteration, the increase in the discriminatory



. o i
B |
0 » '
2 5
W S5 :
§ w | :‘EE % Firms Correctly Classified |
:‘3 I 5 . F Ratio to Test
& i S o . For Equal Group
2 ‘Action on o | & o Original{ Holdout Total Centroids in k Degrees of
H Variable Variable |@ | %A Sample Sample Sample Dimensional Space Freedom
1 Loglo('l‘otal Assets) Entered 6 1 8L 77 81 L7.97 - 1,48
2 Yrs. Cons. Div, Entered ! 5 2 90 80 86 38.93 S 2,47
H o
3. | Dividend Payout Entered 5 3 [ ol 83 90 30,15 - 3,6
L Log- ~(Sales/Inventory) #* Entered 3 L ol 87 91 25,38 B L, b5
10 o
S Cash Flow/Long Term Debt Entered | L S 96 77 89 21,93 - 5oLl
6 | Mean Per Shr,Com.Stk.Price Entered | 6 6 | 96 77 89 20.86 @ 6,443
B ?
7 | Cash Flow/Total Debt Entered | L 7 9k 77 88 19,27 & 7442
4]
8 | Logyy(Long Term Debt/Net Worth)| Entered | L 8 oL 17 88 17.93 8,u1
9 Long Term Debt/Total Assets Entered | L4 9 96 73 88 1647 8 9,L0
10 | Log,q(Sales/Net Plant) Entered | 2| 10 96 77 89 15.09 @ 10,39
11 Cash Flow/Long Term Debt Removed | — 9 96 77 89 16.68 K 9,40
12 Loglo(Sha.!‘es Traded) Entered 6 10 96 73 88 15.57 :;;a 10,39
13 Cost of Goods Sold/Sales Entered 1 11 100 77 91 14.98 EJ 11,38
1, |Working Capital/Total Assets |Entered | 2| 12 100 73 90 14.58 12,37
15 | Total Debt/Total Assets Entered | 4| 13 100 73 90 13.62 13,36
# Removed in Iteration # 11
TABLE L=}y = Summary of MDA Program Results
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powers of the discriminant functions became marginal with additional

variables included in the functions.,

The above finding implies firms can be categorized as being

either high or low business risk firms by observing a small set of

financial and operating variables,

An examination of the first three variables which entered in

the discriminant functions revealed firm size (total assets) and

dividend policy related variables were the most significant business

risk classifier characteristics of firms.

The univariate means of the

first three entered variables were distinctly different for the high

and low business risk groups (Table L~5).

TABLE 4=5 =~ Univariate Means of Key Classifier Variables
[Variable/Sample High Original| Low Original| High Holdout| Low Holdout
i Loglo(Total Assets) 1.77 2.79 2.03 2.79
| Yrs. Consecutive
t Non-Decreasing Div. 1.76 Yrs. 10.96 Yrs, 2,73 Yrs. 13.0 Yrs.

Dividend Payout 10% 37% 15% L5%

Table k-6 indicates firms which were misclassified with the

fourth iteration discriminant functions that had optimal discriminatory

powers in the holdout samples,

The probable reason for misclassification

in each case was associated with either size and/or dividend policy

related variables.
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TABLE -6 -~ TIteration Four Misclassifications

F" { Probable Reason
Firm Groupi Sample Loglo(TA) Yrs.Div,. | Div.Payout| For Misclassification
Whittaker | High | Original| 2,76 o | o | size
N.W. Airlines| High | Holdout | 2.96 18 yrs. SL% Size & Dividend Policy
Adams Mills | High | Holdout 1,70 L yrsq 91% Dividend Policy
Maremont Low Original 2,21 0 0 Size & Dividend Policy
Kaiser Ind. Low Holdout 2.79 0 0 Dividend Policy
Reserve 0il Low | Holdout } 1.94 0 0 Size & Dividend Policy

Thus, the results of the MDA and an examination of univariate

means revealed relative to high business risk firms, low business risk

firms:

1) are larger in size (total assets),

2) have a more stable dividend policy, and

3) have a larger dividend payout.

These findings are consistent with the traditional financial

theory on firm development.

New firms are typically considered to have

considerable business risk because they are usually either trying to

break into untested product markets, competing with the older, more

established firms, or developing a new high risk technology.

Their

initial problem is capitalization due to their poor access to capital

markets, Equity capital is difficult to raise since the newer firms

do not have wide investor exposure resulting in weak primary and

secondary markets for their securities.

Without an adequate equity

base, investment bankers are somewhat skeptical of underwriting large
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long term debt issues of the newer firms, Thus, the lack of access to
capital markets by the newer, more business risky firms results in small
initial size (total assets) and dependence on internal financing.
Dependence on internal financing with retained earnings implies low
dividend payouts and unstable dividend policies,

On the other hand, older firms should have proven {less

risky) product markets, a matﬁrely develbped technology, and experienced
management, These factors should generally cause older firms to be
less business risky than new firms. These older and lower risk firms
should have acquired a ready access to capital markets resulting in
larger size (total assets) and less dependence on internal financing
(which implies higher dividend payouts and stable dividend policies).
Finally, of the thirteen variables in the discriminant functions
‘after the fifteenth (final) iteration shown in Table L=}y, the following
factor representations were evident:

1) Only one variable associated with the return on investment
factor (Factor #1) was present and that variable did not
enter into the functions until the thirteenth iteration.

2) Two variables associated with the long term capital turnover
factor (Factor #2) were present. They did not enter the
functions until the tenth and fourteenth iterations,

3) No variables associated with the short term caﬁital turnover
factor (Factor #3) were present. Loglo(sales/inventory)
entered into the functions in the fourth iteration, but it

was removed in the eleventh iteration.
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L) Five financial leverage factor (Factor #4) variables were
present; however, none of these variables entered into the
functions early. Their entries occurred in the fifth,
seventh, eighth, ninth, and fifteenth iterations.

S) Two of the three dividend policy factor (Factor #5) variables
entered into funétions in early iterations (the second and
third iterations).

6) Three market behavior and size factor (Factor #6) variables
were present in the functions. They entered in the first,
sixth, and twelth iterations.

These findings have important implications for future researchers

and practitioners. They imply:

1) Variables associated with profitability and capital turnover
are relatively insignificant as business risk classifiers,

2) Variables associated with dividend policy, size and market
behavior, and financial leverage may be very good business

risk discriminators among firms.

Section E - Summary of Chapter L

The purpose of the research presented in this chapter was to
identify a set of operating and financial characteristics of firms which
can be used to classify firms into their proper business risk groups.
The quantitative technique employed was multiple discriminant analysis (MDA).
In Section A, a brief describtion of MDA techniques and previous
application of MDA in financial research were discussed. It was noted no
previous attempts have been made to apply MDA to the identification of

business risk diseriminating characteristics of firms.
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The one hundred forty-four firms in the total study sample
were rank ordered from highest to lowest measured business risk in
Section B, Then, a high risk group and a low risk group of forty
firms per group were designed. The business risk distinctness of
these two groups was confirmed using a Kruskal-Wallis nonparametric
analysis of variance test. Within each group, an original sample of
twenty-five firms and a holdout sample of fifteen firms were designated
for the MDA program,

Section C discussed the thirty-five variables calculated for
the eighty firms in the two risk groups. The rationale for trans-
formations applied to certain variables was presented. Since only
1972 data was used in the MDA, the thirty-five variables were
factor analyzed to test if the 1972 data was representative of other
years! data. Since variable-factor relationships similar to those
relationships found in previous research studies were found, the
representativeness of the 1972 data was supported.

A stepwise MDA program was applied to the thirty-five variables
of the eighty firms in the two risk groups in Section D. Thirteen
variables were present in the final set of discriminant functions. These
functions classified 100% of the firms in the original samples correctly
and 73% of the firms in the holdout samples correctly. These classifications
were significantly superior to 50-50 chance classificaﬁions. 6ptima1
classification (87%) in the holdout samples occurred in the program's
fourth iteration. After the third iteration, the discriminant functions

contained a size and two dividend policy related variables; these
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functions classified 94% of the original samples and 83% of the

holdout samples correctly. Only marginal increases in the discriminatory
powers of the business risk discriminant functions were present after

the third iteration. 1In fact, the third iteration discriminant functions
had better discriminatory powers than did functions of most later
iterations containing more variables.

The MDA results indicated variables associated with profitability
and capital turnover were relatively unimportant business risk
discriminators among firms. However, dividend policy, size, and market
behavior related variables were key business risk discriminators.
Financial leverage variables may be important discriminatory variables
in the absence of the key discriminators,

Further, the lower business risk firms were characterized as
being large (size in total assets) and having stable dividend policies
with high dividend payouts relative to the higher business risk firms.

These findings are highly significant to financial researchers
and practitioners. They not only imply financial and operating
characteristics of firms may be used to classify firms into the
respective risk classes, but also, only a small set of key discriminatory
characteristics may be necessary for this purpose. Perhaps, future
research will indicate firms grouped into equivalent business risk
groups according to their financial and operating characteristics are
both more intragroup business risk homogeneous and more intergroup
business risk heterogeneous than firms grouped into equivalent

business risk groups by industry classifications.
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CHAPTER 5

SUMMARY AND CLOSING COMMENTS

The primary emphasis of this research paper was on firms!

business risk.

Business risk is that aspect of a firm's total risk

characteristics which is attributed to the firm's volatility in before

tax operating profits. This volatility in the firm's operating profits

can result from several characteristics of the firm such as:

1)
2)
3)
L)
5)
6)
7)
8)
9)

stability of sales,

changes in market and production technology,

labor force behavior,

quality of real production assets,

quality of management,

nature of the production process,

nature of the raw materials market,

governmental impacts of new legislation, and
synchronization of operating profits with national and

international economic conditions.

Previous research studies in the finance related areas have given

too little attention to firms' business risk behavior. Typically, researchers

have attempted to hold the effects of a firm's business risk constant by

assuming firms grouped by industry classifications are both intragroup .

business risk homogeneous and intergroup business risk heterogeneous.

(These two assumptions have become known as the equivalent-risk class

hypothesis.)

Thus, by selecting firmms in only one industry, it has pre-

viously been assumed the interrelationships between other financial

95
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variables could be analyzed without bias from or need for specification

of the firms' business risk benavior, Many classical financial research
efforts on such basic topics as financial 1everage and the cost of capital,
valuation of the firm, dividend policy effects on the firm's value, and
portfolio management have assumed business risk could be dealt with in
this manner. Clearly, if the assumptions about industry classification

of firms and firms' business risk behavior (the equivalent-risk class
hypothesis) are invalid, the results of these previous research efforts
may become somewhat suspect as to their validity.

Attempts have been made to test the validity of the equivalent-
risk class hypothesis. However, little information has been gained from
these attempts, since their results have been conflicting. Henée, the
lack of consistency in the results of previous attempts to test the
validity of the equivalent-risk class hypothesis and the preponderance
in the literature of the validity of the equivalent-risk class

hypothesis provided the justification for this research,

Section A -~ Research Objectives

The objectives of this research were to:

1) develop a theoretically sound measure which will cardinally
measure a firm's business risk,

2) retest the assumptions of the equivalent-risk class
hypothesis which asserts firms grouped by industry classif-
ication are both intragroup business risk homogeneous and

intergroup business risk heterogeneous,
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3) form groups of firms which are homogeneous and unique
according to the business risk measure, and

L) identify a set of operating and financial characteristics
of firms which can be used as business risk discriminatory

characteristics.

Section B ~ The Business Risk Measure

The theoretical justification for the use of the volatility in
the ratio of earnings before interest and taxes to total assets as a
firm's cardinal business risk measure was presented in Chapter 2. A
measurement of the volatility of this ratio was also given in Chapter 2.
The development of a theoretically sound business risk measure was
significant since previous researchers provided little justification for
their business risk measures. This finding was surprising. Perhaps
this paper has made a contribution in the area of presenting a theoretically

sound business risk measure which has universal appeal.

Section C - The Tests of the Assumptions of the Equivalent-Risk Class

Hzgothesis

Twelve firms from each of twelve industry classifications
comprised the study sample. Each firm's business risk was measured.,
It was shown the business risk measures were approximately normally
distributed in each industry group and four equal business risk variance
subgroups of industry classifications of firms existed. Appropriately,

parametric analysis of variance pairwise F tests were applied to the four
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subgroups of industry classifications to test the validity of the
intergroup heterogeneity assumption of the equivalent-risk class
hypothesis. The results of the tests indicated the following groups
of firms were not intergroup business risk heterogeneouss

1) tire & rubber and textiles;

2) textiles and electronics;

3) tire & rubber, auto parts, air transport, and meat packers;

k) meat packers and electronics;

5) air transport and meat packers;

6) domestic oils and paper;

7) paper, conglomerates, chemical & chemical preparations,

and metals;

8) metals and steel;

9) steel and air transport.
These findings strongly suggest this assumption of the equivalent-risk

class hypothesis is invalid.

The firms in the study were then rank ordered from the highest
to lowest business risk firms. The forty-eight highest business risk
firms were designated as the high risk group, the next forty;eight firms
were designated as the medium risk group, and the lowest forty-eight
firms were designated as the low risk group. The number of firms from
each industry classification in each risk class was noted, Tkis
procedure indicated three groups of firms:

1) textile apparel,

2) auto parts, and

3) tire & rubber
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were not intragroup business risk homogeneous, as purported by the
equivalent-risk class hypothesis.

Thus, neither the intergroup business risk heterogeneity
assumption nor the intragroup business risk homogeneity assumption of

the equivalent~risk class hypothesis was substantiated by this research.

Section D - The Identification of a Set of Business Risk Discriminatory

Characteristics of Firms

Two business risk distinct groups of firms were formed (a
high and a low business risk group). The distinctness of these two
groups was confirmed using a Kruskal-Wallis test. Each group (composed
of forty firms) was divided into an original sample of twenty-five firms
and a holdout sample of fifteen firms. Thirty-five financial and
operating characteristics (variables) were calculated for each firm in
the two groups for the year 1972. These variables measured such firm
characteristics as profitability, short term capital turnover, long term
capital turnover, financial leverage, dividend policy, and size & market
behavior, The thirty~five variables of each of the eighty firms in the
two risk groups was then factor analyzed. The stability (representativeness)
of this 1972 data was supported by the similarities in the variable-factor
relationships of the 1972 data used in the study and those variable-factor
relationships in previous independent research studies. ‘

A stepwise multiple discriminant analysis (MDA) program was
employed to identify business risk discriminatory variables. The MDA

results were as follows:
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1) Discriminant functions containing only three variables
(loglo(total assets), consecutive years of non-decreasing
dividends per share, dividend payout ratio) correctly
classified 94% of the original samples and 83% of the holdout
samples. Further, only marginal increases occurred in the
discriminatory powers of discriminant functions containing
variables additional to the three above mentioned variables,

2) Variables associated with profitability, short term capital
turnover, long term capital turnover, and financial leverage
were relatively unimportant business risk discriminatory
variables; while variables associated with dividend policy
and size were key business risk discriminators.

3) Relative to the high business risk firms, the low business
risk firms were large (size in total assets) and had stable
dividend policies with high dividend payouts.

These results are very significant since they imply a small set

of characteristics exist which can serve as business risk discriminators
among firms. No prior published research has investigated this area; a

fact which places even greater emphasis on these research findings.

Section E - TImplications of the Research Findings & Suggestions for

Future Researchers

The significant findings of this research were:

1) the invalidity of the assumptions of the equivalent-risk
class hypothesis, and

2) the identification of a small set of business risk

discriminatory characteristics (variables),



101

If the assumptions of the equivalent-risk class hypothesis
are in fact invalid, acamedicians need to re-examine the classical works
on the cost of capital controversies, firm valuation, and optimal
dividend policy which abstracted from the business risk effects by
assuming the validity of the equivalent-risk class hypothesis, Further,
portfolio managers should be aware that attempts to diversify portfolio
business risk by selecting securities of firms in different industries
may be futile. The same applies to diversification oriented firms
seeking to acquire firms from different industry classifications to
stabilize their operating profits. Likewise, financial intermediaries
such as commercial banks, governmental insuring agencies, insurance
companies, and investment bankers should be ill advised to attach
uniform business risk premiums to all firms in any industry classification.

The identification of a small set of business risk discriminatory

variables should be encouraging to the financial community, since the
validity of the equivalent-risk class hypothesis has been strongly
challenged. It must be noted, however, this finding cannot be
universalized until future research can thoroughly substantiate its
validity. Given the methodology and findings of this research as a
starting point, future researchers need to investigate the following
issues:

1) Do the same key business risk discriminatory vériables
appear with other samples of firms over different time
periods?

2) Only one year's data (1972) was used in this study's

MDA analysis. Should the data be three year averages to
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sooth out any transient effects in the variables?

3) How rapidly does the discriminatory powers of the set of
key discriminator variables deteriorate when the number of
distinct business risk groups is increased, with each group
less business risk distinct than the two groups used in
this study?

L) Should a firm's total business risk behavior in operating
earnings before interest and taxes to total assets (EBIT/TA)
be characterized by three parameters such as level, trend,
and volatility rather than only a volatility measure? If
so, perhaps the use of cluster analysis on the three parameters
of firms would produce genuinely business risk unique groups
of firms independent from industry classifications.

5) Can firms be grouped into equivalent "total" risk groups
according to their business risk and financial risk
characteristics which are intragroup total risk homogeneous
and intergroup total risk heterogeneous? Then, given the
total risk groups, what are implications for portfolio
managers, professional lenders, diversification oriented
firms, and private investors?

With the increased awareness and popularity of multivariate

techniques in the financial literature, these issues are sure to be
addressed in the near future. It is hoped these research efforts will be

helpful to future researchers engaged in these endeavors,
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APPENDIX A-1 - The Study Sample

Metals - Misc.

Amer, Metal Climax
Amer, Smelting & Ref,
Brush-Wellman

Cerro

Cleve-Cliffs Iron
Cyprus Mines
Driver Harris
Fansteel

Hanna Mining

Intl. Nickel Canada
Molyb-Denum

Utah Intl.

Textile Apparel Mfg,

Adams Mills
Aileen

Blue Bell
Chadbourn
Cluett Products
Genesco

Hart, Schaffner & Marx
Jonathan Logan
Munsingwear
Originala
Pioneer

Warnaco

Food - Meat Packers

Bluebird
General Host
Greyhound
Hormel
Hygrade
Iowa Beef
Kane-Miller
Mayer

Tobin
United Bros.
Zion

Rath

Paper
Smdipm—

Crown Zellerbach
Great Northern
Hammermill
Intl, Paper
Kimberly Clark
Mead

Scott

Sorg

St. Regis
Union Camp
Westvaco
Whippany
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The Study Sample

Chemical & Chem., Preparations

Ansul
Conwood
Ethyl
Fairmont
Grow Chem.
Lubrizol
Diversity
Nalco
Oakite
Purex

Sun Chem,
West Chem,

Tire & Rubber

A O Industries
Armstrong
Carlisle
Cooper Tire & Rubber
Dayco
Firestone
General
Goodrich
Goodyear
Mansfield
Mohawk
Uniroyal

0il - Integrated Domestics

Ashland
Atlantic-Richfield
Cities Service
Marathon
Quaker State
Conoco
Phillips
Reserve

Shell

Skelly

Sun

Union

Steel -« Minor

Alanwood
Allegheny Ludlum
Ampco Pittsburg
Carpenter
Copperweld
Dominion Fndrs,
Florida

Kaiser

Latrobe

McLouth

Pheonix
Standard Alliance



Electronics

Ambac
Collins
Conrac

Edo Corp.
Fairchild
Hazeltine
High Voltage
Ratheon
Sanders Assoc.
Servco
Sparton

VLN

Air Transport

Allegheny
American
Braniff
Continental
Delta
Eastern
Flying Tiger
Frontier
National
Northwest
UAL
Western

APPENDIX A-~-1
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The Study Sample

Auto Parts

Aspro

Amer, Safety
Bearings, Inc.
Bendix
Borg=-Warner
Champion

Dana

Eaton

Gould

Howell
Maremont Corp.
Napco

Conglomerates

Avco
Gulf-Western
Indian Head
IT&T
Kaiser Inds.
Kidde
Litton
Signal
Teledyne
Tenneco
Textron
Whittaker
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s APPENDIX A-2 - Regression Results (Notes)

a; = the ith firm's regression constant.
bi = the ith firm's regression coefficient.
r2 = the coefficient of determination (percent of total variation explained

by the linear regression).
d = Durbin-Watson statistic.
SE; = ith firm's business risk (standard error of the estimate),

F = regression F statistic.
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APPENDIX A-2 -~ Regression Results

TABLE 1 = Metals = Misc,

Firm . a, | v, |# | F a| sE

- X7
Amer. Metal Climax 10.0 | - L3 | .65 |17.57|2.86 9L
Amer, Smelting & Ref. | 13.5 | -1.20 | .65 17.5?'1.51 2,60
Brush-Wellman 1.3 140 | .45 8.6:6: 1.63| L.33
Cerro 16.0 | =1.32 | 51 |10.29|1.29| 3.75
Cleve-Cliffs Iron 6.1 L | Ok .7]* 1.96 1.50
Cyprus Mines 3.73 63 | 37 | 6.18[1.84) 2.31
Driver Harris ho.ly .15 | W11 012]1,79 3.81
Fansteel 5.8 02 | .12 .00[1.89} L.17
Hanna Mining L.8 16 | .09 1.8’& 1.87] 1.06
Intl.Nickel Canada 24,1 | -1.45 | 59 | 1k.03]|2.68 3.51
Molyb-Denum 07| ks | a2 op[151|  2.39
Utah Intl, 247 A8 | U8 | 9.15/1.99] 1.45
#¢ Autocorrelation suggested by ## Significant at 1% level

Durbin=watson statistic (d)
* #* Significant at 5% level

TABLE 2 - Meat Packers

Firm 8 b, | ° | F a| sE
Bluebird oTh 1.63 | 38 6.1;3* 2,29 | 5.84
General Host 4,05 | - .05 | .12 .gg( 1,88 2.87
Greyhound 22,91 | =1.65 | .92 109 [1.39( 1.43
Hormel 9.16 82 | .25 |3.62 [1.97] 3.91
Hygrade =1.26 | 1.26 | .21 3.3h* 1.93| 6.28
Iowa Beef 22,69 | -1.54 | .39 | 6.68 [2.15] 5.LO
Kane-Miller 8.1 |- .04 | .22 | .03 |2.39] 2.16
Mayer 17.2 J2 | .10 .%5; 2,16 | 2.82
Tobin 19,6 | -1.71 | .83 Hh6.03 1.2;& 2.29
United Bros. 5.6 Jd0 | .22 ,.03* 68 | L7
Zion 8.h | ~1.11 | .38 |[6.60 |1.26] 3.91
Rath -2.2 56| 09 | <24 {21.77) 20.41

1 1 J
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APPENDIX A-? = Regression Results

TABLE 3 -~ Textiles

Firm . a; bi r'2 F d SE
Adams Mills 13.0 |~ .28 | 06| .L5[1.19| 3.82
Aileen 12.9 1.81 .02 .83|1.13 | 18.09
Blue Bell 11,1 A9 | 01} .92|1.28.] 1.85
Chadbourn 843 -.86 | .15} 2.63{1.h9| L.8L
Cluett Products 15.6 =77 63 163{ 1.57 1.72
Genesco 12.6 -.11 <09 «23 ?9?‘ 2,06
Hart,Schaffner& Marx | 15.3 <u7 | J1] 2.09 ’fﬁf 2.9h
Jonathan Logan 13.1 .05 .10 .18]1.64 1.06
Munsingwear 16.3 .22 | .01 .22 2.3L| 2.05
Originala 52.1 | =433 67 |1 19.27[1.92| 8.96
Pioneer 19.5 | ~1.23 | .12 2.23 B 7.8
Warnaco 1.6 | - 6L | Juh| 8.16{1.85] 2,03
#+# Autocorrelation suggested by 3¢ Significant at 1% level

Durbin-Watson statistic(d) * Significant at 5% level

TABLE L =~ Paper

Firm 8 b, | | F da| sE
— XX
Crown Zellerbach 12,5 - .58 | .85 [50.38 |2.62| 7L
Great Northern 7.3 022 | J09 1.2;_ 1.19 | 1,45
Hammermill 12,3 | =479 | oT2 22.%9 1.23] 1.b9
Intl, Paper 12,7 | = «55 | #50 9.82 2.22| 1.58
Kimberly Clark 12.8 | = b1 | ¢36 | 6.0 [1.90] 1.47
Mead 10k | - 53} Wb a.ﬁ 1.12| 1.69
Scott 18.3 | -1.10 | .81 [u0.21 1.58| 1.58
Sorg 11.0 | =1.17 | .22 | 3.L8 |1.03| 5.69
St. Regis 6.6 | - .10 0L | .65 |1.78] 1.15
Union Camp 1.7 | =429 .20 | 3.30 2.10| 1.kk
Westvaco 10,9 | = 75| U3 .7.15 %‘.*Ox)_.; 2.l
Whippany 10,1 | - 94| .80 36.13 3.36 1.42
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APPENDIX A~2 - Regression Results

TABLE 5 =~ Chem., & Chem, Preparations

Firm v a; b.i r2 F d SE

- % %M
Ansul 13.0 |- .28 |.Ok .66 'ng 3.16
Conwood 19.6 A6 |.07 A5 63| 2.23
Ethyl 4.0 |- .10 |.07 331 1,541 1.39
Fairmont 18.8 [-2.0L |.85 53.3? 2.25| 2.54
Grow Chem. 20.6 |-1.45 .67 19&5;2.89 2,99
Lubrizol 23.5 J16 |.08 .3211.23] 2,52
Diversity 12.9 ~.32 |.04 1.4011.29] 2,46
Nalco 23.5 .32 |.01 1,08 1:&1 2.79
Oakite 28.6 | -.20 |.11 .%9 691 5.70
Purex 19.5 | «.68 |.50 ]10.13[2.21| 1.95
Sun Chem, 8.6 | .01 [.12 .00[1.32| 1.27
West Chem, 16.0 08 .11 J1111.94) 2.16

##% Autocorrelation suggested by % Significant at 1% level

Durbin-Watson statistic (d) % Significant at 5% level
TABLE 6 -~ 0ils

Firm a, b, | P | F a| sE
* 3
Ashland 12.4 - 433 101 1.96] 87| 2.12
Atlantic-Richfield 6.93 | - 03| 0| .17 1335; .70
Cities Service 7.5 | = 02 .12 ;32 .68] 1,02
Marathon 7.9 1,07 .82 L43.16{1.33| 1.48
Quaker State 19.7 24 .07 .42 1.14| 3.55
Conoco 6.1 60 | .73 25;12 1.10] 1.06
Phillips 8.9 |- .28 .67 19.49{1.96] .58
Reserve 5.6 | = .27 A5 | 2.59{1.27] 1.50
R¥ | RRX%
Shell 11.1 - W4l O | 17.27] .80 .89
Skelly 6.8 00| .13] .00[{1.83| .84
Sun 8.0 .08 e23 .3;&? 1,34 .39
Union 9.5 - .29 Th| 26.79]1.36| .51
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APPENDIX A-2 -~ Repression Results

TABLE 7 « Tire & Rubber

Firm . a; | v, | | ¥ a| sE
A O Industries 14.5 2L A2 ,3& 2.78] 11.38
Armstrong 11,7 |~ oS4 | .53 {11.25] 1.77] 1.L6
Carlisle 27.1 | -1.17 | .24 | 3.82]1.06] 5.LL
Cooper Tire & Rubber |1h.l |- .60 | .25 | L.05 1;&3 2.7
Dayco 1.6 |[~.2 | .11 2%& 69 1.27
Firestone 1.9 |- k7 .62 {15,671 1.53] 1.08
General 10.8 - W14 .09 251 2,22 2,46
Goodrich 8.8 |- .15 «0h .6}: 1.98 1.73
Goodyear 13,9 |- .30 | 42| 7.5} 2.28 «99
Mansfield «30 .67 A8 | 3.00] 1.38] 3.51
Mohawk 11,2 |- .30 JA8 | 2,96] 1.32 1,59
Uniroyal 8.9 |- .20 | JOL| 1.36} 2,14 1,60
L.
#%% Autocorrelation suggested by *% Significant at 12 level
Durbin-Watson statistic (d) ¥ Significant at 5% level
TABLE 8 - Steel

Firm a, b, | | F a| sE
Alanwood 5.1 02 | .12 .o% 1.63] 2.15
Allegheny ILudlum 16.7 ~1.05| .52 [10.69 |1.32| 2.91
Ampco Pittsburg 3.k S8 1 032 | 5.27 132& 2.31
Carpenter 2h.5 -1.1 016 | 2,73 80| 6.06
Copperweld 11,6 - 0Ll]| .13 .392 1.38] 3.2
Dominion Fndrs. 17.6 - .90 | .64 |17.25|1.35] 1.96
Florida 13.0 99| 25 | 3.93 |2.67| k.56
Kaiser 9.5 - 76| +29 | L.60 :;g 3.22
Latrobe 16.8 -1.84 | .59 1h.’6’7‘ 1.26] k.6
McLouth 17.6 -2.,20 | 467 19.%3 1."‘5*5* 4.57
Pheonix 6.0 <1.00 | .24 | 3.80 | .99| L.66
Standard Alliance 6.8 -.07] 2 | ,03]2,51] 3.h6
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APPENDIX A-? - Regression Results

TABLE 9 ~ Flectronics

Firm , a, b, N F d SE
Ambac 12,5 | - k2 .09 1.88* 2,;}’9 2.77
Collins 15.7 | =2.32 | 43 {7.72 | <51 7.60
Conrac 18,2 | - 50 | .00 |1.03 | 1.32 Lh.50
Edo Corp. 11 |- .79 | .19 |3.08 | 1.51 L.09
Fairchild 10.9 | -1.68 .22 [3.55 | 1.4 8.08
Hazeltine 1.3 | -1.63 022 3.%9* 1,04 7.85
High Voltage 12,8 | -1.57 5L 11,51 i’Oh L.19
Ratheon 8.8 oliS «20 3'?& *.“9 2,27
Sanders Assoc. 31.1 | =ko11 | .57 p2.80 | 2.97 10.L3
Servco 7.2 .68 081 .33 1.79 10.8L
Sparton 10,6 018 Jd2] .05 | 2.19 T7.h2
VLN 6.6 A7 | W11 b | 2.3 L.OB

% Autocorrelation suggested by #% Significant at 1% level
Durbin-Watson statistic (d) # Significent at 5% level
TABLE 10 - Auto Parts
Firm a, b, | F a| sE
1 1
»
Aspro 22,4 -1.h7 } b3 | 7.84]1.07) L4.78
Amer, Safety 21 |- .96 | .03 «Th|1.2h4 | 20.15
Bearings, Inc. 21.8 - 07 | .09 .26[1.92 | 1.19
Bendix 11.1 - o27 | &10 2.05[1.69 | 1.68
Borg-Warner .6 |~ 9| 65 17.;f'1.3h 1,05
Champion 30.2 - A5 | .29 | L.67]2.68] 1.89
A% A%
Dana 2h.1 ~ 99 | .66 |18.21 3.0& 2.11
Eaton 19.2 [ = .55 | .23 | 3.73[1.92| 2.59
Gould 11,3 |- .18 | .05 S56(2.h9 | 2,17
Howell o1 | -2.53 | .64 [1751]1.93] 5.53
Maremont Corp. 6.9 37 | .19 3.17|1.32 | 1.89
Napco h.6 .22 | .03 6711.93 1 2.39
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APPENDIX A-? -~ Regression Results

TABLE 11 - Air Transport

Firm . a, | v, | | ¥ a| sE
Allegheny L8 | - .20 21 .*1& 1.1 2,30
American 10,3 | = 94 | .68 | 20,11]1.507 1.90
Braniff 8.1 | ~ .22 .06 .50/ 1.82] 2.88
Continental 15.4 | -1.13 | .27 h.2*6 '.(53 L.99
Delta 22,8 | «1.28 | .50 | 10.03]1.37| 3.68
Eastern 1.27 32| .03 SU1.h1] 3,46
Flying Tiger 6ols W31} .09 26 I;EE 5e47
Frontier 131 | <117 | W17 | 2.79 86| 6,35
National 21,2 | =1.64 | L4 | 8.0711.3L} 5.25

¥ 1 RN
Northwest 28.0 | =2.4h | .59 13.92 72| 5.9h
UAL 8.8 | = 66| k2 7.6£ 2.08] 2,15
Western 22.5 «2.21 | .61 15?33 1.20 5.12
L
% Autocorrelation suggested by ## Significant at 1% level
Durbin-Watson statistic (d) % Significant at 5% level
TABLE 12 - Conglomerates
| Fim 8, b, | | F al sk
xe)
Avco 19.k |-1.88 89 | 75.h6] 2.26] 1.96
Gulf-Western 13.1 |-1,06 o7k 2635 1.21}] 1.88
Indian Head 8.9 A0 | Wh3 7.9% 1.86] 1,30
IT&T 8.0 .05 | .10 | 2.00 *23 35
Kaiser Inds. - .7 16 | .03 | J7h|1.29] 1.73
Kidde 5.7 | W85 | 2| 7.68] M| 2.81
Litton 17.1 |=2.19 | .79 35.'63 1.36] 1.82
Signal 8.1 |- L0 .18 | 2,96 1.*6& 2,10
Teledyne 13.1 |- .u3 .08 | 1.80| .61 2.93
Tenneco 5.3 A7 | .67 18.3§ 1| .36
Textron 15.2 .08 J1 .10 jg 2.h7
Whittaker 8.5 .18 Jd1 .08 |1.15| 5.63
- - - Y D e




APPENDIX A-3

~ Industry Statistics

Industry Groups

Metal | Meat Textiles | Paper | Chem.| 0il Rubber | Steel |Elect. | Auto Air Congl.
;gi xij 31.82| 52.29| 56.87 22,14 | 31,161 1h.64| 35.22) L3.56] 7h.12 | 37.k2! L9.Lh9| 25.3L
I; 2.65 L.36 L7k 1.85 2.60] 1.22 2.94 3.63| 6.18 3.12| hL.2§ 2.1
2
@ (iﬁlxij) /n 84.38 { 227.85| 269.52 Lo.85| 80.91} 17.86|103.37| 158.12{457.81 | 116.69{204.11{ 53.51
:3 =
n
Ig f;}xij)z 101.20 | 294.L49 | 529.92 58.62 | 95.0L| 26,k | 198.79{ 175.12|550.02 | 190.52|231.53| 7L4.31
et i=
(/2]
532 1.53] 6.06] 23.67 | 1.62| 1.28] .78| 8.67| 1.5u| 8.38| 6.71| 2.49] 1.89
' sj 1.24 2.46 14,87 1.27 1.13 .88 2.95 1.24f 2.89 2.59] 1.58| 1.37
Notes:

X, . = measured business risk of the ith firm in the jth industry.

ij

5(3' = mean business risk in the jth industry.

J

832 = the variance of firm's measured business risk in the jth industry.

Number of firms per industry group (n) = 12,

Number of industry groups = 12,

S, = the standard deviation of firms' measured business risk in the jth industry.

mt
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APPENDIX A-)y - Unit Standard Deviations Within Industries (Notes)

The unit standard deviation (Yij) for each firm was calculated

according to the following equation:

ij j
Iy = 5 ’
J
where
xij = the ith firm's (in the jth industry) business

risk, and
f; = the jth industry's mean group business risk, and
Sj = the standard deviation of firms' measured business

risk in the jth industry.
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APPENDIX A-lj ~ Unit Standard Deviations Within Industries

Metals Meat Packers Textiles
-1,38 .60 - .19
- .0k - W61 2.7L
1.35 -1.19 - 59
.89 - .18 -0l
- .92 .78 - .62
- .27 42 - .55
9 -~ .89 = W37
1.23 - .62 +76
-1.28 2.k6 - .55
.69 - 8L 87
- .21 25 .56
- 97 - .18 - .56
Paper Chemicals Oils
- 87 50 1.02
- W31 »33 - +59
- .28 -1,07 - .23
- .21 - .05 +66
- 30 35 2.65
- .13 - 07 - .18
- .21 - .12 - .73
3.02 17 32
- .55 2.7k - .38
- .32 - .58 - U3
L6 -1.18 - 9k

o34 - .39 - .81
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APPENDIX A-)y = Unit Standard Deviations Within Industries

Tire & Rubber Steel Electronics
2.86 - 1,19 -1.18
- .5l - .58 L9
«85 -1.06 - .58
- .08 1.96 - 72
- 57 - W3 .66
- .63 -1.35 .58
- .16 .15 - 69
- 4l - 33 «1,35
- 66 67 1.47
19 .76 1.61
- b6 .83 43
- 45 - 1L - .13
Auto Parts Air Transport Conglomerates
6L -1.15 - .11
2.71 -1.1a - W17
- .75 - .78 - 59
- .56 55 -1.28
- .80 - 28 - .28
- W7 - Wh2 51
- «39 .85 - .21
- 20 1.1 - .01
- 37 72 .60
«93 : 1.15 -1.28
- N7 -1.25 .26

- .28 .63 2.57
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APPENDIX A-5 - Rank Ordering of Study Sample
MDA Sample
Rank SEi Group O H Firm Industry
- ]

1 18.09 | High X | Aileen Textile Apparel

2 11.38 High X ' A O Industries Tire & Rubber

3 10,84 High X . Servco | Electronics

L 10.43 High X  Sanders Assoc. Electronics

S 10.41 | High X i Rath Meat Packers

6 10.15 High X | Amer. Safety Auto Parts

7 8.96 High . ] X i Originala Textile Apparel
8 8.08 High X Fairchild Electronics

9 7.85 High X Hazeltine Electronics
10 7.60 High X Collins Radio Electronics
11 7.48 High X ! Pioneer Textile Apparel
12 7.42 High X »  Sparton Electronics
13 6.35 High X Frontier Air Transport
1k 6.28 migh | X! Hygrade Meat Packers
15 6.06 High X ‘ Carpenter Steel
16 5.9 High X + Northwest Air Transport
17 5.84 High X ! Bluebird Meat Packers
18 5.70 High X . Oakite Chemicals
19 5.68 High . X ' Sorg Paper

20 5.63 High X Whittaker Conglomerate

21 5.53 High X Howell Auto Parts

22 5.L7 High i X Flying Tiger Air Transport
23 S.ul High X, Carlisle Tire & Rubber
2L 5.40 High X i Jowa Beef Meat Packers
25 5.25 High X National Air Transport
26 5.12 High X ! Western Air Transport
27 L.99 High X! . Continental Air Transport
28 4.97 High 5 X ' TUnited Brands Meat Packers

29 L.81 High X ' Chadbourn Textile Apparel
30 L.78 High X i Aspro Auto Parts

31 L.66 High X | Pheonix Steel

32 L.57 High X v Mclouth Steel

33 .55 High X ! Florida Steel Steel

34 L.50 High X | Conrac Electronics

35 L6 | High | X ' Latrobe Steel

36 L.33 High X ' Brush-Wellman Metals

37 L.19 High X ' High Voltage Electronics

38 L.17 High X | Fansteel Metals

39 L .08 Edo Corp. Electronics
Lo L.08 High X VLN Electronics
L1 3.91 i Zion Meat Packers
L2 3.91 ! Hormel Meat Packers
L3 3.82 High X Adams Mills Textile Apparel
Ll 3.81 Driver Harris Metals
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APPENDIX A-5 (Continued)
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Intl.Nickel Canada
Eastern

- Standard Alliance

Copperweld
Kaiser Steel
Ansul

Grow Chem,
Hart,Schaffer & Marx
Teledyne
Allegheny Ludlow
Braniff
General Host
Mayer

Kiddie

Nalco

Ambac

Cooper

Aner. Smelting
Eaton

Fairmont
Lubrizol
Textron
Diversity
General
Westvaco
Molybdenum
Kapco

Ampco Pittsburg
Cyprus Mines
Allegheny
Tobin

Ratheon
Conwood

Gould

West Chemicals
Kane-Miller
Alanwood

UAL

Ashland

Dana

Signal

Genesco

SEi Firm Industry
o Cerro Metals
. Delta Air Transport
. Quaker State Oils
Mansfield Tire & Rubber

Metals

Air Transport
Steel

Steel

Steel
Chemicals
Chemicals
Textile Apparel
Conglomerates
Steel

Air Transport
Meat Packers
Meat Packers
Conglomerates
Chemicals
Electronics
Tire & Rubber

.Metals

Auto Parts
Chemicals
Chemicals
Conglomerates
Chemicals
Tire & Rubber
Paper

Metals

Auto Parts
Steel

Metals

Air Transport
Meat Packers
Flectronics
Chemicals
Auto Parts
Chemicals
Meat Packers
Steel

Air Transport
Oils

Auto Parts
Conglomerates

i Textile Apparel

.
. —— e — e W= -
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APPENDIX A-5 (Continued)

, MDA | Sample
Rank SEi Group 0 | H Firm Industry
91 2.05 Munsingwear Textile Apparel
92 2.03 Warnaco Textile Apparel
93 1.96 Avco Conglomerates
9l 1.95 Dominion Fndrs. Steel
95 1.95 Purex Chemicals
96 1.90 American Air Transport
97 1.89 Low X Champion Auto Parts
98 1.88 Low X Maremont Auto Parts
99 1.87 Low X Gulf-Western Conglomerates
100 1.85 Low X Blue Bell Textile Apparel
101 1.82 Low X Litton Conglomerates
102 1.73 Low X Goodrich Tire & Rubber
103 1.72 Low X Kaiser Inds. Conglomerates
104 1.72 Low X Cluett Products Textile Apparel
105 1.69 Low X Mead Paper
106 1.68 Low X Bendix Auto Parts
107 1.60 Low X Uniroyal Tire & Rubber
108 1.58 Low X Mohawk Tire & Rubber
109 1,58 Low X International Paper
110 1.57 Low X Scott Paper
111 1.50 Low X Cleveland-Cliffs Metals
112 1.50 Low X Reserve 0ils
113 1.L9 Low X Hammermill Paper
11y 1.7 Low X Marathon 0ils
115 ‘ 1.L47 Low X Kimberly-Clark Paper
116 i 1,45 Low X Armstrong Tire & Rubber
117 1.Lh Low X Utah Intl. Metals
118 1.4 Low X Great Northern Paper
119 1.L3 Low X Union Camp Paper
120 1l.h2 Low X Greyhound Meat Packers
121 Pol.hl Low X Whippany Paper
122 1,39 Low X Ethyl Chemicals
123 1.30 Low X Indian Head Conglomerates
12} 1.26 Low X Dayco Tire & Rubber
125 1.26 Low X Sun Chemical Chemicals
126 1.19 Low X Bearings, Inc. Auto Parts
127 1.15 Low X St. Regis Paper
128 1.08 Low X Firestone Tire & Rubber
129 ; 1.06 Low X Continental 0il 0Oils
130 1.05 Low X Jonathan Logan Textile Apparel
131 1.05 Low X Hanna Mining Metals
132 ; 1.05 Low X Borg Warner Auto Parts
133 P 1,02 Low X Cities Service Oils
134 I .99 Low X Goodyear Tire & Rubber
135 1 .9k ! Amer, Metal Climax ; Metals
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APPENDIX A-5 (Continued)

et e e -

S e — - pe——— ———

MDA Sample
Rank SEi Group 0) H Firm Industry
136 .89 Low X Shell Oils
137 8L Skelly 0ils
138 i Crovn Zellerbach Paper
139 «70 Low X Atlantic-Richfield Oils
11,0 .58 | Phillips 0ils
11 .51 | Union Oils
142 «39 Sun 0ils
143 .36 Tenneco Conglomerates
1k 3L ITT Conglomerates
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