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ABSTRACT
A STOCHASTIC DOMINANCE APPROACH TO
MEASUREMENT OF MERGER SUCCESS
By

Donald Henry Wort

The purpose of this study is to determine whether or not
large corporate mergers have been generally successful in increasing
the wealth of the merging firms' stockholders. There have been
several studies in recent years dealing with merger profitability, but
for various reasons, an unambiguous resolution of the problem has not
yet been achieved.

The general methodology consists of a comparison of the fre-
quency distribution of aggregate market value for a population of
weighted combinations of acquiring and acquired firms for a period
of time prior to merger to the frequency distribution of aggregate
market value for the same population of firms subsequent to merger
for a time period of the same length. The test population of thirty-
two large mining and manufacturing firm mergers represents the re-
sult of a rigid elimination process designed to yield only firms for
which the ''merger effect'' can be relatively isolated from other in-
dividual firm effects.

Although it would be preferable to measure merger success

directly in terms of increased stockholder utility, a link to a
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tangible market-based measure of comparison is clearly necessary. The
total market value of common stockholders' equity was selected as the
measure because it takes into consideration the premerger to post-
merger change in the level of stockholders' wealth as well as the pre-
merger to postmerger change in the growth rate of this wealth position.

The stochastic dominance comparison criterion was selected
rather than the more familiar mean-variance criterion because:

(1) Stochastic dominance compares complete distributions

rather than estimated parameters of the distributions.

(2) Recent studies of common stock market price distri-
butions have indicated the unreliability of variance
computations for these distributions.

(3) Stochastic dominance can be used to measure stock-
holders' evaluation of merger performance without
specifying either their utility functions beyond non-
satiety (and general risk aversion for second degree
dominance) or the statistical distribution of the
performance measure with which it is assumed to be
directly related.

The market value data used for each merging firm in the test
population are sixty weekly observations for each of the premerger
and postmerger distributions--a total of one hundred and twenty obser-
vations per merger. A transition period of approximately one year is
allowed between the end of the premerger period and the beginning of

the postmerger period to avoid including the relatively erratic price
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behavior that is often found to exist between a merger's announcement
and its eventual completion.

The results of this study indicate both first and second degree
dominance for the aggregate postmerger market value distribution. In
other words, the aggregate wealth of the shareholders of merging firms
was greater after the merger than it was before the merger. This is
an ex post evaluation and is only directly applicable to the merger
population and related time period that are specified in this study.
However, with qualification, it can be stated that based on the re-
sults found, mergers contribute to the aggregate wealth position of
the participating firms' stockholders. This is of particular interest
because of the fact that most prior studies have indicated that mer-
gers are not profitable, except to stockholders of acquired firms for
which excessive premiums have been paid.

A comparison was also made of premerger and postmerger market
value distributions for each individual test merger. |If it is assumed
that investors recognize the diluting effects of shares that are like-
ly to soon become outstanding as a result of various contractual con-
version arrangements, the individual merger results confirm those of
the aggregate distribution comparison. On the other hand, if it is
assumed that investors only consider officially outstanding shares when
setting the share price at which they are willing to trade in the mar-
ket, a majority of the individual mergers show premerger dominance.

The results of a comparison of stockholder return (as opposed

to market value) distributions were indeterminate in terms of first
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degree stochastic dominance, but showed second degree dominance for
the premerger aggregate distribution. While return distributions
are not sufficient as a total measure for merger success, these re-
sults do indicate that the aggregate postmerger dominance found in
this study is a result of a market value level increase rather than

an increase in the rate of return to stockholders.
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CHAPTER |
INTRODUCT ION

In recent years, the profitability of corporate mergers has
been a subject of an increasing volume of academic study. While most
researchers have concluded that mergers have, in general, not been
significantly profitable, their results have not satisfactorily laid

the question to rest.

GOAL

The goal of this study is to measure the degree of success (or
failure) of corporate mergers in terms of their contribution to the
maximization of shareholder wealth., This measurement is accomplished
by comparing the frequency distribution of aggregate market value for
a population of weighted combinations of acquiring and acquired firms
for a period of time prior to merger to the frequency distribution of
aggregate market value for the same population of firms subsequent to
merger for a time period of the same length. Generalizations concern-
ing merger success are made primarily for the aggregated results of
the individual mergers studied, rather than for the results of each
individual merger. However, results of the latter type are used for

purposes of comparison with the results of previous merger profit-

ability studies.



PURPOSE

The purpose of this study is to fill a void in the field of
merger research, viz., the direct measurement of merger success using
the premerger and postmerger data of an aggregate of individual mer-
ger firms in such a way that both return and risk are taken into
account. Until quite recently, prior research of merger results has
been limited mostly to such approaches as measurement of the degree
of diversification provided by mergers in general or to comparisons of
postmerger returns of 'merging firms' with the returns over the same
period of ''non-merging firms.,"

Use of the aggregated market value distributions in this study
provides an indication of whether or 6ot the combinations of securi-
ties available to common stock investors after the mergers are
superior to combinations available before the mergers. This type of
comparison is more important in terms of overall merger performance
than measurement of the degree of diversification provided by the
mergers because a similar degree of diversification could have been
obtained by the investors themselves by rearranging the combination of
securities in their portfolios. Thus, an attempt is made here to
determine whether the merger movement has contributed to the overall
economic welfare of investors.

The measurement technique used in this study (stochastic
dominance) is also an important factor in achieving the stated pur-
pose because, as used, it is a method of measuring stockholder evalu-
ation of merger performance without specifying either the utility

function of investors beyond general risk aversion or the statistical



distribution of the performance measure with which it is assumed to

be directly related.

SCOPE_OF STUDY

A merger is defined herein as any combination of acquisition
involving the purchase or transfer of ownership of a company that was
previously under separate control. Total market value of common equity
is defined as market price per share multiplied by the total number of
shares outstanding.!

Only mergers effecting a substantial increase in the total
asset size of the acquiring firm are considered. As an arbitrary
standard, a fifty percent increase in the size of the total assets of

2 is used as a minimum ''substantial'' increase. Small-

the acquiring firm
scale merger transactions would not be as likely to have a measurable
effect on the market value distribution of the acquiring firm even if
such an effect occurred. Partial mergers (acquisition of a part of
another firm) and multifirm mergers (more than two firms combining) are
not used.

Because of limitations of data availability, the test mergers

involve only acquired manufacturing or mining companies which had

assets of at least $10 million at the time of acquisition. The merger

lFor reasons that are discussed later, results are also ob-
tained using shares outstanding plus shares being held in both speci-
field and unspecified treasury stock reserves.

2Mergers in which the total assets of the acquiring firms are
less than 50 percent of the total assets of the acquired firm are also-
eliminated from consideration.
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data, other than the market value data, was obtained from the Federal

Trade Commission's Statistical Report No. 7, ''Large Mergers in Manu-

facturing and Mining, 1948-1970."" This data was obtained by the FTC

from public sources, such as The Wall Street Journal, Moody's Indus-

trial Manual, Standard and Poors Corporation Records, and prospectuses

filed with the Securities and Exchange Commission.

All types of mergers--vertical, horizontal and conglomerate--
are included together in the test population. No specific considera-
tion is given (nor was it necessary, given the methodology used) to
the method of accounting (purchase or pooling), the method finan-
cing, the exchange ratio, or the particular reasons for mergers. As
to this last point, merger ''success' in this study is defined as re-
lating exclusively to the maximization of shareholder wealth, not-
withstanding any other goals of the combining firms' managements.3

Use of market value distributions rather than shareholder
return (market value change) distributions is suggested by the nature
of the measurement attempted--i.e., a measurement of the valuation
of firm performance before and after merger. There are two submeasures
of ''success'’ involved:

(1) the overall premerger to postmerger change in market

value level and

3For an interesting discussion of management goals vs. stock-
holder goals in a merger context, see Samuel R. Reid, Mergers, Managers,
and the Economy, McGraw-Hill, Inc., 1968.




(2) the overall premerger to postmerger change in market
value grouth.“

Use of shareholder return distributions would adequately represent
change in performance in terms of market value growth, but would ig-
nore the change in market value level. While comparison of mean
market value levels would ignore changes in growth, use of market
value distributions in conjunction with the stochastic dominance
technique allows consideration of both level and growth by comparing
the market value distributions themselves rather than selected para-
meters.

The extent to which the market values of the aggregate pre-
merger and postmerger populations have been affected over time by
changes in the general economy are corrected by dividing each market
value observation for each firm by the Standard and Poors 500 Compo-
site Index value corresponding to the same date. An example of this
adjustment technique is illustrated in Table 1.

Removal of the general time-related trend in stock market
prices is necessary to make comparable the firm market values within
and between premerger and postmerger time periods. This is accomp-

lished by the above procedure because market index percentage changes

beor a more detailed discussion, see U. E. Reinhardt, 'Con-
glomerate Earnings for Share: Immediate and Post-Merger Effects,"

Accounting Review, XLVIl (April, 1972), 360-370.



TABLE |
EXAMPLE ILLUSTRATION OF MARKET ADJUS TMENT TECHNIQUE

S&eP Adjusted
Firm Market Index Firm
Observation Value, $Millions Value Market Value
1 1000 100 10.00
2 1100 105 10.48
3 1300 115 11.30
4 1200 110 10.90

include the general time-related trend. Removal of specific time-
related trends would not be appropriate because market-adjusted
growth over the test period is one of the performance components being
measured. Removal of between-distribution time trends is accomplish-
ed by the conversion of all the market value observations to a common
base.

This adjustment technique might be unsatisfactory if the ad-
Justed values obtained for the individual firms were then used to
measure the success of the individual mergers involved. It is well
known that the individual firms may have a typical percentage change
relationship with the percentage change of ''the market'' ranging any-
where between (-1)-to-(+1) and (+1)-to-(+1). This market relation-
ship measure is usually referred to as the beta value. To measure
this beta value for each firm would require regressing each firm's
market values on the selected market index for a period of time prior
to both the premerger and postmerger time periods. This would not be
practicable because market value distributions do not meet the require-

ments for use of ordinary least squares techniques. (The properties



of market value distributions are discussed in more detail in
Chapter 111). Other problems with computing beta values are:
(1) The stability of beta values over time is questionable.
(2) The proper time interval for the computation of the
beta values has not yet been resolved.
Fortunately, there is empirical evidence that the diversity of in-
dividual beta values within a security portfolio of the size repre-
sented by the aggregations used in this study (32 firms) is not im-
portant. The beta value for a randomly selected common stock port-
folio of 32 different firms Is very likely to approximate 1.0.5
The choice of the Standard and Poors 500 Stock Index was
made because:
(1) This index is considered to be broad enough to
serve as general standard for stock price movements.
(2) This index is based on market value aggregations
similar to the ones used for the test firms.
Although removal of industry effects might also be beneficial, this is
not a practicable procedure for merger analysis because, along with the
ordinary difficulty of categorizing firms by industry in a meaningful
way, there is also the problem represented by the fact that firms often

move from one uncertain category to another by merging.

S5John L. Evans and Stephen H. Archer, "Diversification and the
Reduction of Dispersion: An Empirical Analysis,' Journal of Finance,
XXti1 (December, 1968), 761-769.




The market value data used for each firm are sixty weekly
observations for each of the premsrger and the postmerger distribu-
tions--a total of one hundred and twenty observations per merger.
However, the premerger period begins twenty-four months prior to the
effective merger date, and ends approximately ten months prior to the
effective merger date. The postmerger period begins two months after
the effective merger date and ends approximately fourteen months
after the effective merger date. This results in a gap of approxi-
mately one year between the end of the premerger period and the be-
ginning of the postmerger period. The reason for allowing this time
gap is that common stock prices are known to frequently behave errati-
cally during a transition period beginning with the time that inves-
tors first recognize the merger attempt by revising their expectations
of future performance, and ending with the time that investors are
aware that the merger has been completed with some known terms of
consideration (used in the legal sense) and have some initial im-
pression of the newly combined organization. Prior researchers have
estimated the premerger part of the transition period described above
as typically beginning about six to eight months before the effective
merger dato,6 making the ten months allowed likely to be adequate for

most cases. The selection of two months after the effective date to

6Thomas F. Hogarty, ''The Profitability of Corporate Mergers,'
Journal of Business, XLIII (July, 1970), 317-327.



represent the postmerger part of the transition period is relatively
arbitrary. It is selected because it ''seems'' to be a reasonable
length of time after the merger data for the criteria described above
to be essentially fulfilled.

The effect of individual firm events, other than the test
merger, on the market value distributions within the total test period
will be ignored, except for the occurrence of other individual mergers
or combinations of mergers which would cause a 50 percent total asset
expansion. To the extent that other individual factors (such as
announcements of new internally generated product lines, management
changes, and product obsolescence) are not related to the merger, but
have long-run effects on market value distributions during the test
period, measurement of success for an individual case could be con-
founded. However, it is assumed herein that such extraneous indivi-
dual effects are not systematically related such that the aggregate
data would also be confounded.

The random variable in the distributions being studied is the
market value of common stockholders' equity. The market value at time
t, Vt, is defined as the product of the common stock market price per
share at time t, Py, and the total number of perceptibly outstanding
shares of common stock at time t, ne; i.e., vt - Pt"t' in one of the
test runs, the market value at the ex-cash-dividend period for each
firm is adjusted by adding an amount equal to the total dollars of cash
dividends paid. Previous research has verified that market price is

usually lowered at the ex-dividend date by at least a substantial
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percentage of the cash divident paid.7

By '‘perceptibly outstanding'' shares is meant the sum of the
shares currently outstanding and those that are perceived by investors
to be likely to become outstanding at some imminent, albeit uncertain,
point in time. Accountants use such a conceptual measure of shares
outstanding to compute '‘primary' and ''fully-diluted' earnings per share
figures for reporting purposes. However, the computational methods
suggested in the Accounting Principles Board APB No. IS8 are not used
in this study for the following reasons:

(1) The APB No. 15 methods do not include unspecified
treasury stock holdings, which also represent issued
shares which could be (and often are) publicly resold at
any time.

(2) The methods used to decide which convertible securi-
ties to use in the computation of 'primary'' common
stock equivalents are quite controverslal.9 Even the

number of shares used for ''fully-diluted' earningsper

7See Durand and May, ''The Ex-Dividend Behavior of American
Telephone and Telegraph Stock,' Journal of Finance, XV, (1960), 19-31.

QAccounting Principles Board of the American Institute of
Certified Public Accountants,™arnings Per Share,'Qpinion No. 15,
(AICPA, 1969).

Jsee W. Frank and J. Weygandt, '‘Convertible Debt and Earnings
Per Share: Pragmatism vs. Good Theory,' The Accounting Review, XLV
(April, 1970), 280-289.




share figures are ''based on neither the probability of
conversion or exercise nor on their imminence. They
are rather, computations based on arbitrary rules and
assumptions, without evidence that either computation
is necessarily relevant for investment declsions."'o

(3) While the suggested methods might be acceptable for a

study covering a time period beginning 1969 because es-
timates of the number of ''primary' and ''fully-diluted"
shares have since that time been an item of information
readily accessible to investors, they would not be of
such value in this study because they were not in
general use during seven of the ten years that are
covered.

Two other methods of computing perceptibly outstanding shares
are usedin this study. The first method is called the ''naive' method
and uses only the currently outstanding shares, thus representing the
minimum value for this measure (if one ignores the possibility of pend-
ing stock repurchases). The sources used to obtain the number of out-
standing shares are the quarterly volumes of ISL Price Lists for the

New York'!! and American!2 stock Exchanges. Although daily observations

10 1don S. Hendriksen, Accounting Theory, Revised Edition
(Homewood, I11.: Richard D. Irwin, Inc., 1970), 553.
"lnvestment Statistics Laboratory, ISL Daily Stock Price Index,

New York Stock Exchange (New York: Standard and Poors Corporation,
1962-70) .

'zlnvestaent Statistics Laboratory, ISL Daily Stock Price Index,

American Stock Exchange (New York: Standard and Poors Corporation,
'9 2-70 .
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of market prices are available in these volumes, the number of out-
standing shares is updated on a quarterly basis. Thus, the first
method employs quarterly updated figures for shares outstanding, ex-
cept for interim updatings occurring because of stock splits and stock
dividends.

While the first method of computing the number of perceptibly
outstanding shares assumes that investors are generally naive and un-
perceptive, the second method makes the directly oppostie implicit
assumption, i.e., that investors are very sophisticated and per-
ceptive. Therefore, the second method is called the '‘sophisticated'
method and assumes that stockholders are not only aware of common
stock share equivalents through imminent conversions, exercises of
options, etc., but actively take these share equivalents into account
in their market price determinations. The number of share equivalents
at each market price observation is not computed because of data un-
avallability. The specific procedure used is as follows:

(1) From annual volumes of Moody's Industrial Manual, data

is obtained for the number of shares outstanding, the
total number of unspecified treasury shares, and the
total number of treasury and/or unissued shares speci-
fied as reserves for such contingencies as conversion

of convertible securities, exercise of warrants, exer-
cise of options, and accumulation for acquisitions. This
data was obtained for each test firm for a period extend-
ing from the last reporting date prior to the test period

to the first reporting date after the test period.
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(2) These share figures are summed for each firm at each
reporting date and used to represent the perceptibly
outstanding shares for the sophisticated method.

Since the figures are only available for all the test firms on an
annual basis, the updating includes only the test period beginning date
(using the perceptibly outstanding shares from the last previous re-
porting date) and any reporting dates that occurred within the test
period. However, interim updatings are used at stock split dates,
stock dividend dates, and convertible security issuance dates. There
are only two of the thirty-two firms studied that have a convertible
issue outstanding without a treasury stock reserve for its conversion
contingency. In both of these cases the convertible issue involved

is a postmerger carryover originated by the acquired firm.

The rationale for using managements' estimates of share
equivalents, represented by their specified treasury stock reserves,
seems clear. It is in managements' best interest to maintain treasury
stock reserves that would adequately cover any imminent or potentially
imminent contractual demands. The classification of unspecified
treasury stock as perceptibly outstanding shares is not as clearly
relevant, but is used in this study in order to estimate a maximum
number of shares that might be considered imminently outstanding.
Unissued authorized shares which are not specified as reserves do not
meet the imminence requirement and are not used. Announcements of new
common stock issues and announcements of common stock repurchase plans
would certainly affect the number of perceptibly outstanding shares

during the period betwsen such an announcement and its completion.
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However, because of the difficulty of obtaining accurate first-
announcement dates for all of the firms studied and the 1ikelihood
that the ignoring of this information would not have a systemstic
effect on the comparison of premerger and postmerger market value
distributions, these announcements are not considered in the compu-
tations.

The market price data is obtained from the ISL Price Lists for
the New York and American Stock Exchanges. Friday closing prices
are used as the weekly market price observations. When Friday closing
prices are not available, the just previously available daily closing
price is used. For consistency, the Friday closing values for the
Standard and Poors 500 Composite Index are used in the market adjust-
ment process described earlier. These index values are also obtained
from the ISL Price Lists.

The total test period over which market values are collected
for this study is from 1962 to 1971--a ten year period which shows
cons iderable diversity of common stock price movements.

Since each point in the premerger and postmerger aggregate
market value distributions represents a summation of market values
occurring at different points in time, the adjustment for general
market index movements Is clearly necessary. However, this necessity
is alleviated somewhat by the fact that both the premerger and the
postmerger data aggregate points cover a common time period begin-
ning in 1964 and ending in 1969, which represents sixty percent of

the total period.
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The stochastic dominance criterion (which is further described
in Appendix A) is the technique used to compare the aggregate pre-
merger and postmerger market value distributions. The aggregate pre-
merger distribution consists of a series of sixty weekly market value
observations during the previously defined premerger test period.

Each observation is adjusted for general stock market-related and
general time-related common stock price movements. Each point in

this distribution is a sum of sixty-four individual firm premerger
market values (thirty-two acquiring firms plus thirty-two acquired
firms). Although the actual sixty-week test periods for these firms
differ in time from merger-to-merger, the time period is identical

for acquiring and acquired firms within each merger. The common bases
for each of the sixty-four summands making up a single point in the
aggregate premerger distribution are:

(1) Each is an observation taken at a specified number

of weeks prior to one of the test mergers.

(2) Each is an observation that has been adjusted for

the change that has occurred in a general stock market

index since the last previous observation.
This adjustment includes allowance for general time-related trends.
The aggregate postmerger distribution is similarly defined except that
observations for only thirty-two firms make up each distribution point.
Each merger firm is the postmerger counterpart of the premerger com-
bination of acquiring and acquired firms from which it derived.

As will be discussed more fully in Chapter Ill, both first and

second degree stochastic dominance criteria are applied to the
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aggregate distributions being compared. The first degree stochastic
dominance (hereafter referred to as FSD) criterion iteratively com-
pares the cumulative frequency distributions from lowsst to highest
market values and signifies dominance for one of the distributions
if its cumulative frequency is always less than or equal to (with

at least one point less than) the other distribution. Investors'
utility is assumed in this study to be directly related to that por-
tion of their wealth which can be measured by the market value of
their common stock holdings. Thus, if investors are assumed to pre-
fer more wealth to less, the only utility function specification
necessary for the FSD criterion is that of monotonically increasing
utility with increasing market value. Because the FSD criterion com-
pares the entire distributions, no parametric specifications of the
market value distributions are required. In other words, the shape
or type of the market value distributions is irrelevant.

The second degree stochastic dominance (hereafter referred to
as SSD) criterion iteratively compares the areas under the cumulative
frequency distributions from lowest to highest market values and
signifies dominance for one of the distributions if its area is al-
ways less than or equal to (with the area being less at least one
point) the other distribution. The FSD criterion does not allow a
dominance determination if the cumulative distributions being com-
pared cross at any point. Such crossings occur due to differences
in market value variability between the distributions. For example,
for distributions having equal mean market values, the one with the

lower variability would have a smaller area under its cumulative
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distribution. Thus, by allowing the comulative distributions to

cross and by determining dominance in terms of the areas under these
distributions, general variability is taken into consideration.
Assuming that general market value variability is an acceptable mea-
sure of the general riskiness of the shareholders' wealth positions,
it can be seen that the SSD criterion adds the utility function speci-
fication that investors are risk averse in a general sense, i.e., they
prefer less risk to more risk. Since the SSD criterion also requires
no parametric specifications, there is still no need to specify the

shape or type of the market value distributions.

RATIONALE FOR METHODOLOGY

To conclude this introductory chapter, a summarized rationale
will be offered for the methodology used in this study, i.e., the
comparison of market value distributions by means of stochastic
dominance criteria. The selection of market value as the measure for
comparison has previously been shown to be necessary given the defini-
tion of merger success being used. It can be further shown that this
measure is also sufficient for the purpose of shareholder wealth
maximization through an explanation of the ''market value rule'' used
in a recent work by Eugene Fama and Merton Miller.!3 The market value
rule for making investment decisions is defined as the maximization of
the market value of those securities of the firm that are outstanding
at the time the investment decision is to be made. This rule is the

basis of virtually all financial decision theories and, as used by Fame

'3Eugeno F. Fama and Merton H. Miller, The Theory of Finance
(New York: Holt, Rinehart and Winston, 1972).
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and Miller, implies a separation of investment and financing decisions
through assumption of perfect capital markets. More importantly,
through the combination of market value maximization and the perfect
market assumption, the investment decision is effectively separated
from the requirement of specifying stockholders' utility functions.

By employing decision models designed to maximize the market value of
common equity, the management can effectively leave the utility satis-
faction decisions up to the individual shareholders. That is, given
the stockholders' wealth, the firm's Investment decisions do not affect
the consumption--investment opportunities that are available to the
stockholders in the market. Therefore, the only thing that the firm
can affect by their investment decisions is the stockholiders' wealth,
as represented by the market value of their equity.

The problem with the application of the market value rule to
an empirical situation is the fact that capital markets are not per-
fect. However, there is considerable evidence that capital markets
are reasonably efflcient.'h which is another way of saying that common
stock prices fully reflect all available information. This is assumed
to be sufficient for the separation of the investment and financing
decisions but is not assumed to be necessarily sufficient for the
separation of investment decisions from the necessity to specify stock-

holder utility.functions. This latter requirement of specifying

lhsee Eugene F. Fama, '"Efficient Capital Markets: A Review of
Theory and Empirical Work,' Journal of Finance, XXV (May, 1970), 383-
4i7.
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utility functions is rendered unnecessary by use of the first and
second degree dominance criteria described above. Thus, the compari-
son of premerger and postmerger common equity market value distribu-
tions by means of stochastic dominance criteria can be used to provide
a valid measure of merger success in terms of the maximization of both

the wealth and the utility functions of common shareholders.



CHAPTER 11
PRIOR RESEARCH OF MERGER PROFITABILITY

Many merger research studies have considered such questions
as the effect of mergers on competition, the determination of ex-
change ratios, and proposed reasons for merging. However, the only
studies that will be considered here are those relating to measure-
ment of merger performance. Until fairly recently, there had not
been many studies in this area, and those that had been done had
usually contrasted postmerger performance measures for merging and
nonmerging firms in general, rather than comparing performance data
before and after merger for the specific firms involved. In 1966,
Alberts and Segall! pointed out that there had been a noticeable lack
of empirical research into the profitability of growth by merger. In
fact, they were unable to find a single published study of any kind
on the results of post-World || mergers. Since that time, however,
there have besn a number of published studies dealing to some extent
with empirical profitability results from more recent time periods.
The most consistent conclusion of these studies has been that mergers
have not generally been successful for the acquiring firms. Both
accounting-and market-based profitability measures have indicated this
to be true. However, there has been evidence presented that stock-

holders of firms that were acquired during this period have benefited

"William W. Alberts and Joel E. Segall, eds., The Corporate
Merger (Chicago: The University of Chicago Press, 1966).

20
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significantly due to merger effects.2 The combination of these re-
sults found for acquiring and acquired firms has led to the apparent-
ly logical conclusion that premiums paid by acquiring firms in order
to consumate mergers have been excessive and therefore detrimental to
investors holding shares of their stock prior to the merger effect on
the value of these shares.

This summary statement of results of prior merger research
does not represent an irrefutable body of evidence. Merger success
has not been measured within an integrated risk/return framework in
which total synergistic effects can be properly evaluated. Total
synergy is defined herein as the measure of performance superiority
for the merged firm over the combined measure of performance of the
acquiring and acquired firms before the merger. Except for a study
by Gort and Hogarty.3 synergy measurements have been inappropriately
attempted by either comparing postmerger results with the premerger
results of the acquiring firm only or by comparing postmerger results
of merged firms with some postmerger control sample.

Although Gort and Hogarty properly measured synergistic effects
by comparing combinations of acquiring and acquired firms premerger
with the merged firms postmerger, they did not incorporate a risk mea-

sure into their analysis.

2por example, see Stanley Block, '"The Merger Impact on Stock
Price Movements,'' MSU Business Topics, Vol. 17, No. 2 (Spring, 1969),
7-12.

3chhael Gort and Thomas F. Hogarty, ''New Evidence on Mergers,"
Journal of Law and Economics, XI11 (April, 1970), 167-184,
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A few researchers did specifically analyze risk as well as
return in their merger evaluations. A study by Lev and Hlndelkor“ is
a notable example. However, they limited their premerger data to that
of the acquiring firms. In addition, they like others who have
attempted to include a risk measure, represented riskiness by the
standard deviation of the periodic return measurements. While this
may be adequate for accounting return measures, recent examinations of
common stock price change distributions have indicated that variance
and standard deviation are unreliable measures of the variability of
these dlstrlbutlons?’ Since only market-based return measures can be
used in decision models for which the objective is the maximization
of shareholder wealth, this does represent a serious limitation to
the measurement of merger success.

With the exception of the previously mentioned Gort and
Hogarty6 study, an earlier study by Hogarty,7 and a more recent work

8

by Anson, Blandenburg, Portner and Radosevich, little attention has

been accorded to changes in the market valuation level of common

“Baruch Lev and Gershon Mandelker, ''The Microeconomic Conse-
quences of Corporate Mergers," Journal of Business, XLV (January, 1972),
85-104.

SFor a more detalled discussion, see Chapter Ii1l.

6Gort and Hogarty, op. cit.

7Thomas F. Hogarty, ''The Profitability of Corporate Mergers,"
Journal of Business, XLIlI (July, 1970), 317-327.

84. 1gor Ansoff, Richard G. Blandenburg, Fred E. Portner, and

Raymond Radosevich, Acquisition Behavior of U, S, Manufacturing Firms,
1946-1965, (Nashville: Vanderbilt University Press, 1971).
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stockholders' investment. Most other studies have concentrated

solely on & comparison of stockholder return measures. It is pointed
out in Chapter | of this study that both level and growth rate of mar-
ket value must be compared for an adequate measure of the total bene-
fit accruing to common stockholders of merging firms.

The methodology and general approach to the measurement of
merger success outliined in the succeeding chapter of this study is
designed to measure the total synergy effect of large corporate mer-
gers within a framework which simultaneously considers both the level
and the variability of total benefit to the common stockholders of
the merging firms. The primary emphasis of this merger success mea-
surement is concerned with the comparison of the performance of an
aggregate premerger population with the same population's performance
after merger; thus hopefully providing an answer to the question as to
whether mergers in general have been successful in terms of contribu-
ting positively to the overall market value of common stockholders'

Inves tment.



CHAPTER 111

METHODOLOGY

THE MODEL

The model used in this study is separated into two sub-
models, the Data Preparation Model (Figures | and 2) and the Perfor-
mance Measurement Model (Figure B-1 in Appendix B). The intent of
the data preparation process is to remove the systematic nonmerger-
related trends from both the premerger and the postmerger distribu-
tions so that the aggregation and supsoquent comparison of these dis-
tributions can be validly accomplished.

The actual market values used in the model are computed by
multiplying the sum of the market price per share at time t (Pt) and
the dividend per share received during the period from t-1 to t (Dt)

by the number of shares perceptibly outstanding at time t (n,).
v, = (P, + Dt)(Nt)

In the terminology used in the Data Preparation Model, an important

axiom Is:
\'/ - v . + v
bij = Vbij, ¥ Vbije

where v is the total market value of the common stockholders' equity;
b signifies premerger period;
i signifies the merger identification number, i = 1, 2, ...32;
j signifies the observation number, j = 1, 2, ...60;

r signifies the acquiring firm;
24



25

e signifies the acquired firm.
This axiom is not necessary for the primary comparison of the aggre-
gate adjusted distributions, but Is is necessary for the secondary
comparison of individual merger distributions. Its use assumes that
the expected postmerger market value is equal to the sum of the ac-
quiring and acquired firms' market values.

E (VA) - Vsr + Vao

This also represents the aggregate market value of the two firms be-
fore the merger and, as used in this study, is a measure of the
aggregate wealth and thus the aggregate utility of the firms' stock-
holders before the merger. The conclusion drawn from the individual
comparisons must then be limited to statements concerning the aggre-
gate utility of the stockholders involved in each merger analyzed.
Although it is true that the dominant distribution in a stochastic
dominance comparison is also preferred by each stockholder regardless
of his utility function, it is not possible to generalize to other
pairs of combinations.

Limitation of the potential investment combinations to the
market-weighted aggregate in a world of imperfect capital markets
and heterogeneous investor expectations, also precludes the feasibility
of setting up a realistic ex ante decision model for the individual
investor.! Thus expost performance measurement on an aggregate basis

is the proper focus for this study.

'Even if the assumptions of the capital asset pricing model
could be accepted for this empirical study, it is not clear that this
mode! can be transformed from the mean-variance framework, in which its
relevance has been established, to the stochastic dominance framework.
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Similarly, conclusions drawn from the comparison of the
aggregate premerger and postmerger adjusted distributions must be
limited to statements concerning the aggregate utility of all in-
vestors in the test populations.

Returning to the computation of the actual premerger market
values,

Ybijr ™ (Ppije) (fygy,) s and

= (

Yoije = Poije * Ybije) Mbije)”

The comparison of the aggregate premerger and postmerger adjusted
distributions is accomplished through the use of first degree (FSD)
and second degree (SSD) stochastic dominance. An intuitive explana-
tion of how and why these criteria can be used to determine prefer-
ence ordering with unspecified (FSD) and minimally specified (SSD)
investor utility functions and unspecified market value distribu-
tions can be found in Chapter |. A detailed stochastic dominance
performance measurement submodel is illustrated in Appendix B. The
input data used are the aggregate premerger and postmerger adjusted
market value distributions which are the output of the data prepara-
tion submodel (See Figure 2). The comparison process for the indi-

vidual mergers is identical and is not separately illustrated.

AXIOMS FOR THE DATA PREPARATION MODEL

]. Removal of market-related and time-related trends from

both premerger and postmerger market value distributions will make

L]
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these distributions directly comparable. Any systematic differences
which then show up in the distributions can be attributed to the mer-
ger occurrences.

2. The total market value of the premerger equivalent of the
merged firm is the sum of the market values of the acquiring and

acquired firms.

DATA SOURCES

Lack of adequate data concerning mergers has been noted by at
least one researcher 2 to be a factor which helps explain what has
been until recently a dearth of empirical research into merger pro-
fitability. (A survey of merger research can be found in Chapter I1).
However, one source which has proved to be quite useful is the one
used in this study--the annual Federal Trade Commission (FTC) statisti-
cal report on large manufacturing and mining mergers, which includes
data extending back to 1948. For a merger to be included in this re-
port, the acquired firm must be involved in mining or manufacturing
and possess total assets of at least ten million dollars at the time
of acquisition. All of the data included must also be available in
public sources. For the 1948-1970 period, the FTC estimates that over
70 percent of the total number of all large mergers and over 86 percent

of total acquired assets are included.

25amuel R. Reid, Mergers, Managers, and the Economy, New York:
McGraw=Hill, Inc., 1968, p. 20.
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The FTC data explicitly used in this study includes:

1) The names of the acquiring and acquired firms,

2) the merger completion dates,

3) the total asset figures for the acquiring and
acquired firms, and

L) the extent of acquisitions (whole or partial).

MERGER SELECTION-CRITERIA

There are several criteria used for the selection of mergers

in this study.

(1) The merger must have been completed within the time

(2)

period from January 1, 1964 to December 31, 1969.

This period is selected because the resulting data
collection period, i.e., 1962 to 1971, is a reasonably
long period containing considerable diversity of common
stock price movements.

The total asset size of the acquired firm at the time
of the merger must be between fifty and one-hundred
percent of the total asset size of the acquiring firm,
While this relative size range is somewhat arbitrary,
the intent is to use only mergers for which the merger-
related effects are definitely measureable. Merger-
related effects may well result, for example, from
wmergers in which the size of the acquired firm is only
a small fraction of the size of the acquiring firm, but

it is not nearly as likely that they will be measureable.
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(3) Only mergers involving one complete acquiring firm and
one complete acquired firm are selected. Use of partial
firm acquisitions and multifirm mergers would not add
anything of importance to the total aggregate analysis
and would considerably complicate the collection and
analysis of the premerger market value data.

(4) Only mergers in which the acquired firms were involved
in mining or manufacturing and had total assets of at
least $10 million at the time of acquisition are selec-
ted. Lack of adequate data availability prevented ex-
pansion of the scope of the study beyond these boundaries.

(5) Mergers for which either the acquiring or the acquired
firm is involved in another merger or a cumulative
series of mergers which fulfilled the previously men-
tioned relative asset size criterion within the total
test period (premerger period plus transition period
plus postmerger period) are eliminated. While this
effectively eliminates most of the merger-active con-
glomerate firms from the analysis, an unconfounded mea-
surement of merger success is dependent on isolation
of the merger event being studied from other major events

within the test period.

MARKET VALUE DISTRIBUTIONS

The principal reason for using market value is that it is

necessary to consider the level of the performance measure as well as
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its change from period to period. For example, a comparison of the
percentage changes in market value from period to period after the
merger compared with the same changes before the merger would give
explicit consideration to the rate of growth in market value, but
would not take into consideration any revaluation made by stockholders
when they first perceived the likelihood of the merger. By using
market value, the resultant change in the valuation level from the
end of the premerger period to the beginning of the postmerger period
is also given explicit consideration. Since this market valuation
is based on stockholders' expectations of the future performance of
the firm, the benefit of the merger as seen by the stockholders is
fully reflected if the markets are efficient as assumed in this study.
Since market value is computed as the product of the cosmon
stock market price and the number of shares of common stock outstand-
ing, market value distributions have essentially the same attributes
as common stock price distributions. The expected market value in
period t + | is equal to the market value in period t plus the expect-

ed return R, on the common stock investment, vt.

v = Vt + Rtvt - Vt(l+Rt)

t+l

The stockholder return, R, being computed on a weekly basis in this
study, is simply equal to the change in market value divided by the

previous periods market value,

Re = Verr = V¢

Ve
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except for the periods in which cash dividends are paid. When cash
dividends are paid during a period, R includes both dividend yield and
capital gains yield and is computed by dividing the sum of the change in

market value and the cash dividends by the previous period's market value

Re = (Very = Vi) + D¢
Ve

Previous empirical studies have shown that market price usually falls
at the ex-dividend date so that vt+l plus D, tends to approximate the
vt+l value just before the dividend paymont.3

Probably the greatest deficiency in a comparison of market value
distributions occurring at different points in time is their lack of
stability., If a firm is growing, its market value is expected to be
higher at some future date. The purpose of the adjustment process de-
scribed in Chapter | is to remove the general time related trends from
both the premerger and postmerger market value distribution. Thus, the
remaining market value change from premerger to postmerger can be attri-
buted to specific firm-related causes. Since the test firm selection
process for this study attempts to isolate a major merger occurrence with
the test period, it is postulated that the primary firm-related cause is
the merger.

An advantage of using market value rather than market price is
that through the multiplication of market price by the number of shares
outstanding, the market value distributions are automatically adjust-

ed for stock splits and stock dividends.

3purand and May, op. cit.



CHAPTER 1V
RESULTS AND CONCLUS IONS

The aggregate population of thirty-two mergers shows both
first and second degree stochastic dominance for the postmerger mar-
ket value distribution. This is true for both the "naive'" (out-
standing shares only) and the 'sophisticated" (outstanding shares
plus all issued and reserved shares that are imminently outstanding)
methods of determining the perceptibly outstanding shares. This
means that, in general, the frequency of relatively low market values
is greater for the premerger distribution and the frequency of rela-
tively high market values is greater for the postmerger distribution.
It also means that the aggregate wealth of the shareholder of the
merging firms was greater after the merger than it was before the
merger. This is an ex post evaluation and is only directly appli-
cable to the merger population and related time period that are
specified in this study. There are, however, some generalizations
that should be made beyond these specific statements of results for
the test population. For example, since the requirement that the
acquired firm must be at least half the size of the acquiring firm at
the time of acquisition is made primarily so that any effects of the
merger on profitability would be easily measurable, it is further
suggested here that smaller scale mergers (smaller in terms of the
relative size of participants) could be expected to provide similar

results, albeit not as easily measurable.

35
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To the extent that future influencing factors surrounding
mergers are not significantly different, g¢x post relative frequency
distributions used in this study can be assumed to be reasonable
approximations of the probability distributions that are relevant to
the ex ante merger decisions. Thus, given the qualifications men-
tioned, it can be stated that based on the results of this study, mer-~
gers contribute to the aggregate wealth position of the participating
firms' shareholders. It is also true that the dominant postmerger
distribution would be preferred in an ex ante sense by all individual
investors that limit their portfolio choices to the aggregate distri-
butions studied or their equivalents.

The results look somewhat different when the stochastic
dominance comparisons are made for each individual merger. As can
be seen in Table 2 when only outstanding shares are considered in
the computation of market values, more mergers are premerger dominant

than postmerger dominant. This is consistent with the results of prior

TABLE 2
SUMMARY OF STOCHASTIC DOMINANCE COMPARISONS FOR INDIVIDUAL MERGERS

Naive Sophisticated
FSD SSD FSD S$SD
Premerger 4 15 6 6
Postmerger 6 9 17 17
Indeterminate 12 8 9 9
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merger researchers who have consistently found premerger mean return
to be higher than postmerger mean return. However this conclusion

is completely reversed when all imminently outstanding shares are con-
sidered in the computation of market value. Thus, if one were to sum
the premerger and postmerger dominance results for the individual
mergers (a common practice in prior research), the conclusion would
depend upon the assumed level of investor sophistication.

The discrepancy in results between the aggregate and indivi-
dual comparisons when only outstanding shares are taken into considera-
tion is caused by generally stronger dominance for the dominant post-
merger distributions than for the dominant premerger distributions.
The aggregate results were not blasod toward postmerger dominance by
a relatively few strongly dominant postmerger distributions.

In order that a direct comparison can be made between the
results of prior researchers using the mean-variance comparison frame-
work and the results of the stochastic dominance comparison framework
used in this study, a stochastic dominance comparison of the premerger
and postmerger return distributions is also carried out. The defini-

tion of return used is as follows:

Re = (MV, = MVey) +D,

nvt_l

where Rt = rate of return on common stockholders' investment in period
t, WV, = the market value of common stockholders' equity at the end of

period t, MV = the market value of common stockholders' investment

t-1
at the end of period t-1, and D, = the total amount of dividends paid
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to common stockholders during period t.

As pointed out earlier in this study, a comparison of pre-
merger and postmerger return distributions is not adequate to decide
whether the common stockholders' wealth position has improved. The
premerger and postmerger level of market value must also be taken
into consideration. The results that were obtained from the sto-
chastic dominance comparisons of the aggregate premerger and post-
merger return distributions Indicated second degree dominance for the
premerger distribution with indeterminance for the first degree
dominance comparison. Again, this is consistent with the results
of prior researchers using comparisons of mean return. It falls
short of the total comparison required for the same reason as did
the prior studies, i.e., it fails to take into account the market
value level before and after the merger. It is useful for this
study, however, in that it points out clearly that the aggregate
postmerger dominance is a result of a market value level increase
rather than an increase in the rate of return to stockholders. That
is, aggregate stockholders' investment has increased in value because
of the mergers, but the rate of return on aggregate stockholders' in-
vestment has not increased. In fact, when general risk aversion is
assumed, as in the second degree stochastic dominance comparison, the
premerger return distribution is dominant. Thus, comparison of longer
time periods might show aggregate premerger dominance even when the
market value level is taken into account. While this is true, it is

also true that the use of longer postmerger periods is self-defeating
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in that it becomes more difficult to attribute performance changes to

an isolated merger effect.
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CHAPTER V

LIMITATIONS, IMPLICATIONS AND RECOMMENDATIONS

LIMITATIONS

Using the results of ex-post data to make ex-ante generaliza-
tions is known to be of limited value. Specifically, the fact that
mergers were beneficial in terms of aggregate market value of common
equity during the time period used in this study does not assure that
this will be true in any future time period. However, the measurement
of merger performance in the past is not a trivial exercise. For,
while it is true that decisions can only be made in ex-ante framework,
the results of these decisions are also of obvious importance and must
by necessity be measured ex-post. Managers of giant corporations
are rewarded or dismissed based on the results of their decisions.

Because the results of this study are expressed in terms of
aggregate market value of common equity, portfolios representing com-
binations other than the market portfolio are not taken into consid-
eration. It is possible that other available portfolio combinations
would have given considerably different results. This prevents the
realistic specification of an ex-ante decision model for the individual
investor., Without assuming perfect capital markets and homogeneous
investor expectations, the market-weighted aggregate portfolios are
not necessarily the ones that will be considered by all investors. There
is not even the assurance that they will be considered by anyinvestor.

56
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The comparison of market value distributions occurring at
different points in time, while necessary in this study, is dependent
on the adjustment process for its degree of meaningfulness. Without
any adjustment, the market value of a firm or a group of firms would
be expected to increase with time. By dividing each premerger and post-
merger market value by the chronologically corresponding masrket value
index, the effect of the time trend on the comparison is nullified.
Any increase in a firm's market value relative to the market index is

interpreted through use of this study's methodology as an improvement

e

in the wealth position of the firm's stockholders. While this would
not be strictly true if a firm's market value declined less than the
index over a general period of declining stock prices, it would indi~-
cate relative superiority in line with the purpose of the comparison.

The strict interpretation of the results is limited according
to the limitations placed on the study itself, e.g., the time period
selected and the various specifications used to define the size and
nature of the mergers studied.

The remaining limitations that are considered here are rela-
ted to the use of the stochastic dominance criteria. While these
criteria can be used to determine that one distribution has dominated,
the degree of dominance cannot be quantitatively expressed except in
the relatively gross differences between FSD and SSD. A related de-
ficiency of the stochastic dominance criteria is that tests have not
yet been developed to determine the degree of statistical significance
for the dominance results. However, since dominance is such a strong

characteristic, it seems unlikely to be incorrectly determined if
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enough observation points are used so as to accurately estimate the

market value distributions.

IMPLICATIONS

The primary implication derived from the results of this study
is that expansion through merger can be used to further the aggregate
interests of common stockholders holding shares of the merging firms.
This is of particular interest because of the fact that prior studles
have consistently shown that mergers are not profitable, except to
stockholders of acquired firms for which excessive premiums have been
paid.

Another related implication then is that synergy (in an aggre-
gate sense) having been achieved for the population and time period
used in this study, can be achieved through merger. Synergy is said
to occur when the market value distribution of the postmerger firms
is greater than the combined market values of the acquiring firms prior
to the merger.

The fact that, individually, more mergers were unsuccessful
than were successful implies that successful expansion through merger
cannot be taken for granted by either managers or investors. In fact,
as previously mentioned, the aggregate postmerger superiority found
in this study was a result, not of superior postmerger rates of return,

but of higher postmerger valuation of the common stock by investors.

RECOMMENDAT IONS

The limitations and implications outlined above lead directly

to several recommendations for further research beyond the scope of
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this study. For example, ex-post premerger data could be used along
with forecasted states of nature as a probabilistic base for a
simulation of postmerger results. The actual postmerger data obtain-
ed could then be compared with the simulated data using the stochastic
dominance criteria. This procedure would not, however, completely
eliminate the need for the removal of time trends.

Another recommendation that seems clearly needed is a reformu-
lated approach that will allow a realistic specification of an ex-ante
decision model for individual investors. This might be able to be
accompl ished through a methodology in which premerger and postmerger

portfolio combinations sre randomly selected for stochastic dominance

comparison.
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APPENDIX A

STOCHASTIC DOMINANCE

The specific techniques used in this study to measure merger
success are the first and second degree stochastic dominance criteria.
The efficiency criterion typically used to determine preference in a
risk-return framework is the mean-variance (E-V) criterion, where the
mean, or expected value, is used as a measure of return and the vari-
ance (or some other related variability measure) about the mean is
used as a measure of risk. When using the E-V criterion for pairwise
comparisons, a higher mean-lower variance combination is preferred.

If the variances are equal, the choice with the higher mean is pre-
ferred. |If the mean of one choice is higher, but variance is also
higher, or if the mean is lower, but variance is also lower, no
preference can be determined in a general sense. Each individual
would have to apply his own particular utility function between risk
and return to the set of mean-variance combinations available in order
to establish a preference. The assumptions required for the E-V cri-
terion include the necessity that either the investors making the
choices have quadratic utility functions or that the return distribu-
tions can be considered normal in a statistical sense.

The assumption of quadratic utility functions has the unlike-

ly implication that investors at some point, as return increases,
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begin to prefer less return. The alternative assumption of normality

of return distributions has been found to be incorrect by several

studiesl concerning the true nature of stock price distributions. It

appears likely that the actual distributions are stable-Paretian,

but not normal. The normal distribution is a special case of a stable

Paretian distribution when the characteristic exponent, o« , is equal ]
to its maximum value.?

In response to the criticisms of the E-V approach, the more

general system of preference orderings based on the principle of

stochastic dominance was developed. Although several other useful
efficiency criteria were specified and tested by Levy and Hanoah,3
the following description will be limited to three stochastic domin-
ance criteria: first-degree (FSD), second-degree (SSD) and third-

degree (TSD) stochastic dominance.“

for a good one-volume source, see Cootner, Paul H. (ed.), The
Random Character of Stock Market Prices, The MIT Press, Cambridge, Mass,
1964 .

2This characteristic exponent is a parameter which determines
the height of, or total probability contained in the extreme tails of
the distribution. It can take any value between 0 and 2, i.e.,
0<o¢= 2, When « is less than 2, i.e., 0 << 2, the extreme tails
of the distribution are higher than those of the normal distribution
and do not tend to converge to produce a finite variance.

3Levy. Haim, and Hanoch, Giora, '""Relative Effectivensss of
Efficiency Criteria for Portfolio Selection,' Journal of Financial and

Quantitative Analysis, V (March, 1970), 68-69.

“Explanations of how the FSD and SSD criteria are applied in
this study are found in Chapter |, Chapter |11, and Appendix B.
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The probability function of f(X) is said to dominate the pro-
bability function g(X) by FSD if and only if F'(x).‘. cl(x) for all
values of X defined on some interval between X, and xn. with strict
inequality for at least one value of X. The probability functions f
and g are for a random variable X varying over some defined interval.
Fl(x) and c,(x) are the respective cumulative probability distribu-
tions of f(X) and g(X).

This is the most general stochastic dominance criterion in
that there are no restrictions on the utility functions of those
making the preference ordering except that they be nondecreasing with
respect to increases in X. In graphical terms, f(X) D g(X), that is,
f(X) dominates g(X) If the cumulative distribution r,(x) lles below
at some point and never above the cumulative distribution G)(X), i.s.,

without intersection.

SS

The probability function f(X) is said to dominate the probabil-

ity function g(X) by SSD if and only if Fy(X)=< GZ(X) for all values of
X defined on some interval between xo and x", with strict inequality
for at least one value of X. Fz(x) and sz(x) are the respective areas
under the F|(X) and Gy(X) cumulative distributions.

The only new restriction placed on the utility functions by
this criterion is that of non-increasing marginal utility, i.e., the

utility function is concave throughout the relevant range, so that
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aversion for risk prevails for all individuals. In graphical terms,
the cumulative distributions may intersect, but the area of the
dominant function is less than at some point and never greater than

the area under the dominated function.

ISD

The probability function f(X) is said to dominate the probabil-
ity function g(X) by TSD if and only if F3(X):s GB(X) for all values of
X defined on some interval between X and xn. with strict inequality
for at least one value of X. F;(X) and G3(X) are the respective inte-
grals of the areas under the F'(X) and G;(X) distributions.

This criterionplaces the following restrictions on the means
and variances of F(X) and g(X). If f(X) D g(X), then:

2 2

. -a-F + (M -M0) (20 -Mo -ME)2 0 andH =K 20

This is identical in form to an efficiency criterion based on some
knowledge about the third moment of a quadratic utility function by
Levy and Hanoch.® Their criterion was derived from the existence of
a maximum value xm for which the quadratic concave function is non-
decreasing, and assuming that all observed values of X are smaller than
Xm for all individuals' utility. Thus, the use of TSD would require
either the assumption that all X = Xm of a quadratic utility function
or that the X distributions of both f and g have finite values for

the means and variances and would require some knowledge concerning the

5ibid.
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degree of skewness. For a pairwise comparison, it would only be
necessary to know which distribution had the lower skewness coeffi-
clent.6 Because of these added restrictions, TSD will not be used
as an efficiency criterion for this study.

The following cxample7 will be presented to distinguish be-
tween the E-V and the SD efficiency approaches by showing graphically

an ordering of three portfolios, A, B and C by both E-V and FSD.

E(X)
20 | _______8 ____¢
! |
|
| !
|
| |
0.5 A ! !
- — - | |
: ! I
0 i i + V(X)
0.08 0.19 1.34
Figure A-l

E=V Ordering

Under the E-V approach, A and B would be in the efficient set, while
C would be excluded because it has the same mean as B but has a higher
variance. (See Figure A-1). But the FSD approach shows C to be clear-

ly superior to A and determines the efficient set to be 8 and C. It

61bid.

7From R. Burr Porter and Jack Gaumnitz. ''Stochastic Dominance
vs. Mean-Variance Portfolio Analysis,'" Working Paper No. » University
of Kansas, School of Business, Lawrence: (December 1970), pp. 5-6.
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CUMULAT IVE PROBABILITY

1.0 |— — -

Figure A-2

FSD Ofrdering

can be seen in Figure A-2 that the worst outcome that can be experi-
enced with C is better than the best possible outcome that could be
obtained with A, Therefore, no rational investor would choose A over
C--an example of how the SD approach produces choices which are more
consistent with rational behavior than those produced by the EV
approach,

Using the same example above, it can also be seen that using
the SSD criterion, B would eliminate C because the area under F(Xa)
is consistently less than the area under F(xc). This could also be
determined by comparing the non-common portions of the areas under

the distributions, o« and € , As long as«z g, then f(Xg) D f(Xc).
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A more detailed example of an empirical application8 will
also be presented in the context of a pairwise comparison of two

portfolios, f and g. Monthly investor returns D, + Py will be used

Po
to develop frequency distributions on which the FSD, SSD, and TSD
tests can be applied. Class intervals of return could have been
used for a more extensive example instead of all avaijlable observa-

tions. The observed rates of return are indicated in Table A-l.

TABLE A-]

OBSERVED PORTFOLIO RETURNS - HYPOTHETICAL EXAMPLE
S

, % Return
Portfolio Period 1 Period 2 Period 3 _ Period 4
f 6 2 1.8 7
9 6 3 I 3

It is necessary to approximate the true underlying functions by means
of finite discrete sets of sample observations. First, the sample
observations are arranged in ascending numerical order. The distribu~-
tions must be monotonically Iincreasing regardless of chronological or-
der. Even if two or more observations have the same numerical value,
for consistency in labelling, each observation is considered to be

distinct. These ordered data should be combined (but identified) data

8From Porter, Wart and Ferguson, ''‘Efficient Algorithms For
Conducting Stochastic Dominance Tests on Large Numbers of Portfolios,"
Working Paper No. 49, University of Kansas, School of Business,
Lawrence: (September, 1971), pp. 6-7.
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from both distributions. Given K distinct observations, for each
portfol io each observation will occur with a relative frequency
f(X;) = 1/K. The corresponding cumulative distribution function
F'(xn) is generated directly by summing the sample frequencies for
all Xy. For comparison of f(X) and g(X) there will be a total of

N = 2K distinct observations. If the | th observation belongs to
portfolio f, then f(X;) = 1/K and g(X;) = 0. The SD criteria compu-

tations for discrete functions are:

FSD
Fl (X3) = ii f(x,) ne=1,2,...N
i=1
G, (xn)'i' g(x)) a=1,2,...N
ssD
n
Fa () =22 F(Xx DX =X ) n=1,2...N

i=2
where F,(X;) = 0
n
Gp(x ) = E 6 (X, DO =x. ) n=1,2,.. . N

where Gz(Xl) =0

150
n
F3(X,) = 1/2 “éz [Fa(x)) + Fz(x,_,] (X, - %,_)) n=2,3,...N
where F3(X)) =0
n
G30%) = 172 T [cz(x') . Gz(xi-lﬂ X; X)) n=2,3 ...N

where G3(X') =0
Using the test data: K = 4, N = (2)(4) = 8




TA

COMPUTED DATA MATRIX
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BLE A-2

e —

|

“Value

Observations

of 1 2 3 4 5 6 Z 8
Xn 1.0 1.8 2.0 3.0 3.0 6.0 6.0 7.0
f(x.) 0 1/4 1/4 0 0 /4 0 1/4
g(x,) /4 0 0 /4 I/4 0 /4 0
F(x.) 0 .25 .50 .50 .50 .75 .75 1.00
G (x) .25 .25 .25 .50 .75 .75 1.00 1.00
Fp(Xp) 0 0 .05 .55 .55 2.05 2.05 2.80
G, (X,,) 0 .20 .25 .50 .50 2.75 2.8 3.75
F3(Xp) 0 0 .005 .305  .305 4.205 4.205 6.630
63(Xp) 0 .080 125 .500 .500 5.375 5.375 8.625

Sample Calculations:9

FZ(XQ) = 0(1.8 -1) + .25(2 - 1.8) +5(3 -2) + .5(3 -3) + .5(6 -3) +
.75(6 - 6) + .75(7 - 6)

=0+ .05+ .5+01.5+0+ .75 =2.80

G3(x8) = 5 (,2+0) (1.8 -1) + (.25 +.2) (2 -1.8) + (.5 + .25)

(3 -2) +(.5+.5) (3 -3)+(2.75+.5) (6 -3) +(2.75 +

2.75) (6 - 6) + (2.75 + 2.75) (7 - 6)

= 5 16 + .09 + .75 +0+9.75 +0 + 6.5

= .5(17.25) = 8.625

Results:

f(X) D g(X) by TSD but not by

FSD or SSD.

9F (XB) is the area under the cumulative frequency distribution
return observations when n = 8 observations. G3 (Xg) is

of portfol%o f

the integral of the area under the cumulative frequency distribution of
portfolio g return observations when n = 8 observations.

-

==
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CUMULATIVE
PROBABILITY
1.00 ----
|
G (x) |
1 '
.75 ——————
i
!
.50 L
I
25| pedoa R )
I
0 ] 2 3 L 5 6 7
% Return
Figure A-3

Graphical Representation of Stochastic
Dominance Comparison-Hypothetical Example
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APPENDIX B

PERFORMANCE MEASUREMENT MODEL

AXI10MS_FOR THE PERFORMANCE MEASUREMENT MODEL

1. Common stockholders' utility (U) is directly related
to that portion of their wealth (W) that can be measured by the

total market value of their common equity holdings (V). That is,

Us=f (W) and W= f (V)
So,
v > W » U
max max max

2. Non-satiety is assumed. That is, the shareholders pre-
fer more wealth (in terms of market value) to less wealth.
3. Aggregate utility is the sum of the utility of all the

individual stockholders invoived.

N
Uaggregate ™ EE: u;.

i=]
N is the total combined number of stockholders of both the acquiring
and acquired firms before the merger and is the total number of stock-
holders in the merged firm after the merger.
L. Success of a merger or a group of mergers is defined in
terms of common stockholders' aggregate utility. Where Uy is the

70
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stockholders' aggregate utility relating to the premerger distribu-
tion and Ug is the stockholders' aggregate utility relating to the

postmerger distribution,

(Up D Ug) =--- Merger Success

(UB D Uy) === Merger Failure

If neither distribution dominates the other, no determination of mer-
ger success or failure can be made.

5. Since aggregate stockholders' utility is measured in terms
of the aggregate market value of their common equity holdings, merger
success is measured directly using stochastic dominance comparisons of
premerger and postmerger aggregate market value distributions (VB and
V5 respectively).

(V4 D Vg) --- Merger Success

(Va D Va) --- Merger Failure

6. General riskiness of the shareholders' wealth valuations
can be measured by the general variability inherent in the market

value distributions.
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